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Preface

Our current understanding of a/f T cell receptor (TCR) ex-
pressing T cells advanced from function and specificity to the
molecular organization of the TCR.We now know that the TCRa
and B chains together express specificity for (antigenic)
peptides presented by the “responder” MHC allele, thus explain-
ing the phenomenon of MHC restriction at a molecular level.

Surprisingly even though our perception of the molecular
organization of the yd TCR is well advanced, current knowledge
of function and specificity of the yd T cell subset is poor.There-
fore it appeared rather timely to bring together scientists
pioneering research onyd T cells for the International Workshop
on Function and Specificity ofyd T cells,held October11-14,1990
at Schloss Elmau/Bavaria, FRG. Besides offering a scientific
forum for open discussions, it was also hoped that such a
workshop would be seminal for collaborative interactions and
personal relationships among scientists “addicted”toy/d Tcells.

This volume of Current Topics in Microbiology and Immuno-
logy details the workshop reports und thus aims at covering the
state of the art of y& T cell research in autumn 1990. The
organizers of the workshop believe that the issue provides an
actual survey about what is presently known about the biologi-
calrole of yd T cells not only in man and mouse, but also in other
species such as chicken, sheep, rat and swine. The individual
chapters deal with the genomic organization of the yo T cell
receptor and present the most recent data on maturation and
differentiation ofyd T cells in vivo and in vitro,including y& T cells
in transgenic mice. Putative antigens and the specificity and
probable restriction elements of yd& T cell receptors are
discussed, as is involvement ofyd T cells in mucosal and dermal
immunity. A number of old questions have been answered. Yet
more new questions have arisen during the workshop
discussions which now await clarification.

We are just beginning to discern the outlines of the function
and specificity of yd T cells at their various localizations in the
body. It is obvious, however, that progress will depend on more
direct exchange of data and ideas among scientists viewing
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different perspectives. The workshop and this issue of CTMI
serve this purpose. The organizers thank the Deutsche
Forschungsgemeinschaft for its generous funding.

KLAUS PFEFFER
Kraus HEEG
HERMANNWAGNER
GERT RIETHMULLER
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Genetic Organization of the Human T Cell
Receptor Gamma Locus

Marie-PauLe Lerranc! and T.H.RaBBITTS?

1 Laboratoire d'Immunogénétique Moléculaire, URA CNRS 1191,
Université Montpellier Il, Sciences et Techniques du Languedoc,
CP012, Place E.Bataillon, 34095 Montpellier Cedex 5, France

2 Laboratory of Molecular Biology, Medical Research Council, Hills Road,
Cambridge CB2 2QH, England

The T-cell gamma/delta receptor is expressed on about 3-5 % of the
circulating T lymphocytes in human. In this report, we will review
the genetic organization of the human T cell receptor gamma locus.

THE HUMAN T CELL RECEPTOR GAMMA LOCUS

The human T cell receptor gamma (TCRG or TRG) locus consists of
genes which are rearranged and joined during T cell
differentiation. The human TRG gene 1locus has been mapped to
chromosome 7 (Rabbitts et al., 1985) at band 7pl14-p15 (Murre et
al., 1985 ; Bensmana et al., 1990). We have extensively studied its
organization by phage and cosmid clone analysis and gene deletion
mapping (for review, see Lefranc et al 1987 ; Lefranc 1988 ;
Lefranc and Rabbitts 1989) and we have linked the variable and
constant regions by pulse field gel electrophoresis (PFGE) (Lefranc

et al., 1989). The gamma locus comprises two constant regions
(TRGC) linked to each other at a distance of 16 kilobases (Lefranc
and Rabbitts, 1985 ; Lefranc et al., 1986 a,b), five joining

segments (TRGJ) (reviewed in Huck and Lefranc 1987) and, in most
cases, 14 variable gamma genes (TRGV) belonging to four subgroups
and located upstream of the two C gamma genes (Lefranc et al.
1986a, c ; Forster et al. 1987 ; Huck et al. 1988) (Fig. 1). The
human T cell receptor gamma locus spans 160 kb of genomic DNA, with
only 16 kb separating the most 3’V gene from the most 5’ J segment
(Lefranc et al. 1989).

Fourteen Variable Gamma Genes (TRGV)

Fourteen TRGV genes have been identified in human DNA (Lefranc et
al 1986a, c ; Forster et al. 1987 ; Huck et al. 1988). The group of
TRGV genes includes six pseudogenes and eight potentially active
genes. These active genes fall into four distinct subgroups,
designated V4I - V4IV. Nine V4 genes, five of them functional (V2,
V3, v4, V5 and V8), and four pseudogenes (V1, V5P, V6 and V7),
belong to subgroup I, whereas subgroups II, III and IV each
consists of a single gene, designated V9, V10 and V11, respectively
(Lefranc et al. 1986a,c ; Forster et al. 1987 ; Huck et al. 1988).
Two pseudogenes, VA and VB, located upstream of V9 and V11,
respectively, belong to none of these subgroups (Forster et al.
1987, Huck et al. 1988). A haplotypic variation of the number of
the Vq4I genes, from 7 to 10, can be observed due to the deletion of
the V4 and V5 genes (Font et al. 1988 ; Ghanem et al. 1989) or the
insertion of an additional gene, V3P, between V3 and V4 (Ghanem et
al. 1989, 1990) (Fig. 2a). The frequency of the VqI subgroup gene
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haplotypes has been studied in five different populations using the
VaI probe pv3S (Ghanem et al. 1989, 1990). As an example, the
frequency of the 7-gene haplotype (with deletion of V4 and V5) is
0.21 in the French population, 0.13 in the Black African population
(Ghanem et al. 1989), and 0.17 in the Chinese population (Ghanem et
al. 1990).

Five Joining Gamma Segments (TRGJ)

Five joining gamma segments (TRGJ) have been identified : J1, J2
(Lefranc et al. 1986a), JP (Lefranc et al. 1986c), JP1 and JP2
(Huck and Lefranc, 1987 ; Quertermous et al. 1987 ; Tighe et al.
1987) (Fig 1). JP1, JP and J1 are located upstream of TRGC1 whereas
JP2 and J2 are upstream of TRGC2. These segments encode 16-20
aminoacids of the variable region of the q-chain (Huck and Lefranc
1987), the major part of the variable region being encoded by one
of the TRGV genes located further upstream (Lefranc et al. 1986c).

Two Constant Gamma Genes (TRGC)

The two human constant gamma genes TRGC1 and TRGC2 are separated by
a distance of 16 kb (Lefranc and Rabbitts, 1985). Structural
differences exist between the two C genes : TRGC1 consists of three
exons (ex1, ex2 and ex3) (Lefranc et al. 1986b), whereas the TRGC2
gene contains in some cases two (Lefranc et al. 1986b) and in some
others three copies of exon 2 in addition to exon 1 and exon 3
(Lefranc et al. 1986b ; Littman et al. 1987 ; Buresi et al. 1989)
(Fig.2B). Therefore the TRGC2 gene, spanning 9.5 kb or 12 kb of
genomic DNA, respectively (Lefranc et al. 1986b ; Buresi et al.
1989), is longer than the TRGC1 gene (6 kb only) (Lefranc et al.
1986b) and it displays an allelic polymorphism due to the presence
of either 4 or 5 distinct exons (Buresi et al. 1989) (Fig. 2B).
This allelic polymorphism can be distinguished by restriction
fragment length polymorphism (RFLP) analysis and has been studied
in five different populations (Buresi et al. 1989 ; Ghanem et al.
1990). 68 % of the alleles in the Black African populations show a
TRGC2 gene with triplication of the exon 2 against only 16 % in the
French population (Buresi et al. 1989), and 13 % in the Chinese
population (Ghanem et al. 1990)

Comparison of the TRGC1 sequence with that of the mouse shows that
there has been conservation of the exon 2 cysteine residue,
involved in the interchain disulfide bridge whereas this residue is
not conserved in exon 2 of the human TRGC2 gene, as shown by
analysis of genomic clones (Lefranc et al. 1986b ; Buresi et al.
1989) and complementary DNA clones (Dialynas et al. 1986 ; Littman
et al. 1987 ; Krangel et al. 1987). These differences correspond to
different types of 4 ~chains at the cell surface of the human T
lymphocytes expressing the 7/6§ receptor (see references in Lefranc
and Rabbitts, 1989) : the 40 kDa 91 chain, linked by a disulfide
bridge to the ¢§ chain, the 40 kDa and the 44 kDa non-disulfide 72
chains (which represent two different degrees of glycosylation)
encoded by a C2 gene with duplication of the exon 2, and for that
reason, designated as 72(2x), and the 55 kDa non-disulfide linked 42
chain encoded by a C2 gene with triplication of the exon 2, and
therefore designated as 92(3x) (Lefranc and Rabbitts, 1989) (Fig.

3)



Size of the Human TRG Locus

A series of overlapping phage clones spanning 130 kb of genomic DNA
has previously been isolated. These clones encompass on the one
hand, the 14 known V4 genes (Lefranc et al. 1986¢c ; Forster et al.
1987 ; Huck et al. 1988) and, on the other hand, the totality of
the C region genes and associated J segments (Lefranc et al. 1986b
; Huck and Lefranc, 1987). Due to the polymorphism of the TRGC2
gene, the distance between JP1 and the exon 3 of TRGC2 is 37 kb for
the allele with duplication of the exon 2 (designated as C2(2x))
(Lefranc et al. 1986b ; Huck and Lefranc, 1987) and 39.5 kb for the
allele with triplication (or C2(3x)) (Buresi et al. 1989) (Fig. 1).
All the V 7 genes are contained in a unique 120 kb XhoI fragment
detected by PFGE which links the V and C regions and the size of
the TRG locus can be estimated to be 160 kb (Lefranc et al. 1989).
Moreover, we showed that the V and C regions are remarkably close
to each other since the distance between V11, the most 3’ V gene
and JP1, the most 5’ J segment is only 16 kb (Lefranc et al. 1989).
With its 14 V7 genes spanning 100 kb, the 2 Cy genes and 5 J
segments covering <40 kb and only 16 kb separating the most 3'V
gene from the most 5’ J segment, the human T cell receptor gamma
locus represents a particularly densely populated region when
compared with the other rearranging loci (Lefranc et al.1989)

Rearrangements of the TRG Genes

Interestingly, using a unique probe pH60 (Lefranc and Rabbitts 1985
; Lefranc et al. 1986a), all the T cell receptor gamma gene
rearrangements in normal T cells, T cell leukemias and lymphomas
can be assigned to known V and J segments indicating that most, if
not all, genes of the human TRG locus have been identified. Since
the Jy1 and Jy2 segments are highly homologous (Lefranc et al.
1986a), it is possible with the J1 probe pH60, first to detect the
V rearrangements to J1 and J2, and second, to identify the
rearranged V genes by the sizes of the rearranged BamHI, EcoRI and
HindIII restriction fragments (Forster et al. 1987). Moreover
rearrangements to the additional J segments, JP, JP1 and JP2, can
be identified by hybridization of the KpnI digests to the J1 probe
pH60 (Huck and Lefranc 1987) (see Table I in Lefranc and Rabbitts,
1989). This unique probe can, therefore, detect all the 1.
rearrangements whatever the J segment involved in the
rearrangements. Thus it is a very useful tool to establish the
clonality of «g* T cell clones (Moisan et al. 1989), leukemic cells
(Chen et al. 1988 ; Migone et al. 1988) and T lymphocytes
expressing the 46 receptor (Triebel et al. 1988a, b ; Sturm et al.
1989).

DIVERSITY OF THE HUMAN T CELL RECEPTOR GAMMA CHAINS

The diversity of the T cell receptor gamma chains depends on
several mechanims :

a) the combinatorial diversity which is a consequence of the number
of V genes and J segments. This diversity is relatively low for the
7 locus (40 combinations). This diversity is, in fact, restricted by
the preferential usage of some V genes or J segments. Indeed, V49
and JvP are preferentially expressed in peripheral blood T st
lymphocytes (Triebel et al. 1988a, b) and the corresponding chains



V19-JP-Cy1 are frequently associated to V62-DJ-C§ (Sturm et al.
1989). It is noteworthy that the promoter regions of the V49 and vs2
genes have several common characteristics : absence of TATA and
CAAT boxes, presence of short repeated sequences and a
characteristic octanucleotide which could represent a binding site
for nuclear factors intervening in the coordinated expression of
these genes (Dariavach and Lefranc 1989).

b) the N-diversity which corresponds to the existence of a N region
at the V-J junction (Lefranc et al. 1986c). This N-diversity
results from the deletion of nucleotides at the extremities of the
coding V and J regions by action of an exonuclease and the
addition, at random, of nucleotides by the desoxynucleo-
tidyltransferase terminal (d4dTT) (Alt and Baltimore, 1982). The N
regions of the rearranged 4 genes can be delimited precisely since
the sequences of the germline V genes and J segments are known
(reviewed in Huck et al. 1988).

The mechanism of somatic mutations does not seem to exist in the T
cell receptor loci and this is an important difference with the
immunoglobulin loci. This absence of somatic mutation has clearly
been demonstrated in the human 4 locus, by the complete identity,
at the exception of the N region, of several sequences of
rearranged variable genes with those of their germline counterparts
(Lefranc et al. 1986c).
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Fig. 1. Organization of the human T cell receptor 4 (TRG) locus
(from Lefranc et al. 1989) (for review of the human 7 locus, see
Lefranc and Rabbitts, 1989)
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Fig. 2. Allelic polymorphism of the human T cell receptor gamma
genes

A - schematic representation of the VqI haplotypes (from Ghanem et
al. 1989, 1990). For a detailed map, see Lefranc et al. 1986c and
Ghanem et al. 1989.

B - schematic representation of the TRGC genes (from Buresi et al.
1989). Sizes of the introns are indicated in kb. For a detailed
map, see Lefranc et al. 1986b and Huck and Lefranc, 1987.

B C
Y2(2x) & Y2(@Bx) &
w, ",

COoH CO0H COOH
Fig. 3. Schematic representation of the three types of T cell
receptors 76 (from Lefranc and Rabbitts, 1989). Depending from the 4
chain, there are three types of T cell receptors (A) the 1q1-§
receptor, in which the 40 kDa 11 chain is disulfide-linked to the §
chain (B) the 72(2x)-§ and 72(3x)-§ receptors, in which the 40 or
44 kDa 12(2x) chain and the 55 kDa 72(3x) chain are characterized by
a duplication or triplication of the exon 2, respectively (Buresi
et al. 1989) and are non-disulfide linked to the § chain.
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Human T cell differentiation is believed to occur largely in the
thymus. (However, the occurrence of some extrathymic
differentiation sites(s), particularly for cells expressing TCRY$, has
been suggested. For example, in adults where the thymus has
involuted, T cell development nevertheless continues; one evidence is
the reconstitution of the T cell repertoire after bone marrow
transplantation.) The following studies represent our initial effort to
investigate the role of the human thymus in T cell differentiation in
vitro, especially in the development of TCRYd cells.

I. Groh, V., Fabbi, M. and Strominger J.L. Maturation or

differentiation of human thymocyte precursors jn vitro? Proc. Natl.
Acad. Sci. USA, 87: 5973-5977 (1990).

Abstract: The differentiation or maturation potential of human
thymocyte precursors has been studied by using a population of
CD3/TCR-, CD4-, CD8" ("triple negative") thymocytes isolated by
negative selection. This cell population, however, also contained 30-
50% previously undescribed cells expressing very low levels of
CD3/TCRY3 (CD3/TCRydlow ; ~60% of which expressed the variable
region gene V381). Correspondingly, TCR y and TCR & gene
rearrangements (predominantly V&1/joining region J81 ) and full-
length TCR y and TCR § transcripts (but only immature TCR B and no
TCR o mRNAs) were found. These cells mobilized Ca2t in response to
ligation of CD3 but not following ligation of TCRYd . When cultured in
the presence of interleukin 7 or interleukin 2, these thymocytes gave
rise to 30-60% CD3/TCRydmedium and high ce]ls (60-70% expressing V3&1)
seen as discrete populations. Thus, the proportion and V3§

phenotype of in vitro generated CD3/TCRyd cells closely resembled

Current Topics in Microbiology and Immunology, Vol. 173
© Springer-Verlag Berlin - Heidelberg 1991




14

those of CD3/TCRydlow cells in freshly isolated "thymocyte precursor”
preparations. Small numbers of TCRaP* cells also appeared. It is
thus uncertain whether maturation, differentiation, or both account
for the appearance of mature CD3/TCR* thymocytes, although the
former appears most likely.

Thus, this initial study was designed to ask whether previous reports
of T cell differentiation, including TCR gene rearrangements, from
"triple negative” thymocytes in vitro in the absence of thymic
epithelial cells could be reproduced. The conclusion was reached that
little or no true differentiation could be observed under these
circumstances and that the development of TCRY3 cells was due to
maturation of previously differentiated and incompletely developed
precursors.

Several important questions are unanswered:

1. What happened to the similar precursors of TCRap cells which are
present in the periphery in at least 10 times the number of TCRy3
cells? One possibility is that the expression of CD8 or CD4 in T cell
development precedes TCRaf expression and thus that these putative
CD3-, CD4-, CD8* or CD3-, CD4*, CD8- precursors of TCRap cells were
eliminated by the selection process. The negative selection utilized
anti-CD3, anti-CD4 and anti-CD8 mAbs to eliminate cells expressing
these molecules.

2. The novel CD3/TCR!ow cells observed here appear to represent a
third subset of cells defined by level of TCR expression, the others
being TCRmedium (previously termed TCR!o%) and TCRhigh cells. Are
the different levels of TCR expression correlated with any important
physiological event in T cell maturation or differentiation? It is
striking that the TCRIoW cells flux Ca+ in response to anti-CD3 mAb
but not to anti-TCR mAb and thus correspond to a thymocyte
phenotype which had been observed in the mouse. How are the
different levels of TCR expression regulated?

II. Fabbi, M., Groh, V., and Strominger, J. L. IL-7 induces
proliferation of CD3-/low, CD4-, CD8- human thymocyte precursors by
an IL-2 Independent Pathway, Submitted for publication
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Abstract: The proliferation potential of highly purified human CD3-CD4-CD8-
(triple negative) and CD3!0%*CD4-CD8- thymocyte precursors in response to
various cytokines was investigated. High in vitro growth ability was observe
in response to recombinant interleukin-2 (rIL-2) and rIL-7, both in the
absence of any co-mitogen and in combination with phorbol 12-myristate 13
acetate (PMA) . Furthermore, the proliferation of thymocyte precursors in
presence of rIL-7, although accompanied by significant increase of IL-2
receptor (IL-2R) p55 expression, appeared independent of that mediated by
the autocrine IL-2 pathway, since monoclonal antibodies (mAbs) to IL-2 and
IL-2R p55 did not eliminate responsiveness to rIL-7. Synergism of rIL-7 wit
rIL-2 was also observed, while no cooperation was detectable with rIL-4 or
rIL-6. Analysis of surface phenotype and cell cycle status of cells cultured in
presence of rIL-7, both plus and minus PMA, showed that CD3- as well as
CD3low cells readily proliferated to rIL-7. Up regulation of the levels of
expression of CD3 antigen was also observed in these cultures. These results,
together with the previous characterization of IL-7 as a pre-B cell and matw
T cell growth factor, identify IL-7 as a cytokine with biologic activities on a
variety of target cells. They also suggest that IL-7, in analogy with the mous:
system, might play a role in human T cell ontogeny.

This study thus addresses the question of signals which may be
mediated either by contact with thymic epithelium through
"adhesion” molecules or by lymphokines, such as IL-7, secreted by
thymic epithelium. Current efforts in the laboratory are directed
toward culturing human thymic epithelial cell lines and attempting
to clone the multiple distinct epithelial cells in these lines in order to
examine their roles in the proliferation and differentiation of true
"triple negative” human thymocytes and in various other
maturational steps in T cell development

This research was supported by NIH Research Grant CA 47554.
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T cell precursors arising from hematopoietic stem cells colonize the thymus
during ontogeny, where they undergo differentiation and maturation events
involving genotypic changes that result in the expression of distinct surface
molecules. During this process, an ordered rearrangement and expression of the
T cell receptor (TCR) genes leads to the acquisition of two distinct types of CD3
associated TCR structures, o,B and ¥,5, which are independently expressed on
the surface of distinct intrathymic subpopulations. The first TCR characterized
a,p is expressed on the majority of mature thymocytes and peripheral T
lymphocytes, and mediates the specific recognition of antigen (peptides) in
association with Major Histocompatibility Complex (MHC)-encoded class I and
class II molecules. The second TCR, v,8 is expressed early in thymic ontogeny,
and in adulthood its expression is restricted to a small fraction of peripheral
blood and thymic T cells. A major difference between the a,p and v,8 TCR bearing
cell subsets resides in the differential distribution of CD4 and CD8 molecules,
whose expression appears to be dictated by the TCR specificity.

Developmental studies in mice, support the view that the TCR y and 8 chains are
expressed at day 14 of gestation, suggesting that it has a functional role very
early in T cell ontogeny, well before the TCR o, is acquired. Thus, before day 16
of fetal development, when most thymocytes express the CD4-CD8-double
negative phenotype, only TCR 7,8 are detected intrathymically. Further

maturation events leads to a gradual decrease in TCR 7,8 bearing cells which
correlates with the acquisition of CD4 and/or CD8 molecules and with the
expression of the TCR a,8 genes, resulting in the generation of TCR a,b bearing
cells. In humans, the developmetal expression of the two TCR types has been
approached by trying to correlate different intrathymic subpopulations with
distinct ontogenic stages. Results from these studies indicated that, as described
in mice, TCR y and 8 RNA messages are expressed at early ontogenic stages(
Davis et al ; Toribio et al 1988) even before the acquisition of the CD2 molecule,
while @ and p TCR genes remain in germ line configuration. Thereafter,

rearrangement and expression of o and P genes lead to the shutdown of the y and
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§ genes resulting in the expansion of the TCR «,B T cells (von Boehmer et al
1988).

The sequence of ontogenic events leading to the acquisition of an MHC-restricted
T-cell repertoire remains to be established. It appears clear however, that for the
TCR a,p bearing cells, it may be related to the expression of functional TCR,
through which interaction with the appropriate MHC restricting elements takes
place and results in both positive and negative selection. Interestingly enough,
these interactions appear to occur at the double positive ( CD4+CD8+)
intrathymic stage (Blackman et al 1990: von Boehmer 1990). Much less is known
for the 7,8 T cells which appear to differentiate independently of the double
positive intermediate stage, throughout different stages of development not yet
characterized.

Impinge into the analysis of the TCR y,3 repertoire.

In mice, various ¥,8 T cell subsets are generated within the thymus and in the
periphery at different times during ontogeny. Thus, by day 13 of gestation, two
homogeneous subsets expressing Vy5 and VY6 genes and associated with V81 are
consecutively generated in the thymus, defining two waves of development of ¥,5
T cells (Itohara et al 1989). Both subsets have been characterized by the
homogeneity of the junctional sequences (canonical sequences) in the
productively rearranged genes, while the corresponding nonproductive
rearrangements are far more diverse. Because of the homogeneity of their TCR,

the two fetal v,8 T cell subsets are likely to recognize self antigens which are
expressed in the fetal thymus and, therefore, it has been suggested that the
accumulation of the canonical sequences results from positive thymic selection.

In agreement, the VY5 gene which is also expressed in the T cells present in the
epidermal layer of the skin (S-IEL) shows low diversity and appears to recognize
self antigens expressed by keratinocytes or by fibroblast which have been treated
with tryptic digest of keratynocytes (Haas et al 1990).

Two futher muriné ¥,8 T cell subsets which are generated extrathymically in
some, but not all all mouse strains, are characterized by the expression of V&5
and Vy4 genes that are highly homogeneous and demostrate characteristics

junctional N-region sequences, respectively. These peripheral 7,8 T cells most
likely result as a consequence of the positive selection imposed upon interaction
with a still unknown self antigen.

In adult mice, 7,8 T cells represent a very small percentage of the total T
lymphocyte subset. In contrast to embryonic 4,8 T cells, they are highly
diversified, although Vy4 and Vy5 genes are used more frequently than other V
gene segments.

In humans, two major ¥,8 T cell subsets have been identified expressing either
V81( recognized by the mAb dTCS1 ) or V82 (recognized by the mAb BB3), the
latter being frequently associated with the VY9Cyl chain. Interestingly enough,
cells expressing the V31 gene comprise the predominant v,8 T cell subset in the
thymus, as well as during the fetal life, while the V32 subset is predominant in
the periphery within the first month of life and thereafter (Parker et al 1990;
Krangel et al 1990). The predominant V82 expression in the periphery is thought
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to result from the selective expansion of the V82 bearing cells in response to
antigenic stimuli in the periphery, which include self antigens (see below).

Mechanisms involved in the acquisition of self tolerance by the g,d T cells.
It is commonly believed that CD4-CD8- lymphoblasts which have entered the

thymus develop into CD4+CD84+ that express the a,8 TCR. The binding of a
certain TCR expressed on this cell population to thymic MHC class I molecules
should result in the generation of CD4-CD8+ T cells, while, alternatively the
binding to MHC class II antigens would yield CD4+CD8- lymphocytes. In
addition to this process of positive selection, mechanisms ensuring the
acqusition of self tolerance appear to take place also at the double positive stage.

There are basically three mechanisms for &, T cells to avoid autoimmunity
associated with self recognition. First, T cells bearing receptors that recognize
self antigens could be physically eliminated as they develop in the thymus (clonal
deletion). Second, self reactive T cells that do mature and enter the periphery
could be functionally inactivated by other T cells (immunosuppression). Third,
when self reactive T cells encounter the antigen they recognize, they could be
functionally inactivated to develop an immune response (anergy) (Mueller et al
1989). While the first mechanism applied clearly for the thymus, there is
evidence for the existence of functionally inactivated T cells in vivo (Rammensee

et al. 1989 ), which account for peripheral antigen-specific tolerance. TCR o, T
cells specific for an antigen recognized in the context of I-E and expressing a

given VB gene segment have been found within both immature CD4+CD8+
double positive and mature CD4+/CD8+ single positive thymocyte subsets in I-E-
negative mouse strains; while they are only found in the immature CD4+CD8+
subpopulation in the I-E bearing strains. These data have led to the notion that
acquisition of self tolerance occurs as a consequence of thymic elimination

(clonal deletion) of T cells bearing particular VB genes specific for a particular

self-MHC antigenic combination. Using transgenic mice for TCR a.p specific for
male H-Y antigen, in association with the b allele of the class I MHC molecules
consequently only expressed by CD8+ mature T cells, was found that more than
50% of peripheral T cells from mice carrying the antigen and the appropriate
MHC class I molecule expressed high levels of the transgenic TCR, while they
lacked expression of CD4 and/or CD8 molecules; therefore displaying the CD4-
CD8-double negative phenotype. Interestingly enough, CD8+ cells expressing the
transgenic TCR were also identified in those animals, although the level of
expression corresponded to one-tenth of the level of CD8 found in normal
peripheral T cells (von Boehmer 1990). These results, in agreement with the

clonal deletion model, extend the role of the TCR a,p to the CD4 and CD8
molecules in the acquisition of self tolerance.

Developmental analyses of transgenic TCR «,B expression also revealed that
double positive thymocytes, the target cells where clonal deletion takes places in
the thymus, developed in both female and male embryos even though the
presence of the male antigen presented by H-2DP MHC molecules could already
be detected by day 16 of gestation. Because the earliest T cell precursor expressing
CD8 co-receptors are deleted in adult male mice, the possibility was suggested
that the deletion process required expression of the ligand on a cell which
develops relatively late in the thymus. Simultaneously, with the decrease in
double positive thymocytes in male mice, there is a selective increase in either
CD8+ cells from day 17 to birth or double negative T cells, which thereafter
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account for the majority of T cells expressing the transgenic TCR in the adult
male. One can imagine that at a very immature stage of development (before
birth) the interaction of the TCR with the antigen-MHC ligand expressed on
thymic epithelium results in positive selection of self reactive T cells, whereas
the phenotypic changes (clonal deletion and decreased of CD8 level expression )
occur relatively soon after this inducing event.

This can also occur with the v,8 T cells. Thus, the analysis of the expression of
CD4 and/or CD8 on v,8 T cells has revealed drastic differences between fetal and
adult 1,8 T cells. At the time of birth, over 60% of splenic ¥,5 T cells are CD8+, and
only 30% and 5% are double negative and CD4+, respectively. In adults
however,y,d T cells represent 15% and 80% of CD8 and double negative cells
respectively (Bonneville et al 1990). Also of interest is the finding that CD4 and
CD8 molecules are expressed in adult y,8 T cells at relatively low levels, in
contrast to the high level of expression detected on fetal ¥,8 and a,f T cells.

Importantly, very few, if any double positive v,8 T cells have been identified to
date.

The evidence for the existence of mechanisms implicated in the acquisition of
clonal anergy comes from experiments conducted by R. Schwartz et al ( Mueller
et al 1989). These experiments demostrated that when mature a,f T cells
encounter the antigen-MHC complex on inappropriate antigen-presenting cells,
a profound state of antigen-specific unresponsiveness is induced. Studies
performed in transgenic mice for y and & genes encoding a TCR specific for a
gene of the TL-region of the TLD haplotype demostrated that v,5 thymocytes from
TLb strains differ from thymocytes from TLd mice in cell size, TCR density, and
capacity to respond to stimulator cells. Particularly, y,5 T cells from TLP
transgenic mice did not produce IL 2 and did not proliferate in response to
appropriate stimulator cells, but they did proliferate in the presence of exogenous
IL 2 (Bonneville et al. 1990).

The characterization of human v,8 T cell clones derived from adult healthy
voluntaries revealed basically the same conclusions: 1) Human ¥,8 T cell clones
displaying the CD4-CD8- phenotype specifically respond to EBV transformed
syngeneic B cells. The mitogenic and/or antigenic stimulation of these cells
required the presence of exogenous IL 2, although they are perfectly able to
express the IL 2R; 2) Maximal proliferation of ¥,8 T cells after TCR crosslinking
induced by anti-CD3 antibodies required higher ligand concentrations than the
o8 T cell clones with the same specificity; and 3) These v,8 T cells are unable to
produce IL 2 upon antigenic stimulation.

Given the lack of intermediate stages of development where clonal deletion takes
place in the pathway of differentiation of ¥,8 T cells, we can postulate that one of
the ways they achieve self tolerance involves the decrease or down regulation of
the CD4 and/or CD8 co-receptor molecules. Furthermore, since the majority of
7,0 T cells in the adult are either CD8+or double negative, we speculate that the
repertoire of the v,8 T cells is biased toward the recognition of self MHC class I or
class I related antigens. Alternatively, superimposing with such a mechanism
anergy could act as a safety-valve, playing a critical role in the acquisition of the
functional v,8 T cell repertoire (Aparicio et al 1989).
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Characterization of fetal and adult human y3 T cells.
Recently, we have identified a T cell subpopulation defined as CD3+TCR+ which

lack the cell surface CD2 antigen and comprise the majority of v, T cells in the

fetal liver and fetal spleen; while v,8 T cells expressing CD2 molecules were
detected in the adult thymus (Aparicio et al 1989).

Striking differences were also found.between fetal and adult human v,3 T cells
regarding their capacity to produce lymphokines. Thus, fetal clones, in contrast
to clones derived from adults, produced IL 2 and IL 4 upon activation with either
lectins, anti-CD3 monoclonal antibodies or mitogenic mixtures of anti-CD2
mAbs, while both types of clones indeed produced IFN-y. Analysis of the helper
activity displayed by v,8 T cell clones in a conventional antibody production assay

also revealed the differential behaviour of fetal versus adult v,8 T cell clones.
Such activity appears to be associated with the expression of the CD4 co-receptor
by the corresponding clones.

Role of interleukins in g,d T cell development.

Accumulating evidence indicates that IL 4 is involved in T cell development
(Barcena et al. 1990a; Martinez-A, 1990a; Martinez-A. et al 1990b). Thus, IL 4
appears to induce both growth and differentiation of fetal intrathymic Thy 1-CD4-
CD8- T cell precursors into CD8+ cytolytic T cells. Also, adult double negative
mouse thymocytes proliferate in response to IL 4. Similarly, human thymic pro T
cells, known to display functional properties similar to those of the cells that first
colonize the thymus during fetal development, differentiate in the presence of IL
4 into mature functional ¥, T cells (Barcena et al. 1990b; Plum et al 1990).

Moreover, in agreement with the results obtained with fetal y,8 thymocytes,
neonatal pro T cells also produce constitutively IL 4, suggesting the involvement

of this lymphokine in the development of v,6 T cells. As shown by Carding et
al, 1989, as in mice our results in humans indicate that the production of
lymphokines and the lymphokine receptor expression is tightly controlled during
the process of development. In particular maximal IL 4 production in both mice

and humans correlates with the first wave of 7,8 T cell differentiation. These

differences may define the different capacities of fetal and adult v,5 T cells in the
ability to both produce and respond to IL 4. Therefore, in contrast to what was
observed in postnatal ¥,8 thymocytes, fetal thymocytes produce and respond to IL
4.(see above).

The possible implication of an overexpression of IL 4 during the T cell
development process has been recently tested by producing transgenic mice for
IL 4 (Tepper et al. 1990). The conclusions obtained can be summarized as follows:
1) The fully active form of the transgene expressed under the control of
immunoglobulin regulatory sequences was lethal in newborn mice; 2) By
reducing the activity of the promoter/enhancer, the overexpression of the
transgene in the T cell compartment results in a severe reduction in the number
of CD4+CD8+ thymocytes, a marked expansion of mature thymocytes bearing the
CD8 marker, a marked expansion of double negative (CD4-CD8-) thymocytes, and
a reduction of peripheral T cells; 3) The T cell defect results from the expression
of IL 4 by a bone marrow derived cells, likely comprising the T cell precursors
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themselves. Interestingly, the phenotype of the thymus subpopulations
characterized in IL 4 transgenic mice closely resemble the phenotype of the
mature T cells generated " in vitro "from human pro T cells after culture with
I14.

Concluding remarks

Fetal hematopoietic precursors are capable to constitutively produce IL 4
simultaneously expressing IL 4R. before migration to the embryonic thymus.
Upon migration to the thymus, T cell precursors interact with epithelial cells
promoting vy and § gene rearrangement and expression of ¥,0 TCR very early in
development. Based on the major existence of CD8+ 7,8 T cells, we assume class I
MHC related antigens as their natural ligands. Antigenic recognition promotes
positive selection of this cell population, suffering thereafter the consequences of
the "learning process” that occurs in the thymus, where negative selection takes
place. This results in the decreased expression or loss of the CD8 co-receptor and
therefore most cells will remain double negative. Also, T cell precursors, upon
interaction with thymic epithelial cells, promote the activation of the IL 2
pathway implicated in the generation of the o, T cell population. The production
of IL 2 in the thymus dominates the phenotype of the IL4, and therefore the
generation of the a,b T cells is assured.
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Culture Conditions Dictate Whether Mouse Fetal
Thymus Lobes Generate Predominantly y/&
or o/BTCells
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SUMMARY

Thymus lobes from 14 day-old mouse embryos cultured submerged in r-IL-2
generated a mixture of CD8a+/CD4- and CD8-/CD4- y¥8TcR expressing cells
(Ceredig et. al. 1989). Based upon Northern analysis with TcR constant
region probes, no af T cells could be identified in these cultures. Submerged
lobes also showed responsiveness to IL-7. In contrast, when cultured at an
air liquid interface as organ cultures (OC), most cells appeared to express
apTcR (Ceredig 1988). Thus depending on the mode of culture, fetal thymus
lobes generate predominantly 5 or af T cells; it is unclear how this
difference is regulated. Previous phenotypic and functional experiments
suggested that y8 T cells may be present in OC. In order to study ¥ T cells in
both submerged lobe and OC, we have carried out three colour flow
microfluorimetric analysis of y8TcR, abTcR, CD3, J11d and CD8B expression
by subpopulations of CD8a and CD4 defined thymocytes. In addition, using
Vy-specific oligonucleotides and the polymerase chain reaction, we have
begun identifying and sequencing the Vy repertoire of y3T cells in these
mouse fetal thymus cultures.

RESULTS AND DISCUSSION

Recently, monoclonal antibodies to mouse YS8TcR have become available and
using such reagents, we have begun to analyze by three colour flow
microfluorimetry (FMF), the distribution of y8 T cells among the four
CD4/CD8 defined subpopulations of thymocytes. These experiments have
been carried out using freshly-isolated fetal thymocytes, OC of 14-day fetal
thymus lobes and fetal thymocytes grown in liquid culture as submerged
lobes (so-called FT cultures).

In the developing thymus jn vivo, three colour FMF showed that at day 15,
78 T cells were found in all four CD4/CD8 defined thymocyte subpopulations.
The values of y8-expressing cells in cach subset were 5% double negative
(DN), 8% double positive (DP), 10% CD8 single positive (SP), and 27% CD4 SP.
From day 15 onwards, expression of y§ among DP cells decreased
progressively, reaching 1-2% of DP cells at birth. Thus in contrast to a
recent report (Itohara et. al. 1989), a major subpopulation of DP cells
expressing Y8TcR was not detected. Similarly, y8TcR expression by CD4 SP
cells also decreased with time, reaching values similar to that of DP cells
around birth. It should be noted that the CD4 fluorescence intensity of these
CD4 "SP" cells was lower than the equivalent afTcR-expressing CD4 SP cells
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seen at birth. In contrast, YSTcR expression by CD8 SP cells initially
increased from day 15, reaching 22% at day 18 but then decreased to 3-4%
in the newborm and adult thymus. Expression of y§TcR continued to
increase among DN thymocytes, reaching 15% at birth and then continued
to increase to 20% in the adult thymus. The above results were obtained
with the pan-y§TcR mAb GL3 (Goodman and Lefrancois 1989) and similar
results, although with correspondingly decreased percentages were
obtained with the Vy3 mAb 536 (Havran and Allison 1988).

The above three colour FMF analysis was also carried out with mAb to
afTcR, CD2, CD3, J11d and CDS8B. In contrast to y8TcR staining, a large
proportion (40% in the adult) of DP thymocytes expressed aBTcR; expression
of apTcR among DN cells increased gradually throughout development,
reaching 45% in the adult. At all times tested, DN thymocytes stained in a
biphasic manner with anti-CD2 mAb indicating as described elsewhere
(Ceredig 1990) that immature (J11d+, IL-2R+) DN thymocytes are CD2-. For
J11d, late fetal and early neonatal SP thymocytes were essentially all J11d+;
the J11d® subsets of these cells appeared postnatally (Ceredig 1990).
Interestingly, in view of the distinct subset of y8 cells staining positively
with the anti-CD8a mAb 53.6.7, a distinct subpopulation of CD8a+/CD88-
thymocytes were seen in the fetal and neonatal thymus. Such cells have
been described previously in the fetal mouse thymus (Habu and Okumura
1984) and suggests that, as in the periphery, y8T cells that express CD8 can

have the CD8a*/CD8B~ phenotype.

We have carried out similar three colour FMF analysis of 14 day fetal
thymus lobes maintained in OC. As far as Y§TcR expression is concerned,
results were essentially as described above for the thymus jn_vivo.
However, expression of Yy8TcR by CD4 weak SP thymocytes was not seen,
presumably because the earliest OC analysed were three days after setting
up, or cquivalent to the day 17 thymus jn_vive. Importantly, no major
subpopulation of y§-expressing DP thymocytes was seen in OC but as in the
normal thymus, both DN and CD8 SP subpopulations expressed ydTcR with %
values slightly above those seen in_vivo. Interestingly, the proportion of
¥8T cells expressing Vy3 decreased with time in culture from 40-50% of ¥v§ T
cells at day 7 to undetectable at day 20. The reason for the disappearance of
Vy3-expressing cells in OC is unclear. In addition to Y8TcR expression, aBTcR
expression by OC thymocytes is also being carried out by three colour FMF
and a panel of anti-VB TcR mAb.

When 14-day mouse fetal thymus lobes are cultured as FT in IL-2, DN and
CD8a*/CD8B" SP cells are generated both of which express CD3 by FMF and as
judged by Northern analysis of total RNA, y8TcR. Recently, we have been
able to show that IL-7 added to FT cultures also results in the growth of y8T
cells. Three colour FMF analysis of both IL-2 and IL-7 supplemented FT
cultures shows that both IL-2 and IL-7 promote the outgrowth of y8T cells
from the unmanipulated fetal thymus lobe. IL-2 supplemented cultures
contain 49% y8TcR expressing cells, whereas the value for those containing
IL-7 is 16%. In both FT cultures, 75% of y3-expressing cells are Vy3+. Such
v8% and Vy3+ cells are found among both CD8at and DN subpopulations. In
IL-2 supplemented cultures, 82% are Thy-1* and 62% CD3* whereas in IL-7
cultures, the values are 94% and 23% respectively. Thus, in IL-7-
supplemented cultures, a greater proportion of cells have the Thy-1*. CD3-
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phenotype. Interestingly, 76% of cells grown in IL-7 express the 55kD
chain of the IL-2R compared with only 38% in IL-2-supplemented medium.
Essentially no cells in these cultures expressed either CD4 or aBTcR. Taken
together, these results imply that IL-7 may be maintaining the survival and
promoting the growth of more immature fetal thymocytes.

In order to characterise further the y8T cells in these various culture
systems, we have begun to clone and sequence the ySTcR expressed by fetal
mouse thymocytes. To this end, we have used the polymerase chain reaction
(PCR) and pairs of Vy and Cy-specific oligonucleotides containing additional
3' and 5' cloning restriction sites to amplify cDNA from populations of
freshly isolated, OC and FT-cultured thymus lobes. These PCR-amplified
fragments arc then cloned and sequenced. These experiments are being
carried out firstly to identify which particular y8T cell subsets grow in the
different cultures and then to determine their TcR sequence. As these
subpopulations of y8T cells are isolated directly from the thymus, it will be
of interest to determine their TcR sequence repertoire. Inmitial experiments
have already confirmed the recently-reported data of Carding et al 1990,
namely that using PCR, essentially all Vy genes can be shown to be
transcribed in the fresh, 14-day fetal thymus.

Recently, we have perfected a method whereby the cell cycle status of
lymphocyte subpopulations defined by two colour (FITC and PE)
immunofluorescence can be evaluated. In this system, 7-
aminoactinomycin-D (7AAD), a fluorochrome excited at 488nm is used to
quantitate the DNA content of FITC and PE-stained cells. Using this single
laser, three colour FMF system, we have shown that y8% and Vy3* T cells in
the day 16 fetal thymus contain 30-45% of cells in S, G2 + M phases of the
cell cycle. Thus, the fetal thymus is producing y8T cells which are actively
dividing at the time of their initial generation. In the neonatal thymus,
both ¥§ and VB expressing CD4 SP cells were also found to be in cycle
(Ceredig 1990).

Thus, in the fetal and early postnatal thymus, both y8 and af expressing
cells are produced as cycling cells. These results have several implications.
Firstly, they may explain the ease with which fetal and neonatal
thymocytes form hybridomas when fused with thymoma fusion partners;
since it is known that fusion occurs more efficiently when both normal
and thymoma cells are actively dividing. Secondly, if CD8a expression by y&
bearing T cells is an indication of proliferation, it is not surprising that
CD8a is expressed by developing fetal y§ thymocytes jn_situ. Thirdly,
intrathymic proliferation could partly explain the rapid increase in the
frequency of immunocompetent cells seen in the perinatal thymus
(Ceredig et al 1983). Fourthly, cell proliferation might suggest some degree
of oligoclonality in the receptor repertoire of developing T cells. Sequence
analysis of fetal ¥8 TcR has already suggested some degree of oligoclonality
in both V region usage and in TcR sequence (Reviwed by Haas et al 1990);
similar predictions could be made conceming neonatal af sequences.
Finally, cell culture experiments (Ceredig and Waltzinger 1990) have shown
that unstimulated neonatal, but not adult aB-expressing CD4 SP thymocytes
can continue proliferating in the presence of IL-2 and IL-7. This result
means that differences must exist between the fetal and adult thymus in the
generation of mature thymocytes. This could reflect either differences
between the thymic microenvironment in fetal and adult mice, or to
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differences in the phenotypic properties of the mature thymocytes
themselves.
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Pluripotent stem cells present in bone marrow are capable of migrating to the thymus where they
differentiate into progeny that populate the peripheral lymphoid tissues with T cells (Abramson et
al.,, 1977; Keller et al, 1985; Dick et al., 1985). Whether and to what extent stem cells become
committed to T cells outside the thymus remains controversial. The strongest evidence that this
can occur is provided by the fact that functional T cells can develop (albeit very slowly) in the
complete absence of a thymus in nude mice (Hiinig and Bevan, 1980; Lake et al., 1980; Maleckar
and Sherman, 1987). In vivo reconstitution experiments have shown that nude bone marrow
contains pluripotent stem cells (Kindred, 1979). Peripheral lymphoid tissues of old nude mice (4
to 5 mo) have been reported to contain T cells by cell-surface phenotype (MacDonald et al., 1986),
T cell receptor gene mRNA expression (Yoshikai et al., 1986; MacDonald et al., 1987), and
functional criteria (Hiinig and Bevan, 1980; Miller et al., 1983; Maleckar and Sherman, 1987).
However, peripheral lymphoid tissues of young nude mice ( < 11 wk) would appear deficient in
T cells (MacDonald et al., 1981; Miller et al., 1983). Whether the environment of the athymic
nude mouse is more efficient in allowing the development of o/ or ¥/8 T cell receptor bearing
cells is unknown although one study (Yoshikai et al., 1986) suggests the latter.

In the study summarized below (Benveniste et al., 1990) we have searched for evidence of T
cell differentiation occurring in the bone marrow of young (5-8 wk old) athymic nude mice. Age
matched normal mice have been included for controls. Particular attention has been paid to relative
numbers of o/B vs ¥/8 T cell receptor bearing cells.

Since a cell-surface expressed T cell receptor is always associated with CD3, we first screened

BM from young (5-8 wk old) C57BL/6 (B6) nude and normal mice for CD3* cells. A population
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of CD3 dim (CD3") cells was present in both normal and nude BM and absent in the periphery of

nudes. It was also absent in scid BM. It could be greatly enriched (to 8-9% of cells present) by

depleting the BM of nylon wool adherent cells and of high density cells (using a BSA gradient),
this latter procedure getting rid of any mature T cells which might be recirculating through normal

BM. These CD3* cells were CD4' CDS§" in both normal and nude BM. In normals, they were

almost all ( > 95%) o/P but in nudes they were at least 40% 7/0-bearing. They were 40% and

at least 75% respectively J11d* in normal and nude BM. Note that the J11d marker is present on

85-90% of normal BM cells and 95% of thymocytes but absent on peripheral T cells (Bruce et al.,

1981; Crispe and Bevan, 1987).

We consider it unlikely that CD3? cells are part of the recirculating pool for the following
reasons:

(Y] CD3? cells had comparable frequency in nude and normal BM. Nude mice are markedly
deficient in mature T cells with none being detectable in mice of the age used here.
However, stem cells are normal and there is no reason to expect abnormalities in processes
not requiring the thymus or thymus hormones.

@ii) A large fraction of CD3‘ cells express J11d, absent on mature recirculating T cells.

(iii) CD3* cells were not detected in the periphery of the young (5-8 wk old) nude mice analyzed
here.

CD3? cells could be grown by culturing them with mitomycin-treated anti-CD3 hybridoma cells
(10%well) in the presence of IL-2 (10 units/well). IL-4 enhanced growth but was not required.
Growth frequency was 1/650 to 1/3500 BM cells cultured. After 10-12 days of growth, cells in
growing cultures were essentially all CD3* CD4 CD8* and displayed a spontaneous LAK-like
cytotoxic activity.

Growing wells were tested for the presence of TcR-&t or TcR-8 mRNA transcripts using a
sensitive dot blot procedure (Benveniste et al., 1988). These two mRNA’s were chosen as most

accurately reflecting the presence or absence of a TcR-o/P or TcR-y/3; B and y messages were both
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often found in cell lines expressing only an o/ or a ¥/8 TcR. In nude cultures, 76% of growing
wells expressed an o message and 54% a & message. In normals, 85% expressed an o message
and only 3% a & message, figures which reflect fairly accurately the relative numbers of o/ and
v/8-TcR seen by flow cytometry.

An interesting question is whether a single growing clone can develop both a/f and ¥/8-TcR
bearing cells. To address this, we analyzed cultures set up at extreme limiting dilution. The results
were consistent with all precursors being already committed to either /B or ¥/8.

We conclude that both o/f and y/8-TcR bearing cells can develop directly in BM. The
frequency of a/B-bearing cells is comparable in nude and normal but the frequency of /0-bearing
cells that develop in nude BM is markedly higher than in normal BM. Why is this? In normal
mice, /8 cells develop before o/B cells. Thus the higher frequency of /6 in nude could reflect
an early stage in normal T cell development. Alternatively, the athymic nude environment could

be more favorable to the development of ¥/8 cells via an extrathymic pathway.
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INTRODUCTION

A repertoire study of the T-cell receptor a-chain Variable (V)
Region genes expressed in thymocytes from adult C57BL/Ka mice
comprised V, genes that we divided into 10 different subfamilies
(Arden et al. 1985). V gene segments specific for each subfamily
were subcloned and used as probes to screen the same cDNA library.
The organization of the immunoglobulin heavy chain 1locus in
multiple isotypes led us to test the possibility that the a-~chain
Variable Region gene pool might be utilized by novel Constant (C)
Region genes other than C,. Therefore, we isolated only the cDNA
clones that hybridized to the V4 probes, but not to a C, probe.
Sequence analysis revealed a Vg2 to JuTT1ll rearrangement that was
not spliced to Cy, and one Vy4 gene segment germline transcript.
Suspecting that our remaining V4*C,~ CDNA clones were similar
transcripts, they were not further characterized. Two years later,
a frequent rearrangement in the a-locus was cloned (Chien et al.
1987a) and proven to encode the T-cell receptor 8~-chain (Born et
al. 1987). We then went back and sequenced our remaining Vg *C.-
CDNA clones. Two clones contained Cj combined with V gene segments
from the V47 and V410 subfamilies (clones A29 and Al3 respectively,
Table 1).

The V gene segment of cDNA clone A29 shows highest homology to that
of CcDNA clone 253 that shares 78% of its nucleotide sequence with
Vq7.1. Z53 was numbered Vg6 by Elliott et al. (1988). We have named
it V§7.3 in keeping with the nomenclature already established for
the a-chain cDNA clones of the V,,57 subfamily, V,7.1 (Arden et al.
1985) and V47.2 (Yague et al. 1988). It had deleted a major portion
of the V gene segment through an aberrant splicing event. cDNA
clone Al3 was homologous to the three V, gene segments known from
the Vyl10 subfamily and therefore was named V5l0.4. It differs by
only one nucleotide from Vg KN25-D4 (Takagaki et al. 1989). Using a
Cs-specific CDNA probe we then isolated three additional §-chain
CDNA clones. The V gene segment of clone A38 was completely
identical to V47.2, and therefore named Vg7.2 (Table 1). Al was
identical to VzDN4 (Chien et al. 1987a), A28 was homologous to
VgM1l (Chien et al. 1987b) with nine nucleotide exchanges resulting
in six amino acid replacements (Arden, Zaller, Wang and Hood, in
preparation).
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RESULTS AND DISCUSSION

Fetal Ontogeny of T-Cell Receptor §-Chain Expression

During fetal ontogeny, thymocytes exhibit a programmed pattern of
Variable (Vy, and Vg) gene utilization. At different stages of
gestation, waves of cells appear that express distinct V gene
segments. First, Vgl is predominantly expressed at day 14 to 16 of
gestation. Moreover, the V§l-J52 junctions almost exclusively
consist of one canonical sequence. These thymic V51/V73 clones are
the precursors of the dendritic epidermal cells. 1In Southern
analyses a Jsl probe detects several rearranged bands at day 16
(Chien et al. 1987a). We have recently been able to establish the
anchored polymerase chain reaction (A-PCR) technique using 5 pg of
total RNA from day 16 fetal thymocytes. The homopolymer (dG)-tailed
cDNA 1is amplified in two rounds of PCR using nested Cg-specific
primers at the 3’end and an anchor sequence attached to the
oligo(dC) primer at the variable 5’end. We also looked at neonatal
thymus with A-PCR, where the Vg repertoire is more diverse, to
distinguish the onset or time intervall of expression of different
Vs genes during ontogeny.

Surprisingly, at day 16, in contrast to newborn thymus, we have not
yet identified any transcripts containing V gene segments. Instead,
we found transcripts initiated 5’ of Jsl and J§2 or from partial
Dg2-J51 rearrangements. Conceivably, these could be substrates for
subsequent V-DJ rearrangements. Of course, we would not detect
V-Ds2 rearrangements with the A-PCR technique, which could account
for some of the rearranged bands using the Js51 probe. These
preliminary data indicate that at day 16 of gestation partial DJ
rearrangements occur in large excess over complete V-DJ
rearrangements. We are currently investigating whether there is a
marked down-regulation of Vgl expression at day 16. In newborn
thymus we identified V§4.5 (Table 1) identical to the Vg gene
segment of DN2.3 (Korman et al. 1988). We believe that day 16
represents the time point of a trough between the early fetal wave
of Vsl expression and a subsequent wave of more diverse Vg
expression around birth.

Wave of V57 Expression in Neonatal Thymocytes

RNA dot blot experiments indicate that the crosshybridizing V4,57
subfamily (currently designated V§6/Vy,7, Table 1) is expressed in
over 60% of a panel of y8~- and not in any of the ap hybridomas from
newborn thymus (Happ et al. 198%a). Many of these unselected
hybridomas are reactive with mycobacterial PPD and require a Vj
identical to the V,7.1 gene segment for recognition of PPD (called
V6.3 by Happ et al. 1989b). We have amplified by PCR RNA from the
whole population of neonatal thymocytes using primers specific for
Cs and the leader sequence that appeared to be conserved within the
Vas87 subfamily. We found dominant usage of the V47.1 gene segment
in productive V3 rearrangements, and therefore name it V§7.1 when
it occurs in §-chain message. Surprisingly, we obtained another Vj
identical to Vg7.2 (Table 1) as frequently in frame as Vg7.1.
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Although this V7.2 gene segment shares 86% of its amino acid
sequence with V7.1 it was not utilized in any of the PPD-reactive
hybridomas. Neither V gene segment was detected in §-chain message
from day 16 fetal and adult thymus. Therefore, we interpret this as
yet another wave of 3-chain expression around birth, utilizing
predominantly V§7.1 and Vg§7.2.

Vs7.1 V.71

V57.2 V,7.2

V57.3

Vs7.4

V51 V55
fetal day 16 neonatal adult thymus

Fig. 1. Wave of thymic V57 expression at birth

Vg7.4 is another member of the V4,57 subfamily with only about 65%
similarity at the protein 1level to Vg7.1 or V§7.2. Whenever we
found Vg7.4 expressed in frame, its message was inactivated by an
aberrant splice that resulted in the deletion of the major portion
of the V gene segment. In adult thymocytes we did not observe this
aberrant splice event in functionally rearranged Vg7.4 or V57.3
that share 92% of their amino acids (Table 1). These results
suggest that V§7.1 and V§7.2 are exclusively utilized in neonatal
thymocytes, whereas Vg7.3 along with V7.4 were functionally
expressed only in adult thymocytes (Fig. 1)
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Table 1. Proposed common nomenclature for V, and Vi gene segments

Current Homologous Family Clone Proposed
Vs @ Size Name®© Vo,
Designation2 SubfamilyP Nomenclature

Vsl - 1 member M21

Vg2 - 1 M11
A28

V§3 Vg6 3 TAl Vg 6.1
268 Vs 6.2

Vg4 - 2 DN4, Al

V5 - 1 z44

V5 6 Vo7 4 TA27 Ve 7.1
RL6.14 Vg 7.1
RL6.8 Vg 7.2
A38 Vs 7.2
A29, 253 v 7.3
AT9.4, 249 Vs 7.4

Vg7 Vql0 4 TA57, FN1-18 V,10.1
D6 Vql0.2
1F8 Vol0.3
Al3, EKN25 V§l0.4

V58 Vg2 5 TA39 Vg 2.1
TA19 Vg 2.2
41BNT-117 vy 2.3

Va4 8 TA28 Vg 4.1
TA65 Vg 4.2
112-2 Vo 4.3
BDFL2 Vg 4.4
DN2.3 Vs 4.5
Vg1l 5 C.F6 Vgll.l

2B4 Vgll.2
G8 Vsll.3

a
b

c

from Elliott et al. (1988).

from Arden et al. (1985), subfamily members having greater than
75% similarity to one another at the DNA level.

clones TAl, TAl9, TA27, TA28, TA39, TAS57, TA65 are from Arden et
al. (1985); 2B4, FN1-18 (Becker et al. 1985); BDFL2 (Dembic et
al. 1986); C.F6 (Fink et al. 1986); 112-2 (Hochgeschwender et al.
1987); DN4 (Chien et al. 1987a); M1l, M21 (Chien et al. 1987b);
Zz44, 249, z53, 268 (Elliott et al. 1988); KNz5 (Takagaki et al.
1988); D6, 1F8 (McElligott et al. 1988); DN2.3 (Korman et al.
1988); G8 (Bluestone et al. 1988); 41BNT-117 (Happ et al. 1989b).
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Selective Expression of Vs7.1 by B2A2*CD4°CD8® y8 Thymocytes

A minor subset of adult CD4-CD8- thymocytes lacks the heat stable
antigen (recognized by monoclonal antibodies B2A2 or Jlld). 90% of
these B2A2- double negative thymocytes express o T-cell receptors
utilizing predominantly Vg8.2. The remaining 10% are y8 cells which
are phenotypically and developmentally distinct from the majority
of adult ¢8 thymocytes which express the B2A2 antigen and
preferentially use Vg5 and V,2. The latter may give rise to y$d
emigrants that lose the B2A2 determinant upon maturation. RNase
protection experiments indicated that V7.1 was dominantly
expressed in B2A2- y§ thymocytes (Miescher et al. 1990). With the
polymerase chain reaction we found V§7.1 productively rearranged
(RL6.14). In one hybridoma (RL6.8) from the aBp TCR expressing B2A2-
population we found an out-of-frame a-chain transcript of V,7.2. We
are trying to amplify RNA from the B2A2-, ap TCR* subset by
anchored PCR, to determine whether a particular V, is wused along
with the dominant V58.2. (Arden, Miescher and MacDonald, in
preparation).

Overlapping V, and Vs Usage

We failed to amplify oe-chain message from neonatal thymocytes
utilizing any gene segments from the V47 subfamily. Only in adult
thymocytes V47.1 and V47.2 occurred in a-chain message, however, in
all cases rearranged out of frame (Fig. 1). These results suggest
that these V gene segments can be rearranged both to J, and Jj gene
segments, however, at a post-transcriptional 1level they are
selected to be expressed exclusively as 8§ chains. Due to false
priming of the V,,57 specific leader primer within the Vg2 gene
segment we amplified a-chain message that contained Vg2 joined in
frame to J,pHDS58. However, when we then used a combination of Vg2-
and C, specific primers we obtained three <clones that were
aberrantly spliced from a cryptic splice site within V52 to Cg4.
This differential splice most likely occured subsequent to a Vg2 to
Jo rearrangement, again suggesting that there is no strict
distinction between a-ness or d-ness at the level of rearrangement.
It is possible that the observed differential splicing events occur
in thymocytes that are selected against expression of a particular
antigen receptor.

RNA dot blot experiments indicate that V gene segments from almost
every V, subfamily are expressed in a panel of y§ hybridomas from
newborn thymus (Happ et al. 1989%a). There is increasing evidence
that only very few Vs gene segments are unique, lacking homology to
any of the known V, subfamilies. Therefore, we propose to use a
common nomenclature (Table 1) for both V, and Vg gene segments.



38

REFERENCES

Arden B, Klotz JL, Siu G, Hood LE (1985) Diversity and structure of
genes of the a family of mouse T-cell antigen receptor. Nature
316:783-787

Becker DM, Patten P, Chien Y, Yokota T, Eshhar 2, Giedlin M,
Gascoigne NRJ, Goodnow C, Wolf R, Arai K, Davis MM (1985)
Variability and repertoire size of T-cell receptor V, gene
segments. Nature 317:430-434

Bluestone JA, Cron RQ, Cotterman M, Houlden BA, Matis LA (1988)
Structure and specificity of T-cell receptor ¥/§ on major
histocompatibility complex antigen-specific ¢D3*, CD4-, CD8-
T Lymphocytes. J Exp Med 168:1899-1916

Born W, Miles C, White J, O’Brien R, Freed JH, Marrack P, Kappler
J, Kubo RT (1987) Peptide sequences of T-cell receptor & and y
chains are identical to predicted X and y proteins. Nature
330:572-574

Chien Y, Iwashima M, Kaplan KB, Elliott JF, Davis MM (1987a) A new
T-cell receptor gene located within the a-locus and expressed
early in T-cell differentiation. Nature 327:677-682

Chien Y, Iwashima M, Wettstein DA, Kaplan KB, Elliott JF, Born W,
Davis MM (1987b) T-cell receptor § gene rearrangements in early
thymocytes. Nature 330:722-727

Dembic 2Z, Haas W, Weiss S, McCubrey J, Kiefer H, von Boehmer H,
Steinmetz M (1986) Transfer of specificity by murine o« and 8
T-cell receptor genes. Nature 320:232-238

Elliott JF, Rock EP, Patten PA, Davis MM, Chien Y (1988) The adult
T-cell receptor §-chain is diverse and distinct from that of
fetal thymocytes. Nature 331:627-631

Fink P, Matis LA, McElligott DL, Bookman M, Hedrick SM (1986)
Correlations between T-cell specificity and the structure of the
antigen receptor. Nature 321:219-226

Happ MP, Palmer E (1989a) Thymocyte development: an analysis of
T-cell receptor gene expression in 519 newborn thymocyte
hybridomas. Eur J Immunol 19:1317-1325

Happ MP, Kubo RT, Palmer E, Born WK, O’Brien RL (1989) Limited
receptor repertoire in a mycobacteria-reactive subset of y8§ T
lymphocytes. Nature 342:696-698

Hochgeschwender U, Simon H, Weltzien HU, Bartels F, Becker A,
Epplen JT (1987) Dominance of one T-cell receptor in the
H-2KP /TNP response. Nature 326:307-309

Korman AJ, Marusic-Galesic S, Spencer D, Kruisbeek AM, Raulet DH
(1988) Predominant variable region gene usage by v/3 T-cell
receptor-bearing cells in the adult thymus. J Exp Med
168:1021-1040

McElligott DL, Sorger SB, Matis LA, Hedrick SM (1988) Two distinct
mechanisms account for the immune response (Ir) gene control of
the T-cell response to pigeon cytochrom c¢. J Immunol 140:
4123-4131

Miescher GC, Liao NS, Lees RK, MacDonald HR, Raulet DH (1990)
Selective expression of Vg6 genes by B2A2°CD4-CD8- T-cell
receptor y/8 thymocytes. Eur J Immunol 20:41-45

Takagaki Y, Nakanishi N, Ishida I, Kanagawa O, Tonegawa S (1989)
T-cell receptor-y and -8 genes preferentially utilized by adult
thymocytes for the surface expression. J Immunol 142:2112-2121

Yague J, Blackman M, Born W., Marrack P, Kappler J, Palmer E (1988)
The structure of Vo and J, segments in the mouse. Nucleic Acids
Res 16:11355-11363



Maturation/Selection



Tissue Distribution and Repertoire Selection
of Human y3 T Cells:
Comparison With the Murine System

J.Borst!, THEA M.VRoom2,J.D.Bos3, and J.J.M.VAN DonGEN4

1 Division of Immunology, The Netherlands Cancer Institute, Plesmanlaan 121,
1066 CX Amsterdam

2 Department of Pathology, Rotterdam Cancer Center, Rotterdam

3 Department of Dermatology, Academic Medical Center, Amsterdam

4 Department of Immunology, Erasmus University, Rotterdam, The Netherlands

INTRODUCTION

With the discovery of T cell receptor (TCR) 75, the question has arisen what
contribution T cells expressing this receptor type make to the immune system. This
question can also be formulated as follows: Do Y8 T cells complement or overlap with of
T cells with respect to 1) antigenic specificities (repertoire), 2) functions, and/or 3)
sites of action within the body? In the murine and the human systems a great deal of
data have been gathered regarding repertoire and tissue distribution of y3 T cells. In
the mouse, there appears to be a connection between repertoire and tissue distribution,
in that cells expressing TCR y8 characterized by certain Vyand V8 gene segments are
preferentially localized in certain tissues. We have made an inventory of the tissue
distribution of human y8 T cells and looked into the repertoire bias of peripheral
human Y3 T cells. Here, we would like to present a simplified picture of the species
differences between man and mouse with respect to these two issues.

TISSUE DISTRIBUTION OF HUMAN AND MURINE y5 T CELLS.

We have analysed a great variety of normal human lymphatic and non-lymphatic
tissues, in which CD3*, TCR a.p+* and TCR y5* cells were identified in serial sections of
freshly frozen, acetone fixed material by means of a sensitive immunoalkaline-
phosphatase method. Special attention was paid to the various epithelial layers within
these tissues in order to shed light on the possible specialized role of ¥ T cells in the
immunosurveillance of epithelia. Samples were derived from autopsies or from normal
parts of operative specimina. This inventory has included the lymphoid organs, skin,
tongue, salivary glands, oesophagus, duodenum, jejunum, ileum, coecum, appendix,
lung, trachea, ureter, testis, epididymis, uterus, cervix, and vagina (Vroom et al.,
submitted).

In the mouse, >90% of T cells in the epidermis express TCR y8 (Koning et al., 1987;
Kuziel et al., 1987), while ¥ T cells have also been reported to constitute a major
proportion of total T cells in the epithelia of reproductive organs and tongue (Itohara et
al., 1990). The epidermal ¥8 T cell population expresses V5/J1/Cyl and V1/D2/J2/C8
encoded receptor chains (Asarnow et al.,, 1989), while the ¥ T cell population in
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reproductive organs and tongue, expresses V6/11/Cyl and V1/D2/J2/C8 encoded receptor
chains (Lafaille et al., 1989). Strikingly, these chains do not display junctional diversity
so that this population can be considered clonal. In contrast, in the human epidermis
(Groh et al., 1989; Bos et al,, 1990) and epithelia of reproductive organs and tongue
(Vroom et al., submitted), Y8 T cells are a minority of total T cells. Also, the absolute
number of epidermal T cells per unit of surface area is significantly lower than in
mice, while the morphology of the few detectable y8 T cells is not comparable to that of
the highly dendritic murine epidermal ¥8 T cells (Bos et al., 1990).

It has been reported that the majority of T cells present in the epithelium of the
intestinal tract of the mouse express TCR y3 (Goodman and Lefrancois, 1988). These
murine ¥3 T cells preferentially but not exclusively express the Vy7 gene segment, with
significant diversity at the V-J junction (Bonneville et al., 1988; Asarnow et al., 1989).
Moreover, this v chain is found in combination with § chains that use V4, V5, V6 or V7
gene segments and two D segments, and also display a great deal of junctional
diversity. In other words, the repertoire of y¥§ T cells in the murine intestinal
epithelium is large. In our studies, the human intestinal epithelium was found to
contain significant amounts of 8 T cells, but af T cells still formed the majority of
total T cells (80-90%). This ratio is different from that found in other epithelia, where
¥3 T cells did not exceed 5% of the total T cell population. A striking observation was
that ¥ T cells localized preferentially within the epithelium of the crypts. Within the
lamina propria significant amounts of af T cells were present, while y8 T cells were
only rarely detected. In our hands, the situation in mouse and man with respect to the
localization and relative abundance of af and y8 T cells in the intestine was quite
comparable.

We conclude that v T cells are not the predominant T cell population in all human
epithelia. Perhaps the differences in tissue distribution of ¥8 T cells between man and
mouse can be summarized by saying that apparently in man the equivalents of the
two murine subpopulations of ¥§ T cells expressing homogeneous receptors of either
the Vy5/V31 type or the Vy6/V81 type that are found in epidermis and epithelium of the
reproductive tract and tongue are lacking. In the mouse, these two populations are
generated during fetal ontogeny in two distinct waves, where the Vy5/V81 population is
the first to be observed (Havran and Allison 1988, 1990). At day 15 of fetal development
the only TCR/CD3 expressing thymocytes use Vy5/V31l. The second population is
observed within the thymus around birth (to et al., 1989). Studies with TCR
transgenic mice have clearly demonstrated that the homing characteristics of the two
murine ¥§ T cell subpopulations are not determined by the TCR itself, since cells
expressing other receptor types also end up at these locations in the transgenic
animals (Ferrick et al.,, 1989; Bonneville et al.,, 1990). Therefore, it might be
hypothesized that concomitant with ¥3 T cell differentiation certain homing receptors
are expressed, that are different for the Vy5/V81 and the Vy6/V381 populations and
determine their selective migration. Sequential gene rearrangement patterns within
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the y and the 8 locus may at least in part determine the sequential development of
murine y8 T cell subpopulations and the /8 chain combinations.

It has recently been demonstrated that also in human T cell development, TCR y
and & loci may be rearranged and expressed in an ordered fashion, where as in the
murine locus, the more C-gene segment proximal V segments would recombine first

(Krangel et al., 1990). The repertoire in early human fetal thymocytes was found to be
dominated by Vy9/Jy1/Cy1-V82+ cells. This is in contrast to the situation at later times,
where more upstream Vys of the Vyl subfamily are used, joined to Jy¥2/Cyl, in
combination with the upstream located V31 gene segment. The early receptor types
display significantly less junctional diversity than the later ones. Apparently there is a
significant amount of similarity between the events occurring during human and
murine 18 T cell development. Yet, the homing properties if these early y5 T cells seem
to differ between species. In this respect it is also striking that at no time during
human T cell development the thymus can been found to harbor only TCR y3* cells
and no TCR ap* cells (Campana et al., 1989).

REPERTOIRE BIAS OF y§ T CELLS IN HUMAN PERIPHERAL BLOOD.

Various investigators have described that the great majority of ¥ T cells in
peripheral blood of most healthy individuals express receptors using the Vy9-Jy1/Cyl
and V52/C3 gene segments (Triebel et al., 1988a,1988b; Borst et al., 1989; Casorati et al.,
1989). Such a distribution is also found in peripheral lymphoid organs of adult donors
(Falini et al., 1989). Apparently the repertoire of 3 T cells in the peripheral lymphoid
compartment of healthy donors is more limited than the germline diversity would
allow. However, the receptors do show junctional diversity (Loh et al., 1988; Takihara et
al., 1989).

What could be the explanation for the preferred use of Vy3/V82 encoded receptors?
Possibilities that may play a role either alone or in combination are: 1) Preferential or
highly effective rearrangement of VY9 and V82 gene segments. 2) Preferential chain
pairing. 3) Negative selection of Y3 T cells expressing receptors other than Vy9/V52. 4)
Positive "selection” of Vy9/Vd2 expressing cells. Here, we would like to propose that
VY9/V82+ ¥8 T cells undergo a selective expansion in the peripheral compartment, on
the basis of two lines of experimental evidence. One is the predominance of Vy3/V&2+
cells in a patient with thymic aplasia, the other is the change in repertoire and
absolute number of Y8 T cells in peripheral blood during the first year of life (Van
Dongen et al., submitted).

DiGeorge anomaly (DGA) is characterized by facial, cardiac, parathyroid and thymic
defects, due to malformations or disruptions of the third and fourth pharyngeal arches
and pouches from which these organs develop. The thymic defect involves epithelial
mass, i.e. it is a quantitative defect. DGA is associated with T cell deficiency of variable
degree, that is assumed to be directly proportional to the degree of thymic hypoplasia.
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Complete DGA, characterized by total thymic aplasia and virtually complete absence of
T cells has an incidence of, roughly estimated, one in 106-107 newborns.

Patient, A.L., who was clinically diagnosed as having complete DGA, total CD3*
peripheral T cells constituted only 1.1% of mononuclear cells. Absolute numbers of
CD3* cells were 0.03 x 109/1iter peripheral blood, which is 100-fold lower than in healthy
age group controls. The absolute number of af T cells was about 1000-fold reduced
compared to control values. Strikingly, the absolute number of ¥8 T cells was only about
4-fold lower than normal. This resulted in a complete inversion of the y5/ap T cell
ratio, with ¥ T cells constituting over 85% of all T cells in PB. The repertoire of the ¥ T
cells of patient A.L. was analysed by immunofluorescence with V region specific mAbs
TiyA (Triebel et al., 1988a), BB3 (Ciccone et al., 1988) and 8TCS-1 (Wu et al., 1988). The
great majority of ¥8 T cells in peripheral blood employed the VY9 and/or V32 gene
segments (80 and 79% respectively), while V81-J81 expression was found on 1% of ¥§ T
cells. This repertoire does not differ from that of healthy donors. We conclude that the
predominance of Vy9/V82+ peripheral T cells can arise in the absence of detectable
thymic epithelial mass. This is an argument in favour of positive, peripheral selection
or peripheral expansion of cells expressing this receptor type.

A second argument in favour of positive selection/expansion in the periphery of
Vy9/V62+ v8 T cells comes from the observation that the peripheral repertoire of ¥ T
cells changes greatly during the first year of life. The absolute number of ¥3 T cells in
neonatal cord blood is about 0.04 x 109/liter, but 4 to 5-fold higher (0.15-0.20 x 109/liter)
in peripheral blood of children of different age groups. This increase in absolute
numbers of 3 T cells takes place during the first months of life and subsequently
numbers remain stable. The question arose which subpopulation of ¥3 T cells might be
responsible for the observed increase. Inmunofluorescence staining with V-region
specific mAbs pointed out that in neonatal cord blood approximately half of the yd T
cells expressed V51-J81, while 3040% expressed VY9 and/or V82. This repertoire is
comparable to that of infant ¥ thymocytes. However, in peripheral blood of children up
to 6 months of age this distribution has changed to about 20% V581-J81* and 75% Vy9+
and/or V32+. In most older children and adults this change is even more prominent: 10-
15% V581-J61+* and 80-85% VY9 and/or V62+ cells (Van Dongen et al., submitted).

Therefore, the substantial increase in absolute numbers of y3 T cells during the first
half year after birth can best be explained by assuming that the Vy9/V82* population
expands in the periphery. An observation that is in line with this idea is that Vy3/V52+
cells express the CD45RO isoform (Parker et al., 1990; Miyawaki et al., 1990), that is a
marker of "memory" cells, suggesting that the y3 T cells have previously been
activated. What is the molecule these ¥5 TCR interact with? Studies from Parker et al.
(1990) have indicated that it is most likely not a self-protein, being either MHC or
another genetically determined factor, since great repertoire differences may exist
between identical twins. The increase in peripheral Vy9/Vé2+ cells occurs in the first
months after birth, which would be in line with the idea that it is exposure to foreign
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antigens that drives the expansion. The fact that TCR y3 recognizes such hypothetical
antigen(s) independent of its junctional diversity, but dependent on V gene usage,
suggests a role for a superantigen. Recognition of the superantigen Staphyvlococcal
enterotoxin A by Y3 T cells has been shown to occur and to be dependent on VY9
expression (Rust et al., 1990). Obviously the nature of the antigen(s) playing a role in
vivo remains to be elucidated.

It is interesting that in human as well as in mouse the ¥ T cell repertoire in
peripheral lymphoid organs and blood differs significantly from that in the intestine.
In human intestinal epithelium Y8 T cells express predominantly the V81 gene
segment (Halstensen et al., 1989). Possibly in both species these repertoire differences
are related to differences in exposure to foreign antigens at either site.
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INTRODUCTION

Molecular analysis of the TCRy and & loci has established that the number of V
gene segments at these loci is limited. In man, nine functional Vy gene segments have
been described (Huck et al. 1988) and five V& gene segments (Takihara et al. 1989,
Krangel et al. 1990). Potentially TCRy8 cells can use 54 different combinations of Vy
and § gene segments. However, only a few combinations have been observed so far
Phenotypical analysis of TCRy3* T cell from peripheral blood has revealed that almost
all of these cells use one of only two V§ gene segments, V1 and V82. The majority of
the TCRy8* T cells in most adults uses V82 that pairs exclusively with Vy2
(nomenclature of Strauss et al. 1987, Vy2 = V¥9 in the nomenclature of Huck et al.
1988). In contrast, in postnatal thymus TCRy3+ T cells using V81 predominate,
whereas the V32 using cells form a minority (Casorati ef al. 1989). Parker et al. (1990)
recently found that V82+ cells undergo a postnatal extrathymic expansion which may
explain why these cells constitute a majority of the TCRyd+ T cell pool in most
individuals. Those results, however, did not explain why there is a preferential pairing
of y and & chains expressing VY2 and V82. Transfection experiments have exciuded
that there is a physical constraint that prevents V32 encoded & chains to pair with other
y chains (Solomon et al. 1989). In this paper we discuss recent evidence that in man
Iike in mouse, rearrangements at the y and & loci occur in a coordinated, ordered
fashion during thymic development. This ordered rearrangements may partly explain
why V62 pairs predominantly with Vy2. In addition, we discuss the findings that early
fetal TCRy8+ T cells and postnatal TCRy8+ T cells produce different cytokines following

activation,
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ORDERED REARRANGEMENTS OF y AND § GENES DURING DEVELOPMENT
Studies in mouse systems have indicated that rearrangements at the TCRy and
d loci occur in different waves. Each wave of rearrangements involves different V gene
segments. It has been suggested previously that rearrangements at the y locus join
the downstream Vy gene segments (Vy2, Vy3, Vy4) to upstream J segments (Jy1.1,
Jy1.2, Jy1.3) associated with Cyl and subsequent rearrangements would join
upstream Vy gene segments of the Vyl family to the downstream J segments
associated with Cy2 (Treibel et al. 1988a). Indeed, analysis of rearrangements and
expression of yand & genes in a series of cultures derived from early fetal thymocytes
(8.5 week, 12 and 15 week of gestational age) support the notion that human y and &
genes rearrange in an orderly fashion (Krangel et al .1990). Most rearrangements
detected in three TCRy3+ clones isolated from thymocytes of a 8.5 week old fetus
involved Vy2 and the Jy1 cluster. In addition, Vyl rearrangements were detected in
early fetal thymocyte clones as well, but these are not random, since they only involve
the most downstream Vy1 segment, Vy1.8 that is most proximal to Vy2. In agreement
with these results, one other group has recently described two fetal TCRY3 clones that
also use Vy1.8 (Carding et al. 1990). In three TCRY3+ clones obtained from the 8.5
week old thymus, V32 was the only V3 rearrangement detected. In addition, virtually
all cultured fetal TCRYyd thymocytes obtained from 8.5, 12 and 15 weeks fetuses
expressed the V82 gene segment as assessed with the monoclonal antibody BB3 that
specifically reacts with V82 encoded determinants (Ciccone et al. 1988, Treibel et al.
1988b, Sturm et al. 1989). These data indicate that § rearrangements in most, if not
all, TCRyd* T cells in early fetuses involve V32. Sequence analysis of V-D-J junctions
of the fetal thymocyte cultures revealed limited junctional diversity as compared to
postnatal TCRy3+ clones. Moreover, the fetal TCRy8+ cells exclusively use the D83
segment. The patterns of rearrangements in postnatal TCRy3 cells are strikingly
different from those in early fetal thymus (Casorati et al. 1989, Krange! et al. 1990). In
postnatal TCRyS cells, V81 as well as some other V& segments are primarily joined to

the upstream D& segments D&1 and 2. In the TCRYy locus, upstream Vy gene segments
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in the Vy1 family are joined to downstream Jy2 segments. Moreover, diversity in the
junctions in postnatal Y8+ thymocytes is extensive (Krangel et al. 1990). Thus, the
patterns of TCRy3 rearrangements emerging from our studies in man is similar as in
mouse. In both systems, the repertoire of the V gene segments that rearrange I1s
restricted and usage of homologous D3 gene segments (D33 in human, D82 in mouse)
and J& gene segments (J83 in human, J32 in mouse) predominates. These early
rearrangements are furthermore characterized in both systems by minimal insertions
of N nucleotides, presumably as a result of low levels of terminal transferase activity
(Landau et al. 1987). One important difference was noted in that the yd receptors of
early murine fetal thymocytes that use specific VyV3 pairs are highly homogeneous
(Asarnow et al. 1988, Lafaille et al. 1989, Havran et al. 1990), while the human V§2-
D&3-J83 junctions we analyzed are heterogeneous. This may suggest that early
human TCRy&+ cells are not subjected to the same types of intrathymic selection as
their murine counterparts. On the other hand, with a few exceptions, all cultured fetal
TCRyd+* T cells used V82 in combination with Vy2, while usage of the more
downstream V3 and 4 segments was not observed. There may be a mechanism that
prevents rearrangement of Vy3 and 4, or Vy3 and Vy4 positive cells are subject to
negative selection. It is also possible that Vy2V32 positive cells are positively selected.
In that case, the V-D-J junctions are not critical in this selection process. Although our
studies have provided useful information about rearrangements at the y and 8 loci in
early human fetal thymus, more information is required for a comprehensive picture of
the sequence and timing of these rearrangements in man. It is, for example, unclear at
what gestational age the rearrangement patterns switch from an early fetal type to a

postnatal type of rearrangement .

CYTOKINE PRODUCTION BY FETAL AND POSTNATAL THYMIC TCRy§+ T CELL
LONES AND THE P IBLE NTRIBUTION OF TCRy8+ T CELLS TO TCRaf3

DEVELOPMENT

Striking differences were observed in the production of cytokines by early fetal

or postnatal thymic TCRyd+ T cell clones (Krangel et al. 1990). All fetal V§2+ clones
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that we have tested produced significant levels of IL-4 and IL-5, while in contrast none
of the postnatal TCRyd+ clones produced those cytokines following in vitro activation.
Both sets of clones produced IL-2, IFN-y and GM-CSF atter activation. Also murine
fetal TCRyd+ thymocytes can produce IL-4 upon stimulation with anti-CD3 mAbs n
vitro (Tentori et al. 1988). This could reflect a capacity of fetal TCRy3+ thymocytes to
secrete IL-4 in vivo. Carding et al. (1989) have demonstrated that high proportion
(45%) of cells in the thymus of 15 days old CBA embryo's express IL-4 mRNA in vivo.
This percentage of IL-4 mRNA expressing cells was reduced dramatically (1o 2%) at
day 16, when the first TCRaf+ cells start to appear. The authors did not determine
which cells actually expressed iL-4, but it is possible that TCRy3+ cells are, at least
partly, responsible for IL-4 production in vivo. In addition to IL-4, high levels of IL-2
mRNA in the murine fetal thymus were also detected at day 15 which is strongly
diminished at day 16. These findings should be considered in view of the suggestions
that TCRy8+ cells in the thymus are involved in development of TCRaf+ T cells. If this
speculation is correct, it is likely that cytokines, produced by the TCRy8+ T cells, are
involved. No effects of IL-5 on cells other than eosinophils and B cells have been
reported, but IL-2, IL-4 and IFN y can affect T cells, thymic stromal cells or both. IL-2
and IL-4 are growth factors for activated thymocytes (Spits et al. 1987). IL-4 can induce
CD8a on mature human CD4+ T cells (Paliard et al. 1988) and CD4-CD8- T cells
(Paliard and Spits, unpublished), suggesting that iL-4 plays a role in the regulation of
CD8 expression in the thymus. Studies with mice expressing an IL-4 encoding
transgene have provided evidence that IL-4 influences patterns of intrathymic T cell
differentiation (Tepper et al. 1990). An increase in CD8+CD4- thymocytes, as
compared to control mice, was observed in these transgenic mice, supporting the
notion that IL-4 is implicated in the development of CD8+CD4- T cells. In addition, a
strong decrease in levels of CD4+CD8+ immature cells was observed, and it was
suggested by the authors that IL-4 may play a role in the physiological process of cell
death that accompanies clonal deletion (Tepper et al. 1990). However, the results of

the experiments with IL-4 transgenic animals should be considered with care, since
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IL-4 is expressed in the transgenics at any time during development, while expression
in normal thymus seems to be tightly regulated (Carding et al. 1989). Furthermore,
IL-4 can have effects not only on T cells, but on thymic epithelial cells and
macrophages as well. Notably, low concentrations of IL-4 inhibit strongly the
production of IL-6, GM-CSF and Leucocyte Inhibitory Factor (LIF) by human thymic
epithelial cells (Galy et al., manuscript in preparation). In the mouse system, it has
been shown that IL-4 upregulates class Il MHC antigens on thymic macrophages
{Ransom et al. 1987). This effect was also observed with human monocytes (te Velde
et al. 1988). Like with epithelial cells, cytokine production by human monocytes is
strongly inhibited by IL-4 (te Velde et al. 1988). Thus, the effects of IL-4 can exert
stimulatory, as well as inhibitory effects. IFN-y, which is produced in high
concentrations by the fetal thymic TCRyd+ T cell clones upon activation, induces class
Il MHC antigens on purified thymic epithelial cells. Finally Ferrick et al. (1989) have
reported that expression of a functional TCRy transgene strongly enhanced cellularity
of the thymus, while the relative proportions of different subsets of TCRap+ cells
remained unaltered. It was furthermore found that the T cells in the peripheral
lymphoid tissues of these young transgeneic mice were much more immunoreactive
than those in contro! mice. These results may be consistent with the idea that TCRy3+
cells influence development of TCRaB+ T cells in the thymus.

In order to produce these cytokines, the TCRy8+ T cells need to be activated. It
is not clear whether that happens in the developing thymus. It is, however, intriguing
that most fetal TCRy6+ T cells in early fetus express the V232 pair. Perhaps there is a
common ligand for these cells present in the fetal thymus. Recently, Fisch et al. (1990)
provided evidence that Vy282+ T cells from peripheral blood are able to specifically kill
cells from the Burkitt lymphoma cell line Daudi. We have recently found that, although
fetal thymic Vy282+ T cells fail to lyse Daudi cells, these latter cells induce cytokine
production by fetal TCRY8+* clones that use Vy2 and V&2 (Spits et al., manuscript in
preparation). The nature of the antigen on Daudi cells that is recognized by the
TCRy3+ is presently unknown, but 1t is perhaps possible that this antigen is also

present in the developing thymus.



52

ACKNOW MENT

1 thank J.E. de Vries, and J.A. Waitz for critically reading this manuscript. Mrs.
J. Dillon is gratefully acknowledged for her secretarial assistance. DNAX Research
Institute of Molecular and Cellular Biology is supported by Schering-Piough

Corporation.



53

REFERENCES

Asarnow DM, Kuziel WA, Bonyhadi M, Tigelaar RE, Tucker PW, Allison JP (1988)
Limited diversity of y5 antigen receptor genes of thy-1+ dendritic epidermal cells.
Cell 55:837-847.

Carding SR, Jenkinson EJ, Kingston R, Hayday AC, Bottomly K, Owen JJT (1989)
Developmental control of lymphokine gene expression in fetal thymocytes during
T cell ontogeny. Proc Natl Acad Sci USA 86:3342-3345.

Carding SR, McNamara JG, Pan M, Bottomly K (1390) Characterization of v/ T cell
clones isolated from human fetal liver and thymus. Eur J Immunol 20:1327-1335

Casorati G, De Libero G, Lanzavecchia A, Migone N (1989) Molecular analysis of
human /6t clones from thymus and peripheral blood. J Exp Med 170:1521-
1535.

Ciccone E, Ferrini S, Bottino C, Viale O, Prigione I, Panteleo G, Tambussi G, Moretta A,
Moretta L (1988) A monoclonal antibody specific for a common determinant of
the human T cell receptor /8 directly activates CD3+*WT31- lymphocytes to
express their functional program(s). J Exp Med 168:1-6.

Ferrick DA, Sambhara SR, Ballhausen W, lwamoto A, Pircher H, Walker CL,
Yokoyama WM, Miller RG, Mak TW (1989) T cell function and expression are
dramatically altered in T cell receptor Vy1.1Jy4Cv4 transgenic mice. Cell 57:483-
492.

Fisch P, Malkovsky M, Braakman E, Sturm E, Bolhuis RLH, Prieve A, Sosman JA, Lam
VA, Sondel P (1990) Gamma/delta T cell clones and natural killer cell clones
mediate distinct patterns of non-MHC restricted cytolysis. J Exp Med 171:1567-
1579.

Havran WL, Allison JP {1990) Origin of Thy-1+ dendritic epidermal cells of adult mice

from fetal thymic precursors. Nature 344:68-70.



54

Huck S, Dariavach P, LeFranc MP (1988) Variable region genes in the human T cell
rearranging vy (TRG) locus: V-J junction and homology with the mouse genes.
EMBOJ 7:719-726.

Krangel M, Yssel H, Brocklehurst C, Spits H (1990) A distinct wave of human T cell
receptor ¥y lymphocytes in early fetal thymus: Evidence for controlled gene
rearrangement and cytokine secretion. J Exp Med 172:847-860.

Lafaille JJ, DeCloux A, Bonneville M, Takagaki Y, Tonegawa S (1989) Junctional
sequences of T cell receptor ¥3 genes: Implications for y8 T cell lineages and for a
novel intermediate of V-(D)-J joining. Cell 59:859-870.

Landau NR, Schatz DG, Rosa M, Baltimore D (1987) Increased frequency of N-region
insertion in a murine pre-B cell line infected with a terminal deoxynucleotidy!
transferase retroviral expression vector. Mol Cell Biol 7:3237-3243.

Paliard X, de Waal Malefyt R, de Vries JE, Spits H (1988) Interleukin-4 mediates CD8
induction on human CD4+ T cell clones. Nature 335:642-644.

Parker CM, Groh V, Band H, Porcelli SA, Morita C, Fabbi M, Glass D, Strominger JL,
Brenner MB (1990) Evidence for extrathymic changes in the TCRyS repertoire. J
Exp Med 171:1597-1612.

Ransom J, Fischer M, Mercer L, Zlotnik A (1987) Lymphokine-mediated induction of
antigen presenting ability in thymic stromal cells. J Immunol 139:2620-2628.
Solomon KR, Krangel MS, McLean J, Brenner MB, Band H (1990) Human T cell
receptor-y and -8 chain pairing analyzed by transfection of a T cell receptor-3

negative mutant cell line. J Immunol 144:1120-1126.

Spits H, Yssel H, Takebe Y, Arai N, Yokota T, Lee F, Arai K, Banchereau J, de Vries JE
(1987) Recombinant interleukin-4 promotes the growth of human T cells. J
Immunol 139:1142-1147.

Strauss WM, Quertermous T, Seidman JG (1987) Measuring the human T celi
receptor y chain locus. Science 237:1217-1219.



55

Sturm E, Braakman E, Bontrop RE, Chuchana P, Van de Griend RJ, Koning F, LeFranc
MP, Bolhuis RL (1988) Coordinated V yand V & gene segment rearrangements
in human T cell receptor y/6+ lymphocytes. Eur J Immunol 19:1261-1265.

Takihara Y, Reimann J, Michalopoulos E, Ciccone E, Moretta L, Mak TW (1989)
Diversity and structure of human T cell receptor & chain genes in peripheral blood
v/8-bearing T lymphocytes. J Exp Med 169:393-405.

Tentori L, Pardoll DM, Zudiga JC, Hu-Li J, Paul WE, Bluestone JA, Kruisbeek AM
(1988) Proliferation and production of IL-2 and B cell stimulatory factor 1/IL-4 in
early fetal thymocytes by activation through Thy-1 and CD3. J Immunol
140:1089-1094.

Tepper RI, Levinson DA, Stanger BZ, Campos-Torres J, Abbas AK, Leder P (1990) IL-
4 induces allergic-like inflammatory disease and alters T cell development in
transgenic mice. Cell 62:457-467.

te Velde AA, Klomp JPG, Yard BA, de Vries JE, Figdor CG (1988) Modulation of
phenotypic and functional properties of human peripheral blood monocytes by iL-
4. JImmunol 140:1548-1554.

Treibel F, Faure F, Mami-Chouaib F, Jitsukawa S, Griscelli A, Genevée C, Roman-
Roman S, Hercend T (1988) A novel human V3 gene expressed predominantly

in the TiyA fraction of y/&* peripheral lymphocytes. Eur J Immuno! 18:2021-2027.



Thymic and Extrathymic Development
of Human y/6 T Cells

L.D.McVar'.2, A.C.Havpav' 2, K.Bottomry!,and S.R CARDING!

1 Section of Immunobiology, Yale University School of Medicine
2 Department of Biology, Yale University, New Haven, CT 06510, USA

1. Introduction
By immunohistochemical criteria, /6 cells represent only a minor population of cells in the
developing human thymus (0.02%-0.5%) which remains relatively the same in post-natal thymus
(0.02%-0.1%) (Campana et al, 1989). However, it is not clear whether different populations of w8 T
cells reside in the thymus at different times during fetal gestation. Molecular analysis of human y8
leukemic lines suggests that there is a sequential and ordered activation of the human T cell receptor
gamma locus during thymic ontogeny (Kimura et al, 1987; VanDongen et al, 1987; Triebel et al, 1988;).
In order to achieve a better understanding of the origin and development of human y3 T cells, the
developmental regulation and expression of all of the known Vyand V3 genes during fetal ontogeny
needs to be studied.
2. Human Thymic y5 Development
Our studies , first described in McVay et al, 1991, have utilized the polymerase chain reaction (PCR) to
analyze the expression of all Vyand V3 genes in situ in human fetal tissues at different times during
ontogeny and in early post-natal life. This analysis was performed immediately after excision of the
tissue, in the absence of any in vitro manipulation that may have selected for particular populations.
mRNA from fetal tissues was reverse transcribed, and c¢DNA amplified in the PCR using
oligonucleotide primers specific for each of the 4 Vygene subfamilies (Vyl to VyIV; Lefranc and
Rabbitts, 1991) as well as each of the V3 genes defined to date, in conjunction with appropriate Cyor C§
oligos, respectively. PCR products were identified by Southern blotting and probing with a pool of Jy
or J3 oligos that lie internal to the V and C primers, thus detecting only conventionally rearranged
and expressed genes. Furthermore, the structure of the transcripts isolated in the thymus at early and
mid-gestation have been compared to post-natal thymic transcripts. These and similar studies,
analysing TCR composition of ¥8* T cell lines and clones, define the Vyand V8 genes and proteins
expressed throughout gestation which is summarized in Table 1 and 2, respectively.

2.1 Ontogenetic Expression of Vyand V5 genes
We have identified expression of all Vyand V3 genes, with the exception of V84, from 11 weeks to 22
weeks of human fetal thymic ontogeny. in neonatal thymus and in 3 year post-natal thymus . The
primary data presented in McVay et al, 1991, are summarized in Table 1 and Table 2. V gammma gene
expression was detected in fetal thymic samples at all time points examined; the expression of VY9
(V¥II) was relatively low during thymic ontogeny and was not detectable at all in the 3 year post-natal
thymus. Early fetal (8.5 weeks) thymocyte clones expressed the Vy9 gene and receptor (Krangel et al,
1990) while detection of VY3 as a post-natal receptor was rare.
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V52 was the predominant V3 gene expressed during fetal thymic ontogeny. However, analysis of post-
natal thymus (3 year sample) shows that, relative to the expression of other V3 genes, there is a
marked loss of V32 gene expression. Thus, expression of V32 appears to be strongly developmentally
regulated (McVay et al, 1991). In addition, there was increased expression of V31 gene in post-natal
thymus (McVay et al. 1991) which is consistent with the majority of ¥/§ thymocytes expressing V51
surface receptors at that time (Table 2).

TABLE 1. Ontogeny of TCR-yexpression in human fetal thymocytes.

Fetal Age VymRNA Vy protein
(w) 101-8) 9 10 11 expressed
85 + + - - 1(8.9

12 + + + + 9

14 + + + + 18,9

15 + + + + 9

24 + + + + 9
6mo + + + + 13.4,8),9
3y + + + + L9

TCR-Vy gene expression and the encoded cell-surface glycoproteins were detected in either poyclonal
or clonal populations of fetal thymocytes (McVay et al, 1991; Carding et al, 1990a; Krangel et al, 1990;
Kabelitz and Conradt, 1988; Casorati et al., 1989).

Similar findings were reported by Krangel and coworkers (1990) who detected expression of the V52
gene in the thymus at 8.5 weeks of gestation. This is consistent with our findings and suggests that V32
is the predominant, and perhaps the first, V8 gene segment used in early fetal thymocytes. In
contrast, post-natal thymic clones predominantly expressed V§1. (Bottino et al, 1988; Lanier et al,
1988:; Casorati et al, 1989; Krangel et al, 1990).

2.2 TCR-YJ Protein Expression
Analysis of fetal y5* T cell populations during thymic development provides insight into which of the
Vyand V3 genes that are productively rearranged and expressed can be used for the generation of cell-
surface TCR proteins (Table 1 and 2). Analysis of early fetal (8.5 weeks) thymus clones revealed that in
most cases, VY8 gene was most frequently utilized (Krangel et al, 1990). Furthermore, ¥5* T cell clones
expressing the Vy8/V52 receptor pair have also been isolated from 14 week thymus (Carding et al,
1990a). The selective expression of VyI(8)/V32 gene-encoded receptor proteins on a majority of early
fetal thymocyte clones demonstrates the developmental control or selection of rearranged and
expressed Vyand V5 gene segments that are utilized for production of surface TCRs. Later in gestation
(after 15 weeks) thymic y/8 cells expressing Vy9 can be detected, consistent with a sequential
activation and rearrangement of the TCR-ylocus during ontogeny (Kimura et al, 1987; VanDongen et
al, 1987; Triebel et al, 1988). In 3 year post-natal thymus, the proportion of thymic 8 T cells
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expressing Vy9/V82 receptors declines, consistent with the lack of Vy9 and V82 gene expression in
post-natal thymus. Thus, the fetal thymic receptor composition can be distinguished from the post-
natal one by a selective loss of cells beanng Vy9/V$2 receptors and an accumulation of V31* /8 cells in
the post-natal thymus, reflected both at the level of gene and surface receptor expression. T cells
bearing VY9 and V82 receptors represent the predominant y8 T cell population in the adult peripheral
blood suggesting that Vy3/V82* T cells may be exported from the thymus to the periphery between 22
weeks of fetal gestation and 3 years post-natal life.

TABLE 2. Ontogeny of TCR-8 expression in human fetal thymocytes.

Fetal Age VS mRNA V3§ protein
w 1 23 45 6 expressed
85 -+ - - - - 2
11 + + + -+ o+ ND
12 + + + -+ o+ 2
14 + + + -+ 4+ 2
15 + + + -+ 4+ 2
6 mo + 4+ + -+ o+ 1,2,3.5
3y + -+ - o+ 4+ 1

TCR-V$ gene expression and the encoded cell-surface glycoproteins were detected in polyclonal or
clonal populations of fetal thymocytes (McVay et al, 1991; Carding et al, 1990b; Krangel et al, 1990).
ND; not determined.

The data shown in Tables 1 and 2 illustrate that although expression of Vygenes is not a good
predictor of Vy receptor proteins expressed, V8 gene expression is a more reliable predictor. This
situation, first discussed by McVay et al, 1991, is analogous to the ontogeny of v cells in the mouse
{Carding et al, 1990b). Table 2 shows that up until 15 weeks of fetal gestation, most y/5* cells express
V52 receptor, indicating that /6 receptor expression may, at least in part, be determined by the
differential regulation of V3 gene expression. The predominance of ¥ cells bearing restricted
receptor pairs may be due to a capacity of the receptors to successfully interact with thymic stroma
(thymic selection).

2.3 Structure of Fetal Thymic y0 Transcripts
The relatively small size of the yand & gene families limits their capacity to generate receptor
diversity by combinatorial use of gene segments. Thus junctional diversity, in which N nucleotides
are added at the V-J and V-D-J joins during the recombination process (Tonegawa, 1983; Toyonaga and
Mak,1987 and refs. therein), may provide the major mechanism for diversifying yand 8 receptors,
especially in § receptors, where 3 D8 gene segments in humans can potentially assemble together.
We (McVay et al, 1991) and others (Krangel et al, 1990) have determined whether there are qualitative
changes in the structure of y and 8 transcripts generated during thymic ontogeny. Table 3 is a review
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of the pattern of changes in the structure of V31 and V35 transcripts during thymic ontogeny, as
determined by McVay et al, 1991.

Generally, the junctional sequences of V31 and V85 genes at 11 weeks are simple and result from direct
fusions of gene segments. D33 is the earliest gene segment to be utilized in V3~J3 recombinations, with
little or no nucleotide insertions detected (McVay et al, 1991; Krangel et al, 1990). At 17 weeks, V51
transcripts exhibit more N1 insertion as well as some recurrent use of D1, N2 and D2. By contrast, the
structure of post-natal transcripts are quite different. There is a marked increase in junctional
diversity primarily due to extensive N nucleotide insertion as well as some P (palindromic) syntheses
(Lafaille et al, 1990). The overall increase in N1, N2, N3 and N4 in post-natal transcripts paralleled
the increase in usage of D31 and/or D82 gene segments later in ontogeny. These observations suggest a
regulated utilization of different gene segments in different populations of cells present in the thymus
at any one time. Analysis of murine fetal thymic yand 3§ transcripts also reveals an increase in
junctional diversity of receptors as ontogeny progresses (Lafaille et al, 1989). Compared to fetal
thymic transcripts, post-natal transcripts exhibited increased nucleolytic activity that was
particularly evident between D83-J8 sequences; there was little or no evidence of this enzymatic
activity in the V-gene segments of the same transcripts at any time points examined (McVay et al,
1991). Thus, as ontogeny proceeds, the structure of the transcripts change, due to several genetic
mechanisms that operate on the genes during the process of recombination (McVay et al, 1991).

TABLE 3. Structural diversity of fetal thymic V3- chains during ontogeny.

5'-3' Gene Segments

Age V& N1 DI N2 D2 N3 D3 M J5
w1 + +/- 1L2ar3
17w 1 +/- +/- 4/ + +/- 12ar3

3y 1 + + + + + + + 1

11w 5 + 1,2ar3
17w 5 + + + + + 1,2ar3
3y 5 + + + + + + + 1

Expression of junctional sequences of V1 and V35 fetal and post-natal cDNA clones was determined
as described by McVay et al (1991). +/-: Indicates variation in expression of sequences between
indivdual clones.

3. Extrathymic Development of Human y3 T Cells

The differential expression of different Vyand V3 genes and surface receptors in populations of T cells
in the adult thymus and blood was originally proposed as evidence for the extrathymic development of
peripheral blood ¥/3 T cells (Borst et al, 1988). Peripheral blood may also contain T cell precursor
populations which, in vitro, have been shown to give rise to ¥8* T cells (Preffer et al 1989).

An age-related increase in the number of ¥8 T cells expressed in the periphery, and a shift from a V81
predominance to a V52 predominance was seen in the absence of any equivalent population in the
thymus, suggesting a thymic-independent age-related expansion of the V62+ population (Parker et al,
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1990). Analysis of patients with DiGeorge anomaly (DGA) provides additional {n vivo evidence for the
extrathymic development of y/8* T cells in man (VanDongen et al, 1990). The absolute number of o/p*
T cells in DGA patients was found to be reduced in proportion to the extent of thymic hypoplasia or
aplasia. In contrast, the absolute numbers of ¥8* T cells in all patients were found to be comparable to
those in normal age-matched individuals, indicating that y/8* T cells have a capacity to develop and
expand in peripheral compartments.
Despite these studies, however, the potential for extrathymic activation of TCR yand § genes outside
of the thymus has not been studied during normal embryonic development. Our studies of T cell
ontogeny have identified cells expressing Vyl and V82 genes in the fetal liver as early as 6weeks of
gestation (Table 4), prior to thymic colonization.

TABLE 4. Profile of T cell receptor v/8 gene expression in the fetal liver prior to, and after, thymic

colonization.

% Positive Cells

Fetal Age (w) Cy Vy1-8 vy Vyl0 Vyll Cd V6l V52
6 0.1 01 (o] 0 0 0.2 0 0.1

7 2.2 24 0.4 0 0 3.5 0.3 2.9

12 1.6 06 0.3 0.2 0.4 1.9 0.4 1.4

14 2.3 07 1.5 04 0.2 27 0.5 1.8

Frequency of fetal liver-mononuclear cells expressing TCR-Y/ genes was determined by hybridization
in situ with 35g.1abelled variable (V) and constant (C) region-specific probes (Carding et al, 1990a).

This observation has been independently corroborated by Southern blotting analysis of TCR gene
rearrangement in genomic fetal liver DNA samples identifying rearrangement of members of the Vyi
gene family, including VY8 (McVay. Hayday, Bottomly and Carding, manuscript in preparation).
Interestingly, the first y&* T cells identified in the fetal thymus, at 8.5 weeks . have also been shown to
utilize the Vy8 and V82 gene segments on their surface TCR (Krangel et al, 1990) suggesting that these
cells may not be generated intra-thymically, but are derived from the fetal liver, which then seeds the
thymus. Later in gestation, other Vygenes are expressed in the fetal liver (Table 4).

PCR analysis of fetal liver and gut indicate that the pattern of yand & gene expression is similar to the
pattern of yand § gene expression in the fetal thymus with all yand 8 genes, except V4, expressed
(data not shown. McVay, Hayday, Bottomly and Carding manuscript in preparation) V&2 is the
predominant V3 gene expressed in the fetal liver and gut during fetal ontogeny. While the expression
of Vyand V3 genes is present in the fetal gut at all time points examined, expression of most V& genes
in the liver cannot be detected in several donor-matched 15-16 week samples, suggesting that

populations of cells expressing different Vyand V3 genes are present in the liver at different times .
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Taken together, these data suggest that there appears to be programmed rearrangement and expression

of yand 8 genes in fetal liver, which occurs prior to thymic colonization. The expression of Vyand V3

genes in fetal liver and gut is similar to the pattern seen in the thymus, suggesting the possibility of an

extrathymic origin of TCR y/8-bearing thymic progenitors.

4. Conclusions

The results from our studies (McVay et al, 1991, and manuscript in prep.) and those of others of human

8 T cell ontogeny have shown:1) Activation of the TCR-yand 8 gene loci in intrathymic T cell

progenitors is developmentally regulated. 2) All Vyand V8 genes, with the possible exception of V&4,

are expressed as rearranged genes in the thymus, indicating that there is no apparent preferrential

rearrangement and expression of Vyand V3 genes in the thymus. 3) The expression of a single V3 gene

(V82) is predominant in the human fetal thymus. 4) The pattern of expression of V3 genes in 3 year

post-natal thymus is distinguished from the that in the fetal thymus by the loss of V62 and Vy9

expression. 5) There is a selective utilization of Vyand V8 gene products for the generation of cell-

surface ¥8 TCRs during intrathymic T cell ontogeny: Vy1(8)/V82 succeeded by VY9/V52+ cells . 6) V&

gene expression is a more reliable predictor of the TCR /8 protein composition than Vygene

expression. 7) Junctional diversity of y- and 8-chains is limited in fetal thymic transcripts, but is

extensive in post-natal transcripts. As ontogeny proceeds, there is an increase in structural diversity

of yand § genes. 8) At extrathymic sites (liver and gut), unlike the thymus, there appears to be a

programmed rearrangement and expression of Vyand V3§ genes, which in the fetal liver, is initiated

prior to thymic colonization. 9) V82 is the predominant V3 gene expressed in the fetal liver and gut

during ontogeny. 10) The 8 receptor positive cells first detected in the fetal thymus may represent

cells of extrathymic origin.
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Differential Effects of Anti-CD3 Antibodies
InVivo and InVitro on o p and y 5 T Cell
Differentiation

B.A.KYEWSKI

Institute of Immunology and Genetics, German Cancer Research Centre,
Im Neuenheimer Feld 280, D-6900 Heidelberg, FRG

The generation of the o B and Y38 T cell repertoire occurs within the thymus.
T cells of the a B lineage are submitted to a dual selection process:
thymocytes are positively selected towards recognition of self-MHC
determinants and negatively selected for recognition of self-MHC complexes
which present self peptides. These selection events operate at the level of
immature CD4/8 positive thymocytes and are mediated by direct cell-cell
interactions between T cells and thymic stromal cells (v. Boehmer 1990).
Positive selection is thought to be strictly dependent on cortical epithelial
cells (Benoist and Mathis 1990), while negative selection is obviously less
restricted in its accessory cell requirements. Bone marrow-derived thymic
stromal cells (macrophages and dendritic cells) efficiently mediate negative
selection by deletion (Speiser et al. 1989), whereas thymic epithelial cells
have been implicated in causing T cell deletion and antigen-specific T cell
anergy (Houssaint and Flajnik 1990). Negative selection by deletion is
assumed to occur via induction of programmed cell death ("apoptosis”), a
process which can be mimicked in vitro by anti-T cell receptor (TCR)/CD3
antibodies (Smith et al 1989). Induction of T cell tolerance by anergy is
assumed to occur by inappropriate signalling ("lack of a second signal") as
demonstrated and analyzed in vitro (Schwartz 1989). In contrast, little is
known about the molecular mechanisms responsible for positive selection
given the lack of appropriate in vitro models.

While mature y & T cells may display a TCR repertoire as diverse as o p T
cells the necessities and rules for selecting the immature y38 T cell repertoire
are hardly understood. 7y & T cells are not restricted by polymorphic MHC
determinants and thus would not be selected according to the same criteria
as o B T cells (Born et al 1990). Nevertheless, evidence for positive and
negative selection of y & T cells has been derived from detailed molecular
analysis of y & TCRs and from studies in transgenic mice (Lafaille et al 1990;
Dent et al 1990). Understanding selection of the y& T cell repertoire, however
still has to await the definition of the restriction (presentation) molecule(s)
for and the range of foreign and self antigens recognized by Y3 T cells.

Since the TCR confers antigen-specificity on T cells it plays a key role in T
cell repertoire selection. In order to define more precisely the stage and
site at which the TCR determines the fate of developing thymocytes, we
applied anti-CD3 antibodies to thymic organ cultures (TOC) and to newborn
C3H/He mice and assessed their effect on intra-thymic and post-thymic
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development of o P and y3 T cells. Mice were injected every second day for
2-3 weeks with increasing amounts of purified intact IgG antibodies or
F(ab”)2 fragments. Thymocytes and peripheral lymphoid cells were analyzed
ex vivo or after 5 days in vitro culture in the presence of Concanavalin A
and interleukin-2. In addition, the frequencies of distinct intrathymic
lymphostromal-cell interactions were monitored.

Table 1

Control a—-CD3
a B TCR negative 26,1 # 94,5
a B TCR low 62,7 3,5
o B TCR high 9,8 0,0
Y8 TCR 0,2 0,7

Surface antigen phenotype of freshly isolated thymocytes from C3H/He mice
treated for 17 days postnatally with anti-CD3 Abs (o CD3) or PBS (for
details see Kyewski et al 1989). A similar phenotype is expressed after 22 hr
in vitro culture in the absence of anti-CD3 Abs.
# % positive cells, mean values of three animals.

Anti-CD3 Abs arrest T cell differentiation intra-thymically and thus prevent
the maturation of single-positive CD4 or CD8 T cells (Kyewski et al 1989). In
addition to the loss of mature CD3 hi T cells (~10 % of all thymocytes) the
immature CD310 T cells (~60 %) are depleted (Table 1). CD3 expression is not
merely modulated, since it does not recover within 22 hr of in vitro culture
in the absence of Abs. The ablation of the CD3-positive compartment is,
however, compensated for by an expansion of CD3 negative, CD4/8 double-
positive immature thymocytes thus  preserving the pool size of CD4/8
thymocytes. Thymi of Ab-treated mice display a normal sized cortex and a
highly condensed, hypocellular medulla. In addition, the arrest of T cell
development correlates with a significant reduction of interaction complexes
between immature thymocytes and cortical epithelial cells (thymic nurse
cells, TNC) and medullary dendritic cells ( DC-Rosettes, DC-ROS) and the
preservation of interactions between thymocytes and cortical macrophages
(MO-Rosettes, MO-ROS, Fig. 1).

Thymocyte-MO interactions have been mapped to an early cortical, cortical
epithelial cell interactions to a late cortical and dendritic cell interactions to
an early medullary stage of T cell development (Kyewski 1987) Anti-CD3
Abs thus arrest T cell development at an intermediate stage of the cortical
phase which precedes T cell interactions with MHC class II positive stromal
cells (epithelial and dendritic cells). The loss of CD3-positive thymocytes
indicates that the arrest of differentiation is due to the continuous deletion
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% of control value

Thym. M0-ROS TNC DC-ROS CR Thym.

Fig. 1 Relative frequencies of unselected thymocytes (Thym.), MO-ROS, TNC,
DC-ROS and cortisone-resistant thymocytes (CR Thym.) of anti-CD3 Ab-
treated mice as compared to control animals.

of immature thymocytes as soon as they express surface TCR/CD3 complexes, a
process which mimics negative selection of autoreactive T cell clones. As a
consequence all downstream events depending on TCR expression are obliterated
including interactions with MHC class II positive stromal cells and development
of mature T cells. This mechanism is thus different from blockade of T cell
differentiation by Abs against MHC class I and II molecules or Abs against CD4
and CD8 which presumably interfere with positive selection, i. e. recognition of
epithelial cells without depleting immature CD310 thymocytes (Zuniga-Pfiicker et
al 1990).

The postnatal arrest of intrathymic T cell development by anti-CD3 Abs prevents
the seeding of peripheral lymphoid organs with mature ("Con A responsive") T
cells as reflected by a tight absence of mature T cells in peripheral lymphoid
organs even after in vitro culture for 4-7 days leading to the loss of T cell-
dependent immune functions (Kyewski et al 1989) In contrast, thymic
suspension cultures invariably showed the stimulation and growth of CD3
positive T cells. While thymic suspension cultures of PBS-injected control mice
yielded typical a p TCR positive, mature T cells, cells of the anti-CD3 treated
group displayed the phenotype of vy & T cells.; CD4, CD8, CD2-negative, y& TCR
positive. These y & T cells became gradually detectable in vitro (due to
differentiation or expansion ?) (see Fig. 2) and did not accumulate in vivo during
anti-CD3 treatment at the expanse of o B T cells. y8 T cells could not be
recovered from spleen or lymph node cultures of anti-CD3 treated mice.
Similarly, in TOC anti-CD3 Abs selectively suppressed the development of o B but

not Y38 TCR positive cells (data not shown).



Fig. 2 Surface antigen phenotype of thymocytes after in vitro culture for 5
days in the presence of Con A and Interleukin-2. Mice treated with anti-CD3

Abs (oo CD3) are compared to control animals.

Two explanations may account for these observations:

Firstly,  anti-CD3 Abs deplete both CD3 positive o B and ¥ 3 T cells in vivo and
spare their CD3 negative precursors. Y8 T cells develop in vitro from CD3
negative precursor cells whereas the suspension culture conditions are
insufficient to promote the differentiation of a P T cells from their
precursors. Alternatively, 7y & T cells expand from a minor subset of CD3
positive v & T cells due to a relative resistance of y & T cells (in contrast to o

B T cells) to anti-CD3 Abs in vivo or in TOC. Anti-CD3 Abs would neither
delete nor favor 7y & T cell development, but rather reveal y& T cells due to
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deletion of a B T cells. Available experimental data are insufficient to
distinguish between these alternatives.
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of TCRy0 Cells in the Thymus
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1. Introduction

The thymus is primarily a site for the expansion, differentiation
and selection of developing cells of the TCR-of lineage. However, TCR-v$
cells also develop in the thymus, and are found primarily within the
CD4~8~ subpopulation (reviewed by Raulet, 1989). In our past studies
(Pearse et al, 1988; Pearse et al, 1989) where we aimed to isolate
subpopulations of adult mouse CD4~8~ thymocytes representing sequential
stages of development along the TCR-af pathway, we have noted thymocytes
with various degrees of rearrangement of TCR-y genes, of expression of
y-mRNA, and of surface expression of TCR-y8. Although the balance
between TCR-af and TCR-v8 expression differed in different
subpopulations, we have never found a combination of surface markers,
apart form the TCR itself, which would separate the developing cells of
the two lineages. The developmental pathways are intertwined, and it is
not clear if there are two quite separate pathways, or if there are
common streams at some stages.

In this presentation we will not attempt to untangle these
developmental strands, but will ask some simple questions at the level
of the earliest and the latest stages of intrathymic development.
Firstly, does the earliest intrathymic precursor population for the TCR-

of lineage also serve as a precursor of the v lineage? Secondly, are
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the TCR-y8 cells produced within the thymus continually exported to the

periphery, in the same manner as mature cells of the TCR-of lineage?

2. The earliest intrathymic precursor cells of the TCR-af lineage.

T cell development in the adult thymus requires the continuous input
of some form of stem cell or pro-thymocyte from bone marrow (reviewed by
Scollay et al, 1986). This input leads to a small population of

intrathymic T-precursor cells which, vhile unable to sustain long-time

lymphopoiesis, can give a wave of reconstitution of all the other
thymocyte populations. Most of such precursor activity is found within
the minor CD4~8~ population (Fowlkes et al, 1985), which has led to the
impression that all T precursors are of this phenotype. We set out to
isolate the earliest intrathymic precursor cell by subdividing the
CD4~8~ population (Pearse et al, 1989), searching for a cell with
extensive thymic reconstitution activity, unrearranged TCR genes, and a
surface antigen phenotype resembling that of bone marrow haemopoietic
stem cells or bone marrow prothymocytes. Ve failed to find such a cell
vithin the CD4-8~ population. We have recently succeeded in isolating
such early precursors after realizing that they express low levels of
the mature T-cell marker CD4 (Wu et al, 1990). We have termed this
thymus population the "low CD4 precursor".

The strategy for isolating these earliest precursors was to first
extensively deplete thymocytes of mature T cells, of most cortical
thymocytes, and of the more developed of the CD4~8~ precursors (using
anti-CD3, anti-CD8, anti-CD2 and anti-IL-2R) and of non-T-lineage cells
(using antibodies against B cells, erythroid cells, macrophages and
polymorphs). This left less than 1% of thymocytes. This small residue
was then labeled in three fluorescent colors and the precursor cells

sorted according to the expression of any three of a particular set of
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surface markers, namely: CD4*, Thy 1*, HSA*+, Pgp-1***, H-2K***, Sca-
1*+, Sca-2** (where + = low but positive, ++ = intermediate, +++ = very
high). A single discrete subpopulation bearing this unique set of
surface markers was then apparent, representing about 0.05% of the
original thymocytes. Apart from the expression of Sca-2, these markers
resemble those of bone-marrow hematopoietic stem cells (Spangrude et al,
1988). It is of particular interest that Fredrickson and Basch (1989)

have recently found that such stem cells also express low levels of CD4.

Ve have determined the status of TCR genes in this low CD4 precursor
population. Both TCR-8 and TCR-y genes have been found by Southern gel
hybridisation analyses to be in the germline state, an unusual situation
for a thymic lymphoid population, since even the earliest CD4~8~
precursors have already partially arranged TCR genes (Pearse et al,
1989).

On intrathymic transfer these low CD4 precursors reconstitute all
major thymocyte populations, with an efficiency that is 50 to 80-fold
greater than with CD4~8~ precursors. However, reconstitution takes
around 7 days longer than with CD4~8~ precursors. Thus 1 week post-
transfer the low CD4 precursors lose CD4 to produced CD4~8~ progeny; 2
weeks post-transfer most of the progeny are CD4*8*; not until 3 weeks
post-transfer do mature CD4-8*3** and CD4*8~3**+ begin to accumulate in

significant quantities and emigrate to the periphery.

3. Low CD4 precursors also generate TCR-y§ cells

To determine if this early thymocyte population contained the
precursors of the v8, as well as the «ff lineage, the purified low CD4
precursors were transferred intrathymically into irradiated recipients
differing at the Thy 1 locus, and the recipient thymuses analysed at

various times thereafter by four-color immunofluorescent staining and
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flow cytometry. Anti-Thy 1 was used to detect cells derived from the
donor low CD4 precursors, and anti-CD4 and anti-CD8, together with low-
angle light scatter and level of Thy 1 expression, was used to subdivide
these donor-derived cells into the various thymic populations.
Monoclonal antibodies specific for determinants on TCR-a«f (Kubo et al,
1989) or TCR-yé (Goodman and Lefrancois, 1989) were used to determine
vhich class of TCR was eventually expressed. The results are summarised

in Table 1.

No cells expressing surface TCR were found 7 days post-transfer. At
later times cells expressing lov levels of TCR-af were found within the
CD4*8* donor-derived population and, as expected, cells expressing high
levels of TCR-aB vere found amongst the mature "single positives". Some
TCR-af* cells were also found amongst the CD4-8~ population. Cells
expressing high levels of TCR-y8 were seen at 2 and 3 weeks post-
transfer. Although these were infrequent amongst the progeny of the low
CD4 precursors, they were a distinct and readily measured group. In
contrast to the TCR-aB cells, those expressing TCR-v8 were restricted to
the CD4~8~ population. Since a low incidence of TCR-y$§ expressing cells,
concentrated in the CD4~8~ population, is the situation in a normal
adult thymus, we conclude the "low CD4 precursors" include precursors of

the TCR-v8 lineage.

4. Lineage restriction of the low CD4 precursor cells

The surface antigenic phenotype of the low CD4 precursors, and their
lack of TCR-gene rearrangement, raises the question of their
relationship to bone-marrow multipotent stem cells. The expression of
Sca-2, absent from purified bone marrow stem cells (Spangrude et al,
1988) but acquired by them soon after injection into an irradiated

thymus (Spangrude and Scollay, 1990), suggests the thymic population is
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a developmental step later than the multipotent stem cell. In contrast
to bone marrow stem cell preparations, the low CD4 precursor population
lacks CFU-s activity. On intravenous transfer to irradiated recipients
these low CD4 precursors have so far been unable to reconstitute the
myeloid lineages, but have produced both B-cell and T-cell progeny
(unpublished data). Thus it is possible that the low CD4 precursors are
lymphoid restricted stem cells. However, we cannot exclude the
possibility that this population consists of three separate restricted
precursors (for B cells, of-T cells and y8-T cells), all with identical

surface antigenic phenotype.

5. Exit of vy8 T cells from the thymus

Turning to the other extreme of the intrathymic developmental
process, we have asked whether the TCR-y$ bearing cells in the thymus
represent a "dead end", with no relationship to the y8-T cells in the
periphery, or whether the thymus actually exports these cells. The
murine thymus exports about 106 T cells per day, representing only 3-4%
of the daily cell production within the organ. These few emigrants may
be located, counted and phenotyped using the technique devised by
Scollay et al, 1980, namely injection of fluorescein isothiocyanate into
the thymus, followed by assay for green fluorescent cells in spleen and
lymph nodes 3-24 hr later. Although the recent emigrants amount to less
than 1% of peripheral T cells, they may with sufficient patience and
care be immunofluorescent stained (using fluorochromes other than FITC)
for the expression of CD4, CD8, CD3, TCR-af and TCR-v§, and analysed by
flow cytometry. A summary of the surface antigenic phenotype of recent
thymic emigrants is given in Table 2, extending our recently published
data (Kelly and Scollay, 1990). The dominant population exported from

the thymus clearly has the phenotype of mature T cells (CD4~8% or CD4*8,
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CD3**). Virtually all of these mature emigrants express TCR-«B, as
expected. However, a small proportion of CD4~8~ cells are found amongst
the recent emigrants. Of these about 25% express TCR-af and 75% express
TCR-v8. These very few yé-bearing cells were brightly stained and stood
out clearly above the background.

Thus, although the rate of export of yé-T cells from the thymus is
very low, about 104 cells per day, it definitely occurs and is roughly
in line with the relative incidence of y8-T cells within the adult
thymus itself. Ve conclude that at least some of the y8-T cells which
develop within the thymus are destined for export to the periphery, and
at least some of the y8-T cells found in the periphery are of thymic

origin.
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Table 2

Incidence of cells bearing TCR-y§ amongst recent thymic emigrants

Percent.of
Subpopulation Percent of subpopulation
of migrants all migrants TCR-y&++
CD4—8~ 1 75
CD4*8+ 2 2
CD4*8- 76 <1
CD4—8+ 21 <1

Recent emigrants from the thymus to lymph nodes were determined as
green fluorescent cells 16 hr after intrathymic injection of fluorescein
isothiocyanate. The lymph node cells were stained with anti-CD4, anti-
CD8 and anti-TCR-v8, and the surface phenotype of the migrants
determined by four-color flow cytometric analysis, gating for the green
fluorescent cells. Only 0.3% of all lymph node cells were green
fluorescent migrants. Of these 100X were CD3+, but only about 1% were
TCR-v8*. Similar results wvere obtained by analyzing thymic emigrants in

the spleen.
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Cyclosporin A (CsA) Prevents the Generation
of Mature Thymic o/p T Cells but Spares y/d
T Lymphocytes

Pia BADER, SyLvia BENDIGS, HWAGNER and K.HEEG

Institute of Medical Microbiology and Hygiene, Technical University of Munich,
TrogerstraBe 4a,D-8000 Munich 80, FRG

The immunosuppressive agent Cyclosporin A (CsA) is a potent pharmakon known to
suppress activation of immunocompetent T lymphocytes in vivo and in vitro (Shevach
1985). The mode of its action has focused once on the binding of CsA to calmodulin
(Colombani et al. 1985) shown to be important for intracellular Ca** regulation, and
secondly, to specific inhibition of peptidyl-prolyl cis-trans isomerases essential for
correct protein folding (Takahashi et al. 1989, Fischer et al. 1989). At the level of
mature T cells, CsA inhibits lymphokine secretion by interfering with the corresponding
m-RNA synthesis (Kroenke et al. 1984), as well as with the transition into cell cycle of
resting T cells by a yet undefined mechanism (Heeg et al. 1984).

Recently it has been recognised that CsA not only affects mature peripheral T cells, but
in addition has also dramatic effects on intrathymic T cell maturation in vivo (Jenkins et
al. 1988, Gao et al. 1988, Kosugi et al. 1989a, Fukuzawa et al 1989, Heeg et al. 1989) as
well as on T cell maturation in thymic organ cultures (Kosugi et al. 1989b, Bucy et al.
1990). CsA treatment of adult mice led to a rapid disappearance of single positive
CD4*CD8" thymocytes, yet the number of single positive CD8*+CD4- thymocytes was
reduced only by 50%. Moreover, using V817 (Jenkins et al. 1988) or V11 (Gao et al.
1988) as marker for thymic negative selection, it has been shown that these T cell
receptor (TCR) phenotypes were still generated during CsA treatment. Since control
animals readily deleted V817 or V11 TCR bearing thymocytes, it was concluded that
CsA prevented negative selection in the thymus.

To circumvent the problem posed by mature T cells already generated in adult mice, or
bone marrow-reconstituted mice, when subjected to CsA treatment, we decided to
analyse the effect of CsA on thymic T cell maturation in newborn mice. Pregnant mice
were injected daily with 20mg CsA/kg body weight starting at day 15 of pregnany, and
CsA treatment was continued with newborn mice for one to four weeks (Heeg et al.
1989). As expected CsA treatment prevented almost completely the generation of single
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positive CD4+CD8- thymocytes but reduced the number of single positive CD8+CD4-
thymic cells only marginally (Fig. 1). However, these CD8+CD4- thymocytes expressed
only low levels of CD3-¢ anda /8-TCR (Fig. 2) and were nonfunctional in vitro (Heeg et
al. 1989). These cells have thus to be scored as immature thymic precursors. Moreover,
mature CD8*CD4- or CD8"CD4* T cells were virtually absent in the peripheral
lympoid organs of CsA-treated mice (Fig. 3). In contrast, CsA treatment had no effect
on the number of double negative CD8-CD4-CD3+* thymoctes (Fig. 2). The majority of
these cells did not bear a/8-TCRs (Fig. 2). Table I shows that after CsA treatment

Figure 1. CD4/CD8 expression in thymocytes from normal and CsA-treated newborn
mice.

Thymocytes from seven days old normal (left) or CsA-treated (right) mice were stained with FITC-labelled anti-
CD8 mAb and PE-conjugated anti-CD4 mAb. 3x104 cells were then analysed cytofluometrically.

Table 1. Thymic cell phenotype after CsA-treatment.

THYMIC CELL CD3+ CD3+C04-CD8-
NUMBER
x 106 x 106 % of CD3+
Controt  CsA Controt. CsA ContrOoL CsA
44 a2 4.2 0.9 6.4 51.1
50 19 8.5 2.4 7.2 25.5
75 k1) 9.8 2.5 4.9 22.1
61 18 4.5 0.2 5.3 65.3
50 42 14.1 3.0 5.1 48.9
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Figure 2. CD3< and o /8 TCR expression in thymocytes from control and CsA-
treated mice.

ALPHA/BETA ALPHA/BETA

Thymocytes from seven days old normal (left) or CsA-treated (right) mice were stained with biotin-conjugated
anti-CD4 and biotin-conjugated anti-CD8 mAb followed by streptavidin-PE. Then the cells were counterstained
with FITC-labelled anti-CD3-¢ mAb or FITC-conjugated anti< /8 framework mAb. 3x10? cells were analysed.

double negative thymocytes represent the majority of the mature CD3-positive thymic T
cell pool. This double negative CD8CD4- subpopulation was also detectable in
peripheral lymphoid organs of CsA-treated newborn mice. A time-course of their
appearance in the spleen revealed that these cells seem to accumulate (Fig. 3). It should
be stressed, however, that peripheral lympoid tissues from CsA-treated animals are
rather hypoplastic (Heeg et al. 1989).
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Mature CD3+ T cells in splenocytes from normal and CsA-treated mice.

Figure 3.
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Splenocytes from normal (open column) or CsA-treated (closed column) mice were stained with anti-CD4, anti-
CD8, and anti-CD3 mAb and analysed cytofluometrically The percentage of CD4+CD3+ plus CD8+CD3+ (left)
and CD4-CD8-CD3+ T cells in the spleens is given.

Figure 4. T cell phenotype of splenocytes after in vitro expansion via anti-CD3
hybridomas.

Spleen cells from normal (left) or CsA-treated (right) mice were expanded in vitro with anti-CD3-hybridomas and
1-2. After seven days the cells were harvested and stained with biotin-coupled anti« /8 mAb plus streptavidin PE
and FITC-coupled anti-CD3 mAb. 3x104 cells were analysed.



85

To further analyse the functional phenotype of the CsA-resistant CD8-CD4-CD3+
thymocytes and peripheral T cells we expanded in vitro thymic and splenic T cells from
CsA-treated (or control) mice by stimulation with anti-CD3- ¢ mAb producing
hybridomas. After seven days of culture the growing T cells were analysed

phenotypically (Fig. 4, 5) as well as functionally (Fig. 6). A large fraction of growing T
cells from the spleen from CsA-treated mice was CD3*CD8 CD4% /8- (Fig. 4), this T

Figure 5. T cell phenotype of thymocytes after in vitro expansion via anti-CD3
hybridomas.

co3 D3

Thymocytes from normal (left) or CsA-treated (right) mice were expanded in vitro with anti-CD3-hybridomas and
11-2. After seven days growing cells were harvested and stained with biotin-coupled anti« /8 mAb plus streptavidin
PE or anti-y /§ mab plus PE-conjugated rat anti-hamster IgG and FITC-coupled anti-CD3 mAb. 3x10? cells were
analysed.
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Fig. 6. CD3-facilitated cytotoxicity of in vitro expanded thymocytes from CsA-treated
newborn mice.
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cell phenotype was dominating in T cells growing from thymi of CsA-traeted mice (Fig.
5). Staining with a mAb specific for 4 /5-TCRs (a kind gift from Dr. S.Tonegawa)
revealed that these cells were indeed CD3 %4 /s + (Fig. 5) and were negative for CD8 or
CD4 expression (data not shown). Next, growing T cell populations from thymi of
normal or CsA-treated mice were then tested for cytolytic potential using anti-CD3- ¢
hybridomas as target cells. Both polyclonally activateda /8 T cells from normal as well as
4/s T cells from CsA-treated mice displayed high lytic activity against anti-CD3-
expressing target cells (Fig. 6). However, in contrast toa/8 T cells, we found no lysis of
allogeneic or syngeneic ConA or LPS blast target cells by v /6 bearing T cells from CsA-
treated mice (data not shown).

There is agreement that CsA prevents thymic positive selection of both CD8+CD4- as
well as of CD8-CD4* maturea /8 T cells (Jenkins et al. 1988, Gao et al. 1988, Kosugi et
al. 1989a, Fukuzawa et al 1989, Heeg et al. 1989, Kosugi et al. 1989b, Bucy et al. 1990).
Since the mode of action of CsA in mature T cells involves prevention of activation as
well as prevention of lymphokine secretion (Bunjes et al. 1981, Heeg et al. 1984,
Shevach 1985), it is envisaged that such steps are critical in the process of positve
selection of a /8 T cells. At first glance this appears not to be the case for+ /s T cells in
vivo (Jenkins et al. 1988) and in thymic organ cultures (Kosugi et al. 1989b, Matsuhashi
et al. 1989, Bucy et al. 1990). This T cell subpopulation seems to be CsA-resistant (Figs.
2, 5). Moreover these cells accumulate in the periphery (Fig. 3). However, until now
there are only limited data available on the Vy/Vs repertoire expressed in CsA-treated
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mice. Therefore the question remains whether the expression of certain Vv/Vs TCRs
might be prevented and/or facilitated by CsA-treatment.

The paradoxical finding that in the presence of CsA syngeneic or allogeneic bone
marrow transplanted animals develop fulminant graft-versus-host diseases provided CsA
treatment is terminated (Glazier et al. 1983), has led to the conclusion that CsA in
addition to its influence on thymic positive selection also prevents thymic negative
selection of selfreactive T cells (Jenkins et al. 1988, Gao et al. 1988). Using VB17 and
V11 as marker for IE reactive o /8 T cells it has been shown that such T cells are still
present in the periphery of CsA-treated mice (Jenkins et al. 1988, Gao et al. 1988),
although they were detectable only in low numbers, and nonfunctional in vitro (Gao et
al. 1988). When we used the superantigen SEB to induce tolerance in newborn CsA-
treated mice and analysed the corresponding Vg8-expression in the remaining small
numbers of mature thymic o/ T cells, we found a complete deletion of this Vg-
phenotype suggesting an negative selection mechanism for /8 thymocytes is operative
in CsA-treated mice (Pia Bader, unpublished observation). What then are the
candidates for selfreactive GVHD causing T cells in CsA-treated animals? Since after
termination of CsA-treatment thymectomy in such animals results rather in
excerabration than in prevention of GvHD (Sakaguchi and Sakaguchi 1989), we are left
to speculate that+ /s T cells, whose generation is not affected by CsA, might be effector
cells in the GVvHD caused by CsA.
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Lack of Alloantigen-Specific Cytotoxic T Cell
Activity in the TCR-yd T Cell Subpopulation
of Alloantigen-Immune Chickens

J.CiHAk, H.MERKLE, and U.LoscH

Institute of Animal Physiology, University of Munich, VeterinarstraBe 13,
D-8000 Miinchen 22,FRG

INTRODUCTION

Recently T cell receptor (TCR) homologues of the mammalian TCR-B (TCR2) and the
TCR-;-S(TCRI) have been defined in the chicken (Sowder et al. 1988; Cihak et al.
1988; Chen et al. 1988), where the TCR1 cells may constitute approximately 20-65 %
of the T cell pool (Cihak et al. in preparation). In addition to the TCR1 and TCR2
cells a third subpopulation of T cells has been identified in the chicken (Chen et
al. 1989; Cooper et al. 1989). These cells, provisionally named "TCR3" cells, are
TCRxB T cells which use the VB2 gene product whereas TCR2 cells use the VBl gene
product (M.D. Cooper, personal communication and in this issue).

Knowledge about the function of the TCR-@S'T cells is relatively Timited, being re-
stricted primarily to the study of cultured cell 1lines. Recently several groups
reported on alloreactive TCR-yd murine and human cytotoxic T lymphocyte (CTL) clones
that recognized class I MHC antigens (Matis et al. 1987; Bluestone et al. 1988;
Rivas et al. 1989; Ciccone et al. 1989; Spits et al. 1990).

While most of the chicken TCR1 cells in blood are negative for the CD4 and CD8
accessory molecules, most of the splenic TCR1 cells express the CD8 antigen (Chen et
al. 1988). This suggests a possible cytotoxic function against target cells expres-
sing class I or class I 1ike molecules. Hence, we asked whether alloimmunization of
chickens induces the TCR1 subpopulation in the spleen to express alloantigen-speci-
fic CTL activity. As we will show herein, in vivo immunization with allogeneic ery-
throcytes induces the TCR2 and "TCR3" cells to exert alloantigen-specific CTL acti-
vity, while TCR1 cells lack such an activity.

MATERIALS AND METHODS

Animals. Chickens of strain RPRL6 (B2/B2) and CB (B12/B12) were used.

MonocTonal Antibodies. The production of monoclonal antibodies specific for chicken
molecules TCR1, TCR2, €T3 (anti-CD3), CT4 (anti-CD4) and CT8 (anti-CD8) has been
described previously (Chen et al. 1988; Cihak et al. 1988; Sowder et al. 1988; Chen
et al. 1986; Chan et al. 1988). A1l antibodies are of the IgGl class.

Immunofluorescence Staining. Immunofluorescence staining and flow cytometry were
performed as described (Cihak et al. 1988).

Induction and Assay of Alloantigen-Specific Cytotoxic T Lymphocytes. Induction and
assay of allospecific CTL were performed according to a modification (Cihak et al.
1988) of a published method (Chi et a1.1981).

Current Topics 1n Microbiology and Immunology, Vol 173
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Negative Selection of TCR1, TCR2 and "TCR3" Cells. TCR1, TCR2 and "TCR3" cells were
negatively selected using rosetting with antibody-coated sheep erythrocytes accor-
ding to Wilhelm et al (1986). In brief, when selecting TCR1 cells chicken spleen
cells were mixed with anti-TCR2 and anti-"TCR3" antibody-coated sheep erythrocytes.
For negative selection of TCR2 cells anti-TCR1 and anti-"TCR3" antibody coated ery-
throcytes and for selection of "TCR3" cells anti-TCR1 and anti-TCR2-coated erythro-
cytes were used. Cell mixtures were incubated for 1 h on ice. Rosetted cells were
centrifuged on Ficoll (Pharmacia, Uppsala, Sweden) and the negatively selected non-
rosetted cells were collected from the interphase.

Concanavalin A stimulation and assay of lymphocyte DNA synthesis as well as
"panning” procedure were performed according to Cihak et al. (1988).

RESULTS

We immunized B2 chickens with allogeneic B%f cells and used the spleen cells from
the immunized animals as effector cells in a “"Cr release assay. When analyzing the
specificity of the cytotoxicity it was observed that only the B12 targets were lysed
by the spleen effector cells while autologous B2 and unrelated B5 and B19 cells were
unaffected (Fig. 1). In order to delineate the type of cells involved in this speci-
fic cytotoxicity response, we performed inhibition studies with purified monoclonal
antibodies directed against CD3, CD4 and CD8 molecules. As might be expected from
the mammalian precedent, both the CT3 and CT8 antibodies virtually abolished the
cytotoxic activity indicating the CD8 nature of the cytotoxic T 1lymphocytes. By
contrast, no inhibition was seen with the CT4 antibody and two irrelevant isotype
control antibodies F71 and G2. Also, elimination of plastic adherent cells or B
cells did not affect the cytotoxicity (Fig. 1).

% Cytotoxicity
50

40 1 []

30

B2 B85 3219 B2 xCD3 aCD8 alD4 F71 non slg”
62 adh

Fig. 1 Specificity and T cell nature of cytotoxic effector cells. Cytotoxic activity
of alloantigen-immune B2 spleen cells was assayed agginst B12, B2, B5 and B ery-
throcyte targets at an E/T ratio of 40:1 in an 14h ““Cr release assay. The ““Cr re-
lease assay with B12 target cells was performed in the presence or absence of
10 pg/ml purified anti-CD3, anti-CD4, anti-CD8 or F71 and G2 isotype control anti-
bodies. Adherent cells were e1imin8ted by igcubation of effector spleen cells on
tissue culture plates for 2h at 37°C and Ig cells were eliminated by "panning".

Spleen cells from B2 chickens were stained with F71 antibody as isotype control or
with anti-TCR1, anti-TCR2, anti-"TCR3" or anti-CD3 antibodies in indirect immuno-
fluorescence and the percentage of cells positive for each antibody was evaluated by
FACS analysis. The distribution of the different types of T cell receptor-bearing
cells in chicken spleen cells is shown in Table 1. While a high percentage of CD3
spleen cells expressed TCR1 or TCQZ (42+12 and 43+10% respectively), "TCR3" cells
accounted only for 14+5% of all CD3" spleén cells {n=10). Spleen cells from B2
chickens exhibited 64+4% CD3" cells (Table 2).
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In order to examine TCR1, TCR2 and "TCR3" cells for alloantigen-specific CTL acti-
vity, we separated these T cell subpopulations from spleen of alloantigen-immune
chickens using rosetting with antibody-coated sheep erythrocytes. The negatively
selected TCR1 and "TCR3" cells were >95% pure, the TCR2 cells > 90% pure (Table 1).

Table 1. Negative selection of TCR1, TCR2 and "TCR3" cells from spleen cells by
direct mab rosetting
Before rosetting

+ After rosetting
% total CD3 cells
TCR1 TCR2 "TCR3" Selection TCR1 TCR2 "TCR3"

2.5+3.3
97.5%2.2
9.2%2.1

42.4+11.7° 42.9+10.3 14.3+4.8  TCRL  96.543.9  0.4+0.
T, - - “TCR3"  1.0¢1.5  1.1%1.
40.0+20.0" 45.2+14.1 14.8+10.2 TCR2  0.280.2 90.6%2.

w Ut

*Mean + 5D of vaTues from 10 negative seTections
+Mean + SD of values from 3 negative selections

Table 2 shows the percentage of T cells in TCR1, TCR2 and "TCR3" cells negatively
H lected from alloantigen-immune spleen cells and used as effector cells in the
Cr-release assay. The negatively selected TCR1 cells exhibited 1§.3 to 40.1% CD3

cells, the TCR2 cells 56.6% and the "TCR3" cells 21.3 and 24.4% CD3 cells.

Table 2. Percentage of T cells in unseparated and in
negatively selected effector spleen cells.

Effector cells % 03" cells

Exp. 1 Exp.2 Exp.3
Unseparated SPC 66.4 58.8 66.6
Selected TCR1 cells 18.3 40.1 30.1
Selected TCR2 cells n.d. n.d. 56.6
Selected "TCR3" cells 21.3 24.4 n.d.

In order to exclude the possibility that the separation procedure adversely affected
the viability and functional activity of the negatively selected cells which were
examined for alloantigen-specific CTL activity, we measured the proliferative
response of the separated cells to concanavalin A. A1l negatively selected T cell
subpopulations could be activated by Con A and no marked difference in Con A
response of TCR1, TCR2 and "TCR3" cells could be observed (Table 3),

Table 3. Proliferative response of negatively selected TCR1, TCR2 and "TCR3"
cells to concanavalin A

Stimulus 3H-Thymidine incorporation (cpm)
Exp. 1 Exp. 3
TCR1 cells  "TCR3" cells TCR1 cells TCR2 cells
Culture medium 987" 434 820 620
Con A 4467 1310 3448 6072

*Numbers represent 3H-thymidine incorporation by 5 x 105 cells from
triplicate cultures

The alloantigen-specific CTL activity of TCR1, TCR2 and "TCR3" cells was examined in
comparison to unseparated immune spleen cells in three experiments. While negatively
selected TCR2 and "TCR3" cells exerted alloantigen specific CTL activity ranging
from 10 to 47.4 % specific lysis - an activity comparable to cytotoxic activity of
unseparated spleen cells - the TCR1 cells did not exert cytotoxic activity in any
experiment (Fig. 2).
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Fig. 2. Alloantigen-specific CTL activity of unseparated immune spleen cells and ne-
gatively selected TCR1, TCR2 and "TCR3" cells. The cytotoxic activity of unseparated
alloantigen-immune B2 spleen cells (SPC) and of TCR1, TCR2 and "TCR3" cells negati-
vely selected from the immune spleen cells against B12 (nucleated) erythrocyte tar-
g ts was assayed at an E/T ratio of40:1 (Exp. 1 and 2) or 80:1 (Exp. 3) in an 14R

Cr release assay. Mean spontaneous ““Cr release from B12 target cells (2.5x10
cells in 200 p1 culture medium/well) was 1%.

DISCUSSION

The function of the TCR1 T cells remains elusive. Insight into the nature of the
ligands that are recognized by TCR1 is crucial for an understanding of the function
of TCR1 cells. Recently, murine and human alloreactive TCR1 cell clones have been
described that recognized class I MHC antigens (Matis et al. 1987; Bluestone et al.
1988; Rivas et al. 1989; Ciccone et al. 1989; Spits et al. 1990). These reports
prompted us to investigate, whether alloreactivity can be induced in the TCR1 sub-
population 1in vivo. The high frequency of TCR1 cells makes the chicken an excellent
model for this type of study.

Alloantigen-specific CTL response was induced by immunization of B2 chickens with
allogeneic B12 erythrocytes. The antigen recognized by the alloantigen-specific CTL
in the present study is presumably a class I MHC antigen, because the allogeneic
target cells, nucleated erythrocytes in this case, express MHC class I (B-F) but not
class II (B-L) antigens. The biochemical structure, adult tissue distribution, and
functional attributes of B-F antigens show that they are the chicken equivalents of
the mammalian class I MHC molecules (Guillemot et al. 1989).

The cell surface gntigen profile of alloantigen-specific cells in the chicken indi-
cates their (D8 cytotoxic T cell nature. Thus, anti-CD3 and anti-CD8 antibodies
completely inhibited the cytotoxic activity, whereas no inhibition was seen with the
anti-CD4 antibody, suggesting the absence of the CD4 accessory molecule on alloanti-
gen-specific CTL in the chicken. These findings suggest a functional conservation of
the CD3, CD4 and CD8 homologues in birds and mammals.

We separated TCR1, TCR2 and "TCR3" cells from spleens of alloantigen-immune chickens
using a negative selection method. The negatively selected TCR1 cells were > 95%
pure and viable, as shown by their proliferative response to concanavalin A. When
examining the negatively selected cells for alloantigen-specific CTL activity it was
found that TCR2 and "TCR3" cells expressed specific cytotoxic activity against B12
targets, but the TCR1 cells did not exert any cytotoxic activity. These findings
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indicate that chicken TCR1 cells either do not recognize the immunizing alloantigen
or that the frequency g{ alloantigen-specific CTL is too low in this subpopulation
to be detectable in the ““Cr release assay.

SUMMARY

We examined the in vivo generation of alloantigen-specific cytotoxic T lymphocytes
in chicken TCR-«/ and TCR- JT cells. The TCR-B and TCR-J»SSpropu1ations were
separated from spleen of alloantigen-immune chickens using a negative selection
gfthod. The separated cells were examined for alloantigen-specific CTL activity in a
Cr release assay. While negatively selected TCR-& A4 cells exerted alloantigen-
specific CTL activity, no cytotoxic activity could be detected with TCR-4 Scells,
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Thymic Nurse Cells: a Site for Positive Selection
and Differentiation of T Cells
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1. Introduction

The capacity to discriminate between "self" and "non-self" is acquired in the thymus
where T cell progenitors develop to mature, antigen specific, self-tolerant T cells (Fink
and Bevan 1978, Zinkernagel 1978). This process is based on the direct contact of
developing T cells with stroma cells and extracellular matrix constituents and the
action of humoral factors secreted by nonlymphoid and lymphoid thymic components
(von Boehmer et al. 1989, Marrack and Kappler, 1988). The most widely - albeit not
exclusively - accepted hypothesis postulates that thymocytes expressing T cell
receptors (TCR) with affinity to MHC class I and II molecules displayed on cortical
epithelial cells are positively selected (MHC restriction) (Benoist and Mathis 1989, Bill
and Palmer 1989). In the medulla the interaction with (auto)antigen presenting bone
marrow derived dendritic cells and/or macrophages entails clonal deactivation and/or
deletion of T cells expressing potentially harmful TCR (negative selection) (Miller et al.
1989, von Boehmer et al. 1989). The exact sites of positive and negative selection are not
yet known. However, thymic nurse cells (TNC) seem to provide an optimal
microenvironment for the former (for review see Kyewski 1986). If they are also
involved in negative selection is still an open question.

2. Thymic nurse cells

Thymic nurse cells are subcortically located multicellular complexes of single epithelial
cells containing intact thymocytes enclosed withing vacuoles lined by the epithelial cell
plasma membrane (Wekerle et al. 1980, Kyewski 1986). TNC have been described in
mice and rats (Wekerle et al. 1980), humans (Ritter et al. 1981), chickens (Boyd et al.
1984) and frogs and tadpoles (Wick and Du Pasquier, unpublished). On average
murine TNC contain 50 TNC-L, human TNC 20, chicken TNC 4 and frog/tadpole TNC
1-2 TNC-L. TNC are not phagocytic and it is not yet clear which thymocytes enter into
these epithelial cells and how this ingression is brought about. The possible role of
certain adhesion molecules during this process is currently under study in our
laboratory.

Since thymic epithelial cells express MHC class I and class II antigens in high density it
was suggested that TNC provide a specialized microenvironment where developing T
cell come into close and prolonged contact with self MHC (Kyewski 1986). It has
recently been shown by Lorenz and Allen (1989) and by Marrack et al. (1989) that
thymic epithelial cells are able to present non-self and self antigens in the context of self
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MHC to T cell hybridomas and clones. We became interested in TNC through the
observation that chickens of the Obese strain (OS) that develop a spontaneous
autoimmune thyroiditis closely resembling human Hashimoto's disease show a severe
deficiency of TNC (Boyd et al. 1984). This fact and the unique experimental possibilities
in an avian system prompted our phenotypic and functional studies of chicken TNC
that led to the concept of their role in self - non-self discrimination.

3. Phenotypic characterization of chicken TNC-L

The phenotypic characteristics of chicken TNC-L were determined by double staining
immunofluorescence tests using mouse monoclonal antibodies against the chicken
analogues of CD3, CD4, CD8, the T cell receptor 1 (TCR v/, TCR 2 (TCR o/8) (kindly
provided by Dr. M. D. Cooper) and the light chain of the interleukin-2 receptor (IL-2R)
(Penninger et al. 1990a). TNC and extra-TNC thymocytes were prepared from the
thymi of 4-12 week old white Leghorn chickens of the highly inbred congenic strains
CB (MHC = B12B12) and CC (B4B4). Extra-TNC thymocytes were subjected to
fluorescence activated cell sorter (FACS) analysis, TNC-L were assessed visually. Table
1 shows a simplified version of the results of 4 experiments a detailed account of which
can be found elsewhere (Penninger et al. 1990a). From these and earlier data the
following conclusions can be drawn: (i) CD4* CD8* (double positive) T cells are more
numerous outside TNC, while CD4* CD8 and CD4" CD8* (single positive) cells are
encountered more frequently inside TNC. Thus, thymocytes seem to differentiate
within TNC from double positive to single positive T cells. (ii) TNC-L consist of a
larger proportion of TCR o/g* and a smaller proportion of TCR /8" cells thus excluding
a clonal origin of these cells. All TCR* cells coexpress CD3. (iii) Similar to the situation
with the accessory molecules CD4 and CD8, TCR* CD3* cells are enriched inside TNC
supporting the role of this microenvironment for T cell maturation and differentiation.
(iv) As shown previously (Penninger er al. 1990a) but not mentioned in table 1, we
constantly found a small but consistent population of CD4* or CD8* thymocytes

expressing the TCR /5. This is in contrast to the data of Sowder et al (1988) and Chan
et al. (1988) but in agreement with recent similar findings in mice (Itohara et al. 1989).

Table 1. TNC-L and extra-TNCthymocyte subpopulations

Cell Percent positive cells +SEM
phenotype Thymocytes TNC-L
CcD4+Ccpst 60.3+4.4 46.4%45
CD4+CDS§" 58116 24.3+41
CD4CD8* 10.4+2.0 27.3+55
Ccp3* 46.6+4.0 70.0+ 6.5
TCRop™ 36.4+19 60.5+2.6
TCRyS" 82119 203+1.6

IL-2R* 442113 23.2+3.3
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4. Functional analysis of TNC-L

4.1. Alloreactivity of TNC-L

For functional analysis of the possible alloreactivity of TNC-L the chorionallantoic
membrane (CAM) assay in avian systems provides an optimal and unique
experimental tool (Burnet and Burnet 1960). In this assay T cells from
immunocompctent mature donors are deposited onto the CAM of 10 day (ED10) old
histoincompatible recipient embryos, which are evaluated macroscopically,
(immuno)histologically and functionally on ED16. Since MHC antigens of the recipient
are expressed on the CAM specific donor T cells proliferate in situ leading to the
appearance of macroscopically visible fodi, so called "pocks". Each pock is derived from
a single T cell with graft-versus-host reaction (GvHR) potential and finally consits of
both donor and recruited recipient T cells (Simonsen 1967). The number of pocks is
proportional to the MHC disparity between donor and recipient.

The congenic donor-recipient combination in our experiments differed only at the
MHC (B locus in chickens). Suspensions of peripheral blood lymphocytes (PBL),
thymocytes and single, micromanipulated donor TNC (corresponding to approximatly
4 lymphocytes/TNC) from the same CC (B4B4) donor were transferred onto the CAM
of CB (B12B12) recipient embryos (Wick and Oberhuber 1986, Penninger et al. 1989).
Surprisingly, TNC-L displayed a considerably higher GVHR efficiency (1/18) than PBL
(1/10% or thymocytes (1/10%. Sex and syngeneic homing were excluded as possible
factors contributing to this reactivity (Penninger 1990a). The cellular composition of
such primary (1°) TNC-L induced as compared to PBL-induced pocks is shown in Table
2. The most salient points are: (i) the contribution of both donor and recruited recipient
T cells to pock formation with the expected preponderance of recipient cells; (ii) the

participation of both TCR o/8* and TCR 1/§" cells in the reaction; (iii) the participation of

both CD4* and CD8* donor and recipient cells; (iv) the expression of IL-2R not only by
mature donor but also by embryonic T cells.

In order to prove the immunological specificity and thus true GvHR nature of this
phenomenon serial tranfer experiments were performed (Penninger et al 1990a). For
this purpose 1° pocks were produced by transfer of TNC-L, thymocytes or PBL from
CC (B4B4) donors onto the CAM of CB (B12B12) recipients. Single 1° pocks were then
excised on ED16 and transplanted in toto onto the CAM of ED10 secondary (29
recipients comprising the MHC haplotypes B4 (like original donor), B12 (like 1°
recipient) or B15 (unrelated third party). On ED14 these 2° pocks were evaluated.
Further proliferation (increase in pock size) only occurred on B12 recipients thus
suggesting immunological specificity of the reaction. Definitive proof for this
suggestion came from the significant increase of the spleen weights of the secondary
recipients which - in addition to the local proliferation within the 2° pocks - reflects a
generalized GvHR (Simonsen, 1967). Data of one such experiment are given in Table 3.
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Table 2. FACS analysis of 1° TNC-L or PBL induced pocks

Percent positive cells

Cell PBL pocks TNC-L pocks
phenotype CB-host CC-donor CB-host CC-donor
TCR o/ 10.7 115 6.8 3.3
TCRys 6.4 7.8 3.9 3.0
CD4 6.6 16.4 7.2 5.9
CD8 7.9 15.6 8.2 4.6
IL-2R 54.0 9.0 46.5 5.5
surface Ig 27 n.d. 21 n.d
MHC class I 61.0 22.5 59.8 11.6
MHC classII 26.8 23.7 20.2 18.4

a Percentages of positive cells were evaluated in immunofluorescence double staining by "gated
analysis" using a FACS III. The mean value of positive cells from 5 experiments is shown. Standard
deviations are omitted for clarity sake. TCR a/f TCR /3 CD4, CD8 and IL-2 receptor light chain
positive cells were visualized by means of monoclonal antibodies, surface Ig positive cells by a goat
anti-chicken Ig affinity chromatography purified antibody, MHC class I and class II positive cells by
alloantibodies. Double staining for donor and recipient type MHC class I carrying cells and the
respective other markers were done by combining the appropriate directly FITC-labelled anti-MHC
class 1 alloantibody with indirect immunofluorescence using a given monoclonal antibody
visualized by a goat anti-mouse Ig PE conjugate. n.d. = not done.

Table 3. Serial transfer of 1° allogeneic pocks

Donorcells® 1°Host 2°Host n SI(X4SEM)P  RSI (X+SEM) b

CC-B4TNC CB-B12 CB-B12 5 98.0 5.8 1.30+0.08 €
CS-B4 5 46.6+1.3 0.99 +0.01
OS-B15 3 43.7+4.3 0.90 +0.04

a Seven single living TNC from a CC-B4 donor were transplanted per CAM of 10 day old
(ED10) congeneic CB-B12 embryos (n = number of recipients). On ED16 1° pocks were
isolated and transferred in toto onto the CAM of ED10 secondary hosts. The 2° pocks were
evaluated on ED14.

b SI = spleen index = {(mg spleen weight)/(g body weight)]xlos; RSI = relative spleen index =
mean SI transplanted animals/mean SI sham manipulated animals. RSI 21.3 indicates a
specific GvHR.

¢ Significantly different from sham manipulated control (theoretical RSI = 1.0) and both B4 and
B15 recipients (p < 0.05, paired student's t-test).

4.2. Syngeneic reactivity of TNC-L

Transfer of PBL or thymocytes from immunocompetent donors onto the CAM of
syngeneic recipients did result in pock formation in a frequency of only 1/2 x 10° or
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1/4 x 10° T cells, respectively. However, TNC-L were capable to induce pocks on
syngeneic hosts with the astonishingly high efficiency of 1/35 - 1/50, i.e. only slightly
lower than in allogeneic combinations (Wick and Oberhuber 1986, Penninger and Wick
1990b). Serial transfer experiments were then again performed to establish the
specificity of this phenomenon. CB (B12B12) PBL, thymocytes or single TNC from the
same donor were applied onto the CAM of CB hosts, the 1° pocks were excised and
transplanted onto the CAM of 2° CB hosts or recipient embryos carrying other
unrelated MHC haplotypes. Splenomegaly of 2° hosts was again taken as an indicator
for a generalized GVHR. Table 4 presents the data of such an experiment showing that
significant splenomegaly as determined by the relative spleen index (RSI) occurred
only when the 2° recipient carried the same MHC haplotype as the 1° recipient. Thus,
TNC-L seem to be in a stage of development where they are already positively selected
for self-MHC restriction but not yet negatively selected for self tolerance.

Table 4. Serial transfer of 1°syngeneic pocks

Donorcells? 1°Host 2°Host n SI (X4SEM) b RSI (X4SEM) P

a) CB-BI2TNC  CB-B12 CB-Bl12 16 97.3+5.3 1.29+0.07 ¢
B7-B7 8 71.5%3.6 0.95 £ 0.05
CS-B4 6 59.2+2.7 0.99 +0.04

b) CB-B12 PBL CB-B12 CB-B12 4 96.6 £ 6.9 1.28 £0.09 ¢
B7-B7 5 92,7113 1.2410.02 ¢
CC-B4 5 83.311.9 0.99 £0.02
CS-B4 5 482157 0.85 % 0.06

a  Five single living TNC (group a) or 1x108 PBL from the same CB-B12 donor were transplanted
and serially transferred as desribed in Table 3.

b Sland RSl as indicated in Table 3.

¢ Significantly different from sham operated controls (theoretical RSI = 1.0) and from recipients
with different MHC (p < 0.05; paired student's t-test).

5. Conclusions

(@) TNC seem to provide an optimal microenvironment for T cell differentiation and
positive selection

(b) TNC contain TCR «/8* and TCR y/§" cells

(9 TNC harbour T cells already displaying a mature phenotype and therefore seem to
be a site for the differentiation of CD4* CD8* (double positive) to CD4* CD8" or
CD4 CD8* (single positive) T cells

(d) TNC-L are highly efficient in allogeneic GVHR

(&) TNC-L comprise a subpopulation of thymocytes which have already undergone
positive selection
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() TNC-L are at a pretolerant stage of maturation and have not yet undergone
negative selection
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INTRODUCTION

A large proportion of T cells in sheep and cattle are y8 TCR* (Mackay et al., 1989; Mackay
and Hein, 1989; Hein et al., 1990a) and their function, as in other species, appears to be
concerned mostly with the protection of epithelial surfaces (reviewed by Hein and
Mackay, 1991). The large numbers of y8 T cells in sheep and cattle favor these species
for the study of y8 T cells, particularly from the standpoint that these cells probably play
a major role in cell-mediated immunity in these "y8 -high" species. In addition, the
study of y8 T cells within various niches of vertebrate evolution might reveal how the
¥8 T cell system evolved, and its relationship to the ap T cell system.

Here we wish to document one particularly pertinent feature of y8 T cells which may
relate to their functional significance: that is, the striking prominence of y8 T cells in
the circulation during late fetal and early post natal life. We will present only a brief
outline of other aspects of the y8 T cell system in ruminants, since this has been the
subject of recent reviews (Hein and Mackay, 1991; Mackay and Hein, 1991).

Distinctive features of y§ T cells in sheep and cattle

The features and function of y8 T cells may show heterogeneity amongst the vertebrate
species; this is exemplified by interspecies variability with respect to numbers,
concentrations at different epithelial sites, and the expression of cell surface molecules.
Hence, y8 T cells may play different roles, or may have greater importance in some
species compared with others. In sheep and cattle, y5 T cells comprise up to 60% of
peripheral blood lymphocytes (PBL), depending on the age of the animal (see below), but
the high level in the blood can be misleading since the blood contains only 2% of all
lymphoid cells (Trepel, 1974) and is not necessarily representative of the total peripheral
lymphocyte pool (Mackay et al., 1988). In fact, the most dramatic example of this is seen
in sheep and cattle, since there is only ~1-5% y8 T cells in the mesenteric lymph node
(LN) and about 2-10% in other LNs, yet there are about 60% y8 T cell among
lymphocytes in the dermis and epidermis, and blood (see below). These differences
suggest that y8 T cells specifically home and localize within certain tissues such as skin,
and function there rather than in LNs (Mackay et al., 1988, 1989).

¥ 8 T cells in the circulation
In our studies in sheep, we have tried to determine the differences between af and y8 T

cells, so as to understand the roles of each type of T cell in immune responses. One
striking difference between these subsets is the level and/or expansion of each cell
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type in the periphery over the lifetime of sheep (Figure 1). The proportions of y§ , CD4
and CD8 T cells in the circulation varies greatly during fetal and post-natal life (Figure 1).
The first T cells to appear in the blood are not y8 T cells, but CD4*+ and CD8* T cells, at
around 50 days of gestation. y8 T cells first appear around 69 days (Figure 1 and Maddox
et al., 1987), although at this stage CD4*+ and CD8* cells comprise the majority of PBL.
Between 100 and 140 days, this trend is dramatically reversed, since y8 T cells increase to
around 60% of PBL by 140 days, and this high representation of y8 T cells in the blood
continues for at least the first three months after birth (Figure 1; see also McClure et al.,
1989 and Hein et al., 1990b). From 4 months to 2 years of age, the proportion of y&§ T
cells in the blood declines steadily, and in old age (5-8 years) y8 T cells stabilize at around
5-10%.
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Fig. 1. 8, CD4 and CD8 T cell percentages in the blood (left) and mesenteric lymph node
(right) of sheep of various gestational and post-natal ages. y&8 percentages were
determined using a vy8-specific mAb 86D (Mackay et al., 1989).

Recirculation pathways for a8 and v8 T cells

The circulation of lymphocytes in blood and lymph serves to disseminate the functional
subsets of the immune system to various tissues in the body. For ap T cells, continual
recirculation is necessary since the proportion of these cells which are reactive to any
given antigen is very low. Hence, at some stage in evolution, strategically placed
organized lymphoid tissue developed to allow for the collection and concentration of
antigen, and for the percolation of large numbers of lymphocytes from the blood
through such tissue. The lymphatic system also allows for the dissemination of
antigenically experienced cells, generated at one site, to various other sites in the body.

The differential migration pathways for T cell subsets to lymphoid tissue is clearly
obvious if one compares the levels of y8 T cells in the blood with those in LNs (Figure
1). ¥8 T cells usually comprise less than 2% of mesenteric LN lymphocytes. An
exception is during the perinatal period when y& T cells levels in the blood are at their
highest, when the level of y8 T cells in LNs is around 10-15% (Figure 1). The general
low levels of y§ T cells in LNs can be explained by the fact that y8 T cells do not localize
or recirculate through LNs in the same way as CD4*+ or CD8* T cells, perhaps because y8
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T cells do not bind to LN high endothelial venules (HEV) as avidly as other types of T
cells. On this point we have two pieces of conflicting data. The MEL-14/LAM-1
molecule, which is thought to be responsible for lymphocyte binding to HEV, is
expressed at levels 5-8 fold higher on y8§ T cells compared with CD4* or CD8* T cells.
However, if a lymphocyte sample is labeled with FITC and injected back into the animal,
then the capacity of y§ T cell migration to LNs from blood, over a 30 minute time
period, is far less than that of CD4+ T cells (Mackay unpublished). The vast majority of
v8 T cells in sheep blood express a memory T cell phenotype i.e. CD45RO* , which for
ap T cells signifies that they recirculate through peripheral tissues such as skin and gut
rather than LNs (Mackay, 1991). Thus while it appears that the main recirculation
pathway for most ap T cells is by entering LNs through HEV, y8 T cells may be more
prone to home to other tissues such as skin, although some y8 T cell localization in LNs
does occur.

Table 1. Distribution of y8 T cells at epithelial sites during the life of sheep

Epithelial site 140 days of gestation 1 month (post-natal) 1 year
Intestine + +++ +++
Skin - + + o +++
Lung + + +
Esophagus - ++ +++
Tongue - ++ +++
Trachea - ++ + o +4++

¥8 T cells in the sheep thymus

The numbers, distribution and phenotype of y8§ T cells in the sheep thymus also varies
according to fetal and post-natal age. 85 * thymocytes are apparent from a very early
stage of fetal thymic development, ~40 days (gestation = 150 days, thymic lymphopoiesis
begins at ~35 days). These "early” y8 thymocytes localize to the outer cortex and cortex.
By day 60, a thymic medulla is clearly evident and y8 T cells begin to localize there in
addition to the cortex. An interesting aspect of sheep y8 T cell development is the
phenotypic change by y§ thymocytes after transition from the cortical-type "immature”
Y8 thymocytes to the medullary-type "mature-like" y5 thymocytes. Cortical y§
thymocytes are mostly MHC I and T19-, whereas medullary y8 thymocytes are usually
T19+ and MHC I*. Many of the medullary y§ thymocytes are closely associated with
Hassall's corpuscles (Mackay et al.,, 1989; Hein and Mackay, 1991), and we have
speculated that this association may play a part in their maturation in the thymus.

The large number of Y8 T cells in the blood of late-term fetal and post-natal sheep
implies a large rate of y8 T cell production, either within the thymus or in the
periphery. y8 T cell numbers within the thymus do vary, but not by much, i.e. in the
range of 0.5% to 4%. However, the levels of y8 T cells in the blood correlate with
increased levels in the thymus, particularly within the medulla. y8 T cell numbers in
the periphery will depend on their production in the thymus, their expansion in the
periphery, and their sequestration or death within particular tissues. However, y8 T
cells appear to have a limited capacity for expansion in the periphery since y8 T cells in
thymectomized lambs are unable to reconstitute the peripheral T cell pool, whereas
CD4* and CD8* T cells can do so (Hein et al., 1990b).
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¥ 8 T cells at epithelial surfaces

The presence of y§ T cells at different epithelial sites varies considerably for different
species. In the sheep, ¥8 T cells are prevalent at most epithelial surfaces, although this
prevalence depends very much on age (summarized in Table 1). In the intestine, y8 T
cells are prevalent before and after birth; they localize to the lamina propria, as well as
within the epithelium. However, birth leads to an increase in y8 T cells in the gut,
presumably because of the effect of antigen. The situation in the gut differs from the
other epithelial surfaces we have examined, since y8 T cells are sparse or absent from
tongue, esophagus, skin, trachea and lung before birth, although after birth, and
particularly by 1 year of age, they can be numerous at these sites (Table I and Hein and
Mackay, 1991).

The distribution of y8 T cells at epithelial sites before and after birth would indicate that
antigen has a pronounced effect on their localization to these sites. Perhaps an exception
is intestinal epithelium which contains y8 T cells even before birth. However, this
might reflect the presence of "antigen” in the form of cellular debris, mucin etc. in the
gut lumen, and these constituents may not be regarded as self. The absence of y8 T cells
from most epithelial surfaces before birth implies that such cells migrate to these sites
after birth, although in mice,"families” of y8 T cells are thought to populate different
epithelial sites at different stages of ontogeny, and each family consists of y8 T cells
expressing particular Vy or V8 components of the y8 TCR (Carding et al., 1990; Itohara
et al.,, 1990)

DISCUSSION

The y8 T cell system of the sheep and other ruminants has some unique features. First,
the number of y8 T cells change markedly over the life-span of sheep, and this might be
accounted for by several factors.

(@) Different generation kinetics for ap and y8 T cells in the thymus during fetal life,
and their rate of emigration to the periphery.

(b)  The effect of antigen on the localization and expansion of y8 T cells at epithelial
surfaces after birth.

(©)  The long term maintenance of T cells, either by their intrinsic longevity or by
constant cell division, probably differs for ap and y8 T cells.

Secondly, the rapid localization and/or expansion of y§ T cells within epithelia after
birth might be important as a first line of immune defence, since ap T cells might have
to undergo more rigorous selection and activation procedures, and hence may not be
sufficiently "mature” in a short time period to cope with the massive antigenic flux
immediately after birth.

The variation in certain features of the Y8 immune system between species might relate
to physiological differences between animals in different evolutionary pathways, or
might be somewhat meaningless. Interestingly, those species which are precocious in
their behavior at birth, such as chickens, sheep and cattle, have high y8 T cell levels,
possibly because they have greater exposure to antigen at epithelial surfaces. Thus, y§ T
cells may provide protection of epithelial surfaces particularly during early life, and this
role might then be assumed by ap T cells when this T cell system is more mature and
established.
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1  Retrospect on Swine Immunology: The Null ocvte

Evidence for fundamental differences in the overall organization of mammalian lymphoreticular
systems dates back to the work of CHIEVITZ (1881) demonstrating microanatomical inversion
of swine lymph node tissues in that B- and T-lymphocyte lodging areas are interchanged.
Associjated with this is an altered route of lymphocyte recirculation: entry and exit both take place
via venules, causing efferent lymph to be almost acellular. The specialty of the porcine immune
system extends also to the composition of the lymphocyte pool. In addition to B and classical T
lymphocytes, a third major population of so-called ‘null lymphocytes’ was distinguished by the
absence of surface Ig and by its inability to form xenoerythrocyte rosettes (BINNS 1982). Recent
work of our group has classified these formerly enigmatic cells as a CD2'CD4 CD8’ subpopulation
of T lymphocytes, encompassing two subsets of /8 T lymphocytes (SAALMULLER et al. 1989;

HIRT et al. 1990).

2 Swine Break with a Dogma: Coexpression of CD4 and CD8 Defines a Fourth Subpopulation
of T Lymphocytes

Extrathymic circulating as well as resident T lymphocyte pools are composed of four
subpopulations: CD2*CD4'CD8*, CD2*CD4*CD8’, CD2*CD4*CD8"*, and CD4'CDS;, the latter
of which is subdivided into CD2* and CD2’ subsets (SAALMULLER et al. 1989). A compilation
of data from individual swine revealed high variance and an inverse relation in the numbers of
CD4'CD8 and CD4"CD8" T lymphocytes, either of which can range from few percent up to
more than half of the total T-lymphocyte pool. Whereas CD4'CD8 T lymphocytes constitute a
major subpopulation also in peripheral blood of other ungulate species (MACKAY et al. 1986),
porcine CD4*CD8"* T lymphocytes are without precedent. There is preliminary evidence that

these cells express the porcine homolog of T cell receptor (TcR) a/B (HIRT, unpublished).
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3 Subsets of Circulatin, T Lymphocytes Defined b ression of a Common-Ungulate

and a Private TcR ﬂﬁ

Monoclonal antibody 86D that defines a phylogenetically conserved external epitope present on
the TcR /8 of sheep and cattle (MACKAY et al. 1989) subdivides porcine CD2'CD4CD§
peripheral blood T lymphocytes into 86D* and 86D" subsets, which make up ca. one third and
two thirds of this subpopulation, respectively. A rabbit antiserum raised against synthetic peptide
W6 representing a highly conserved region in human C§ (BONYHADI et al. 1987) precipitated
CD3-associated, disulfide-bonded heterodimers from the surface of sorted 86D™ and 86D cells:
in the 86D-type TcR /8 of swine a 40 kDa" § chain is linked to a 38 kDa" second chain,
tentatively designated 7. In the 86D epitope-negative TcR the 7 chain has a slightly lower
apparent molecular mass of 37 kDa®. All chains are N-glycosylated and migrate at ca. 35 kDa®
after deglycosylation (HIRT et al. 1990).

4  Lymphoid Homing of T Lvmphocytes: A Third Tvpe of Porcine TcR ressed
the CD2*CD4'CDS§’ Subset

Homing to lymphoid tissues is usually not a prominent behaviour of /5 T lymphocytes.
Specifically, the 86D* 7/8 T lymphocytes of ruminant ungulates are sparse-to-absent in lymphoid
tissue, even though they are frequent in peripheral blood (MACKAY et al. 1989). Also with
respect to lymphoid homing of 7/ T lymphocytes swine provide an exception: Interestingly, the
86D ungulate-type /8 T lymphocytes of swine share the ungulate-typic low-to-negative homing
propensity, whereas the 86D" /3 subset, which has no counterpart in other ungulates, is evenly
distributed between circulating and resident pools and accounts for most of the CD2'CD4 CD§’
T lymphocytes that lodge in lymphoid tissues of swine.

As mentioned above, the porcine CD4'CD8’ subpopulation splits into CD2" and CD2* subsets,
the latter of which is minute in peripheral blood, but is highly enriched in lymphoid tissues
(SAALMULLER et al. 1989). Expression of CD2 and the 86D epitope specifies four subsets of
CD4'CD8" T lymphocytes residing in the spleen: CD2'86D* and CD2*86D*, which are both rare,

as well as the major subsets CD2'86D" and CD2*86D". Precipitation with the anti § chain reagent
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identified for the sorted CD2*86D" subset a novel TcR /8 of 46/40 kDa" (SAALMULLER et
al. 1990). The 46 kDa" 7 chain differs from the 37 and 38 kDa" 7 chains in its protein core size,
as deglycosylation reduced its molecular mass to only 43 kDa" (HIRT, manuscript in
preparation). Whether the CD2*86D" v/8 T lymphocytes express the 38/40 kDa" receptor or
carry the 86D epitope on a fourth type of TcR /8 remains open to question, because the low
frequency of these cells has so far precluded an analysis. In conclusion, in porcine TcR /5240
kDa® § chain is linked to different Y chains: ¥1, ¥2, and 3 with molecular masses of 37, 38,
and 46 kDa", respectively (Table).

T-lymphocyte subpopulations in swine

Subpopulation Subset TcR Lymphoid
homing
CcD4a-cDps8* a/pB +
cpatcps- al/p +
cpatcpst a/p +
CD4"CD8"~ CD2-86D* 38/40kDaR p /& -
CD2°86D" 37/40kDaR p /& +

CD2*86D" 46/40kDaR p / &

1
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5  Prospect on 118 T Lymphocyte Function: Hog Cholera, a Viral Disease Associated with

Loss of T Lvmphocytes

Considering the high frequency and the highly developed subset organization and homing pattern
of the porcine /8 T lymphocytes, it is reasonable to expect a function in immune surveillance.
We have preliminary evidence that sorted CD2" /8 T lymphocytes do not respond to
alloantigens, but can be stimulated by ConA and acquire CD8 upon activation (SAALMULLER,

manuscript in preparation). A clue to function may come from Hog Cholera, a natural disease of
swine caused by a pestivirus. We have found that at a terminal stage of lethal disease /6 T
lymphocytes are selectively depleted (SUSA, manuscript in preparation). Future research will
have to show whether this is just an epiphenomenon of infection or whether /3
immunodeficiency contributes to the pathogenesis, possibly by a breakdown of immune control

at epithelial frontiers.
The help of Mrs. Ingrid Bennett with preparation of the manuscript was greatly appreciated.
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Our lab has generated transgenic mice that carry the genes encoding a Y3 T cell
antigen receptor (y5 TCR) from a v T cell clone with known specificity . This ¥3 T cell
clone, G8, was derived from a BALB/c nu/nu mouse by alloantigen stimulation (Matis
et al. (1987)). G8 is specific for an MHC class-I-like gene that maps to the TL region of
the H-2 locus (Bluestone gt al. (1988)). G8 is typical of ¥ T cells that derive from the
adult thymus or spleen in that it is negative for the CD4 and CD8 T cell markers, and
uses a Vy2-Jy1-Cyl- encoded vy chain for its TCR. Recently (Dent gt al. (1990)), we
have used these Y5 TCR transgenic mice to study whether self-reactive 3 T cells are
tolerized in a similar way as T cells that bear the off T cell antigen receptor (af T cells).
In transgenic mice that did not bear the TL-encoded ligand (H-2d/d). CD4/CD8
negative v8 T cells bearing the G8 specificity were found in the lymph nodes and
spleen. In transgenic mice that expressed the TL-encoded ligand (H-zb/d), transgenic
v8 T cells were eliminated from the peripheral lymphoid organs, although Vy2-positive
cells persisted in the thymus. This phenotype would imply that a deletion process is
occuring similar to that shown for self-reactive ap T cells.

An interesting issue that arose in this work was whether aff T cells would
develop normally in these transgenic mice, or whether some form of allelic exclusion

would prevent the development of aff T cells. As we reported previously (Dent et al,
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(1990)), and as we have found in subsequent work, the number of ap T cells that are
present in a given transgenic mouse is somewhat variable. Thus, some transgenic
mice have normal numbers of af T cells in the thymus, whereas other transgenic mice
are almost completely depleted of off T cells in the thymus. The number of aff T cells in
the thymus always correlates with the number of aff T cells that are found in the
periphery. Thus, a mouse with a small thymus has a relatively small number of o T
cells in the spleen and lymph nodes, whereas a mouse with a normal sized thymus
has normal number of af T cells in the spleen and lymph nodes. Apparently the y5
transgenes could, in some instances, inhibit af T cell development. Interestingly,
despite the variability in the development of aff T cells, the absolute number of ¥§ T
cells was relatively constant from one transgenic to another. Transgenic ¥8 T cells
therefore developed independently of the af T cells, and were a consistently limited
number of cells both in the thymus and periphery in all types of transgenic mice. This
result is illustrated in Figure 1, which shows four thymuses taken from six week-old
transgenic littermates. Two of the thymuses were much smaller than normal (type 1),
and two of the thymuses were normal sized (type 2). Note that the thymus size does
not depend on presence or absence of the ligand for the ¥ TCR. Importantly, the
number of 5 T cells in these thymuses is fairly constant: 5.8 million cells + 2.7 million
cells. The actual variation in the number of 8 T cells is even less if the tolerance
process is taken into account. H-20/d mice express the TL-encoded ligand, and
therefore have fewer ¥3 T cells in the thymus, presumably due to the clonal deletion
process. A consistent finding is that the levels of Vy2 expressed by H-2b/d ¥ T cells
are significantly lower than the levels of Vy2 expressed by H-2d/d Yo T cells, which is a
hallmark of 3 T cell tolerance in these mice (Dent gt al. (1990)). In contrast to the
relatively constant number of ¥3 T cells, the number of a8 T cells varies dramatically in

the different thymuses. Thus, as shown in Figure 1, so-called type 1 thymuses have
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10- to 50-fold fewer mature af T cells than type 2 thymuses. An important point is that
in type 1 transgenic mice, the number of 8 T cells did not increase in order to “fill up”
the deficient af T cell compartments. This result implies a separate developmental
lineage for y§ T celis. Also important is that fact that type 2 H-29/d mice show a
relatively normal development of oy and yd T cells in terms of proportion of cells and
the expression of cell surface phenotype (CD4 and CD8 expression).

The variability in off T cell development in the ¥ TCR transgenic mice was not
dependent on transgene copy number, age, sex, or as shown, the presence of the TL-
encoded ligand. On the other hand, the presence of af T cells was dependent on the
founder line of the transgenic mice, and in some cases by the strain of mouse to which
the transgenes were bred. Six original transgenic founder lines were bred for analysis
of the progeny. The progeny of all six founder lines have the ability to make af T cells
to some extent, although only three lines have the ability to make normal numbers of
off T cells. The results from the different founder lines are summarized in Table 1. Both
transgenes apparently contain their endogenous enhancers (Redondo et al. (1990);
Bories et al, (1990); David Raulet, personal communication). Since all six transgenic
founder mice were made with the same gene constructs, af T cell development is
clearly affected by where the transgenes integrate. The yand & transgenes have
apparently cointegrated in all six transgenic founder lines, since the two genes are
always transmitted together. This integration effect may involve either where the
transgenes integrate into the genome, or how the transgenes integrate with respect to
one another. How the transgene integration could affect of T cell development is not
known, but it is likely that normal regulation of the yand & genes is somehow affected.
One reasonable hypothesis is that the ability to turn off expression of the ¥ transgenes

determines whether af T cells can develop or not.
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In normal af T cell development, the TCR3 gene is deleted before or during
TCRa rearrangement (Chien gt al. (1987); deVillartay et al. (1988); Hockett et al,
(1988)), and transcription of Cy1-containing y genes is turned off (Garman et al,
(1986)). It is not known if these events are causative or subsequent to the decision to
become an aff T cell. Nonetheless, it may be that aff T cells can only develop normally
if there is a specific shut off of yand § gene expression. If there were no regulation of
of and y5 gene expression then the presence of rearranged y- and 8-chain genes in
transgenic mice could result in the complete absence of ap expression if “allelic
exclusion” acted on o gene rearrangements, or the co-expression of both afand y3 T
cell receptors. Therefore, we tested expression of the transgenes in aff T cells. Initially
we stained the thymuses of either type 1 or type 2 transgenic animals for co-
expression of TCRaf and Vy2 (data not shown). In type 2 thymuses, where normal
numbers of af T cells developed, the aff TCR-staining cell population was completely
separate from the Vy2-staining cell population. Thus, in type 2 thymuses, there
appeared to be a ap T cell lineage-specific shut off of transgene expression. In type 1
transgenic thymuses, 30-50% of the cells staining with the TCRa antibody also
stained with the Vy2 antibody. This lack of transgene down-regulation is a tempting
explanation for why af T cellls fail to develop normally in type 1 thymuses.

An important question is whether this transgene down-regulation occurs at the
mRNA level. To address this issue, we grew out aB T cells from both type 1 and type 2
non-tolerizing transgenic spleens by solid-phase TCRaB antibody and IL-2. Total
cellular RNA was prepared from these cells and assayed by Northern blot for
transgene expression. Transgenic y3 T cells grown out with solid-phase Vy2 and IL-2
produce high levels of both Vy2 and C3 containing message. By contrast, the
transgenic of T cells express several-fold lower levels of transgene message.
Interestingly, ap T cells grown from a type 2 spleen express negligible amounts of

transgene message, whereas af T cells grown from type 1 spleens express higher
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levels of transgene message. Since one explanation for higher levels of transgene
expression in the type 1 aff T cell lines is a greater chance of contaminating y3 T cells,
we are currently confirming these results with hybridoma clones. Preliminary evidence
supports the contention that type 1 aff T cells have a defect in transgene down-
regulation. Therefore, the ditference between type 1 and type 2 transgenic animais
may be due to a difference in transgene mRNA expression. The inability to down-
regulate transgene message at some stage during thymus development could thus
cause an inhibition in off T cell maturation.

The previous results involved transgene down-regulation at the mRNA level,
since transgene DNA was still present in the aff T cells (data not shown). A separate
mechanism confirmed the importance of transgene down-regulation for the
development of aff T cells. About four out of every five transgenic mice derived from
founder #73 have a severe defect in af T cell development, but the remaining one in
five transgenic mice have more normal numbers of af T cells. Surprisingly, these latter
mice have undergone a deletion of the J&1 portion of the & transgene in the thymus
(data not shown). This deletion is specific to af T cells, since 8 T cells grown from the
same animals retain the complete § transgene. Interestingly, the deletion may involve
deletion of the & enhancer, which has been mapped to the J31-C8 intron (Redondo et
al. (1990); Bories et al, (1990)). Therefore, this result appears to be another
mechanism used by developing off T cells to down-regulate transgene expression,
and implies that shutting off  transgene expression promotes a T cell maturation.
This mechanism of transgene deletion appears to be unique to transgenic founder line
#73.

We have also produced v chain-only transgenic mice, using the same G8 y
transgene construct. These mice have normal numbers of af T cells, and Vy2

expression is undetectable by flow cytometry. Interestingly, the aff T cells from these
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mice express the ytransgene message at high levels (data not shown). These results
have several implications. First, expression of the ytransgene by itself must not be
detrimental to af T cell development-- therefore the inhibition must also require the 3
chain, or more likely the expression of a yd heterodimer as a cell-surface receptor.
Also, the & transgene would also appear to be necessary for the development of large
numbers of ¥d T cells. Finally, the ytransgene may be dependent on the & transgene
for down-regulation of its expression in of T cells.

Tonegawa'’s group has made Y8 TCR transgenic mice, and have argued for a y
silencer element that would control the development of a8 T cells in these mice
(Bonneville et al. (1989); Ishida et al. (1990)). With a short genomic y construct,
missing the putative silencer element, there is an inhibition of af T cell development.
With a long y genomic construct, containing the ysilencer element, normal numbers of
of T cells develop. Therefore, Tonegawa’s transgenic mice exhibit both a type 1 and
and a type 2 aff T cell phenotype, although these phenotypes are dependent on the
gene constructs. Interestingly, using our one genomic y construct, which is a length in

between Tonegawa’s long and short y constructs, we find two different off T cell

phenotypes in the transgenic mice. It would seem that other factors besides the length
of the ytransgene construct can control aff T cell development.

What are the other factors that appear to play a role in aff T cell development in
the transgenic mice? The offspring of founder #75 can be either type 1 or type 2, as
shown in Figure 1. Interestingly, a mouse strain background gene appears to affect the
development of off T cells. Specifically, if the #75 transgenes are bred successively to
BALB/c mice, the offspring all have the type 1 phenotype. If the #75 transgenes are
bred to C57BL/10-derived strains, the offspring bear the type 2 phenotype. The nature
of this polymorphism is not known, though neither the BALB/c effect nor the C57BL/10

effect is dominant. This lack of dominance implies a multi-gene effect. Since the
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background gene effect appears to be limited to founder line #75, the effect would
seem to be dependent on the precise site of transgene integration, i.e., the level and
temporal control of trangene expression.

One possibility is that development of the «f lineage requires that the y6
transgenes are not expressed. The developing af T cell can down regulate the
transcription of y5 genes, or actually delete the §-chain genes. If the y3 transgenes
incorporate in such a way that expression cannot be silenced and the transgenes
cannot deleted, then o development would not progress. The development of af§ T
cells may be drastically altered by just a slight alteration in transgene expression.
Another possibility is that there is a positive feed-back mechanism whereby the first o§

T cells that arise in the thymus produce a factor that promotes further o« T cell

development. Thus, an inhibition of o T cell development, even partially, could
drastically alter the outcome of the thymus populations. Such a mechanism may
explain why normal T cell development in the thymus is skewed towards the af T celi
pathway. If the outcome of af and Y3 gene rearrangements randomly determined the
T cell phenotype, the prediction would be that the percentage of ¥5 T cells would be
greater than that which is actually observed.

In conclusion, in our transgenic model, we find that the lineage relationship
between af T cells and ¥8 T cells is a very subtle and complex one. There are several
factors that determine the development of af T cells in the ¥6 TCR transgenic mice.
The most important factor appears to be a down-regulation of transgene expression,
although there may be several different mechanisms that cause this end resuit. Down-
regulation of endogenous yand & gene expression probably play a role in normal af T
cell development-- it remains to be seen how closely our transgenic model reflects
normal development. The molecular biology of yand 8 TCR gene regulation has not

been well characterized as yet. The precise factors that control of T cell development
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thus await further research on the factors that control the expression of the yand 8 TCR

genes.
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Figure 1; Comparison of type 1 and type 2 transgenic thymuses

Histograms represent 5000 thymocytes stained with either the anti-TCRa3
monoclonal H57 or the anti-Vy2 monoclonal 10A6. Numbers in the boxes refer to
total TCRof-bright or Vy2-positive cells in each thymus. Type 1 thymuses had
about 15 million cells each, type 2 thymuses had about 200 million cells each.
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TABLE 1: Phenotypes of different 5 TCR transgenic founder lines

Founder line off T cell development
73 INHIBITED (unless & transgene deleted)
74 INHIBITED
75 BOTH NORMAL AND INHIBITED

(mouse strain background gene effect)
86 INHIBITED

3 NORMAL

o8 INHIBITED
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INTRODUCTION

The physiological role for, and the ligand(s) of, TCRy§ cells remain intense
fields of investigation. The selective tissue localization of some subsets of
TCRyé cells (Allison et al. 1988, Tonegawa et al. 1989, Goodman and Lefrancois
1988, Bucy et al. 1988) as well as the relatively restricted T cell receptor
usage in those tissues has led to the suggestion that this specialized T cell
subset recognizes non-polymorphic MHC or conserved antigens (Asarnow et al.
1988). 1In fact, the identification of bacterial antigens (Janis et al. 1989,
Kabelitz et al. 1990), more specifically heat shock proteins (Born et al.
1990, Rajasekar et al. 1990, Holoshitz et al. 1989), as potential ligands for
TCRy6 cells has solidified the notion that these cells may indeed play a
unique role in the immune system. However, many of these studies have been
limited to an analysis of selected TCRy§ populations often localized in
epithelial tissue or newborn thymus. In this brief review we would like to
summarize our data with regards to the potential diversity of splenic and
lymph node-derived TCRy§ cells, compare the general observations of ligand
specificity for these cells and those of TCRaB cells, and finally, to present
one approach towards beginning to determine the effect of MHC and non-MHC
genes on TCRySs repertoire development.

GENERATION AND CHARACTERIZATION OF MHC-SPECIFIC TCRyS CELLS

Early studies suggested that TCRyé cells were tumor-specific CTL or NK cells
which played a role in the immunosurveillance of cancer (Brenner et al. 1987,
Borst et al. 1987, Moingeon et al. 1987, Ang et al. 1987). However, the
ligand(s) of the TCRyé heterodimer was still unknown because of the lack of
any demonstration of a specific target antigen for these TCRyS cells. In
fact, as it turns out, one of the original human TCRy§ cell turned out to be
specific for the human CDlc protein (Porcelli et al. 1989) Since a high
percentage of TCRaf cells are capable of recognizing allogenic MHC proteins,
and because TCRyé cells appeared phenotypically and functionally similar to
TCRaf cells, efforts were made to generate allo-MHC-reactive TCRyS cells.
BALB/c nu/nu mice (H-2%) were primed with allogeneic antigen presenting cells
(APC) (B1O.BR - H-Zk). Athymic mice were used because TCRy§ cells represented
a large percentage of the T cells in these animals. A T cell clone, G8, was
derived from primed mice. This cell line proliferated to and lysed H-2R-
expressing, but not H-2%-bearing, cells (Matis et al. 1987). Supernatants
from G8 cells, stimulated with allogeneic (B10.BR or BALB.K) accessory cells,
but not MHC-syngeneic (BALB/c or B10.D2) accessory cells, supported the growth
of the lymphokine dependent cell line, HT-2, in a dose dependent manner.
Further studies defined this lymphokine as GM-CSF. In addition, y-IFN was
released by G8 under the same conditions. Thus, when G8 was stimulated with
anti-CD3-¢ mAb or B10.BR accessory cells, the supernatants were found to
contain IL-3, 4-IFN, GM-CSF and TINF, but no detectable IL-2 or IL-4,
demonstrating that a TCRy§-expressing T cell clone derived from lymph nodes
was capable of producing some of the known T cell-derived lymphokines upon
triggering through its antigen receptor. Thus, the target antigen recognized
by this cell line was the first demonstration of any specific ligand for the
TCRyS (Matis et al. 1987).
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Detailed mapping has localized the ligand, a non-classical Class I
alloantigen, for these cells to a portion of the TL region linked to the T1l-
T15 genes (Houlden et al. 1989). It was determined that the G8 TCRy§
expressed a Vy2-Cyl chain in association with a § chain composed of a Vell
variable gene element. Subsequently, other laboratories identified T cells
specific for other non-classical MHC or MHC-like gene products, including, Qa-
1 (Vidovic et al. 1989) and human CDlc (Porcelli et al. 1989). 1In fact, a
thymus-derived autoreactive TCRyS hybridoma sharing a similar, or possibly
identical, specificity as the G8 clone was derived by Tonegawa and his
colleagues (Ito et al. 1990). This led us and others (Janeway et al. 1988) to
hypothesized that TCRySé cells recognize conserved MHC class I proteins. This
hypothesis fit nicely with the notion that the TCRy§ population had a more
restricted and limited repertoire than TCRaf counterparts especially in light
of the limited number of Vy and V§ gene elements identified.

However, over the past two years, we have begun to question whether TCRy$
cells have a specialized repertoire. Of the many alloreactive TCRy§ cells we
have generated, all have been shown to recognize classical class I and class
II MHC molecules (Bluestone et al. 1988, Matis et al. 1989), rather than the
non-polymorphic class I-like MHC molecules. In addition to the MHC-
alloreactive TCRy6 cell G8, 3 other allo-MHC reactive TCRy§ cells have been
well characterized. One cell line, LBK, which was generated from B10 nu/nu
lymph nodes cells (H-Zb) that had been primed with B10.BR APC (H-2%), reacts
specifically with a classical MHC class I antigen, H-2D". This cell line was
demonstrated by immunoprecipitation analysis to express a Cy4-encoded TCRy
chain. However, not all alloMHC reactive TCRy§ cells recognize MHC class I
molecules. One cell line, LBK5 and its clone Gll, which were also derived
from a B10 nu/nu mouse primed with B10.BR APC, recognizes a classical MHC
class II Ag, I-Ek (Matis et al. 1989). Another CTL clone, LKD1l, recognizes
the class II ligand, I-A® (Rellahan et al., submitted). Interestingly, the 7y
chain used in these clones was encoded by a Vyl.1-Jy2 rearrangement, a gene
combination that is expressed in small amounts throughout ontogeny and in the
adult thymus and is maintained as a minor subset within the circulating § pool
in the lymphoid system. In addition, these clones share a common V§ usage,
V§5. However, nucleotide sequence analysis of the V(D)J junction shown an
extensive amino acid diversity. This potential for the extensive diversity,
especially at the junction, may have several implications for the MHC-specific
repertoire of these cells. First, is the expression of the Vy1.2 and V§5
genes linked in some way to the MHC class II specificity? It is worth noting
that unlike many of the other TCRy and § chains, these chains do not appear to
have a tissue-specific or developmentally regulated appearance. The Vyl.2-Cy2
gene product is expressed on a small subset of TCRy§ cells throughout fetal
thymic ontogeny and remains as a small population throughout adult life in
both the spleen and lymph node of normal and athymic mice (Houlden et al.
1989). Similarly, the V§5-Cé1l chain is expressed on the majority of both
thymic and peripheral TCRy§ cells. Second, recent studies suggest that, at
least some, alloreactive TCRaf cells recognize self-peptides in the context of
allogeneic MHC class I or class II molecules. The recognition of peptides in
the groove of the MHC molecule suggests similarities to the recognition of
foreign peptidic antigens in the context of self MHC molecules by antigen-
specific TCRaf cells. Bjorkman and Davis have suggested that peptide
recognition depends on the diversity of the amino acid sequence encoded by the
CDR3 or V(D)J junctions. Thus, the dramatic effect of the junctional amino
acid sequences of the two alloreactive class II TCRy§ cells suggests that
these cells recognize a peptide in the context of the class II molecule.

The relative ease in generating "classical” alloreactive TCRy§ cells, has been
confirmed and extended in other species including man. There have been
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several reports of both class I-reactive and class II-reactive human TCRyé
cells (Ciccone et al. 1988, Paliard et al. 1989, Rivas et al. 1989). 1In fact,
in at least one instance, a nominal antigen, tetanus toxoid, has been shown to
be recognized by a human TCRyé§ T cell clone in an MHC class II-restricted
manner (Kozbor et al. 1989). Therefore, it is now clear that MHC-reactive
TCRY6 cells exist. Furthermore, these cells use a variety of TCRy and §
proteins and seem to be capable of recognizing a broad range of MHC-encoded
antigens. However, one criticism of the possibility that v6 cells have an
MHC-specific repertoire has been the difficulty in routinely generating
alloreactive TCRy§ cells. In many laboratories, unlike TCRaf cells, randomly
generated TCRy§ cells have not been found to react with allogeneic MHC
molecules. Furthermore, the ability to generate antigen-specific, MHC-
restricted TCRy§ cells has been extremely difficult, with only a few rare
examples. In fact, the most common antigen-specific TCRy§ cells, those which
recognize bacterial products such as heat shock proteins and toxins,
frequently have been reported as non-MHC restricted in their specificity.

Yet, there are still several unresolved issues. For instance, there is still
a minimal understanding of the growth conditions for this cell population.

The possibility of distinct lymphokines and other secondary signalling
structures on accessory cells that may be necessary for triggering these
cells. For instance, IL-7 has been shown to be potent lymphokine for growing
TCRyé thymocytes (Watson et al. 1989). In addition, the ability of human
TCRyS cells to recognize Staphylococcal enterotoxin can be shown by activation
of lytic activity not proliferation (Rust et al. 1990). Finally, the
diversity among the Vy and V§ chains used by TCRy§ cells may reflect different
repertoires. For instance, the human TCRvy§ cells generated against
alloreactive cells often use the V61 gene element (Rivas et al. 1989),
whereas, the bacterial antigen-specific human TCRy§ cells use V§2 (Fisch et
al. personal communication). These different TCRy§ cells may be
developmentally regulated, positively selected in the periphery or localized
to different anatomical sites. Thus, the antigen-specific repertoire of TCRy§
cells may be far more diverse than previously appreciated. Therefore, it is
critical to determine the diversity of the TCRy§ gene expression.

T CELL RECEPTOR DIVERSITY OF SPLENIC TCRvy§ CELLS

One approach towards examining the potential diversity of the TCRyé repertoire
has been an examination of the diversity of the § and y chains expressed on
lymph node and splenic TCRy6 cells. Although TCRy§ cells selectively
localized in epithelial tissues have restricted vy and § gene segment usage
(Asarnow et al. 1988, Tonegawa et al. 1989) and, in some instances, express a
highly conserved TCRy and § VDJ junctional sequence, the circulating TCRvy§
cells express a quite diverse potential repertoire (Cron et al. 1989a, Cron et
al. 1989%b, Cron et al. (1990), Ezquerra et al. 1990).

A total of 15 TCRy6-expressing T cell hybridomas were generated from activated
cp3*,cp4”,CD8” B6 and B10O splenocytes to gain a better understanding of the
diversity, preponderance, and pairing of the different TCRy and § proteins in
the murine peripheral lymphoid organs. The TCR on these hybridomas were
analyzed for the type of vy and § chains expressed using biochemical, molecular
and phenotypic analysis with several recently derived hamster anti-TCRy6 mAb.
One of these, UC7-13D5, reacts with all murine TCRy$ heterodimers, while the
other mAbs, UC3-10A6 and GL2, specifically detect Vy2-expressing and Vé4-
expressing TCRyé§ cells, respectively. Of the 15 hybridomas, 7 expressed Vyl-
Cvy4 proteins, 5 expressed Vy2-Cyl, and 3 expressed Vy1-Cy2 proteins. This
ratio of the 3 peripheral TCRy chains roughly corresponds to the relative
intensities of these proteins as observed on 2-D SDS-PAGE gels of anti-CD3-¢
mAb- immunoprecipitations of bulk CD3%,CD4",CD8" spleen cell lysates.
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The TCR6 genes expressed by these hybridomas were determined in collaboration
with Drs. Angel Ezquerra and John Coligan by northern blot and PCR analyses.
Eight of the 15 splenic TCRyé-expressing hybridomas were found to express V&5,
by far the most commonly used V§ gene segment. The three Vyl-Cy2-expressing
hybridomas expressed only V§5 proteins, whereas, of the eight Vyl-Cvy4-
expressing hybridomas, 2 expressed V62, 2 used V§5, 2 used V66 proteins, 1
expresses V64 and 1 expressed a V67 (Val0) encoded TCRS chain (Ezquerra et al.
1990). To analyze the junctional diversity of these § proteins, the
rearranged TCR V§ genes were sequenced. The amino acid sequence results
confirmed the TCRS designation of the hybrids. However, each junctional
region sequence was unique due to differential joins, D§ usage, and nucleotide
additions between the various gene segments. In some instances, both D
regions as many as three N regions have been identified to create an extremely
diverse junctional sequence. Taken as a whole these results would suggest a
considerable potential for diversity within the TCRy§ repertoire. In fact,
the limited diversity seen in peripheral epithelial tissues may reflect a
positive selection of a diverse population of TCRy§ cells due to antigenic
exposure in those tissues (Lafaille et al. 1990).

ANALYSIS OF THE TCRyS REPERTOIRE USING ANTI-TCR MAB: EVIDENCE FOR MHC AND NON-
MHC ASSOCIATED DIFFERENCES IN TCRy§ EXPRESSION

The development of a panel of mAb which detect different subsets of murine
TCRyS heterodimers has allowed for more detailed analyses of the TCRy§
repertoire. However, the percentage of TCRy§ cells in spleen and lymph node
is quite small. Therefore, in order to analyze the repertoire of TCRy§ cells
using these reagents, splenic TCRy§ cells were expanded by plating unseparated
splenocytes into tissue culture wells coated with the anti-pan TCRyé mAb, UC7-
13D5, in the presence of IL-2. After 7 days in culture, greater than 90% of
the cells were TCRy§'. This method offered several advantages over the
previous technique of examining CD4"CD8CD3* cell populations. First, a
potential subset of naive cp8* or cps* TCRyé-expressing T cells were not
eliminated from the subsequent analyses, since it was no longer necessary to
remove the CD4™ and CD8% cells prior to culturing. Second, any deleterious or
selective effects of C' treatment were eliminated. Third, contamination of
TCRaf cells was minimal after 1 wk of activation. Finally, treatment with
anti-TCRy§ mAb plus IL-2 for 1 wk yielded about a 100 fold expansion of
splenic TCRy6 cells with a diversity of TCRy§ chain usage similar to the naive
population. By 2-D SDS-PAGE analysis, there appears to be no appreciable
differences in these populations from the CD3%*,CD4™,CD8” splenocytes. This
suggested that the activating pan-reactive TCRyS§ mAb did not preferentially
activate subsets of TCRyé-expressing splenocytes.

Bulk populations of splenic TCRyé cells from a variety of inbred and MHC-
congenic strains of mice were obtained and analyzed. The percentages of the
different Vy and V§ subsets differed among the strains. Taken as a percentage
of the TCRy§¥ cells, 29.0%, 21.4%, and 14.1% of the splenocytes were vy2t
(UC3-10A6 mAb) in the B10, B10.BR, and CBA/J strains, respectively. The
percentages of TCRyS* splenocytes which expressed V64 (GL2 mAb) were 40.2%,
46.6%, and 30.2% in the B10, B10.BR, and CBA/J strains, respectively. FCF
analyses were conducted on over 10 separate occasions on a variety of
different inbred and congenic strains of mice.

From these analyses, one prominent observation was that in all 8 B6 or B6 MHC-
congenic mice examined includin§ B6.H-2%, greater than 50% of the TCRyés-
expressing sglenocytes were Vy27. No other strain of mouse examined averaged
over 32% Vy2™ splenocytes. The strain which expressed the second highest
percentage of Vy2% cells was B10. These 2 strains share the same MHC and Mls
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loci, thus, some other gene locus(i) must be accounting for the difference in
Vy2 expression between these strains. One known genetic difference between
these strains which is related to the immune system is the TCRy locus
polymorphism. Therefore, mice which possessed presumably similar TCRy loci
were examined to address the question of whether or not some regulatory §ene
present within the TCRy locus was influencing the high percentage of V42
cells in B6 mice. Based on the TCRy polymorphisms described earlier and
confirmed by RFLP analysis , BALB/c should be more similar to B6 mice
than B10 mice at their TCRy loci. Yet, less than 20% of the TCRy§-expressing
splenocytes in BALB/c strains were vy2*. Thus, a polymorphism at the TCRy
locus which is unique to B6 mice or a combination of factors may be re-
sponsible for the observed relatively high percentage of vy2* B6 splenocytes.

At the other end of the spectrum from B6, less than 15% percent of the splenic
TCRy6 cells were Vy2* in certain strains of mice (AKR/J and CBA/J). Although
minor lymphocyte stimulating antigen (Mls)-encoded gene products have been
shown to be involved in thymic selection of TCRaf cells (137-139), the
differences in Mls haplotype could not account for the difference between
strains which expressed relative high and low levels of V12+ cells, since less
than 10% of the TCRyé-expressing splenocytes were Vy2¥ in both CBA/J mice
(Mlsd = M1s? + M1s®) and CBA/CalJ (Mlsb = Mls”) mice (data not shown).

Although no detectable difference of the splenic TCRy§ repertoire could be
observed between B6 (H-2°) and B6.H-2" mice, Lefrancois et al. have shown that
the V64% IELs is influenced by 1-gK (Lefrancois et al. 1990). Thus, it would
appear that both MHC and non-MHC genes influence the TCRyé repertoire.

There is no doubt that the TCRy§ cells are likely to be critical and important
in the immune response. However, the distinct populations of TCRy§ cells may
have different repertoires. Such variables as tissue localization, V gene
usage and antigenic exposure undoubtably will play a fundamental role in
determining the physiologic effects of TCRy6 cell activation. Yet, our
studies and others reinforce the potential of this population to distinguish
self from non-self.
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INTRODUCTION

The ¥8 T cell receptor (TCR), although structurally quite similar to the of TCR, may
differ in terms of the ligand recognized, MHC restriction, and the immunological role of the cells
that express it. aff TCR-expressing cells are biased to recognize allogeneic MHC molecules,
presumably because the allogeneic molecules three-dimensionally resemble self MHC molecules
containing a bound foreign peptide. This implies that if Y8 TCRs recognize the same kind of
ligand, they should produce a similar frequency of alloreactivity. Although when cultured under
conditions that select for cells that respond to allogeneic MHC molecules, Y0 cells can be isolated
with alloantigenic specificities (Bluestone et al., 1988; Matis et al., 1989; Rivas et al., 1989;
Spits et al., 1990), ¥3 cells isolated under conditions not involving such selection usually show
no alloreactivity (Haregewoin et al., 1989; Holoshitz et al., 1989; Modlin et al., 1989; O'Brien et
al., 1989). Moreover, alloreactivity by ¥8 cells often shows a broad cross-reactivity uncommon
among of T cells (Bluestone et al., 1988; Matis et al., 1989). Also, in many cases, non-
classical MHC or MHC-like molecules such as mouse TL (Bonneville et al., 1989; Dent et al.,
1990), mouse Qa-1 (Vidovic et al., 1989), and human CD1 (Porcelli et al., 1989), have been
implicated as y8 TCR ligands, although classical MHC class I (Bluestone et al., 1988; Rivas et
al., 1989; Spits et al., 1990) and II (Bluestone et al., 1988; Kozbor et al., 1989) molecules have
been reported as well. Thus, while molecules that serve as o8 TCR ligands can be recognized
by at least some ¥3 TCRs, the recognition usually seems to be less specific in terms of
polymorphic determinants, and frequently involves molecules that are rarely found as af§ TCR
ligands. These observations may indicate that the antigens recognized by Y8 T cells also tend to

be of a different sort than those recognized by a8 T cells.
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Our studies on mycobacteria-reactive Y3 T cells present in the newborn mouse thymus
may hint at the nature of this difference. For reasons outlined below, we speculate that Y5 TCRs
may be specialized for recognition of a class of self proteins known as heat shock proteins, that
are induced or over-expressed under conditions of cell stress. Perhaps ¥d T can in this way
circumvent infections by intracellular pathogens that “hide” within cells and produce little external

foreign antigen of their own.

MYCOBACTERIA-REACTIVE y3 T CELLS

Newborn mouse thymus contains a fairly high percentage of y8 T cells. We fused
C57BL/10 newborn thymocytes to a thymoma cell line lacking functional TCR genes of its own
(BW/or--, (White et al., 1989)), to create T cell hybridomas expressing the ¥ TCR. We began
screening these ¥ hybridomas for alloreactivity on spleen cells from other mouse strains.
Although we found no alloreactivity among any of the 51 ¥3 T cell hybridomas (even though 2
out of 16 aff T cell hybridomas from the same fusions were alloreactive), about 1/3 of the y&
hybridomas “spontaneously” produced IL-2, when simply cultured overnight in tissue culture
medium, without any other presenting cells (O'Brien et al., 1989). Because about 70% of these
cells expressed Vy6 mRNA, because anti-CD3 monoclonal antibody blocked the IL-2
productiont and because Y8 TCR-loss variants of these cells lost reactivity, we concluded that the
IL-2 production was not “spontaneous” at all, but depended upon specific stimulation of a certain
type of ¥8 TCR.

Upon screening of the same panel of newborn thymus y8 hybridomas with various
bacterial antigens, we found that the same hybridomas produced even higher levels of IL-2 when
cultured in the presence of purified protein derivative (PPD) of Mycobacterium tuberculosis
(O'Brien et al., 1989). This elevated response was likewise receptor dependent, but was specific
to this group of Y8 cells, in that other hybridomas bearing different Y& TCRs, when stimulated
submaximally with plate-bound anti-CD3 antibody, showed no augmentation of response if PPD
was also added.

Because each and every cell responding "spontaneously” also responded to PPD, we

speculated that both responses involved a cross-reactive antigen. The "spontaneous” reactivity
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was most likely caused by either an antigenic component in the culture medium (such as a
component of fetal bovine serum) or an autoantigen produced by the hybridomas themselves. In
either case, the antigen was likely to be derived from a mammalian source, and should also
cross-react with an antigen from a bacterial source. Because heat shock proteins (HSPs) are
known to be highly conserved in all life forms, and because HSP-65 is a known antigenic
component of PPD (Young, 1990), we tested recombinant purified HSP-65 of mycobacteria for
its ability to stimulate this group of hybridomas (O'Brien et al., 1989). Many of the PPD-
reactive hybridomas also responded to purified HSP-65, although in general the responses were
weaker than those to PPD. We are at present still uncertain as to why the purified HSP-65 is
only weakly stimulatory, but in light of other evidence described in the next section, we conclude

that HSP-65 indeed comprises an antigenic component in PPD.

PEPTIDE REACTIVITY OF v3 T CELLS

We tested synthetic peptides representing stretches of HSP-65 sequences that had
previously been shown to stimulate mycobacteria reactive o T cells (kind gifts of Doug Young
and Tom Shinnick). A peptide representing residues 180-196 strongly stimulated some of the
PPD-reactive yd hybridomas, although most responded only weakly to this peptide (Born et al.,
1990). Additionally, a shorter peptide, representing residues 181-195, strongly stimulated one
of the hybridomas. No other peptides tested stimulated any of the panel of y§ hybridomas.

The ability of a peptide to stimulate Y8 T cells suggests two implications. First, ¥d T
cells, like af T cells, may generally recognize processed fragments (peptides) of naturally
occurring proteins. Second, in analogy with aff T cells, the ability of a peptide to act as antigen
suggests that a "presenting” molecule binds peptide and may be co-recognized by the ¥8 TCR.
We have at present no clues as to the possible identity of such a presenting molecule for HSP-65
reactive ¥8 T cells. Such experiments are difficult because these ¥8 hybridomas are apparently
capable of presenting antigen to themselves, so that we cannot add or subtract the presenting
molecule at will. The hybridomas do not express class II molecules, and none of the antibodies
against known Class I or Class I-like antibodies so far tested has shown blocking ability in this

system, however (O'Brien et al., In preparation; O'Brien et al., 1989).
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"SPONTANEOUS" REACTIVITY ANTIGEN

The antigen responsible for "spontaneous” reactivity has not yet been determined. We
have attempted to test fetal bovine serum (FBS) as a source of this antigen by adapting the cells
to serum-free growth, using serum replacement media. When adapted from 10% FBS to growth
in 1% FBS, the "spontaneously” reactive hybridomas show a greatly reduced "spontaneous”
production of IL-2 (Born et al., 1990). When such cells are then restored to 10% FBS-
containing medium, they show no increase in IL-2 production, although they still respond well to
PPD. This could indicate that high FBS levels do not supply a stimulatory antigen, but instead
induce expression of a stimulatory autoantigen.

We attempted to test this hypothesis by stimulating cells with a likely autoantigen, a
synthetic peptide representing a region of the mouse homologue of HSP-65, that corresponds to
the stimulatory region of mycobacterial HSP-65 (Born et al., 1990). This self peptide showed
weak stimulation on two of the "spontaneously” reactive hybridomas. We are still uncertain
whether the mouse version of HSP-65 is indeed an autoantigen for these cells, or whether

instead, is only related to another, more stimulatory self-antigen.

vd RECEPTORS OF PPD REACTIVE NEWBORN THYMUS HYBRIDOMAS
Protein gels of anti-CD3 immunoprecipitates of the PPD-reactive Y8 hybridomas indicated
that many bear similar 7y and  chains, and further, that all such cells expressed a certain y chain
with a comparatively high molecular weight (Happ et al., 1989). We deduced the amino acid
sequences of the ¥ and & chains expressed by most of these cells, and drew the following
conclusions:
1. All 28 PPD-reactive ¥d hybridomas in this collection expressed an in-frame Vy1-Jy4-Cy4
chain, with limited junctional diversity. An occasional rare non-PPD reactive hybridoma also
expressed this  chain, indicating that it alone is not sufficient to confer PPD and autoreactivity.
2. About 70% of the PPD-reactive ¥3 hybridomas expressed an in-frame & chain with a V86
variable region. Some of these used a different V36, about 65% identical to the more prevalent
V&6 found in the cells in this collection. Again, a few non-PPD reactive hybridomas also
expressed a V86-containing 3 chain, indicating that a V86+ chain alone does not confer PPD
reactivity. Delta chains with a different variable region, in conjunction with the Vy1-Jy4-Cy4

chain, are expressed by a few of the PPD-reactive hybridomas.
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PERIPHERAL AUTOREACTIVE y8 CELLS

Because Y5 cells, like af cells, for the most part develop within the thymus, we
wondered whether this autoreactive subset of ¥3 cells could be found in peripheral tissues of the
mouse. It should be noted at this point that the autoreactivity displayed by the newborn thymus
hybridomas may well be an in vitro artifact due to the culture conditions or to fusion with a tumor
cell, and might not reflect a tendency of normal ¥§ cells to stimulate themselves. Rather, the
normal 3 cells may only respond to infected or malignant cells expressing stress proteins or
peptides on their surfaces. Even so, the "spontaneous” autoreactivity of yd cell hybridomas
presents a functional assay for specificity.

We have begun our search for peripheral 8 T cells of this type by isolating y&+
hybridomas from adult mouse spleen fusions. To our surprise, we found that about 1/2 of the
Y6+ spleen hybridomas showed some degree of "spontaneous” IL-2 production. We have begun
receptor analysis on these cells, and so far, they all express the Vy1-Jy4-Cy4 chain (O'Brien et
al.,, In preparation), as do all of the newborn thymus autoreactive hybridomas. We have found
so far two differences between the adult spleen derived hybridomas and the newborn thymus
hybridomas. First, the adult cells, although their y chains are encoded by the same genetic
elements, are derived from many precursors, as is evident from junctional sequences. These ¥
chain juntions show a considerably greater degree of junctional variability than do those derived
from newborn thymus. Second, the autoreactive 8 cells from the adult mouse spleen frequently
show no positive response to PPD, and sometimes even show a depression of "spontaneous” IL-
2 production when cultured in the presence of PPD. Whether this difference in reactivity is
related to differences in the receptors expressed has yet to be determined. The adult spleen cells,
if originally derived from cells that develop in the newborn thymus, may show a selection for or

expansion of cells with a certain reactivity.

CONCLUSIONS

We have shown that a subset of Y8 T cells responds to a mycobacterial heat shock
protein, and our results implicate the mouse version of the homologous protein as an autoantigen
for the same cells. Moreover, a synthetic peptide representing a segment of the mycobacterial

heat shock protein is strongly stimulatory for some of these Y8 cells, perhaps indicating that TCR
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73 recognizes peptide antigens as does TCR af, via specialized presenting molecules that are co-
recognized by the TCR. This recognition of a heat shock protein, and in particular a self heat
shock protein, may be a common feature in antigen recognition by ¥8 TCRs. Murine skin y8
cells provide additional evidence for this hypothesis, because these cells respond to heat-shocked
self keratinocytes (Wendy Havran and Jim Allison, personal communication); additionally, some
human ¥8 T cell clones seem to recognize the human HSP-65 homologue (Fisch et al., 1990;
Haregewoin et al., 1990). Thus, recognition of this specific antigen type may be a key
difference between v6 and off T cells, and may offer clues as to the functional role of 3 T cells.
We have wondered whether peptide recognition by y8 T cells as presented here might fail
to be generalizable, if for instance we happened to have used a peptide that is capable of
assuming a 3-dimensional structure that mimics the stimulatory portion of the intact protein.
Recently, however, the keratinocyte produced antigen recognized by a subset of mouse 8 cells,
and the mycobacterial antigen recognized by a subset of human 3 cells, have both been shown
to be active when supplied in a degraded peptide form (Jim Allison, personal communication;
and Robert Modlin, personal communication). We expect, then, that the ability to recognize

peptide antigens will be a general characteristic of TCR y3-expressing T lymphocytes.
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INTRODUCTION

Responses of Y T cells to antigen are poorly understood. Murine

double negative Y(+) cells generally increase in number late in
mixed lymphocyte reactions (Jones et al., 1988). In humans and
mice, there are instances of allo-reactive Y0 T cells directed at
polymorphic products of the major histocompatibility complex (MHC)
(Bluestone et al., 1988; Ciccone, et al., 1989). In addition, other
Y8 cells recognise, or are restricted by Class I-MHC-like molecules,
TL, CD1l, and Qa (Bonneville et al., 1989, Porcelli et al., 1989;
Vidovic et al. 1989). These observations encourage the hypothesis
that Y8 cells recognise presenting molecules similar to, if not the

same as, those recognised by o T cells. However, it is unclear

whether in vivo , populations of Y8 cells exploit high junctional
diversity to recognise myriad peptides on such presenting molecules.
Alternatively, populations of Y0 cells with T cell receptors (TCRs)

encoded by the same VY and V8 genes may be selected primarily to

recognise self (presenting) molecules. Such self molecules could be

induced by stress, such as cell transformation or infection (Janeway
et al, 1988).

A set of newborn, mouse, thymic ¥d hybridomas that spontanecusly
secretes IL-2 has been described (O'Brien et al., 1989). From
experiments in which the growth media of the cells was manipulated,
it appears that this secretion reflects a bona fide autoreactivity

(O'Brien et al., 1989; and unpublished). These Y0 hybrids secrete
IL-2 even more vigorously in response to mycobacterial extract, in
the form of exogenously-supplied PPD (O'Brien et al., 1989). A
prominent component of the PPD is mycobacterial hsp65. At least
some of these Y3 hybrids respond to a peptide of this protein (Born
et al., 1990), presumably presented by a self molecule. These cells
also show response to an equivalent peptide from the highly
conserved mammalian counterpart, hsp63. This could serve as an
explanation for the cells' autoreactivity.

There may, however, be an added dimension to the cells' recognition
of PPD, and to their auto-reactivity. For instance, the panel of 1
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hybridomas that has these responses has an almost uniform Y8

receptor, most often encoded by vy1-v86, but with differences in the
junctional sequences (Happ et al., 1989; our unpublished data).
Similarly, in humans, a large set of Y0 T cells that bear a Vy9-vV§2

receptor all recognise the Burkitt lymphona cell line, Daudi (Sturm
et al., 1990). 1In this case, the antigen may again be hsp63 (Fisch
et al. 1990). The same Y0 cells also recognise antigen presenting
cells pulsed with mycobacterial extract. However, in this case,
recognition of hsp65 seems to be rare. Typically, recognition
appears to be of low molecular weight compounds (Pfeffer et al.,
1990), presented by viable antigen presenting cells [APCs] (Pfeffer-
pers. comm.) .

The recognition of mycobacterial components and of mammalian cells
in the absence of mycobacteria by sets of ¥ T cells with limited
diversity might be reconciled if the mycobacterial components induce
or stabilise on the surface of APCs self antigens that are
recognised by Y8 T cells. Such antigens would be expressed
constitutively by T cell hybridomas and some other tumor cell lines.
Because of the allo reactivities and restriction of Y8 T cells
discussed above, candidate self antigens would be components of the
antigen presentation machinery. We therefore investigated the
effect of mycobacterial extracts, in the form of PPD, on the cell
surface expression of such components.

RESULTS and DISCUSSION

The murine Y8 T cell hybridomas, BNT 19.8.2 and 13.7.12 were
incubated overnight in the presence or in the absence of 100pg/ml
exogenous PPD. The next day each culture was split into two. From
one half, the cell supernatant was removed and assayed for IL-2
using an IL-2 dependent cell line, CTLL. Both 19.8.2 and 13.7.12
secrete IL-2 in response to PPD (Fig. 1), as previously
described(O'Brien et al., 1989). From the other half of each
culture, cells were washed thoroughly, counted, and equal numbers of
viable cells iodinated using 1251 and Iodogen (Pierce). The labeled
material was immunoprecipitated using antibody Ly-mll(Tada et al.
1980) [a gift from Peter Robinson, CRC], that is directed against
beta 2-microglobulin (b2-m) and that is efficacious at co-
precipitating proteins to which b2-m is complexed. The products were
resolved on 2D gels (Fig. 2). A large number of proteins of M.W.
between approximately 40kD and 150kD are co-precipitated with b2-m.
The identity of only some of the spots has been determined. One
spot of around 43kD is 'contaminant' actin, but its intensity is
relatively weak, implying that mostly cell surface rather than
cytosolic proteins are detected. None of the proteins detected was
a component of PPD. Most strikingly, the intensity of most of the
proteins precipitated is, for both lines, greater after incubation
with PPD. This experiment has been repeated four times for line
19.8.2 and twice for 13.7.12. Although the intensity of the
increase varied, it was reproducibly obtained.
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Fig.l Response of BNT 19.8.2 cells to PPD
x-axis: incorporation of tritiated
thymidine into IL-2 dependent CTLL cells.
5? CTLL cells were treated with supernatants

from 19.8.2 cells incubated overnight

with a) nothing (black); b)PPD,100ug/ml
(vertical hatching); ¢) syngeneic mito-
mycin C treated spleen cells(shaded); d)
syngeneic spleen cells plus PPD (cross
hatching). In the set of experiments
labeled medium, CTLL cells were treated
with the equivalent supernatants from
incubations in the absence of 19.8.2 cells

Med

Fig.2 2-D gel analysis of 125—1 labeled cell surface proteins co-

precipitated with beta 2 microglobulin from A. 19.8.2 cells;
B. 19.8.2 cells incubated overnight with 100ug/ml. PPD; C. 13.7.12
cells; D. 13.7.12 cells incubated overnight with PPD. Separation in
first dimension by iso-electric focusing (pH 3.5 -10); separation
in second dimension by SDS poly acrylamide gel electrophoresis
(size markers in kiloDaltons determined from co-electrophoresed
markers). Equal numbers of viable cells were iodinated in each
case. 50% of precipitated material was analysed. After this,
the remaining 50% was analysed to confirm reproducibility (not
shown).
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A reproducible increase in b2-m and associated proteins was also
detected by FACS analysis of viable cells (fig.3A), using the anti
b2-m antibody followed by FITC rabbit anti-mouse IgG. The increases
in protein expression were specific. No significant increases were
detected in TCR. Use of an antibody,Y¥3, directed against
polymorphic class-I antigens indicates that, as expected, at least
some of the increased protein expression in response to PPD can be
attributed to conventional class-I molecules(Fig. 3B). No increase
in b-2m and associated proteins was reproducibly detected either by
gels or by FACS when two other cell lines 33BTE.67.1, and RMA-S,
were used. Neither of these cell lines (respectively, a murine Y3
T cell hybrid, and a mutant murine B cell lymphoma that can present
peptide antigens with which ‘it is pulsed) is functionally responsive
to PPD. B2-m and associated proteins could be up-regulated on all
lines by alpha interferon. (Mann, Dudley,& Hayday =-unpublished).

These data allow a simple conclusion to be drawn. Components of PPD
can elicit an increase in b2-m and associated proteins on the cell
surfaces of some but not all cell lines (Fig.4). The cell surface
expression of numerous other proteins remains unchanged. The
increase in b2-m and associated proteins may be a marker for an up-
regulation of the antigen presentation machinery. The proteins
involved in this machinery are likely numerous. Some such proteins,
{X,Y, and Z in Fig.4], may ordinarily be only rarely or unstably
expressed at the cell surface. Their expression may be up-regulated
or stabilised by PPD or by cell transformation. These proteins

would then be targets of 78 cells. X,Y, and Z may not be
conventional class-I proteins, since b2-m deficient mice are not

substantially depleted of Y8 cells, and human Y0 cells can respond to
the b2-m deficient line, Daudi. However, we believe the molecules
to be part of the antigen presentation machinery because of the
modulation descibed here; because Daudi does not stimulate human Y3
cells as well as does a Daudi line transfected with b2-m; and
because viable APCs are better presenters of mycobacterial extracts
than are fixed APCs (P.Fisch pers. comm.)

It is conceivable that mycobacterial hsp65 and its mammalian
counterpart, hsp63 are centrally involved in the up-modulation
described here (Fig. 4). As hsp65 is delivered in high amounts to
cells (via mycobacteria or their extracts), or as endogenous hspé3
is induced by stress (including adaptation to cell culture), so the
hsp may be re-compartmentalised from its conventional location
within bacterial or mitochondrial matrices. It may gain entry to
the antigen presentation machinery, which it may up-regulate through
formation of molecular complexes based on its chaperonin properties
(Ellis, 1987). Our sequence of murine hsp63 (Kyes et al.,
unpublished) shows that unlike, for example, BiP it has a conserved
N-glycosylation site. This is at least compatible with a capacity
of hsp63 to appear at the cell surface with other proteins (e.g.
X,Y, or 2).

Alternatively, or additionally the up-modulation or stabilisation of
presenting molecules may be facilitated by the binding of abundant
mycobacterial peptides, in a manner similar to that described by
Townsend et al , 1989. (fig 4.). This would be consistent with the

recognition of cell-bound hsp65 peptides by several Y0 cell hybrids
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Fig.3A FACS analysis of beta 2-microglobulin expression on 19.8.2 cells
without (-) , and with (+) prior overnight incubation with 100ug.
/ml. PPD.

Fig.3B FACS analysis of polymorphic class I MHC antigens detected with
antibody Y3 on 19.8.2 cells without (-) or with (+) PPD.

beta-2 m + MHC
+hsp 63/ peptides

XY 2 <> /’_—
+ hsp 63/peptides gamma,
beta-2 m delta
MHC beta-2 m T cell
hspod XYz
peptides
STRESS;
transformation XYZ <>
bacterial products sp 65/peptides gamma,
PPD delta
T cell

PPD

Fig.4 Surface modulation of Class I and other antigens by stress.

A stressed state induced by cell transformation (e.g. Daudi
cells), or by high concentrations of bacterial products induces
re-compartmentalisation of hsp63 into the antigen presentation
pathway. By direct protein associations, or as peptides, hsp63 is
expressed at the cell surface with components of the antigen
presentation machinery, thereby inducing or stabilising higher
level expression of those components at the surface. Such comp-
onents/complexes may also be stabilised to a lesser degree by
direct binding of proteins or peptides from exogenously-added
PPD. Either way, the resultant complexes are recognised by
gamma delta T cells of particular subsets.
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(Born et al., 1990). At minimum, these data go further in suggesting
that ¥ cells recognise products channeled through the antigen
presentation machinery (although not necessarily the same molecules)
as is recognised by aff T cells. The modulation of specific self
molecules within that machinery, either through stress or through
action of bacterial products may be a biologically-significant
stimulus for populations of Y8 cells.
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In Vitro Activation of Human y/3T Cells
by Bacteria: Evidence for Specific
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INTRODUCTION

Nontoxigenic bacteria can be roughly divided into two major groups:
extracellular bacteria, which primarily replicate in the extracellu-
lar milieu, the host responding to them with a purulent reaction;
and intracellular bacteria, which primarily multiply inside host
cells, the host response being characterized by a granulomatous re-
action (Hahn and Kaufmann 1981). Protective immunity against extra-
cellular bacteria is mediated by protective antibodies which facili-
tate bacterial uptake and subsequent killing by professional phago-
cytes. Thus, the role of T cells in immunity to extracellular bac-
teria is thought to be restricted to their function as helpers in
the generation of antibody-secreting B cells. This group of patho-
gens includes streptococci and staphylococci. In contrast, protec-
tive immunity against intracellular bacteria is mediated by T
lymphocytes which alter macrophage functions. It is supposed that
macrophage activation through interleukins produced by helper T
cells, and lysis of infected macrophages by cytotoxic T cells, both
participate in an effective immune response to intracellular bacte-

ria. This group of pathogens includes Listeria monocytogenes and
the pathogenic mycobacteria, Mycobacterium tuberculosis and
M. leprae. Such immune responses (help or cytotoxicity) have been

attributed to the major T cell population expressing a T cell
receptor (TCR) composed of - and B-chains.

Recent data have revealed that a less frequent set of T cells
expressing a ¥/6 TCR have a particular predilection for mycobacteria
(Raulet 1989; Brenner et al. 1988; Modlin et al. 1989; O'Brien et
al. 1989; Holoshitz et al. 1989; Janis et al. 1989; Haregewoin et
al. 1989; Augustin et al. 1989). We have analyzed in vitro re-
sponses of ¢/§ T cells of normal healthy individuals not only to
mycobacteria, but also to gram-positive extracellular bacteria. Wwe
find that both types of bacteria stimulate ¢/ T cells in many indi-
viduals and that such activated T cells produce interleukin 2 (IL-2)
and express cytolytic activity. Furthermore, evidence is presented
for some kind of specificity of these g/J T cells.

RESULTS AND DISCUSSION

The in vitro effect of bacterial antigens on x/& T lymphocytes of
normal individuals was assessed. Peripheral blood mononuclear cells
(PBMC) from healthy adults with no history of mycobacterjial disease
were purified over Ficoll density gradients and 5 x 10° cells/ ml
were cultured with different bacterial preparations. Samples were
removed at day 0 and at day 7-10 and T cells were purified using
nylon wool columns, then stained for analysis on a flow cytometer
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cell sorter (FACS) for T cell subsets (Munk et al. 1990). The
relative percentage of Y/§ T cells was between 1-9% in 12 donors
examined at day 0 and was markedly increased (12-42%) after 7-10
days in culture with M.tuberculosis (strain H37Ra) in 8/12 donors,
the other 4 donors showing little or no increase. The /8 T cell
population showed no such increase after culture, remaining constant
or decreasing slightly. M.leprae stimulated ¢y/§ T cells in an
equivalent number of donors to M.tuberculosis (6/8 donors and 6/9
donors, respectively), though not always in the same individuals
(Table 1). Group A streptococci stimulated an increase in ¢/6 T
cells in 7/9 donors, Listeria monocytogenes in 4/8 donors and
Staphylococcus aureus in 2/6 donors. The different donors showed
distinctly different patterns of response to this panel of antigenms,
arguing against a non-specific mitogenic stimulation.

Table 1: Increased ¥/€ TCR expression after in vitro stimulation
with different microorganisms?

Stimulus $ x/‘ TCR Expression
Donor: 1 2 3 4 5 6 7 8 9
M. tuberculosis 50 Iug/ml 33 34 29 4 5 22 50 1 13
M.leprae 50 jug/ml noP 32 18 3 21 11 3 28 18
L.monocytogenes 108/ml ND 14 3 3 6 30 36 7 5
Group A streptococci 105/ml 8 31 5 24 8 44 19 8 10
S.aureus 2.5 x 107/ml ND 4 20 3 4 ND ND 7 2
Nil (d 0) 3 6 9 9 1 8 2 6 4
Nil (d 7) 2 7 2 4 1 4 1 &4 3

28 pBMC were incubated with the different microorganisms, T cells
were enriched, labelled with TCR§-1-FITC mAb and analyzed on d 7-
10. Alternatively, T cells were analyzed on d 0.

b ND, not determined.

From Munk et al. 1990.

To verify the assumption that the increase in the y/§ T-cell popu-
lation is due to expansion of these cells, we negatively selected
;ﬁf T lymphocytes by FACS after the initial bulk culture period of

-10 days with M.tuberculosis. Cells negative for the o¢/8 TcR and
for the natural killer (NK) cell marker CD56 were restimulated with
the same antigen, or with other bacteria and irradiated autologous
accessory cells (3000 R). Table 2 shows that the purified ¢/§ T
cells did proliferate upon restimulation with M.tuberculosis, as
well as with other bacteria, indicating that expansion of this popu-
lation does indeed account for the increases seen in bulk culture.
However, it should be cautioned here that the broad reactivity
pattern of M.tuberculosis activated ¢/§ T cells towards different
bacteria indicates some "antigen-independent" responsiveness of
M. tuberculosis activated g/f T cells which currently we do not fully
understand.



161

Table 2: Proliferation of M.tuberculosis-activated xVG T cells in
response to different bacterial antigens®

Stimulus Proliferative Response [cpm 3-TdrR uptake)
Donor: 10 11 12
M. tuberculosis 25 /ug/ml 1500 1810 1459
M. leprae 25 /ug/ml 280 6606 100
L.monocytogenes 108/m1 633 266 2602
Group A streptococci 10%/ml 608 1476 263
S.aureus 2.5 x 107/ml 817 1471 2022
r-IL-2 50 U/ml 6531 1799 37383
Nil 691 98 82

8 pBMC were stimulated with M. tuberculosis for 7 to 10 d, afterwards
§/8 T cells were selected and restimulated with the microorganisms
indicated.

b ND, not determined.

From Munk et al. 1990.

Expression of the IL-2 receptor (CD25) and the NK cell marker
(CD56), was assessed in purified, M.tuberculosis-activated ¢/§ T-
cell populations from 3 donors. The majority (> 70%) of these ¢/ T
cells expressed the IL-2 receptor, as assessed by staining with the
anti-TAC monoclonal antibodies (mAb; kindly provided by 0. Acuto;
data not shown). CD56 was expressed to varying degrees (on 26-54%
of the cells). IL-2 production by purified, M.tuberculosis acti-
vated y/& T cells was assessed after restimulation with irradiated
autologous accessory cells and M.tuberculosis antigen in 4 donors.
Supernatants were removed after 4 days restimulation and assayed for
IL-2 activiig on the IL-2 dependent cell line CTLL. Table 3 shows
that the ¥/§ T cells from all 3 donors produced IL-2, albeit to
varying degrees. These data indicate that the M.tuberculosis-

Table 3: Specific IL-2 production by M.tuberculosis-activated g/ T

cells®

Stimulus IL-2 Activity [cpm 3H-TdR Uptake by CTLL]
Donor: 13 14 15

{ﬁf T cells + M.tuberculosis 95,430 29,404 107,637

25 Iug/ml

/& T cells + Medium 55 ND 46

L-2 control 50 U/ml 89,786 80,828 93,520

Nil 23 5,721 318

2 selected §/§ T cells were restimulated with M.tuberculosis and
supernatants collected after 4 d. IL-2 activities were assessed
on IL-2 dependent CTLL line.

ND, not determined.

From Munk et al. 1990.

b
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activated ¢/ T cells can both produce and respond to IL-2. Our
findings would be consistent with the participation of an autocrine
IL-2 pathway in the activation of §/6 T cells by mycobacteria.
Others have also shown secretion of IL-2 and other interleukins
after various types of stimulation (Raulet 1989).

f/& T cells are known to express killer activity although the
igands involved in recognition of target cells are unknown (Raulet
1989; Phillips et al. 1987). We investigated the killer potential
of M.tuberculosis-stimulated ¥/§ T-cell populations in °‘Cr-release
assays (detailed in Munk et al 1990) using a yx/§ mAb-facilitated
kill to bypass the need for specific target cell recognition, as
well as against antigen primed target cells. Targets were autolo-
gous cells, either isolated adherent cells from peripheral blood or
EBV-transformed B cells. For the mAb-facilitated kills, whole,
unsorted T-cell populations were used as effectors both before and
after 7-10 days bulk culture stimulation with M.tuberculosis anti-
gen. Prior to culture, T cells failed to lyse the targets in the
presence of either an anti-p/8 mAb (BMA031, kindly provided by
Behringwerke, FRG) or an anti ¢/ mAb (TCRS1). Following sti-
mulation with M.tuberculosis, however, while the anti-eo/f mAb still
failed to bring about lysis, a high level of cytolytic activity in
the presence of anti-y/§ mAb was seen by the cells of all four
donors examined (varying from 35-93% specific lysis at effector to
target ratio of 15:1).

For studying the cytolytic potential of g/& T cells against antigen-
bearing targets, effector cells were again the negatively-selected
g/ T-cell population following initial stimulation by M.tuberculo-
§is in bulk culture. These cells were then restimulated for a fur-
ther 14 days and purity of §/8§ T cells was checked by FACS analysis
(>98%) . Autologous target cells were pulsed overnight with the
antigens indicated in Table_ 4, then labelled with Na51Cr04 washed,
the ¢/§ T cells added and Slcr release determined after 6 hours in-
cubation at 37°C. As shown in Table 4, the K/& T cells from 7/8

Table 4: Lysis of antigen pulsed targets by M.tuberculosis-activated

g/¢ T cells?

Target Cell % Specific Lysis (E/T 9:1)

Priming = === z@m==== et L EE L P TS
Donor: 9 10 16 17 18 19 20 21

M.tuberculosis 25 jug/ml 71 41 66 0 21 21 60 28

Group A Streptococci 105/ml ND® 0 ND ND ND ND ND 8

S.aureus 2.5 x 107/ml 0 ND ND ND ND ND O ND

L.monocytogenes 108/m1 0 ND 20 0 0 13 7 ND

K562 0 52 ND ND ND ND 44 35

Nil 5 9 8 0 10 0 5 7

8 cytolytic activities of selected x/‘ T cells, restimulated with
M.tuberculosis for 14 d were assessed on autologous EBV-
transformed B cells (donors 9, 20) or autologous adherent cells
(donors 10, 16, 17, 18, 19, 21) which had not been pulsed (Nil) or
pulsed with different bacteria, or on K562 cells.

b ND, not determined.

From Munk et al. 1990.
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donors tested lysed M.tuberculosis-pulsed targets but had little or
no effect on unpulsed targets. Three out of 4 donors also lysed the
NK susceptible K562 cell line and it should be noted that the donor
lacking this NK-like activity (#9) still efficiently lysed the
M. tuberculosis-primed targets, indicating a distinction between the
two killer activities. 1In 2 of the donors thus tested (#16, #9),
M. tuberculosis-activated g/é' T cells also lysed significantly tar-
gets pulsed with a different bacterial antigen, L.monocytogenes. We
would assume from this, as from the proliferation assays, that while
some M. tuberculosis-activated g/& T cells recognize specific
M.tuberculosis antigens, others see antigens common to different
microorganisms.

Finally, we investigated further the question of specificity of
these ¥/§ T cells. Four more donors were selected who showed an ex-
pansion of ¥/§ T cells during in vitro stimulation to both group A
streptococci as well as to M.tuberculosis. For each donor, the
populations of streptococcus-activated and M.tuberculosis-activated
K/& T cells were negatively selected by FACS and used as effectors
in a Cr-release assay against autologous targets pulsed with
either streptococci or M.tuberculosis. As shown in Fig. 1, killing
of M.tuberculosis-pulsed targets was only brought about by
M. tuberculosis-activated g/& T cells, likewise the streptococcus-
pulsed targets were only lysed by streptococcus-activated effectors.

DONOR 23 DONOR 24 DONOR 25 DONOR 26
70 k] 70 n
[ 60 [ ©
50 50 50 50
w{ie—w ., w wie— 0 . w0
3 ) 3 %
20 20 '\J 20 20 \
10 10 010 10
R e RS | ee——— T R B =
9:1 3: 9:1 3:1 9:1 31 9:1 3:1

CYTOTOXICITY

70 70 7 7
) ) ) \ [
® s 50 50 )
w0 w0 © %0
20 \ 20 \ 20 20

10 10 10 ] [ S—)
° ;:::::==___==e 0 tff::::::ffszi o 8=:::::::::==a °

9:1 3:1 9:1 3:1 9:1 3:1 9:1 3

EFFECTOR TO TARGET RATIO

Fig. 1: Specific target cell lysis by M.tuberculosis and by strepto-
coccus activated ¢/6 T lymphocytes. PBMC were stimulated with
either M.tuberculosis (upper row) or group A streptococci (bottom
row) for 10 days and subsequently x/& T lymphocytes were selected.
Their cytolytic activity was assessed on autologous adherent cells
which had been pulsed with 25 ,ug/ml of killed M.tuberculosis (®),
2.5 x 107/ml group A streptococéi (*), 1 x 108 L.monocytogenes (A),
or were left unpulsed (o). Mean values of triplicate wells; S.D. <
10%. From Munk et al. 1990.
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For two of these donors, both types of effectors were also tested
against L.monocytogenes-pulsed targets. In one case the streptococ-
cus-activated ¢/& T cells also lysed these L.monocytogenes-pulsed
targets, while the M.tuberculosis-activated g/§ T cells from the
same donor remained ineffective against this alternative antigen.
Furthermore, anti-&¢/8 mAb had no effect upon killing, whereas low
concentrations of TCRS1 mAb inhibited this cytolysis of antigen-
pulsed targets (data not shown).

The data from these last experiments provide evidence for antigen-
specific cytolytic activity of activated ¢/§ T cells, although they
do not rule out the possibility of cross-reactive antigens for §/§ T
cells shared between different microbial species (Kaufmann 1990).
To our knowledge, this is the first demonstration of killer activity
by ¢/§ T cells against a nominal antigen, although others have
already observed alloantigen-specific killer activity of %/S T cells
(Raulet 1989; Brenner et al. 1988).

The present study has revealed that x/J T cells which recognize
mycobacteria are cytolytic and produce 1IL-2. It remains to be
established whether distinct subpopulations are responsible for
these different functions, as is often the case with o/B T cells or
whether a single population can express both activities. Our find-
ings suggest a role for ¥/§ T lymphocytes in immunity to mycobacte-
rial pathogens. Since it has been suggested before that cytolytic
and interleukin secreting &/B T cells contribute to immunity against
mycobacteria (Kaufmann 1988), the functional role of ¢/§ T cells
seems similar to that of &/8 T cells. Perhaps ¢/§ T cells and 6¢/B T
cells differ more in their activation requirements, genetic restric-
tion, tissue distribution and/or antigen recognition pattern than in
their effector capacities. Because our data also show that, besides
mycobacteria, different gram-positive bacteria can stimulate ¥/§ T
cells in vitro, it is tempting to speculate that gﬁs T cells perform
a more general function in antibacterial resistance.
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of Human yo T Cells
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INTRODUCTION

T cells bearing the Y8 T cell receptor have been commonly found to
display non-MHC-restricted, NK-like cytolytic activity (Moingeon 1987,
Bosnes 1989, Fisch 1990). Other subsets of y8 T cells proliferate in
response to mycobacterial antigens, in particular the 65 kd heat shock
protein (HSP) of mycobacteria (Holoshitz 1989, Modlin 1989,
Haregewoin 1989, O'Brien 1989, Janis 1989, Kabelitz 1990). We have
previously reported four CD4-CD8- y5 T cell clones isolated from the
synovial fluid of a patient with rheumatoid arthritis. These clones were
selected by virtue of their proliferative response to mycobacteria and
were found to recognize the mycobacterial HSP65. Their reactivity to
mycobacteria was not restricted by MHC. In the present report we
studied the cytolytic activity of these cells. We found that our yd T cells
display "promiscuous"” non-MHC-restricted cytolytic activity against
neoplastic cells. The cytolytic activity was not directed against
exogenously added HSP65 or endogenous HSPs induced by heat. These
results suggest that the cytolytic activity and recognition of soluble
antigens are two distinct functional properties.

MATERIALS AND METHODS

Antigens

Acetone precipitable fraction of Mycobacterium tuberculosis (AP-MT)
was prepared from M. tuberculosis H37Ra (Difco Detroit, MI) as
previously described (Holoshitz 1986). The 65 kd HSP of BCG (P64) and
another mycobacterial protein (P32) were purified and kindly donated
by Dr. J. DeBruyn, Brussels, Belgium (DeBruyn 1987, DeBruyn 1987a).
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Cells

Clone 1.4 bearing the phenotype CD4-CD8- y8 was isolated from the
synovial fluid of a patient with early rheumatoid arthritis. The isolation
and characterization of this and other clones have been described
(Holoshitz 1989). Targets used for cytotoxic assays included JBEB, an
autologous EBV-transformed B cell line, and DSEB, a heterologous EBV-
transformed B cell line. Other target lines were obtained from ATCC or
donated (U937) by Dr. B. Eisenstein, University of Michigan.

Cell Mediated Lysi ML ays

Four-hour 51Cr-release assays were carried out in 10% FCS/RPMI
1640 medium as described (Fisch 1990), using different 51Cr-labelled
targets and clone 1.4 effector cells at various effector:target ratios. In
some experiments target cells were either pre-incubated overnight with
100 pg/ml of AP-MT or incubated for one hour in medium at 42°C
before use. Target cells were subsequently collected, washed twice and
used for CML assays. In other experiments, the assays were carried out
in the presence or absence of AP-MT (10 pg/ml) throughout the length
of the experiment.

Proliferation Assays

Proliferative responses were assayed as described (Holoshitz 1989) using
2x104 T cells and 105 irradiated (3000R) peripheral blood mononuclear
cells per well in the presence or absence of AP-MT (10 pg/ml), P64 (10
pg/ml) or P32 (10 pg/ml). Cultures were pulsed with [3H] thymidine at
54 h and harvested at 72 h.

RESULTS

romi ic Activity of v& T Cell,

Cytolytic activity of clone 1.4 was tested with different long-term cell
lines. As can be seen in Table 1, potent cytolytic activities were found
with almost all malignant lines tested including Daudi (Burkitt's
lymphoma), Molt 4, Jurkat, Peer, Molt 13 (T cell leukemias), U937
(monocytic line), and K562 (erythroleukemia). The cytolytic activity
was particularly potent with Daudi and Jurkat cells (25% and 54%
specific cytolysis, respectively, at E:T ratio of 0.1:1, not shown).
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Interestingly, cytolytic activity against Raji cells (Burkitt's lymphoma)
was significantly lower. This finding corroborates other studies which
showed no cytolytic activity of y8 T cells against Raji (Fisch 1990). No
cytolytic activity was found with autologous (JBEB) or heterologous
(DSEB) EBV- transformed B cell lines, even with higher E:T ratios (not
shown).

Table 1. Cytolytic activity of ¥5 clone 1.4 against various tumor cell

targets

Cell Line Percent specific lysisa
Daudi 77
Jurkat 73
U937 61
Molt 13 59
Molt 4 58
Peer 57
K562 50
Raji 19
JBEB 3
DSEB 1

a Effector:target ratio of 5:1

Antigenic Specificity of ¥ T Cells

We have previously found that our 18 T cell clones proliferate in response
to AP-MT, which contains the HSP65. Since the proliferative response
to AP-MT and the cytolytic activity of the clones were both non-MHC-
restricted, we wished to know whether the cytolytic activity of these cells
is directed against HSPs. Figure 1 shows proliferative responses of clone
1.4. As can be seen, this clone responded to AP-MT and to P64, a
biochemically purified mycobacterial HSP65, but not to another purified
mycobacterial antigen P32. In contrast, neither JBEB, Molt 4, nor Daudi
cells became more susceptible to lysis by clone 1.4 cells following
preincubation with AP-MT. Experiments with continuous incubations
of the antigen throughout the CML assay similarly did not show
increased cytolysis (not shown). Endogenous HSPs, induced by
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preincubating targets at 42°C for 1 hour, also failed to trigger cytolysis of
the EBV-transformed B cell line JBEB by clone 1.4 (Table 2).

Table 2. Cytolysis of clone 1.4 of AP-MT-pulsed targets and heat-treated

targets
. Prein tion Percent specific lysis at E:T ratio
Cell line Temp.  Antigen 12.5:1 6.25:1
JBEB 37°C - 9 8
37°C AP-MT 10 8
42°C - 7 4
Molt 4 37°C - 24 25
37°C AP-MT 23 21
Daudi 37°C - 63 62
37°C AP-MT 68 67
10 ]

cpm X 10°3

0-

No Ag AP-MT P32 P64

Fig. 1. Proliferative response of clone 1.4 in the presence
of AP-MT, 10ug/m], P64, 10ug/ml, and P32, 10pg/ml
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DISCUSSION

In this study we have examined the cytolytic activity of HSP65-reactive
v T cells. We found that these cells, which proliferate specifically in
response to HSP65, displayed also promiscuous cytolytic activity against
neoplastic cells. The two activities were not contributed by distinct
subpopulation of cells, since TCR §-chain Southern blot analysis, and
TCR 7y-chain ¢cDNA sequencing data confirmed the clonality of clone 1.4
(unpublished data).

We studied whether killing by Y8 T cells involves recognition of HSPs. To
this end we found that externally added mycobacterial HSP65 did not
produce any increase in the cytolytic activity of clone 1.4. Induction of
endogenous HSP by heat also did not increase susceptibility of target cells
to killing by vd cells. Thus, recognition for killing involves different
antigens than those recognized for specific proliferation. Our
preliminary results suggest also that the two distinct recognition events
are mediated by different cell surface molecules. Antigen-induced
proliferation of the y8 cells could be effectively blocked by anti-TCR
antibodies and by anti-LFAl-a antibodies. In contrast, cytolysis could not
be blocked by these antibodies (in preparation).

The polyspecific killing of neoplastic cells bears some similarity to LAK
activity (Grimm 1984). Our clones have been maintained in relatively
low concentrations of IL-2 (10-20 w/ml of Cetus recombinant IL-2).
However, some antigen-specific CD4+ T cell clones were found to display
polyspecific cytolytic activity even with low doses of IL-2 (Gromkowski
1988). It is possible that Y8 T cells have similar increased inherent
tendency to get activated by lymphokines. Long-term culture of ¥§ T
cells in IL-2 has been reported to broaden the specificity of their cytolytic
activity (Bosnes 1989). Our recent finding (H. Koizumi et al., submitted)
of nuclear inclusion bodies in 1.4 cells, similar to those found in LAK cells,
gives further support to the possibility that y3 T cells acquire LAK activity
in vitro.
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SUMMARY

Freshly isolated human T lymphocytes were tested for their response to mycobacteria,
mycobacterial lysates, 2 dimensional (2D) PAGE separated mycobacterial lysates, leishmania
and defined leishmanial antigen preparations. While 46 T cells proliferated vigourously in the
presence of mycobacteria and mycobacteria derived lysates, a significant stimulation from 2 D
gel separated lysates was not detected. In addition 46 T cells failed to respond towards
leishmania or leishmanial components. In the a8 T cell compartment some donors,
presumably according to their state of immunity against mycobacteria, responded to
mycobacteria, mycobacterial lysates and 2 D gel separated mycobacterial lysates. Neither
freshly isolated 76 T cells nor o T cells from naive donors did mount a sigmficant immune
response against leishmania.

INTRODUCTION

Within the last few years studies revealed the existence of two distinct T i{mphocyte subsets,
characterized by expression of either an o T cell receptor- (TCR) or a 46 TCR
heterodimer(Brenner et al. 1988; Davis and Bjorkman, 1988; Raulet, 1989; Strominger, 1989).
In contrast toeg T cells, the biological role and the antigen specificity of ¥ T cells has not yet
been elucidated(Brenner et al. 1988; Strominger, 1989; Bluestone and Matis, 1989). Recent
observations, however, have suggested an involvement of y8 T cells in mycobacterial infections
(Janis et al. 1989; Modlin et al. 1989; Holoshitz et al. 1989; O’Brien et al. 1989; Augustin et al.
1989; Kabelitz et al. 1990). In particular, it has been shown that 46 TCR expressing
hybridomas derived from murine fetal thymuses recognize a 65 kDa heat shock protein
(hsp65) (O’Brien et al. 1989). In addition human s T cell lines or clones have been isolated
responding to hsp65 (Holoshitz et al. 1989; Haregewoin et al. 1989).
This study was performed to characterize the responsiveness of freshly isolated human o and
6 T cells to molecular components derived from mycobacteria, mycobacterial lysates and 2-
dimensional PAGE separated lysates. We found that 46 T cells proliferate vigourously in
response to mycobacterial lysates but not to the same lysates separated by 2 D gel
electrophoresis. In contrast o8 T cells respond both to unseparated and 2 D gel separated
lysates.These data indicate that ligands recognized by 46 and ef T cells are biochemically
ifferent. Further analysis revealed that the major proportion of ap T cells responded to
components of 30-100 kDa MW, whereas the majority of 46 T cells was stimulatecf by rather
small molecular wci%ht components of 1 - 3 kDa. We also analysed the responses og' freshly
isolated o and 46 T cells to another microbial pathogen, leishmania major. However, no
stimulation of T cells, derived from healthy donors, was observed.

MATERIALS AND METHODS

af and 96 T cells were isolated from mononuclear cells (MNC) of healthy donors as described (Pfeffer et al.
1990). Briefly, adherent cells were removed from MNC by plastic adherence. E-rosetting cells were purified from
nonadherent celis by E-rosette formation. For purification of a8 T cells TCRS1 (T Cell Sciences) positive and
CD16 (Leull, Becton Dickinson) positive cells were removed by fluorescence activated cell sorting (EPICS V,
Coulter). For isolation of v T cells,af T cells were depleted on a MACS-system (Stefan Miltenyi, Biotechnische
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Gerite,Bergisch Gladbach, FRG)) using BMA031 (kind gift of Dr. R. Kurrle, Behringwerke). Final purification of
46 T cells was achieved by removing CD16 positive cells by FACS sorting.

Lysis of mycobacteria (H37Rv), 2 dimensional PAGE separation, and electroblotting into 480 individual samples
was done as described (Gulle et al. 1990), and gel filtration was performed accordingly to (Pfeffer et al. 1990).
rhsp65 from E.coli clone M1103 (Thole et al. 1987) was purified as published (Kaufmann et al. 1987). Leishmania
major and leishmanial antigens were prepared as published (Moll et al. 1989).

Replicate cultures of 5000 responder cells were incubated in the presence of 50,000 -irradiated autologous feeder
cells in complete RPMI1640 (20mM glutamine, 10mM Hepes, antibiotics and 10% heat inactivated human serum)
and antigenic preparations as indicated. rIL-2 (10U/ml, Eurocetus) was added unless other mentioned on day 5.
Proliferation was mcasured by 3H-thymidine uptake. Proliferative responses are shown as mean values in cpm of
replicate cultures, standard deviations were less than 10% of mean values.

RESULTS

Proliferative responses of freshly isolated human o and 46 T cells to mycobacteria and
mycobacterial lysates.

An efficient isolation procedure was established to purify peripheral 46 T cells from
mononuclear cells by consecutive steps of plastic adherence, E-rosetting, magnet activated
cell sorting and finally fluorescence activated cell sorting, yielding in 2 - 5x 10995 T cells out
of 500 ml peripheral blood.

The in vitro responsiveness of pan-T cells, a8 T cells and 46 T cells to graded amounts of

mycobacterial lysates is detailed in Table 1.

Table 1 Responsiveness of T cell subsets to graded amounts of mycobacterial lysates.
Lysate 0 005 01 0.5 1.0 5.0 ug/ml
Exp.A E-rosettet cells 800 48663 53668 60906 48221 66615
ap T cells 230 19138 36603 33675 19579 9053
76 T cells 55 9878 28516 35376 28954 25638
Exp.B E-rosettet cells 240 10895 10221 20250 8158 867
af T cells 126 711 3280 4861 708 696
76 T cells 100 28875 26564 49607 42508 8781

Mean values (cpm) of two representative experiments are shown.

Stimulations of a8 T cells varied from donor to donor depending on the immune status of the
donor tested (H. Gulle, Klaus Pfeffer, unpublished results), whereas 45 T cells of almost all
healthy donors responded vigourously to mycobacterial lysates (data not given). As indicated
in Table 1 maximal proliferative responses were obtained in the range of 0.5 - 1 ug/ml of
bacterial lysates.

Responses of T cell subsets stimulated with 2 D PAGE separated mycobacterial lysates.

To characterize the T cell immune response at a molecular level, mycobacterial lysates were
separated by high resolution 2 dimensional PAGE elcctrthoresis using isoelectric focusing
(IEF) in the first dimension and native PAGE electrophoresis in the second dimension.
Consecutively 480 individual samples were obtained from 2D gels by electroelution, and
afterwards analysed individually for their stimulating capacity towards bothag and+é T cells.
Results are shown in Fig. 1. While a T cells vigourously responded to many fractions (A), no
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significant response of 46 T cells could be obtained (B). Note that the very same 76 T cells

proliferated vigourously to unseparated lysates (Table 1, Exp.A).

Fig. 1

Analysis of 2 D gel separated mycobacterial lysates for stimulating capacity for

either af T cells (A) or 46 T cells (B).

af T cells (A) ory6 T cells (B)
(103 per culture), respectively,
were incubated individually with
480 samples derived from
electrocluted 2 D gels. 3H-
tyhimidine uptake was measured
after 8 days. rIl-2 was added at
day5.

These results indicated that 46 and o T cells responded to distinct ligands differing at the
level of their biochemical properties such as molecular weight and/or isoelectric point.

To clarify this question in detail mycobacterial lysates were separated according to size and
distinct molecular weight fractions were analysed for their stimulating capacity to o8 or16 T
cells. As shown in Fig. 2 the major stimulation of a8 T cells occured in the range of 30 - 100
kDa, while responses of 76 T celis were mainly obtained in fractions containing mycobacterial
components smaller than 10 kDa.
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Fig. 2 Response of unselected and selected T cell populations to size-fractionated
mycobacterial lysates.

>700 80 25 <10 kD

Unselected T cells (--*--), selected af (~-0~) or
selected 96 T cells (—+-) were cultered in the
presence of autologous irradiated feeder cells
and  size- fractionated  (Superosel2)
mycogacterial lysates. rll-2 was added on day 5
and °H-Thymidine uptake was measured at
day 8. Proliferative responses (y axis) are
plotted against the fractions used. (Data and
- \ figure cited accordingly from Pfeffer et al.
& st M NS« S ¢ 0 B
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To elucidate the role of hsp65 in primary immune responses to mycobacterial anti%ens freshly
prepared 46 T cells were cocultered with intact mycobacteria, mycobacterial lysates and

rthsp65 (Table 2).

Table 2 Proliferative response of 16 T cells against intact mycabacteria, mycobacterial
lysates and rhsp65.

Antigen control intact MT MT lysate rhsp65

Exp.A 1431 3445 20430 1385

Exp.B 273 5341 21139 252

Freshly isolated 76 T cells were cultered with antjgens (MT: Mycobacterium tuberculosis) indicated (1ug/ml). rll-
2 was added from the beginning of the culture. H-thymidine uptake was measured at day 8. Mean values of 12

cultures are shown.

Again~s T cells were stimulated by mycobacterial lysates and to a lesser degree by complete
mycobacteria. But the response to rhsp65 was not significant, indicating that exogeneously
added rhsp65 is poor as antigen in primary human+s T cell responses.

Finally we tested whether leishmania and leishmanial antigens have the capacity to stimulate
46 T cells. These microbial pathogens are known to contain high levels of g?),rcolipids and
glycoproteins (Moll et al. 1989) and the ﬁpossibility was considered that 46 T cells may
preferentially respond to such antigens (Pfefter et al. 1990).
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Table 3 Analysis of freshly isolated T cell populations in response to leishmania and
different leishmanial derived preparations in comparison to mycobacterial
lysates.

Antigen control leishmania LPG SLA MT lysate

E-rosettet cells 398 445 146 574 5381

af T cells 680 788 202 438 862

76 T cells 3343 3411 823 3669 14201

The T cell populations indicated were cultered in the presence of leishania (leishmania major, 41104
organisms/ml), leishmanial lipoglycan (LPG, 3 ug/ml), soluble leishmanial antigen (SLA, 1, ug/ml) and
mycobacterial lysate (MT lysate, lug/ml).Mean values from quadruplicate cultures are shown. H-thymidine
uptake was determined at day 8. rIl-2 was supplemented at the beginning of the culture,

As depicted in Table 3 neither T cell population proliferated in the presence of leishmania or
leishmanial antigen preparations such as lipoglycan (LPG) or disrupted leishmania (SLA). On
the other hand 15 1Pce]ls of this donor proliferated in the presence of mycobacterial lysate.
These results provide evidence that leishmanial antigens are not able to evoke a significant
immune reponse from unprimed human donors.

DISCUSSION

In vitro stimulation of freshly isolated human 46 T lymphocytes with mycobacteria involves
both+s andag T cells. Lysis of mycobacterial organisms resulted in a significant enhancement
of stimulation, presumably by overcoming limitations of antigen processing in APC's. 2D gel
separation of mycobacterial lysates reveals that g T cells respond to distinct and defineable
mycobacterial components (Gulle et al. 1990), whereas proliferation of 46 T cells is virtually
absent. Subsequent studies showed that the major ligands for 76 T cells derived from
mycobacterial (}ysates reside in a molecular weight range between 1 to 3 kDa (Pfeffer et al.
1990), while ligands for af T cells are contained in MW-fractions from 30 - 100 kDa.
Electroelution of 2D gels is performed with an dialysis membrane with a molecular cutoff of
3.5 kDa (Gulle et al. 1990). Therefore ligands for 46 T cells are not contained in 2D gel
samples. We conclude from these data that ligands for op and 46 T cells derived from
mycobacteria differ in size and biochemical properties.
Protease digestion of mycobacterial lysates results in complete abolishment of af T cell
responses, whereas 46 T cells show virtually unaltered responses to protease-treated lysates
$Pfeffer et al. 1990). These findings could be explained by either of two conclusions: the
raction stimulating 6 T cells contains unusual peptides which are resistant to conventional
protease digestion or, alternatively,76 T cells respond themselves to non-peptides.
Observation in mice indicate that within mycobacterial lysates hsp65 represents a major
immunogen for 46 T cells (O’Brien et al. 1989). The results presented here indicate that in
rimary responses human~é T cells do not respond to rh?65. Possible explanations are that
sp65 has to be bound to cellular membranes, or that hsp6S has to be induced in the antigen
presenting cells for4s T cell stimulation to occur, or that the frequency of freshly isolatedys T
cells is rather low. Experiments evaluating these possibilities are currently performed.
Primary immune responses of 46 T cells to defined glycolipids of leishmania (Moll et al.
1989), as well as lysed or intact leishmania were not observed. These results are in agreement
to studies indicating that in leishmania infections s T cells do not respond (Réllinghoff et al.,
see this issue of Cl%vﬂ).
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The majority of T cells express the af T-cell receptor (TCR) that recognizes antigen in the context
of the major histocompatibility complex (MHC). The repertoire of af T cells reflects the diversity
of potential environmental antigens and the polymorphism of MHC molecules. A minor subset of T
cells expresses the 46 TCR. Although human peripheral blood 4é T cells display great junctional
diversity of the  and & chains, only a limited combinatorial diversity of variable (V) region usage
has been recorded (reviewed by Triebel and Hercend 1989). Moreover, recent reports indicate that
several human é T-cell lines and a large proportion of murine vé T cells recognize heat shock
proteins (hsps) in mycobacterial extracts (O’Brien et al. 1989; Holoshitz et al. 1989; Haregewoin et
al. 1989). Therefore, it was suggested that the antigens and the antigen presenting molecules for v
T cells could be relatively non-polymorphic (reviewed by Born et al. 1990).

To study the mechanisms of MHC-unrestricted cytotoxicity, we derived 48 T-cell clones, of T-cell
clones and natural killer (NK)-cell clones from various normal donors. Over the last two years, we
tested more than 3000 clones from various normal donors. These clones were derived after sorting
human peripheral blood lymphocytes (PBLs) by flow cytometry for cells expressing the 46 or of
TCR, CD8 or CD4, or the surface antigens CD16 or CD56. The positively selected cells were
cloned, using irradiated autologous or allogeneic PBLs and lymphoblastoid B cell lines (LCLs) as
feeder cells. The clones were expanded as described (Fisch et al. 1990a), and characterized for
function and phenotype.

We found that all human 4 clones coexpressing Vy9 and V&2 gene products (reviewed by Triebel
and Hercend 1989) mediated a pattern of MHC-unrestricted cytolysis distinct from NK-cell and af
T-cell clones (Fisch et al. 1990a). All V49/V§2 clones strongly lysed the Daudi cell line, but not the
Raji cell line (both Burkitt’s lymphoma cell lines). In contrast, NK clones lysed both Daudi and Raji
targets effectively. However, virtually all CD4* or CD8* a8 T-cell clones killed neither Daudi nor
Raji. Most of the 9, off and NK clones displayed MHC-unrestricted cytotoxicity against K562,
Molt4, U937, TK6 and other susceptible target cells. The NK-cell clones and the V49/V§2 T-cell
clones were generally more potent killers of these tumor targets than the o T-cell clones. In contrast
to alloreactive a8 T-cell clones, the 43 T-cell clones did not lyse the LCL feeder cells. Moreover,
& T-cell clones that were isolated after "priming” of PBLs in bulk cultures to allogeneic LCLs from
various donors, did not mediate allospecific lysis. Thus, we conclude that most 6 T cells do not
recognize foreign HLA antigens. We believe, that lysis of a few LCLs by 44 T cells (such as TK6
or HLA class I-deficient LCL 721.221), could be due to an increased sensitivity of these target cells
to MHC-unrestricted lysis (e.g., associated with the absence of HLA class I on the mutant LCL
721.221), rather than to alloreactivity.

However, the strong cytotoxic activity of Vy9/Vé2 T cells against Daudi was not associated with the
absence of HLA class I on the cell surface of Daudi, since an HLA class I-expressing Daudi variant
[transfected with the murine B,-microglobulin (8,m) gene] was strongly lysed by the Vy9/V482 T-cell
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clones. Also, lysis of Daudi cells was still present, when the cloned V49/V$2 cells were cultured in
medium in the absence of stimulatory feeder cells and interleukin-2 (IL-2), whereas the lysis of K562,
Molt4 and the other susceptible target cells gradually disappeared. Using cold target inhibition assays,
we have found that Daudi cell lysis by the Vy9/V52 T-cell clones is mediated via high affinity
receptors, whereas lower-affinity receptors bind Molt4, K562 and other target cells. These data
support the idea that the recognition of Daudi cells by V49/Vé2 T cells is mediated through the TCR,
whereas the recognition of other targets involves determinants with lower affinity.

Our subsequent studies (Fisch et al. 1990b) showed that all human V49/V52 T-cell clones but not 4
T-cell clones expressing V&1, mediated specific proliferative responses to Daudi cells but to none of
the other target cells, such as Raji, K562, Molt4 and LCLs. However, the same clones responded
to LCLs in the presence of certain mycobacterial extracts. The presentation of mycobacterial antigens
to the human V49/V§2 cells was not restricted by HLA class I, nor HLA class II determinants, since
mutant LCLs, deficient for HLA class I (LCL 721.221) or class IT (LCL 721.180) could present the
mycobacterial antigens. Also, the proliferative response of V49/Vé2 lymphocytes to the 8,m-deficient
Daudi cells was enhanced in the presence of mycobacterial antigens. This is incompatible with the
possibility that nonpolymorphic §,m-associated HLA class Ib molecules (reviewed by Strominger
1989) are the antigen-presenting molecules for human V49/Vé2 T cells. Moreover, the presentation
of mycobacterial antigens did not depend on intracellular antigen processing. Paraformaldehyde-fixed
LCLs were able to present the mycobacterial antigens, although the antigen presentation was
somewhat reduced as compared to unfixed LCLs (Fisch et al. 1990b). It is noteworthy that only very
few preparations of mycobacterial antigens are highly stimulatory for human 43 T cells.

The stimulation with Daudi cells induced expansion of initially undetectable levels of V49/V82 T cells
in umbilical cord blood lymphocytes, so that after repeated stimulation over a 4 week interval the
cultures contained 50 to 80% V49/V82 T lymphocytes (Fisch et al. 1990b). Thus, the Daudi-induced
expansion of Vy9/V82 T cells in the umbilical cord blood could serve as an in vitro model for the in
vivo expansion of the Vy9/V42 subset in the peripheral blood (but not in the thymus) in the first 10
years after birth (Parker et al. 1990). Also, human peripheral blood Vy9/V82 T cells were expanded
in vitro by the stimulatory mycobacterial extracts and by some extracts from E. coli. These data
suggest that the antigens for the V49/V62 subset are shared by mammalian cells and diverse
microorganisms.

The proliferative response of human peripheral blood 4é T lymphocytes to Daudi cells (Sturm et al.
1990; Fisch et al. 1990b) (measured as an increase in the percentage of 6 TCR-positive cells), and
to the bacterial extracts from mycobacteria and E. coli could be substantially inhibited (approximately
90% inhibition in some experiments) by a polyclonal rabbit antiserum, against the mammalian groEL
homolog (hsp58 or hsp60) but not by other immune and nonimmune rabbit sera (Fisch et al. 1990b)
The hsp58 antiserum did not inhibit the proliferation of human V49/Vé2 T cells induced by IL-2.
Using this antiserum, we were able to immunoprecipitate a Daudi cell surface molecule with a relative
molecular weight of 58-kD corresponding to the mammalian hsp58. This molecule was coprecipitated
with a 66-kD molecule which could be a member of the hsp70 family. Our data suggest that human
V~9/V82 T cells recognize a ligand on Daudi cells that is homologous to the human and bacterial
groEL-related proteins. Recognition of groEL determinants by mycobacteria reactive human vé T
cells is compatible with results of Holoschitz et al. (1989) and Haregewoin et al. (1989). Modlin et
al. (1989), Kabelitz et al. (1990) and we (Fisch et al. 1990b) were unable to demonstrate direct
stimulation of human 4 T cells by the purified mycobacterial groEL homolog, hsp65. Nevertheless,
our results indicate that all the mycobacteria-reactive human 4 T cells coexpress V49 and V&2 genes
and that all these cells recognize a determinant on Daudi cells while other human & T cells do not
respond to Daudi or mycobacteria. Our experience is that the Daudi- or mycobacteria-induced
specific proliferation of V49/V82 clones may be difficult to demonstrate experimentally after a
prolonged (many weeks) in vitro culture period. Therefore, the absence of proliferative responses to
purified hsp65, could be related to suboptimal antigen presentation of some groEL preparations or
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other experimental difficulties. These hsp preparations may be recognized in a different conformation
by 44 T cells than by af T cells.

The specific antigenic stimulation of human V49/V§2 T cells resembles superantigen responses. The
mycobacteria- and Daudi-induced reactivities could be analogous to the stimulation of murine V38
T cells by staphylococcal enterotoxins and Mls, since the response to these antigens appears to be
determined by the expression of certain V region genes, but not by the junctional diversity of the
TCR. Moreover, the Vy9/V52 T-cell response to the bacterial antigens may not require intracellular
antigen processing. However, unlike the superantigenic responses of murine and human Vg8
(Marrack and Kappler 1990) and human V49 cells (Rust et al. 1990), coexppression of both V49 and
V&2 seems to be required for strong antigen responsiveness. We found that some (but not all) clones
that express V49 and V&1 recognized Daudi cells in cytotoxic and proliferative responses. Single-
color flow cytometry analysis of the V region repertoire of the PBLs stimulated for one week with
Daudi or mycobacteria revealed that more expanded 48 T cells expressed the V49 chain than the V§2
chain. Two-color analysis of the 46 T cells in PBL preparations stimulated with Daudi showed that
most V49 expressed Vo2, but very few cells expressed V51, Therefore, it is possible that the V9
protein is the chain determining the superantigen reactivity, and that the superantigen-binding sequence
is always accessible on Vy9 molecules associated with V&2, but only rarely with V41.

Our data suggest that the human Vy9/V62 T cells recognize homologs of the groEL family of heat
shock proteins. GroEL hsps are intracellular proteins that are highly conserved in the phylogeny
(reviewed in Young et al. 1987, Lindquist and Craig 1988; Welch 1990; Kaufmann 1990), but they
have not been detected on the cell surface. However, these proteins are frequent targets of cell-
mediated and humoral immunity during bacterial and parasitic infections (Young et al. 1988). The
induction of hsps can occur in cells stressed by heat, viral infections or transformation (reviewed by
Born et al. 1990; and Kaufmann 1990). Previous work from Ottenhoff et al. (1988) and Koga et al.
(1989) showed that endogenous groEL proteins presented by HLA antigens could be target antigens
for cytotoxic a8 T cells on macrophages. Our data suggest that groEL molecules expressed on Daudi
cells are the target antigens for Vy9/Vé2 T cells. Exogenous ligands from some bacterial extracts
may bind to yet unknown antigen presenting molecules in a complex that is immunologically
crossreactive with the epitope recognized by the Vy9/Vé2 T cells on Daudi. Such antigen presenting
molecules could also be involved in the transport of endogenous groEL antigens to the cell surface
in Daudi cells, and, possibly, under conditions of stress in other cells. However, on the basis of our
findings, we cannot exclude the possibility that the hsp homologs on Daudi are themselves involved
in the antigen presentation of endogenous peptide antigens, that are crossreactive with peptides present
in crude bacterial extracts (Born et al. 1990). However, human 8 T cells did not respond to the
groEL peptides that are the antigens of murine 44 T cell hybridomas (Fisch et al. 1990b).

Interestingly, Holoshitz et al. (1989) isolated Vy9/V2 T cell clones from rheumatoid arthritis
synovium and one clone, indeed, responded to groEL hsps. Haregewoin et al. (1989) found that
human mycobacteria-reactive polyclonal 4d T cells expressing the disulphide-linked form of the v
TCR (the TCR structure of Vy9/Vd2 T cells) mediated strong responses to the mycobacterial groEL
homolog, hsp65. These and our data indicate that human Vy9/V52 T cells could participate in
diseases of autoimmune, infectious and neoplastic origins.
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TCRT3 cells in peripheral blood with different functional Vr and V3 gene
rearrangements represent two non-overlapping subsets. The majority
expresses a TCR encoded by the V79-V32 gene segmehts whereas the minor
subset uses V81 in its functional receptor rearrangement [1,2]. Upon in
vitro activation, these two subsets of TCR78 lymphocytes display MHC
unrestricted lytic activity against a wide variety of tumor cells of
distinct histologic origin [3,4]. Recently antigen-specific and/or MHC
restricted TCRt8 lymphocyte functions have been documented [5,6]. We aimed
at studying whether functional differences exist between the two subsets of
TCRT3 lymphocytes and in particular whether the TCRtd is involved in their
distinct activation. Stimulation of fresh unfractionated PBL with
jrradiated Daudi cells, a Burkitt lymphoma derived cell line, resulted in
the selective expansion of TCRTS lymphocytes within the CD3* population in
a seven day period. This selective expansion appeared strictly confined to
the V19-V32 T lymphocytes. Stimulation with other B-LCL lines e.g. APD, BSM
(in vitro epstein bar virus transformed B-LCL) or Raji (a Burkitt lymphoma
derived cell line) did not result in such selective expansion of V79-V82
lymphocytes. Our results therefore point at a TCR V79-V32 mediated antigen-
specific Daudi cell interaction. Analysis of the lytic activities of V79-
V82 and V81 cloned lymphocytes against a panel of tumor cells of distinct
histologic origin revealed a striking difference. Daudi target cells were
exclusively lysed by all Vr9-v82 T lymphocyte clones. This specific lysis

of Daudi cells by V19-V82 clones even was found when these effector
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lymphocytes were generated in an non-Daudi B-LCL stimulator cell
comprising culture system, used to establish the Vr9-V32 clones. Whereas
none of the V51 lymphocyte clones could lyse Daudi cells. The V79, V82"
,V81~ clone PJ4 and the thymus derived V19", V51' clones Thy-CL5 and Thy-
CL10 did not lyse Daudi cells either. The resistance to lysis of Daudi
cells by V81* clones was not due to a lower capacity of conjugate formation
to the Daudi target cells by V81 clones. Efficiently crosslinking of the
TCR/CD3 complex via the relevant FcRt expressed on Daudi cells by means of
an anti-CD3 or TCRtd mAb resulted in their 1lysis, conclusively
demonstrating that Daudi cells are not intrinsically resistant to lysis by
V3l clones.

The critical question remains whether the specific lysis of Daudi cells
involves the TCRTd because the Daudi cell line is also susceptible to MHC
unrestricted lysis by IL-2 activated (D3" and CD3/TCRef® Ilymphocytes
reportedly not involving the TCR structure [7-9]. In the latter case this
difference in specificity of Daudi cell lysis for the V79-V32 versus the
v81 clones might reflect differential expression and/or involvement of
multiple receptors, e.g. accessory molecules in target cell recognition.
Although both subsets of TCRtd lymphocytes express equal levels af adhesion
molecules CD2, CD1la/18 and LFA-1, they have been reported to differ in
their cell matrix composition, which is reflected by differences in their
respective adherence and motility capacities [10]. These differences in
cell matrix composition may also result in different target cell
repertoires, f.i. Daudi cells. However, as mentioned V31 clones form
conjugates with Daudi cells equally well as the V79-V32 clones. Moreover,
freshly isolated V79-V32 PBL, that do not display MHC restricted cytolysis,
specifically proliferate to Daudi cells but not to other B-LCL or K562
cells [11]. These data support the concept of the TCRT8 involvement in the

recognition of Daudi cells.
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What is the nature of the antigen expressed on Daudi cells that is
specifically recognized by V19-V32 lymphocytes?

MHC class-1 and CD1 molecules, reported to serve as specific TCRt3 ligands
are not expressed on Daudi cells [6,12-13]. Recently evidence has
accumulated to indicate that TCRTd can recognize mycobacterial antigens.
Interestingly only V79-vd2 but not V31 T Ilymphoytes specifically
proliferate to myobacterial antigens. These mycobaterial antigens can be
presented by MHC class I and II negative B-LCL, and by Daudi cells [14].
Daudi cells showed no requirement for MHC antigens in the antigen
presentation. Mixtures of anti-MHC class II mAb did not inhibit the lytic
activities of V19-V32 clones towards Daudi cells. The evolutionary
conserved nature of heat shock proteins from bacteria to man and the
reported expression of the latter on the membrane of certain B-LCL [15],
makes HSP or HSP related molecules good candidates for the cell structure
expressed by Daudi cells, recognized by Vr9-V82 lymphocytes. The specific
proliferation to and cytolysis of Daudi cells by the entire subpopulation
of V19-V32 lymphocytes, irrespective of the junctional diversity at the
TCRS gene is reminiscent of a superantigen reponse. In ‘“classic"
superantigen stimulation, the VB8 or V19 encoded TCR chain in itself is
sufficient to impose superantigen specificity [16,17]. In case of analogy,
the V19 chain is expected to dictate Daudi cell specificity. However two
V79-V81 clones of thymic origin did not lyse Daudi cells, implying that
either the V19 perse is not sufficient to dictate Daudi cell specificity or
represents a physiological constraint due to their thymic origin. Therefore
either the expression of a V82 encoded TCR3 chain alone might be sufficient
or the combination of Vr9-V82 encoded TCR chains is required.

Specifity of the V79-V82 lymphocyte subset in the periphery for autologous
HSP would explain the overrepresentation of these lymphocytes at the sites

of autoimmune reactions where HSP are abundantly present [5].
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INTRODUCTION

We have previously shown that the largest number of human 7/6 T cell
clones express a Vr9/v62t T cell receptor (TCR) recognized by both anti-
TiTA and anti-TiVé2 monoclonal antibodies (mAb) (Jitsukawa et al 1987;
Triebel et al 1988 and Miossec et al 1990). These clones generally
display a non-MHC (major histocompatibility complex) requiring
cytotoxicity detectable against a wide variety of tumor cells, which is
likely TCR independent (Bank et al 1986; Brenner et al 1987; Borst et al
1987 and Moingeon et al 1987). A minority of the clones were found to
express the 6§TCS1 epitope which involves V§1-J61 gene segments (Mami-
Chouaib et al 1989). Among these clones we have identified allogeneic
1/6 cytotoxic T lymphocytes (CTL) recognizing either class II MHC gene
product (Jitsukawa et al 1988; Mami~Chouaib and Hercend unpublished
data) or MHC "class I like" molecule, CDlc (Faure et al 1990a).

To further assess the specificity of human 7/8§ T cells we have generated
several alloreactive clones in mixed lymphocyte reactions (MLR) against
an Epstein Barr virus (EBV) transformed B cell line, designated E418.
Two of these clones (E102 and E117) were studied in details. They were
found to recognize and kill the E418 immunizing cells. A 43 Kd surface
molecule, termed TCT.1l (i.e., T cell target), broadly distributed in the
hematopoietic system, was shown to be recognized on the target cells in
these particular cytotoxic interactions.

RESULTS AND DISCUSSION

Peripheral blood mononuclear cells (PBMC) were extracted by Ficoll
Hypaque centrifugation and the 7/6 T cells were purified by an immuno-
rosetting technique using BMA031 (anti-TCRa/8), anti-CD4, anti-CDS8,
anti-CD20 (B cell specific) anti-CD14 (monocytes specific) and anti-
CDEG/NKHI (anti-N901) mAbs. Non-rosetting lymphoiytes were cultured at 2
10% cells/well in the presence of irradiated (10% cells/well) EBV
transformed B cells, termed E418. rIL2 was added every 3 days, starting
from day 12. The polyclonal cell line was cloned by limiting.dilution at
0.5 cell/well on a feeder layer containing both allogeneic PBL and the
sensitizing E418 B cell line. A series of clones with cytolytic activity
against the E418 cells were generated. Two of them, termed E102 and
E117, were studied in details. Both clones were found to be CD3+,
BMAO31~ (TCRa/87), TCR61%, éTcsit, a13*, Tivéz™, TitA~™, cD4~, CD8~ and
NKH1™. Note that anti-TCR61 mAb is specific for a constant determinant
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of the TCR§ chain (Band et al 1987), anti-éTCS1 mAb for an epitope
encoded by V§1-J61 rearranged gene segments (Mami-Chouaib et al 1989),
anti-Al13 and -TiVé2 for peptides encoded by Vé1 and Vé2 gene segments
respectively (Miossec et al 1990) and anti-TitA for the V79 gene product
(Jitsukawa et al 1987; Triebel et al 1988). Therefore the two clones
possess a V19"/V61+ receptor found in a very small 1/§ peripheral cell
fraction (10%) of the individual studied here.

Characterizatio £ express n 7_clone

A series of Southern blots were performed to characterize the TCRT and
TCRé gene rearrangements in the E102 and E117 clones. Southern blot
analysis of both clone DNAs with a Vé1 probe showed a 3.3 kb EcoRI band
known to include (Hata et al 1987; Triebel et al 1988) the V§1-J61
rearrangement (data not shown). Regarding the 1 chain rearrangements,
the pH60 probe (a JT11 fragment) detected two KpnI bands at 4.7 kb and
8.5 kb. It has been previously shown that such fragments correspond to
rearrangements of a member of either the V1I or the V1III gene subfamily
to JP2 and JP1 respectively (Huck et al 1987). Hybridizations performed
with a V7I and a V1III probes indicated that these bands correspond to
V13-JP2 and to V18-JP1 recombinations respectively (data not shown).
Immunoprecipitations performed with the anti-TCRé§1 and the anti-§TCS1
mAbs show that E102 and E117 express a disulfide unlinked receptor (data
not shown) indicating that both clones use an unfrequent 7/§ heterodimer
encoded by Vé61-J61-Cé/V13-JP2-C72 heterodimer.
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Fig. 1. Cytotoxic activity of E102 (A) and E117 (B) 1/6 T cell clones
against E418 EBV transformed B cell line, DAUDI and K562 target cells.
Effector/Target ratios were 10/1, 3/1, 1/1 and 0.3/1.

The lytic activity of the E102 and E117 cells was tested against a
series of target cells including a panel of 8 EBV transformed B cell
lines carrying various MHC class I and class II gene products as well as
conventional "NK/LAK" target cells (K562, REX and DAUDI). There was
little if any cytotoxicity against 6 of the B cell lines while two (F601
and KAS) were lysed more efficiently. The DAUDI "LAK" target cell was
not killed and varying levels of lysis were found against K562 and REX

(fig. 1).

The cytotoxicity of both clones against the E418 cell line was not
altered by either anti-w6/32 (anti-class I) or 9-49 (anti-class II)
mAbs. Therefore, E102 and E117 appeared to display a non-MHC Class I/II
requiring cytotoxic activity (fig. 2).
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Fig. 2. Cytotoxic activity of E102 (a), E117 (b) and CD3~.1 NK cell line
(c) towards E418 target (A) and that of ABl2 (d), JT9 (e) and the CD3”.1
NK cells (f) towards DAUDI target (B). Cytolytic experiments were
performed either in media or in the presence of mAbs. E418 and DAUDI
target cells were preincubated for 2 hours with saturating
concentrations of the 10H3, W6/32 (anti-class I), 9-49 (anti-class II)
or 2F3 (anti TNKTar) mAbs and then effector cells were added.
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To identify molecules potentially recognized by the clones, we have
generated by immunizing Biozzi mice with E418 cells a mAb, termed anti-
10H3, able to block the cytotoxic interaction of E102 and E117 clones
with the E418 immunizing cells (Fig. 2Ra, b). The corresponding antigen,
designated TCT.l1 has been characterized as a 43 kd molecule. It was
found to be broadly distributed in the hematopoietic system while cells
from various other origins appeared to be negative (Table 1). Results
obtained with the DAUDI cell line indicated that the TCT.1l protein does
not require the 82 microglobulin for its expression and is therefore
distinct from the "class I-like" antigens.

TABLE 1 . reactivity of the anti-10H3 and the anti-W6/32 mAbs

A. Cell lines and clones

Phenotype W6/32 10H3

Reactivity Reactivity

E418 T3~ /9-49%/Ba* 90%% (205) 90% (179)

DAUDI T3~ /9-49/Ba’ 0% 90% (105)

REX 73%/9-497/B4~ 95% (162) 95% (113)

AB12 73%/9-49%/B4a" 94% (185) 94% (192)

E117 T3%/ ND /B4~ ND 97% (173)
K562 T3 /9-49" /B4~ 68%  (88) 0%

B. Cell fraction :

W6/32 Reactivity 10H3 Reactivity

PBL 97%% (159) 93% (125)
Monocytes 98% (187) 89% (126)
Bone Marrow 91% (189) 82% (139)
Polymorphonuclear 95% (127) 46% (75)
C. Allogeneic tissues :

W6/32 Reactivity 10H3 Reactivity
Liver + -
Kidney + -
Ovary + -
Placenta + -
Pancreas + -
Breast + -

Cells were analysed by indirect immunofluorescence (A and B) or by
radicisotope assay on microfolds (C). $ = Percentage of positive cells.
Number between parentheses correspond to fluorescence intensity mean. ND
= not done.



193

Specificity of anti-10H3 mAb inhibitory function

Experiments performed with appropriate pre-incubation of either effector
or target cells with anti-10H3 indicated that its inhibitory effect
resulted from its binding to the membrane of target cells (data not
shown).

In light of the broad distribution of the TCT.l molecule, we tested the
blocking activity of anti-10H3 in effector/target cell combinations
distinct from E102 (or E117)/E418. The selected killer cells included
ABl12 (a 7/6 T cell clone with the predominant peripheral Ti'rA"'/Tiv&z+
phenotype, Triebel et al 1988; Faure et al 1988 and Mami- Chouaib et al
1989), JT9 (an a/B T cell clone defined through the expression of the
NKTa clonotypic determinant, Hercend et al 1983a; Hercend et al 1983b)
and ¢D37.1, a polyclonal NK (OKT3™, NkH1* ) cell line. The 10H3" DauDI
cells were used as a target because of their susceptibility to the three
types of effectors. As shown in fig.2, B, anti-10H3 had no effect at all
in the cytotoxic reactions. Controls included W6/32 and 9-49 antibodies
that were also inactive while, as described previously (Hercend et al
1984), anti~-TNKtar blocked specifically the cytotoxicity mediated by JT9
cells (Fig.2, Be). Note, in addition, that anti-10H3 was unable to
inhibit the cytotoxicity mediated by the CD37.1 NK cells against the
E418 cell line (Fig.2, Ac).

In addition to E418, the functional activity of anti-10H3 was assessed
against NK target cells (REX) and EBV transformed B cell lines (F601 and
KAS), susceptible to the cytotoxic activity of E102 and El1l17. It was
found to strongly inhibit the cytotoxicity against the F601 cells while
being active, although less efficient, against the KAS cell line. In
contrast, the antibody did not alter the interaction of E102 or E117
with the REX cell line (data not shown). These results strongly
suggested that TCT.1 is not involved in a generally operating pathway of
cell-cell interaction.

Concluding remarks

Together, the present results support the view that the E102 and E117
lymphocytes "see" the TCT.1 molecule on the surface of target cells
probably through a TCR dependent pathway. Both clones also display a TCR
independent NK-like function. The variability of the activity found
against K562 and REX probably corresponds to the known dependence of
NK/LAK lysis upon the effector cell status for IL2 induced activation
(Faure et al 1990a; Hercend et al 1983a; Faure et al 1990b; Seeley et al
1989 and Rimm et al 1981). The absence of cytotoxicity against the DAUDI
cell line which represents one of the conventional "LAK" target reflects
the heterogeneity at the clonal level regarding the IL2-augmented NK
function (Faure et al 1990a; Hercend et al 1983a; Faure et al 1990b and
Fisch et al 1990).

The recognition of the TCT.l molecule may allow to distinguish the TCR-
dependent and the TCR-independent target cell recognition by the E102
and E117 lymphocytes. That TCT.l is likely to be recognized via the 7/§
heterodimer is supported by several observations : (i) it has to be
mentioned that the interaction between the clones and the E418 cells are
inhibited by anti-TCR antibodies (data not shown); (ii) the blocking
activity of the antibody is dependent upon the use of unique effector
CTL, namely here E102 and E117; (iii) the blocking activity is dependent
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upon the use of individual target cells. If the TCT.1/ligand system
would operate through a simple model of bimolecular interaction, one
would expect that the specific antibody alters the cytotoxlc
interactions of E102 and E117 cells against all TCT. 1t targets. The data
obtained here particularly in the REX assays where anti-10H3 has no
effect at all does not favor the latter possibility. A more likely
hypothesis is that REX cells are recognized by a distinct mechanism than
the EBV transformed B cell lines, namely in an "NK-like" TCR/TCT.1
independent fashion. In addition, the varying levels of functional
inhibition obtained with the 3 B cell lines tested further suggest the
existence of a complex pathway of TCT.1l recognition. Future studies will
have to assess more directly the potential TCR/TCT.l1 interaction and to
establish whether TCT.l1 may serve as a peptide presenting structure.
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INTRODUCTION

T cells are activated by the antigen-specific TCR/CD3 molecular complex following
interaction with foreign antigenic peptides in association with self MHC proteins.
In addition, T cells can be activated by an "alternative"” pathway via the CD2
antigen (Meuer et al 1984). Soluble mAbs directed against T11.1, the sheep
erythrocyte binding epitope of CD2, inhibit certain T cell functions such as Il-2
production, Il-2-dependent proliferation, and cytotoxic effector activity (Bolhuis et
al 1986, Yssel et al 1987). In contrast, pairs of mAbs directed against the T11.2
and T11.3 epitope in combination activate resting TCR afi+ T cells. One of the two
anti~-CD2 mAbs required for T cell activation may be replaced by LFA-3 (the
natural ligand for CD2), by sheep erythrocytes, or by PMA (Holter et al 1986,
Hiinig et al 1987). Here we report that, in contrast to aB+ T cells, cloned TCR yé&
T cells can be activated by immobilized single mAbs to T1l.1. In addition, we
demonstrate that cloned yé*+ T cells undergo programmed cell death (apoptosis)
when cultured with soluble anti~-TCR or anti~-CD3 mAb in the presence of
exogenous Il-2.

MATERIALS AND METHODS

Il-2-dependent yé&* clones were established by culturing CD4-CD8- peripheral
blood T cells at 0.3 cells per well in the presence of PHA and irradiated feeder
cells. The following mAbs were used to characterize established y&* clones: TCRé-1
(Cs), 7AS (Vy9), BB3 (Vs2), §TCS-1 (Vsl), A13 (Vsl), BMAO31 (TCR aB).

Anti-CD2 (T1l1l.1) mAbs used include OKT1l1l (ATCC), 9E8 (this laboratory), BW0110
(Behringwerke, Marburg, FRG), and M-T910 (Brown et al 1987). 96-well plates were
coated with 1 pg purified mAb per well. After being washed, clone cells were
added at 2 ~ 5 x 104 cells per well in RPMI 1640 with 10 % FCS. After 24 h, 75 ul
of culture supernatant were tested for I1-2 activity on Il-2-dependent CTLL cells
by the colori-metric MTT assay (Jooss et al 1988). After additional 12 to 24 h, 1
uCi 3H-TdR was added to the remaining cells for determination of cell
proliferation. Cytotoxic activity of cloned yé+ T cells was determined in a standard
¢ h SICr release assay against P815 target cells in the presence or absence of
anti-CD2 or anti-CD3/TCR mAbs.

For determination of anti-CD3/TCR mAb-induced apoptosis, cloned yé& T cells were
cultured in 24-well plates at 1.5 x 106 cells/ml in the absence or presence of 2
ng/ml rlIl-2 and/or 1 ug/ml purified mAb. After 24 h, 3H-TdR incorporation was
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measured, and cell viability was determined by propidium iodide staining. Degra-
dation of DNA was monitored by gel electrophoresis of total cellular DNA on 2 %
agarose gels as described (Janssen et al 1990).

RESULTS

Single Anti-CD2 (T11.1) mAbs Activate y&* but not afi+ T Cell Clones.

Various yé* clones expressing different TCR y6 phenotypes (see Table 1) were
cultured in microtiter plates coated with different single anti-CD2 (T11.1) or anti-
CD3 mAbs. As shown in Table 1, yé but not af+ clones proliferated vigorously in
response to single immobilized anti-CD2 mAbs. The proliferative response of y&*
clones to anti-CD2 stimulation was frequently associated with the release of
substantial amounts of Il-2 into the culture medium (Table 2). In some cases,
however, anti-CD2 triggered the proliferation of a yé* clone in the absence of
detectable I1-2 secretion (compare Tables 1 and 2). In contrast, neither CD4* nor
CD8+ TCR afi* clones released Il-2 in response to a single immobilized anti-CD2
mAb (not shown). In addition, anti-CD2 mAbs triggered the cytotoxic effector
activity in cloned yé* T cells as tested against FcR-positive P815 target cells
(results not shown). It should be stressed that not all tested anti-CD2 mAbs were
effective in stimulating yé* T cell clones. 0f 7 anti-CD2 (T11l.1) mAbs tested, 4
were stimulatory (Tables 1 and 2), while 3 were not. It is clear, however, that the
stimulatory capacity of a given anti-CD2 mAb did not depend on a particular IgG
subclass, since stimulatory mAbs included both IgGl (OKT11, 9E8, M-T910) and
IgG2b (BW0110) antibodies.

Anti-CD3/TCR mAbs Induce Apoptosis in Cloned y&* T Cells.

During our studies on the activation requirements of cloned human yé* T cells, we
noticed that a significant fraction of a given yé* clone died when exposed to
soluble anti-CD3 or anti-TCR mAb and exogenous Il-2. Anti~-CD3/TCR mAbs have
been shown to induce programmed cell death (termed apoptosis) in immature
murine thymocytes (Smith et al 1989), T cell hybridomas (Mercep et al 1988) and
certain transformed leukemic T cell lines (Takahashi et al 1989). Apoptosis is
characterized by DNA fragmentation into oligonucleosomal bands that are multiples
of 200 bp (Appleby and Modak 1977). As shown in Table 3, Vy9* clone A37DN17
proliferated in response to immobilized anti-CD3 (BMA030) or anti-TCR Vy9 (7A5)
mAbs in the absence of exogenous Il-2. In the presence of exogenous Il-2, the
proliferation of A37DN17 cells was inhibited by both soluble and immobilized anti-
CD3 or anti-TCR mAb. As shown by propidium iodide staining and FACS analysis
(Table 4), a significant fraction of yé* clone cells died when cultured for 20 h
with soluble anti-CD3/TCR mAb and exogenous Il-2. Electrophoresis of DNA on 2 %
agarose gels revealed the characteristic "ladder"” pattern of DNA fragmentation
when yé* clone cells were exposed to Il-2 and soluble anti-CD3 or anti-TCR mAb
but not when y&* clone cells were cultured with soluble w6/32 (anti-HLA class I)
mAb (results not shown). Taken together, these results demonstrate that anti-
CD3/TCR mAbs can induce programmed cell death in non-transformed yé&* clones.
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Table 1. Proliferation of y&* clones stimulated by single anti-CD2 mAbs

Clone (cpm x 103)

Immobilized D768/4 D768/5 A92DN3 D798/11 D798/18
mAb (Vy9Vs2) (Vsl) (VyS9Vsl) (aB+CD4+) (afi+CD4+)
none 0.2 3.7 4.8 0.6 0.7
OKT11 (CD2) 2.7 18.4 44.7 1.3 0.8
9E8 (CD2) 4.9 17.4 39.6 0.8 0.6
BW0110 (CD2) 5.7 12.9 35.3 nda nd
M-T910 (CD2) 4.1 18.6 nd nd nd
OKT3 (CD3) 2.1 3.9 13.5 33.7 15.6
I1-2 (2 ng/ml) 3.7 12,1 20.4 44.2 25.8

2 - 5 x 104 clone cells were cultured for 48 h in 96-well plates coated with 1 ug
purified mAb per well. *H-TdR was added during the last 6 h. Results are mean
cpm x 103 of triplicate cultures. SD did not exceed 15 %.

a nd, not done

Table 2. IlI-2 production by anti-CD2-stimulated yé* clones

Clone (OD x 10-3)

Immobilized D768/4 D768/5 D768/6 A36DN33
mAb (Vy9Vs2) (Vsl) (Vy9) (Vg9Vs2)
none 11 15 7 9
OKT11 (CD2) 325 33 441 478
SE8 (CD2) 307 112 419 313
BW0110 (CD2) 25 310 34 13
OKT3 (CD3) 118 25 244 116
Il1-2 (2 ng/ml) 421 417 431 484

2 - 5 x 104 clone cells were cultured in 96-well plates previously coated with 1 ug
purified mAb per well. After 24 h, 75 ul of supernatant were transferred to flat-
bottom microtiter plates, and 15.000 Il-2-dependent CTLL cells were added per
well. After additional incubation for 24 h at 37° C, proliferation of CTLL cells was
measured in a colorimetric assay (cleavage of tetrazoltum salt MTT) as described
(Jooss et al 1988). Results are given as mean OD of triplicate cultures measured at
570 nm. SD were less than 15 % .
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Table 3. Stimulatory and suppressive effects of anti-CD3/TCR mAbs on the prolife-
ration of cloned y&* T cells

3H-TdR incorporation (cpm x 103 + SD)

mAb added without Il-2 with Il1-2 (2 ng/ml)
- + 0.1 1.
soluble 7AS + 0.1 +
soluble BMA030 + 0.1 +
immobilized 7AS5e + 0.1 + 0.
immobilized BMA0O302 6.3 + 0.2 2.7 + 0.

Vy9* clone (A37DN17) was cultured at 3 x 104 cells per well in the presence or
absence of 2 ng/ml Il-2. Anti-TCR Vy9 mAb 7AS or anti-CD3 mAb BMAO030 were
added at 1 pg/ml. 3H-TdR incorporation was determined after 24 h.

a Culture plates were coated with 1 ug purified mAb per well

Table 4. Correlation of propidium iodide staining and 3H-TdR incorporation

% growth inhibition % dead cells
mAb added (3H-TdR uptake) (propidium iodide)
- -- 15.5
7A5 (anti-TCR) 94 67.5
BMAO30 (anti-CD3) 81 51.0
w6/32 (anti-HLA I) 24 18.2
PHA-P (1 pg/ml) 86 71.8

Vy9* clone B54 was cultured at 1.5 x 106 cells/ml in 24-well culture plates in the
presence of Il-2 (2 ng/ml) and the indicated mAbs (1 ug/ml). After 24 h, 3TdR
incorporation was measured, and the percentage of dead cells was determined by
propidium iodide staining and FACScan analysis.
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DISCUSSION

Our experiments revealed a striking difference between cloned afi*+ and yé* T cells
regarding the stimulation wvia the "alternative” CD2 pathway. Two anti-CD2 mAbs
directed against different epitopes are required for stimulation of TCR afi+ T cells.
In contrast, stimulation by a single immobilized anti-CD2 (T11.1) mAb is sufficient

to trigger proliferation of and Il-2 secretion by cloned y&* T cells. These results
confirm and extend the findings of Pawelec et al (1990) who described the
activation of cloned yé* T cells by selected single anti-CD2 mAbs in the presence
of EBV-transformed LCL feeder cells. In addition, our data are in line with results
of Goedegebuure et al (1989) who were able to trigger cytotoxic effector function
in y&* T cells utilizing bispecific heteroconjugates containing a single anti-CD2
mAb. It appears that the threshold of signal(s) required for efficient CD2-
dependent stimulation is lower for y&* clones when compared to afi*+ clones. It
remains to be established whether the "alternative"” activation pathway is also
more easily triggered in resting (polyclonal) yé* T cells than in af+ T cells. In
addition, further studies are aimed at analyzing whether LFA-3, the natural ligand
for CD2, can replace anti-CD2 mAbs in activating y&* T cell clones. As noted
above, not every anti-CD2 (T11.1) mAb tested was capable of stimulating ys&+ clone
activation. Further studies are required to precisely delineate the CD2 epitope
recognized by “"stimulatory” versus "non-stimulatory” anti-CD2 mAbs. The
stimulatory activity of a given anti-CD2 mAb does not seem to depend on a
particular IgG subclass, since both IgGl and IgG2b antibodies were among the
stimulatory mAbs.

The present results also showed that cloned y&* T cells are susceptible to anti-
CD3 or anti-TCR mAb-induced apoptosis. CD3/TCR-dependent programmed cell
death, characterized by oligonucleosomal DNA fragmentation, has been previously
observed with immature thymocytes, T cell hybridomas, and leukemic T cells
(Smith et al 1989, Mercep et al 1988, Takahashi et al 1989) but not with Il-2-
dependent normal T cells. We observed that growth of cloned y& T cells was
suppressed when cells were cultured in the presence of exogenous Il1-2 and anti-
CD3 or anti-TCR mAb. A significant fraction of clone cells died under these
conditions, as shown by propidium iodide staining. In addition, characteristic
patterns of DNA fragmentation were observed. These results raise the possibility
that proliferation of yé* T cells is negatively regulated by antigen. In this
scenario, a resting y& T cell is activated when it encounters the "right”
antigen/ligand via its T cell receptor, and progresses through the cell cycle if
sufficient Il1-2 is provided by bystander "helper" (CD4*/TCR aB+) T cells. When, in
the presence of I1-2, the activated y& T cell recognizes the same antigen again,
death by apoptosis may ensue, thereby limiting the extent of y&§ T cell
proliferation.
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Leprosy

Leprosy provides a useful model for understanding immunoregulatory
mechanisms in man, since the disease form a spectrum in which the immunologic
response of the patient correlates with the clinical and histopathologic
classification. Since leprosy is predominantly a disease of skin, it provides an
opportunity to study the immune response to infectious pathogens at the site of
disease activity. At one end of the spectrum, patients with tuberculoid ieprosy
have one or several skin lesions in which bacilli can rarely be identified. CD4+ T
lymphocytes predominate in these lesions (12) and respond to Mycobacterium
leprae in vitro (11). At the other end of the spectrum, patients with lepromatous
leprosy have diffuse infiltration of skin and nerves with bacilli-laden macrophages.
CD8 + cells predominate in lepromatous lesions and function as antigen specific T-
suppressor cells in vitro (13,14). The CD4 + Iymphocytes derived from these
lesions are unresponsive to M. leprae in vitro.

The benchmark measure of delayed-type hypersensitivity in leprosy is the
lepromin or Mitsuda reaction, a 21 day reaction to intradermal injection of M.
leprae which is characterized by granuloma formation. This test is positive in
tuberculoid patients and negative in lepromatous patients. Imposed upon the
leprosy spectrum are the so called "reactional states” which include the reversal
reaction, thought to be a delayed-type hypersensitivity reaction against M. leprae
antigens.

In understanding the role of T-cells in the outcome of infectious processes,
we have used leprosy as a model. Although most studies have dealt with the role
of T-cells bearing a8 antigen receptors, we have recently focused on the potential
role of yé T-cell antigen receptors in the immune response to human pathogens.
Specifically we asked: 1) Are yé T-cells increased in leprosy lesions?; 2) Do yé in
leprosy lesions proliferate in response to M. leprae?; 3) Do yé T-celis in ieprosy
lesions respond to granuloma formation?; and, 4) What is the diversity of the yd
repertoire in leprosy lesions?
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y6 T cells are increased in leprosy lesions.

We compared the occurrence of lymphocytes bearing TCR yé or TCR aB in
each of the immunologic reactions to M. leprae using immunoperoxidase staining of
skin biopsy specimens with specific monoclonal antibodies (15). In both iepromin
skin tests and in reversal reactions, TCRS* lymphocytes comprised 25 to 35% of
CD3* cells in the lesions compared to approximately 5% of the CD3™ cells in
lesions of other forms of the disease. These data suggest that TCR y§
lymphocytes may be involved in early active granulomatous responses (such as
lepromin skin tests and reversal reactions), in contrast to the more chronic and/or
immunologically unresponsive leprosy lesions. Similarly in localized American
cutaneous leishmaniasis, another infectious disease with active granuloma
formation, TCR yd* cells were enriched in skin lesions relative to peripheral blood.

y6 T cells in leprosy lesions respond to M. leprae.

To examine the antigen specificity of lymphocytes accumulated in leprosy
lesions, we derived yé T cell lines from skin lesions and peripheral blood (15). One
T cell line was obtained from the biopsy of a lepromin skin test of a patient with
tuberculoid leprosy in reversal reaction. This line was expanded in vitrg with M.
leprae antigens and with IL-2, and then was subjected to cell sorting ‘o enrich for
TCR yé* cells. Both yé T-cell lines proliferated specifically in response to M. leprae
cell wall antigens and PPD, but not to the 65 kDa or |8 kDa recombinant heat-
shock proteins of mycobacteria, or to tetanus toxoid which served as a control.

yd T cells in leprosy lesions contribute to granuloma formation.

Granuloma formation in leprosy is presumed to be important for restricting
the spread or growth of the pathogens. The finding that antigen-specific TCR yé
cells accumulate in large numbers in immunologic reactions characterized by active
granuloma formation, but not established granulomas, suggested the possibility
that these cells or their secreted products may play a role in the development of
such lesions. Bone marrow-derived macrophages were cultured in presence of GM-
CSF and supernatants obtained from anti-CD3 or antigen-stimulated TCR yé
lymphocyte lines (15). Striking macrophage aggregation and cell division were
seen in cultures containing GM-CSF with supernatants of activated TCR yé cells,
but not those containing supernatants of non-stimulated TCR yé cells or either
component alone. These studies suggest that yé T-cells derived from lesions
appear to release a lymphokine(s) that synergizes with other cytokines to induce
macrophage adherence, aggregation and proliferation. These cellular events are
likely to be necessary for the granulomatous response.

Diversity of yd T-cells in leprosy lesions

An important unsolved questions about yé T-cell responses regards the
breadth of the yé T-cell receptor repertoire. On the one hand, there is extensive
junctional diversity, particular in the § chain. On the other hand, the finding of a
limited genetic diversity of the yd TCR resident populations at peripheral interfaces
such as skin (1), gut (17) and lungs (2) is consistent with the recognition of a
narrow antigen repertoire.
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The microanatomic distribution of yé T-cell subpopulations within lepromin
skin tests was investigated by immunohistologic analysis of frozen sections with
monoclonal antibodies directed against V4 polypeptide chains using
immunohistologic techniques. Within the dermal granulomas, Vé1 and V42 bearing
cells accounted for the majority of infiltrating 6+ cells, with the V§2:V41 ratio
approximately 2:1 compared to 9:1 in the peripheral blood of these same
individuals. TCRé cells infiltrating the epidermis invariably were found to express
the V41 receptor, with V82 + cells rarely present in the epidermal layer.

The determination of the genetic diversity of the TCR complex of these Vé1
and Vé2 populations in leprosy skin lesions is fundamental to understanding the
nature of the yd response to infectious pathogens. Since V& gene segments have
been shown to rearrange with three known Jé gene segments, we were able to
determine the V-J gene recombinations of DNA extracted from lepromin skin tests
by PCR amplification utilizing appropriate pairs of V and J oligonucleotide primers.
PCR analysis confirmed that V&1 and V42 were the predominant V4 genes used by
yd T-cells in these lesions, and that both V regions were found to rearrange with
the J&1 gene segment. Furthermore, V82-J63 gene rearrangements were detected
in 5/5 blood samples but only 1/5 lesions. These data suggest a selective
localization of a subpopulation of V42 bearing cells to lesions.

To extend the above findings, the junctional diversity of yé T-cells in
lepromin skin tests was determined by cloning and sequencing of PCR amplified
products. In three lepromin skin tests, the V81-Jd1 and Vé2-J41 junctions were
found to lack diversity and differed in sequence from one another. This was in
striking contrast to the peripheral blood of these individuals, which exhibited
extensive junctional sequence diversity. The junctional sequences in lesions were
not found to be expressed in any of the peripheral blood lymphocyte sequences.

The most likely explanation for the limited diversity of the V-J junctions of
the § TCR chain in lesions is that these cells are clonally expanded in lesions in
recognition of a small number of antigens. It is noteworthy that there is greater
amino acid sequence diversity at the V-J junction between individuals than
between clones within an individual. While these results could be due to primary
genetic difference in repertoire generation, it is tempting to speculate that it is due

to polymorphic host-derived restriction elements that are involved in the clonal
selection.

Discussion

T-cells bearing yé antigen receptors may function as a first line of defense
against infectious pathogens. This hypothesis is based on the finding of large
numbers of yé T-cells at peripheral interfaces including normal murine skin, gut and
lungs (2,3,5,10). Furthermore, the murine primary, but not secondary immune
response to challenge with M. tuberculosis is characterized by expansion of yé T-
cells (8). In fact, yé T-cell hybridomas derived from antigen unselected murine
neonatal thymocytes have been shown to respond to mycobacterial antigens (16).
In humans, yé T-cells from the peripheral blood have been shown to proliferate in
response to mycobacteria (6,7,15) and yd T-cells accumulate in early but not
chronic granulomatous lesions of leprosy and leishmaniasis (15). The finding of a
limited genetic diversity of yd T-cells in leprosy lesions suggests the recognition of
a limited antigen repertoire. Consistent with this hypothesis, yé T-cells may
recognize heat shock proteins (4,6,7,9,16) a highly conserved family of proteins
that may be induced by a variety of cellular injury mechanisms. Limited receptor
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diversity would permit yé T-cells to recognize and respond to these antigens on
mycobacteria, or homologous proteins present on autologous celis stressed by
intracellular infection.
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INTRODUCTION

T tymphocytes recognize processed antigens through a specific cell surface receptor
composed of an a/B heterodimeric unit associated with the CD3 protein complex. Another minor
heterodimeric receptor has been more recently evidenced (Brenner et al. 1986), made up by vy and §
glycoprotein subunits encoded for by somatic gene rearrangements of V, D, J and C segments
(review by Lefranc, this meeting). However, due to limited germiine diversity, the TCR~y/§ variability
largely depends on nucleotide modifications in the "N" region of the V-J or V-D-J junctions (Hata et
al. 1988), and following the mode! of Davis and Bjorkman (1988) for a8 T cells, v§ T cells should
recognize antigens in the context of poorly or non polymorphic antigen-presenting determinants
(Strominger 1989). The in vivo development, functions, and antigens of TCR~y/§-bearing cell
populations, although still largely unknwon, are under intensive investigations and general
discussions (Haas et al. 1990). Many attempts have been made to delineate functional v§ T cell
populations in pathological situations (De Maria et al. 1988, Holoshitz et al. 1989, Modlin et al.
1989) where self-mimicking mycobacterial antigens or heat shock proteins (HSP) could be involved
(Raulet 1989). Following our recent data on the tissue distribution of v T cell subsets within the
rheumatoid synovium (Chaouni et al. in press), we overview here some of the modifications of v5 T
cell in patients with rheumatic diseases, in terms of phenotypic expression, gene usage and tissue
distribution. Implications for understanding their eventual participation in the disease, and more
generally the T cell involvement in the pathogenesis of autoimmunity are also discussed.

T - & DISTRIBUTION

1-Among specles: A large portion of the lymphocytes infiltrating mouse and avian gut
epithelium (Goodman and Lefrancols 1988, Bucy et al. 1988) and epidermis (Stingl et al. 1987,
Kuziel et al. 1987) express a v§ receptor. Elevated levels of v§ T cells have been evidenced in other
species like cattie and sheep (Mackay et al. 1989). In contrast, the human v§ cells seem to be evenly
distributed within T cell containing organs, in a rather constant and low proportion of 1 to 10% of
v6+ among af+ cells (Groh et al. 1989). However, an increasing number of histological studies
using avallable antibodies against TCR chains analyze v§ T cell distribution in human tissues, and
may modulate speculations regarding epithelial surveillance (Janeway et al. 1988).
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2-n normal human: The distribution of cd T cells in man has been extensively analyzed
during the last two years, and if most of the published data from several groups are in agreement for
peripheral blood {mean 5%, range 1-10%), spleen (10-20%), lymph nodes (2%), Thymus (1%) and
tonsil (less than 1%) (Borst et al. 1988, Groh et al. 1989, Bucy et al. 1989, Falini et al. 1989), resuits
for human gut epithelium largely diverge from one group to the other (Brandtzaeg et al. 1989).
Actually, in contrast to lamina propria, human gut epithelium seems to contain more v§ T cells than
previously belleved (Deusch and Pfeffer, this meeting). A most important feature in human is the
differences in the V gene usage in the § chain-encoding rearrangements between the thymus and the
periphery (Lanler et al. 1988, Casorati et al. 1989). Two main subsets of v§ T cells have been
delineated, the “peripheral" type using a VvySJyPCy1 rearranged gene product, preferential
associated with a V§2-encoded § chain (Triebel and Hercend 1989), and a “thymic® type using a
V& 1-encoded § chain associated with various VyCy-gene products.

3-in_pathology (especially RA): Analysis of the T cell receptor expressed by T lymphocytes
infiltrating pathological sites has been performed first in the synovial fluid of juvenile arthritis
patients (De Maria et al. 1987), where an elevated number of TCR af-negative T cell clones could be
expanded. We and others (Brennan et al, 1988, Réme et al. 1990) have used the anti-TivA
monocional antibody (Jitsukawa et al. 1987) to shown that the TCR v§ lymphocyte content is
significantly increased in the synovial fluid of RA patients compared to normal blood. T v§ clones
with mycobacterial reactivity have been isolated from RA synovial fluid (Holoshitz et al. 1989) and
lepromatous lesions (Modlin et al. 1989). To get further insight in the eventual involvement of v§ T
cells in the pathology of RA, we used a panel of monociona!l antibodies in immuno-histology to study
the v§ T cell infiltrate within the synovial membrane. Interestingly, we have shown that the overall
number of uniformely distributed v§ T cells is comparable to that of peripheral blood, while the ratio
of Vy9-negative, mostly V51 cells to Vy9-V§2 lymphocytes was much higher than that of paired
blood (Chaouni et al. in press), and comparable to that of normal thymus. Table 1 summarizes our
data on the modifications of v§ T cells in the RA joint.

Table 1 Modifications of v6 T cell subsets in the synovial joint from patients with rheumatoid arthritis

Quantitative modifications in the synovial fluid:
Increase in the absolute number of Vy9Vé 2-using cells compared to blood.
Ratio Vy9-using v8 T / Total 46 T cells > 75%

Qualitative modifications in the synovial membrane:
Uniform distribution of a number of v§ cells comparable to that of blood
Relative dicrease in the V§S subpopulation.
Ratio Vy9-using vé T / Total v6 T cells < 45%

THE T-y & - HSP CONNECTION
1-What?: In humans, vé cell lines reactive with mycobacterlal HSP-65 have been generated
from synovial fluid of a rheumatoid arthritis patient, leprosy skin lesions and a healthy individual
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immune to PPD (review by Born et al. 1990). Mycobacterial HSP-65-reactive T cell clones in
rheumatoid arthritis synovial fluid recognize a NH2-terminal 15 amino-acid peptide (Gaston et al.
1990). The human "V62" subset has been shown to proliferate in response to mycobacteria (review
by Haas et al. 1990). Since we have shown that this subset is relatively decreased in RA synovial
membrane, and since most of the studies in RA dealing with T cell responses to mycobacteria were
achieved in the synovial fluid, one can speculate on the relatively lower concentration of stressed-
cell products within the synovial membrane and/or their elimination through the synovial fluid.
2-How?: Due to a receptor structure similar to that of TCReS, complementary determinig
regions encoded by V segments of TCRy§ could Interact with the restricting element, and
hypervariable junctional regions with the peptide. The limited diversity of CDR1 and CDR2 implies a
restricted polymorphism of the restricting element, in agreement with studies showing a number of T
6 cells with specificity for non-polymorphic MHC-like molecules (Strominger 1989, Porcelli 198).

CLONAL DOMINANCE

Several attempts to evidence in RA a dominant set of unknwon antigens have been made by
looking for clonal rearrangements in the supposedly resulting dominant T cell ciones in the
rheumatoid joint. Conflicting results showing either rare or no TCRag oligoclonality (Stamenkovic
et al. 1988, Keystone et al. 1988, Miltenburg et al. 1990) may depend on culture conditions and even
vary within a synovial membrane (van Laar et al. 1990). Positive observations could result from
"shared rearrangements" rather than antigen-specific TCR-bearing cell expansion (Kurnick 1990).
Results from our group presented here suggest for TCRy$ a shift from the usual peripheral 76 cell
type to the usually less frequent V51 cell type. A similar preferential Vs gene usage has recently
been reported for synovial fluid cells (Sioud et al. 1990). Preliminary RFLP analysis in our laboratory
reveals unusual V| family gene usage in RA biood and numerous Vy abnormal rearrangements to
be elucidated in RA synovial membrane T cell clones (to be published).

IMPLICATIONS OF THE ~ & T CELL MODIFICATIONS IN RA

The increase of 6 cells in RA synovial fluid and the shift in Vy gene usage of v§ cells in RA
synovial membrane could imply that these cells are involved in RA pathogenesis or development.
Regarding the non-MHC restricted cytotocity and mycobacterial-HSP reactivity of v cells, and the
preferential homing of mouse v T cells expressing a given Vy gene product to specific target
epithelia (see Haas et al. 1990 for a review), this population could be involved either positively in
surveillance of synovial tissue growth, or negatively in bone and cartilage resorption.

However, the limited number of ¥é T cells in the synovial membrane, added to the virtual
absence of clonality in the rheumatoid joint, would argue against local expansion of antigen-specific
T cells, and favor modifications of a preexisting T cell repertoire, established during ontogeny.
Either by tolerizing T cells to self-MHC or deleting autoreactive T cells, intra-thymic selection could
lead to a normally incomplete repertoire. Autoimmunity would then first manlfest in filling the
*blanks" in the ontogenic repertoire by expanding T (8 or v5?) cell populations, under particular
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inducing conditions (viral or bacterial infections, stress, ...), exerted on particularly susceptible
(MHC?) individuals. Alternatively, “blank® creation in the repertoire could be modulated in
individuals at ontogeny by the presence of susceptibility MHC alleles. Whatever the mechanism,
such hypotheses should deserve an appropriate experimental approach.

REFERENCES

Born W et al. (1990) Recognition of heat shock proteins and v§ cell function. Immunol Today 11:40-
43

Borst J et al. (1988) Distinct molecular forms of human T cell receptor v/§ detected on viable T cells
by a monocional antibody. J Exp Med 167:1625-1644

Brandtzaeg P et al., correspondence from Bucy RP et al. and Janeway CA (1989) Epithelial homing
of v5 T celis? Nature 341:113-114

Brennan FM et al. (1988) T cells expressing y§ chain receptors In rheumatolid arthritis. J
Autoimmunity 1:319-326

Brenner MB et al. (1986) Identification of a putative second T-cell receptor. Nature 322:145-149
Bucy RP et al. (1988) Avian T cells expressing v§ receptors localize in the spienic sinusoids and the
intestinal epithelium. J Immunol 141:2200-2205

Bucy RP et al. (1989) Tissue localization and CD8 accessory molecule expression of Tyé cells in
humans. J immunol 142:3045-3049 ’
Casorati G et al. (1989) Molecular analysis of human v/§+ clones from thymus and peripheral
blood. J Exp Med 170:1521-1535

Chaouni | et al. (in press) Distribution of T cell receptor-bearing lymphocytes in the synovial
membrane from patients with rheumatoid arthritis. J Autoimmunity

Davis MM and Bjorkman PJ (1988) T-cell antigen receptor genes and T-cell recognition. Nature
334:395-402

De Maria A et al. (1987) CD3+4-8-WT31- (T cell receptor v+) cells and other unusual phenotypes
are frequently detected among spontaneously interieukin 2-responsive T lymphocytes present in the
joint fluid in juvenile rheumatoid arthritis. A clonal analysis. Eur J Immunol 17:1815-1819

Falini B et al. (1989) Distribution of T cells bearing different forms of the T cell receptor v/§ in
normal and pathological human tissues. J Immunol 143:2480-2488

Gaston JSH et al. (1990) Recognition of a mycobacteria-specific epitope In the 65-kD heat-shock
protein by synovial fluid-derived T cell clones. J Exp Med 171:831-841

Goodman T and Lefrancols L (1988) Expression of the y-6 T-cell receptor on intestinal CD8+
intraepithelial lymphocytes. Nature 333:855-858

Groh V et al. (1989) Human lymphocytes bearing T cell receptor v/§ are phenotypically diverse and
evenly distributed throughout the lymphoid system. J Exp Med 169:1277-1294

Haas W et al. (1990) The development and function of vé T cells. Immunology Today 11:340-343
Hata S et al. (1988) Extensive junctional diversity of rearranged human T cell receptor § genes.
Science 240:1541-1546



213

Holoshitz J et al. (1989) Isolation of CD4- CD8- mycobacteria-reactive T lymphocyte clones from
rheumatolid arthritis synovial fluid. Nature 339:226-229

Janeway CA et al. (1988) Specificity and function of T cells bearing v receptors. Immunology Today
9:73-76

Jitsukawa S et al. (1987) A novel subset of human lymphocytes with a T cell receptor-y complex. J
Exp Med 166:1192-1197

Keystone EC et al. (1988) Structure of T cell antigen receptor g chain in synovial fluid cells from
patients with rheumatoid arthritis. Arthritis Rheum 31:1555-1557

Kurnick J (1990) Clonal restriction and synovitis. 10th Rheumatic Immunopathology Seminar.
Clermont-Ferrand, october 5, 1990.

Kuziel WA et al. (1987) Regulation of T-cell receptor y-chain RNA expression in murine Thy-1+
dendritic epidermal cells. Nature 328:263-266

Lanier LL et al. (1988) Structural and serological heterogeneity of v/§ T cell antigen receptor
expression in thymus and peripheral blood. Eur J Immunol 18:1985-1992

Mackay CR et al. (1989) v/§ T cells express a unique surface molecule appearing late during thymic
development. Eur J Immunol 19:1477-1483

Miltenburg AMM et al. (1990) Dominant T-cell receptor g-chain gene rearrangements indicate clonal
expansion in the rheumatoid joint. Scand J Immunol 31:121-125

Modlin RL et al. (1989) Lymphocytes bearing antigen-specific vé T-cell receptors accumulate in
human infectious disease lesions. Nature 339:544-548

Porcelli S et al. (1989) Recognition of cluster of differentiation 1 antigens by human CD4-CD8-
cytolytic T tymphocytes. Nature 341:447-450

Raulet DH (1898) Antigens for vé T cells. Nature 339:342-343

Réme T et al. (1990) T cell receptor expression and activation of rheumatoid arthritis synovial
lymphocyte subsets. Phenotyping of muitiple synovial sites. Arthritis Rheum, 33:485-492

Sioud M et al. (1990) The Vé gene usage by freshly isolated T lymphocytes from synovial fluids in
rheumatoid synovitis: a preliminary report. Scand J Immunol 31:415-421

Stamenkovic | et al. (1988) Clonal dominance among T-lymphocyte infiltrates in arthritis. Proc Natl
Acad Sci USA 85:1179-1183

Stingl G et al. (1987) Thy-1+ dendritic epidermal cells express T3 antigen and the T-cell receptor v
chain. Proc. Natl. Acad. Scl. USA 84:4586-4590

Strominger JL (1989) The vé T cell receptor and class Ib MHC-related proteins: enigmatic molecules
of immune recognition. Cell 57:895-898

Triebel F and Hercend T (1989) Subpopulations of human peripheral T gamma delta lymphocytes.
Immunol Today 10:186-188.

van Laar JM et al. (1990) Analysis of T-cell receptor g-chain gene rearrangements in patients with
rheumatoid artrhitis. Joint meeting Société Francgaise d’'lmmunologle-Nederlandse Vereniging voor
Immunologie. Paris, september 27-28, 1990. Abstract W1-9



Phenotypic and Functional Heterogeneity of
Double Negative (CD4-CD8-) o TcR* T Cell
Clones

J.G.Murison, Sonia Quaratino, and M. LONDEI

Charing Cross Sunley Research Centre, 1 Lurgan Avenue, Hammersmith,
London W68LW, England

INTRODUCTION

The CD4 and CD8 T cell markers are useful phenotypic landmarks which in general
terms divide the T cell pool into those cells which aid B cell responses and T cells with
cytotoxic capabilities. CD4* T cells respond to antigen in the context of class II MHC
and are predominantly helpers of B cell responses whereas CD8* T cells are stimulated
by antigen in the context of class I MHC and function as cytotoxic T cells. It has been
assumed that all mature T cells express either of these markers, however, recently a T
cell subpopulation has been described which lack both CD4 and CD8. The majority of
these double negative T cells bear the alternative y8 T cell receptor (TcR) with between
7% (Bender and Kabelitz, 1990) and 38% (Scott, 1990) being af T cell receptor positive.
T cells with this phenotype are known to exist in the thymus but are thought to be
immature and destined to either die or differentiate into mature single-positive
(CD4*CD8- or CD4°CD8¥) T cells. Therefore their existence in the periphery indicates
either the existence of a novel mature T cell subset or leakage of immature cells from
the thymus.

The potential relevance of CD4"CD8" af TcR* T cells in disease conditions has been
highlighted by the findings of Shivakumar et al (1989) that the numbers of these cells
in the blood of SLE patients increases proportionally with the severity of the disease.
These workers were also able to show that double negative af TcR* T cells were
capable of helping B cells produce pathogenic anti-DNA antibodies. This study when
taken in conjunction with those in mice showing an expansion of double negative o

TcR* T cells in mice predisposed to a variety of autoimmune conditions implicates
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these cells as being important in the pathogenesis of autoimmunity (Datta et al, 1987;
Davidson et al, 1986).

Despite their potentially important role in autoimmune conditions these cells have
been poorly studied. In an attempt to establish the baseline characteristics of these cells
we have generated a panel of T cell clones which are CD4-CD8- af TcR* from the
peripheral blood of 2 healthy individuals. = These cells have been extensively
phenotyped and various functions analysed in an attempt to provide some insight into

their role in vivo.
Generation of T cell clones

To evaluate the basic biology of double negative TcR af* T cells we purified cells with
the appropriate phenotype using a FACStar Plus (Becton Dickinson) and cloned by
stimulation with allogeneic irradiated peripheral blood mononuclear cells (PBM) and
PHA and expanded on IL-2. In this way we were able to generate a panel of clones from
2 healthy individuals which were used to assess their functional capabilities and

phenotypic characteristics.

Phenotypic and Northern Analysis of T Cell Clones

The clones were derived from lines which had been selected for their lack of CD4 or
CD8 cell surface markers but for the expression of the af TcR. To ensure that the
clones were double-negative they were checked for the presence of CD4 or CD8 mRNA
by northern analysis and were all found to be negative. When the clones were more
extensively phenotyped it was found that they shared most of the characteristics of
single-positive T cells. That is they expressed the 'pan’ T cell markers CD2, CD3, and
CD5 as well as HLA-DR, however only a proportion of the clones expressed the CD7
marker which is thought to be present on all T cells. The presence or absence of CD7
did not correlate with either of the individuals from which the clones were derived
indicating that this is a common occurrence in double negative ap TcR* T cells. CD?7 is
present on T cells from the early stages of T cell ontogeny in the thymus and therefore
the absence of this moiety on some of the clones may indicate that the cells have either
avoided maturation in the thymus or lost this marker during ontogeny. It seems
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unlikely that this sub-population of T cells are ‘immature’ as they do not express any of
the thymocyte markers such as CD1, and they do not gain either CD4 or CD8 upon
activation with PHA or immobilised anti-CD3 antibodies.

The other marker which was differentially expressed on the clones was CD28 which has
been shown to be an important moiety in both T cell activation and the stabilisation of
cytokine mRNA. The ligand for CD28 has been recently described as BB1 which is
found almost exclusively on B cells (Linsley et al, 1990) and therefore the presence or
absence of CD28 on the clones may point to the existance of at least two functionally

distinct groups within the double negative af* T cell population.
Cytokine induced proliferation,

Cytokines are important intracellular messengers, and the cytokines which cells
produce or respond to give an insight into the in vivo capabilities of a particular cell
type. With this in mind we analysed which cytokines the CD4"CD8" aff TcR* clones
could respond to by a standard proliferation assay. Cytokines which are known
stimulators of T cell growth such as IL-2, IL-4 and IL-7 were used as well as a number of
others ie. IL-1, IL-3, IL-6, GM-CSF, and TNF. All of the clones tested proliferated in
response to IL-2 stimulation whereas 3 clones were unable to respond to IL-4 and 1 did
not proliferate when cultured with IL-7. This inability of some clones to proliferate
when stimulated with IL-4 or IL-7 parallels that of T cell clones of other phenotypes
which have been cultured from the peripheral blood. Most striking was that 70% of
the clones were able to proliferate strongly to IL-3 which has been traditionally regarded

as a colony stimulating factor for precursor cells and cells of myeloid lineage.
I media xici

A study performed by Groh et al (1989) showed that 2 double negative T cell lines
propagated from the skin of humans were able to kill target cells in an NK cell-like
manner. This type of killing is consistent with that found for the majority of 8 T cells
which lack both CD4 and CD8 leading to the speculation that the double negative
phenotype may be linked with an NK cell-like cytotoxicity.
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To analyse the cytotoxic capabilities of the clones they were cultured with a variety of
targets in a standard S1Chromium release assay. Unlike the cell lines propagated by
Groh et al (1989) none of the 5 clones tested killed the MOLT4, Raji, P815, or K562 cell
lines whereas 4 of the 5 clones tested were able to lyse the anti-CD3 secreting hybridoma
UCHT!1 in a titrable fashion. This discrepancy in the results of our group with that of
Groh and co-workers may be due to the cells having been obtained from different
tissues. This data however indicates that not all double negative aff TcR* cells

function in an NK cell-like manner.

Analysis of T Cell Receptor

The T cell receptor for antigen encodes the ability of the cell to respond to a specific
epitope in conjunction with an MHC molecule and as such the study of this complex is
vital to the understanding of the action of these cells. We have used PCR to analyse
the spectrum of VB regions used by these clones. Thus far the VP regions of 8 clones
have been analysed. Only two of the clones tested used the same VP region indicating
that the double negative cells like the majority of T cells in the periphery can

potentially respond to a wide variety of antigens.
DISCUSSION

Double negative af TcR* T cells have been shown to be important in autoimmune
diseases in both mice and men (Seman et al, 1990; Shivakumar et al, 1989), but the
role these cells play in these conditions is unclear. MRL/lpr and C3H/gld mice
spontaneously develop autoimmune diseases which resemble SLE or Rheumatoid
arthritis in humans (Andrews et al, 1978; Hang et al, 1982) and are characterised by the
proliferation of CD4-CD8~ aff TcR* T cells. Both of these mouse strains produce a large
array of autoantibodies one of which has been found to bind to the murine IL-3 receptor
in an agonistic manner (Sugawara et al,1988). This finding taken in conjunction with
our own that human CD4CD8" af TcR* T cells respond to IL-3 may provide an
explanation for the expansion of these cells in their respective autoimmune conditions.
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In addition to the major T lymphocyte population, expressing
surface receptors (TCR) for antigen/MHC composed of a
disulphide-linked heterodimer (alpha/beta chains), a minor
subset has recently been identified which expresses a
different form (gamma/delta) of CD3-associated molecules
(Brenner 1986, 1987). Different molecular forms of TCR
gamma/delta have been identified by the use of anti-TCR
gamma/delta mAbs (Bottino 1988, Hochstenbach 1988, Moretta
A. 1988). Thus, BB3 (Ciccone 1988a) and Al3 (Ferrini 1989)
mAbs (or analogous delta-TCS1) have been shown to recognize
two non-overlapping lymphocyte subsets (Bottino 1988) of
peripheral blood-derived TCR gamma-delta+ cells. BB3 mAb
have been shown to specifically recognize vdelta2 expressing
cells, on the other hand Al3 recognizes Vdeltal+
lymphocytes. More than 95% of TCR gamma/delta+ lymphocytes
in the peripheral blood belong to the BB3+ or Al3+ cells.
In the peripheral blood molecules reactive with BB3 mab
correlate with the disulphide-linked (Cxl encoded) form of
the receptor, whereas Al3 reacts with two distinct non
disulphide-linked (Cy2 encoded) forms of TCR gamma/delta.
Although in the first functional studies the
MHC-unrestricted cytolytic activity of these cells was
emphasized (Borst 1987), recently evidence has been provided
both in man and in mouse that TCR gamma/delta+ cells are
able to specifically recognize and kill allogeneic cells
(Matis 1987, Ciccone 1988b). 1In our laboratory it has been
demonstrated that TCR gamma/delta+ cells were able to
recognize allogeneic cells in conventional MLC. Both
proliferation and lysis of target cells bearing the
stimulating alloantigens could be detected (Ciccone 1988b).
This phenomenon was clearly specific since neither
autologous nor allogeneic unrelated blasts were lysed. The
same responding population cultured with autologous
irradiated cells did not 1lyse either autologous or
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allogeneic target blast cells. An additional demonstration
that TCR gamma/delta+ cells can recognize allogeneic cells
was obtained by the analysis of MLC-derived T-cell clones
(Ciccone 1988a). Clones that specifically lysed allogeneic
target cells did not lyse autologous or wunrelated blasts.
In addition they were either BB3+ or Al3+ (see Table I),
thus, indicating that both types of TCR gamma/delta can
mediate alloantigen recognition. The analysis of
allospecific cell clones also provided direct evidence that
the specific cytolytic activity is not necessarily
correlated with the expression of MHC-unrestricted
cytotoxicity.

SURFACE PHENOTYPE CYTOLYTIC ACTIVITY

Specific Autologous Nonspecific

Clone BB3 Al3 allogeneic PHA  PHA blasts allogeneic PHA
blasts blasts

E2 + - 68 6 0

El7 + - 18 4 0

E33 + - 62 5 0

E68 + - 18 0 ND

E39 + - 16 1 0

E4l - + 37 9 8

L33 - + 29 2 0

LMl - + 45 ] 0

LM12 - + 33 0 2

Results are expressed as % specific S1Cr release at an E/T cell
ratio of 3:1

Since alloreactive TCR gamma/delta+ clones are well known
susceptible to inhibition by mAb specific for CD3 and TCR
molecular complex, we investigated whether also anti-Cb3 or
anti~TCR gamma/delta mAbs could inhibit the specific
cytolysis mediated by alloreactive gamma/delta+ clones.
This experiment was performed on 3 representative TCR
gamma/delta+ clones.

We found that anti-CD3 and anti-TCR gamma/delta mAbs
strongly inhibited the cytolytic activity, of all 3 clones,
of the specific allogeneic cell bearing the stimulating
alloantigen. It is noteworthy that 2 clones were Al3+ and
were inhibited by the corresponding antibodies, whereas the
another (BB3+) was inhibited by BB3 mAb. Since all 3 clones
displayed strong cytolytic activity against K562 target
cells, we also analyzed whether this type of cytolytic
activity was susceptible to mAb-mediated inhibition. We
found that neither anti-CD3 nor anti-TCR gamma/delta mAbs
had inhibitory effect. 1In contrast anti-LFAl mAb used, as
control, inhibited the 1lysis of K562 target cells. It
should be noted that, in this experiments, the mAbs used as
inhibitors were added at the onset of the test. Recognition
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of MHC class I molecules by the TCR gamma/delta+ clone LM12.
Clone LM12 was Al3+ and did not react with BB3 or WT31 mabs.
As shown by immunoprecipitation experiments the TCR of the
clone LM12 was compared by a non disulphide linked
heterodimer, as suggested by Al3 surface phenotype.

Clone LM12 had been derived from donor LM after stimulation
in MLC against allogeneic cells derived from donor MM (HLA
typing: Aw68, 24; B35, w55; DR1l, 7). Since preliminary
experiments suggested that the A24 allele could represent
the antigen recognized by this clone, we analyzed a panel of
PHA-induced target cells derived from 9 HLA-A24 positive and
9 HLA-A24 negative donors. As shown in table II, clone LM12
selectively 1lysed only those target cells which expressed
the A24 allele. Therefore these data suggest that the A24
allele represents the restriction element of the lysis
mediated by clone LM12.

TABLE 11

Specific cytolytic activity of clone LM 12
(TCRy/J+,A13+) against HLA-A24+ target cells.

Donor* HLA-Typing Cytolytic
activity **
A B DR
L.M. 3,29 35,44 5,7 ]
G.M. 1,29 44,62 7,10 ]
G.B. 2,29 44,50 2,7 0
M.B. 3,28 18,44 7,14 1%
0.V. 3,11 7,35 2,5 2%
M.P. 3,30 14,40 1,7 ]
M.E. 3,30 14,40 3,7 0
Ki. 3,30 14,13 5,7 3%
M.L. 3 ,68 14,35 5,7 3%
R.M. 3,24 18,55 1,5 26%
M.M 68,24 35,55 1,7 45%
S.P. 30, |24 49,60 4,5 43%
A.S. 2,|24 49,51 5,6 37%
G.A 2,24 39,50 3,8 48%
vV.0. 2,24 35,29 2,3 23%
A.C. 2,24 27,35 4,5 37%
E.R. 1,]24 35,49 2,6 62%
C.M. 2,]24 13,51 7,8 40%

*The target cells are Cr-labelled PHA-derived blasts
from PBL of different donors.

**Results are expressed as % of specific Cr-release
at an effector:target cell ratio of 10:1.

In order to directly verify this possibility, we next
analysed the ability of clone LM12 to lyse murine P815 cells
transfected with the human DNA fragment coding for HLA-A24
and expressing this antigen at the cell surface (Maryanski
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1985); as control we used untransfected P815 cells, or cells
transfected with Cw3. The A24-positive P815 cells were
efficiently lysed by clone LM12, whereas virtually no lysis
was observed against untransfected or Cw3-transfected P815
target cells.

Another Al3+ clone (derived from the same donor) with no
specific cytolytic activity against A24+ allogeneic cells,
did not lyse P815 transfected with A24. These data provide
direct evidence that the A24 molecule is specifically
recognized by clone LM12.

CONCLUSION

Our data indicated that the MHC class I molecules may
represent a possible molecular target for TCR gamma/delta+
lymphocytes and that polymorphic determinants of  this
molecules are recognized (Ciccone 1989). Another reports
indicated that TCR gamma/delta+ cells can recognize various
surface molecules including MHC class I (Spits 1990) or MHC
class II (Kozbor 1989), CD1 (Porcelli 1989) and in the mouse
TL antigens. In addition cells specific for a given
molecules (e.g. CDl1) may represent a small percentages of
all TCR gamma/delta+ cells. Taken together these data may
suggest that different surface molecules may be recognized
by TCR gamma/delta+ cells.

These structures could represent restriction element which
allow antigen recognition by this T cell subset.
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The T cell receptor (TCR) 76 is expressed on a distinct subset of T
cells (Brenner et al., 1986). Unlike the TCR aB, little is known about
78 T cell recognition. TCR a and B8 and TCR 7 and § genes are assembled
during development by recombination of distinct gene segments (V, D,
J). While the germline gene segment repertoire for both TCR 7 and §
chains is small compared to the TCR aB, extensive junctional diversity
is observed particularly in the TCR § chain (reviewed in Brenner et al.
1988). The diversity resides in a region presumed to form the CDR3
homolog of the immunoglobulin molecule considered important in antigen
recognition (Davis and Bjorkman, 1988). These structural features of
the 7§ TCR suggest a role for T cells bearing this receptor in specific
antigen recognition.

PREFERENTIAL RECOGNITION OF MYCOBACTERIAL ANTIGENS BY y§ T CELLS:

Studies on the receptor repertoire and anatomical localization of 7§
T cells have provided important clues in the search to identify
relevant antigens and antigen-presenting molecules for the 76 TCR. In
both mouse and man, 7§ T cells show evidence of localization to
epithelia, such as in the gut (Goodman and Lafrancois, 1988; Bucy et
al., 1989), the epidermis at least in mice (Koning et al., 1987), and
the lung (Augustin et al., 1989). Analysis of the V-gene repertoire
of 76 T cells in different locations shows the usage of TCRs encoded
by particular V-gene segments or pairs of V-gene segments, which may
arise at specific periods in thymic ontogeny (Asarnow et al., 1988;:
Itohara et al., 1990; Havran and Allison, 1990). The limited V-gene
repertoire, tissue localization in the proximity of epithelial cell
sheets, and lack of junctional diversity on certain murine 76 T cells
suggested that y§ T cells may recognize phylogenetically conserved
antigens, such as the heat shock proteins (HSPs). As such, Y8 T cells
may represent a first line of defence against invading pathogens and
cellular stress (Janeway, 1988). To date, a number of studies have
shown that 7§ T cells respond specifically and perhaps predominantly
to mycobacterial antigens including their heat shock proteins. For
example, murine thymocyte-derived hybridomas (O’Brien et al. 1989),
murine lymph node and lung cells (Janis et al. 1989, Augustin et al.
1989), human cutaneous lesions of mycobacterial infection (Modlin et
al. 1989), rheumatoid arthritis synovial T cells (Holoshitz et al.
1989) and human peripheral blood 75§ T cells (Kabelitz et al 1990) all
respond strikingly to mycobacterial antigens. This reactivity may not
be unique to mycobacteria, as several other bacteria, yeast and a human
B cell line (Daudi) are able to induce a similar expansion of 76 T
cells (Fisch et al. 1990; Abo et al., 1990; our unpublished results).
Reactivity to mycobacteria supports the suggestion that 7§ T cells may
specialize in host defence against intracellular microbes and perhaps
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THE 5 T CELL EXPANSION BY MYCOBACTERIA DOES NOT REQUIRE PRIOR
ANTIGENIC EXPOSURE: The marked expansion of 7§ T cells by mycobacteria

may result from repeated prior exposures to conventional antigens
present in microorganisms. Alternatively, certain mycobacterial
molecules may stimulate whole populations of 7§ T cells characterized
by their sharing receptors encoded by common germline V or J gene
segments, analogous to the recognition of enterotoxin superantigens by
TCR VB regions of a8 TCRs (Marrack and Kappler, 1990). To distinguish
between conventional antigen and superantigen types of recognition, wve
characterized the repertoire of the human 7§ T cell respomse to
Mycobacterium tuberculosis (H37Ra) in PBMC derived from: individuals
with active tuberculosis; healthy individuals that had recently
converted to PPD-positive status as a result of household contact with
active cases of tuberculosis; PPD-negative healthy individuals; and
newborns (umbilical cord blood) representing antigenically naive
individuals. The a8 and 76 T cells in jin vitro antigen-stimulated
cultures were analyzed by flow cytometry using mAb anti-TCR&1 (pan 7§,
Band et al. 1987) and BMA-031 (pan aB, gift of Dr. I.V. Kurrle). A
dramatic expansion of the 7§ T cells occurs in the seven to ten day in
vitro response to H37Ra in the peripheral blood of all individuals
tested, irrespective of prior mycobacterial infection. Importantly,
76 T cell expansion is observed also in PBMC derived from fresh
umbilical cord blood, further demonstrating that previous antigenic
stimulation is not required for the marked 7§ T cell response to H37Ra
(unpublished results).

COBACTERIA- UCED 7v§ ELL EX SION V= Ds The
above experiments which show innate reactivity of 76 T cells to H37Ra,
suggested that this recognition might be determined by germline gene
sequences. Thus, we used mAb against V51 (STCS1 and A13, gifts from
T Cell Sciences and Dr. 8. Ferrini, respectively), V§2 (BB3, and in
some experiments G1; gifts from Drs A and L. Moretta, E. Ciccone and
8. Ferrini), and vy2 (anti-TiyA, a gift from Dr. T. Hercend) to assess
the V-gene repertoire of 7§ T cells that expand in response to H37Ra.
In adult peripheral blood, the majority of 7§ T cells express Vy2
paired to V&2, while V&1 in association with any of several Vy gene
segments accounts for most of the remaining 7§ T cells at this site
(Faure et al., 1988; Bottino et al. 1988; Parker et al., 1990). The
V-gene repertoire shows nearly equal usage of V&l and V62 in peripheral
blood at birth, after which the V52 subset expands to account for the
majority of peripheral blood 7§ T cells in man (Parker et al., 1990).
Interestingly, the 76 T cell expansion in response to H37Ra occurs
almost exclusively in the Vy2/Vé2 expressing subset. That expansion
of Vy2/V52 bearing cells is not solely due to their predominance in
most 1Fu1ts or due to their activation state (these T cells are
cD45RO"') is demonstrated by the results on umbilical cord blood
derived PBMC where V51 and other non-Vy2 bearing cells represent a
significant fraction of the 7§ T cells. Yet, as in adult individuals,
the Vy2/V§2 bearing cells expand in response to H37Ra (unpublished
results).

TCR REPERTOIRE OF MYCOBACTERIA~STIMULATED ¥é T CELLS I8 DIVERSE: To
examine the repertoire of H37Ra-responsive 7§ T cells, we determined
the nucleotide sequences of the TCR § genes by polymerase chain
reaction (PCR). Both the V§2-J61 and V§2-J53 bearing T cells expanded
in response to H37Ra show a high degree of diversity characterized by
the use of 2 and sometimes 3 D§ gene segments in tandem and by the
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a few sequences were found to be repeated in these analyses, the number
of identically repeated sequences in the H37Ra-stimulated cultures was
similar to that found in the unstimulated PBL. Thus, the responding
cells are characterized by a high degree of junctional diversity,
similar to that of freshly isolated y§ T cells, but with a striking
preference for utilization of Vy2 and Vé2 germline gene segments.
This, together with a high precursor frequency for mycobacteria among
Y86 T cells as reported by Kaufmann and colleagues (Kabelitz et al.,
1990), suggests a mode of recognition analogous to superantigen
recognition by a8 T cells. Recently, reactivity to a classic
superantigen, SEA, was observed in this 7§ T cell subset (Rust et al.,
1990). We have earlier demonstrated an age-related post-thymic
expansion of 75§ T cells in the peripheral blood in man (Parker et al.,
1990). Interestingly, this expansion exclusively involves 7§ T cells
that bear Vy2/V§2 encoded receptors, which is the same subset that
undergoes in vitro expansion in response to mycobacteria. The post-
thymic expansion of 7§ T cells may, therefore, follow similar
stimulations by antigen in vivo.

PRESENTING MOLECULES FOR Y8 TCR RECOGNITION OF MYCOBACTERIAL
ANTIGENS: The mechanism by which T cells expressing yY§ TCRsS recognize
antigens is incompletely defined. It is noteworthy that nearly all 7§
TCR bearing cells lack expression of CD4, and most either lack CD8 or
express it at a relatively low level (Groh, et al, 1988). This
suggests that 75§ T cells may be less frequently restricted than a8 T
cells to recognition of antigens presented by classical MHC class I or
II molecules, and may more often use other cell surface molecules for
antigen presentation. Obvious candidates for these "other" antigen
presenting molecules" are the products of so-called *non-classical"
MHC class I genes. Southern blot analyses have demonstrated the
existence of at least 14 other class I related genes in humans (Orr,
et al, 1987) and approximately 30 such loci in mice (Weiss, et al,
1984). These include in humans the HLA-E, -F and -G loci, and in mice
the Q and TL regions. At least some of these loci are known to be
expressed at the protein level in both species. In addition, other
molecules with structural similarity to MHC products but encoded by
genes located outside of the MHC may also function as target structures
for 76 TCRs. The best known molecules in this category are the members
of the CD1 family, which are distantly related to MHC class I and II
molecules (Calabi, F & Milstein, C, 1986) and are present in both human
and mouse.

Currently available data, although limited, support the idea that
T cells bearing 7§ TCRs are restricted by a broader array of MHC and
MHC-like molecules than are their TCR a8 bearing counterparts. To
date, approximately equal numbers of 7§ T cell clones recognizing
classical MHC encoded molecules and nonclassical MHC or MHC-like
molecules have been reported. Two laboratories have described murine
Y5 T cells specific for products of genes mapping to the TL locus
(Bluestone, et al, 1988; Ito, et al, 1990). In one case, the molecule
recognized has been shown to be encoded by a previously undescribed TL
region gene encoding a broadly expressed class I molecule (Ito, et al,
1990). One example has also been described of a murine 7§ T cell
hybridoma specific for a synthetic polymer of glutamic acid and
tyrosine (GT) and restricted by the widely expressed Qa-1 product of
the Q locus (Vidovic, et al, 1989). A limited number of reports in
both mouse and man have also described 76§ T cells that recognize
classical MHC class I and II molecules, in a manner similar to that
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1990). Another study demonstrated recognition of MHC class I related
molecules by human 75§ T cell clones, but did not define the nature
(i.e, classical vs. nonclassical class I) of the molecules recognized
(Rivas, et al, 1989).

Recognition of non-MHC encoded molecules has also been found for
human ¥§ T cells. In 1987 we proposed that a 7§ T cell line (IDP2)
possessed specific MHC unrestricted recognition based on the pattern
of cytolysis of a panel of target cell lines (Brenner et al, 1987).
Subsequently, this was shown by monoclonal antibody blocking and DNA
transfection experiments to be due to specific recognition of a cD1
molecule by the 7§ receptor (Porcelli, et al, 1989). More recently,
another laboratory has also isolated a 7§ T cell clone specific for CD1
(Faure, et al, 1990). In both cases, these 7§ T cell clones were
specific for CDlc, one of the five potential glycoproteins encoded by
the human CD1 gene locus (Calabi F & Milstein C, 1986). CD1 reactive
78§ T cells have not yet been described in the mouse, perhaps because
reagents necessary to define murine CD1 glycoproteins have not yet
become generally available. Interestingly, we have also isolated
several examples of human a8 T cells specific for CD1 molecules. All
of these display the CD4 8~ surface phenotype typical of 7§ T cells
(Porcelli et al, 1989). This finding is consistent with our hypothesis
that the absence of CD4 or CD8, which is generally the rule for 76§ T
cells and the exception for aB8 T cells, may promote self-restriction
by a broader array of MHC and MHC-like molecules.

In man, analyses of the presentation of mycobacterial antigens to
76 T cells have yielded conflicting results. Haregewoin et al
described a HSP65 reactive 7§ T cell line that required autologous
plastic-adherent peripheral blood@ mononuclear cells for optimal
responses jin vitro (Haregewoin, et al, 1989). Another study
demonstrated a requirement for autologous or MHC matched antigen
presenting cells to stimulate proliferation of PPD specific 76 T cells
isolated from a lepromin skin test specimen, although the relevant MHC
or MHC linked loci could not be precisely defined (Modlin et al 1989).
These studies were interpreted as evidence that polymorphic MHC linked
antigen presenting molecules restrict the response of 76 T cells to
mycobacterial antigens. 1In contrast, a HSP65 reactive human 7§ clone
isolated from synovial fluid of a patient with rheumatoid arthritis
showed equal responsiveness to antigen presented by PBMC of autologous
origin or from eight different randomly selected allogeneic individuals
(Holoshitz et al, 1989). In this case, it is possible that
presentation of HSP65 may not be restricted by classical MHC molecules,
but by relatively nonpolymorphic putative antigen presenting molecules,
such as the HLA-E, -F, =G or CD1 loci products.

As for 76 T cells responsive to PPD or purified HSP65, studies of
Y6 T cell clones reactive to crude lysates of M. _tuberculosis
demonstrate that an accessory cell is required for optimal responses
(Kabelitz, et al , 1990; our unpublished results). However, PBMC from
a panel of MHC nonidentical donors all work equally well, suggesting
that if a specific antigen presenting molecule is involved it is likely
to have limited or no polymorphism. Alternatively, the stimulatory
moiety of mycobacteria sonicates may act in a manner more analogous to
the staphylococcal enterotoxin superantigens, which involves binding
to and presentation by MHC class II molecules but with minimal or no
restriction by polymorphic residues (Marrack, P & Kappler J., 1990).
Resolution of the mechanism involved will probably first require the
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for the dramatic stimulatory effect of M. tuberculosis preparations for
Y6 T cells.

In conclusion, responses elicited by antigens such as those of
mycobacteria appear to be superantigen-like responses for 7§ T cells.
The requirement for and the nature of self antigen-presenting molecules
recognized by the 7§ TCR are still poorly characterized; however a
role for nonclassical MHC or non~MHC molecules, such as CDl1, appears
likely. Together, these reactivities provide a means to study the
recognition by the 7§ TCR, such studies should move us closer to
understanding the functions of this unique subset of T cells.
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INTRODUCTION

In peripheral blood of normal donors a major fraction of Y8 cells
express a disulphide-linked (CYl) receptor with VY9 and V&2 gene
products (Casorati 1989, Groh 1989). Since cells bearing Vy9/v82 TCR

constitute only a minor fraction of Y8 cells in the postnatal thymus
(Casorati 1989) these cells might be selectively expanded in the
periphery. The expansion of VY9/v82 cells may occur after stimulation
with antigen (Parker 1990), or it may be dependent on encountering
ligands that bind to the Vy or V8, irrespective of the specificities
encoded by the V-(D)-J junctional sequences. To discriminate between
these possibilities we investigated the antigen reactivity of Vy9/vé2
bearing cells. Here we describe two frequent reactivities which

correlate with the V gene usage and might explain expansion in
peripheral blood.

MATERIALS AND METHODS

I cell cloning and assays.

T cell clones were established from peripheral blood of normal donors
as reported (De Libero 1989). 72 hr proliferation assays were
performed using 5x104 responder cells/well and irradiated EBV-B
(3x104/well) or PBMC (105/well) as APC. IL-2 was used at 5 U/ml. 3H-

Thymidine (Amersham, U.K.) was added in the last 18 hr. FACS analysis
was performed with mAbs previously described (Casorati 1989).

Southern and Northern analyses.

Clones were studied for Vy and V8 gene rearrangements and expression by
Southern and Northern analyses as already reported (Casorati 1989).
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RESULTS AND DISCUSSION

lar i i nize -4 m.

cells and M. tuberculosis-pulsed APC,

In order to find antigen reactivities of Y9 cells, we generated 189 Y5 T
cell clones from peripheral blood using PHA and tested their ability
to lyse different tumor target cells. Most of the clones were capable

to lyse Molt-4 cells. Antibody-inhibition experiments with 81 and Tiya
mAbs, which recognize C& and VYy9-encoded determinants respectively,

completely abolished Molt-4 killing, thus suggesting that TCR is
involved in Molt-4 recognition. Analysis with mAbs specific for TCR
variable regions indicated that Molt-4 recognition is restricted to

cells that express VY9 chain and that almost all VY9t cells from
peripheral blood recognize Molt-4.

We next investigated the relative role of Vy and V8 chains in Molt 4
recognition using 31 clones which express "unusual" pairings of Vy and
V3 chains (Casorati 1989). Analysis of these clones showed that, with
only one exception, the common feature of the Molt-4 reactive cells is
expression of VY9CYyl. The V3 chain seems to be less critical, since at
least two different V38 chains can pair with Vy9Cyl and confer Molt-4

reactivity. Killing is not inhibited by anti-MHC class I and II or
anti-CD1 mAbs.

The recognition of Molt-4 by human VY9™ cells resembles the
recognition of genetically determined Mls ligands by murine of cells

expressing particular VB gene products (Abe 1989). In both cases the
partner chain and junctional regions seems to be largely irrelevant.
The molecular nature of the Molt-4 associated and Mls gene-controlled

superantigens remains to be elucidated. Recently, Vy9-related ligands

have also been found to be expressed by Daudi cells (Fisch, 1990) and
by staphilococcal enterotoxin A (SEA) (Rust, 1990). It is possible
that cellular superantigens identical or related to the Molt-4 and
Daudi superantigens, or microbial superantigens like SEA might play a

role in the expansion of a subset of VY9t cells in the periphery.
However, this mechanism cannot explain the preferential use of V&2 by

circulating Vy9+* cells.

A second common specificity of Vy9/v82 cells was identified when PBMC

were stimulated with heat-killed M. tuberculosis. Analysis with Vy and
V8 specific mAbs showed that virtually all the proliferating Y0 cells
carried a Vy9/V82 receptor. A preferential expansion of Y8 cells was
not detected when PPD or tetanus toxin were used as stimulating

antigens and Y0 clones established from these cultures proliferated in

response to APC pulsed with M, tuberculosis, but not to APC pulsed
with PPD or tetanus toxoid. These cells also killed mycobacteria-
pulsed APC (data not shown).
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Molt4 and M., tuberculosis specificities are partially overlapping.

The TCR requirements for recognition of M. tuberculosis-pulsed APC
were investigated with two sets of clones: one derived from M,
tuberculosis-specific cell lines, and one from PHA-stimulated PBMC.
All clones derived from M, _tuberculosis-reactive cell lines are
positive with TiYA and BB3 mAbs and therefore express a VY9/Vd2 TCR.
Furthermore, 13 clones were molecularly analyzed and all were
characterized by a Vy9-JP-CYy1/V32-J1 receptor. The molecular analysis
thus confirmed that M, tuberculosis-reactive clones bear a Vy9/vd2
receptor.

We next asked whether random (PHA-derived) VY9/Vd2 clones would also
recognize APC pulsed with M. tuberculosis. About 2/3 (11/16) of the
VY9/V82 tested clones proliferated to M. tuberculosis-pulsed APC, while
none of the vy9t/vd2~, or vy9—/vé2%, or vy9~/v32~ clones showed
proliferative responses to M. tuberculosis (table I).

These results indicate that expression of both VY9 and V82 is required
for recognition of M, tuberculosis-pulsed APC, but it is not
sufficient, since 1/3 of the Vvy9*/vd2t+ clones do not proliferate to
this stimulus. Involvement of both TCR chains resembles off TCR
requirements for antigen recognition, and inappropriate Jjunctional
regions could account for lack of M. tuberculosis reactivity. In
addition, these results also suggest that Molt-4 and M. tuberculosis
reactivities are different and only partially overlapping. This latter
inference was confirmed by the finding that M. __tuberculosis-non

reactive vy9*t/v82% clones recognize and kill Molt-4 (table I).

In conclusion, we have detected two specificities among VY9/V82 cells
in peripheral blood. The first is defined by the recognition of a

tumor cell line, Molt-4, which appears to be a property of Y0 cells
expressing a TCR

Table I

VY9/v82 clones recognize both Molt4 lymphoma and
M. tuberculosis-pulsed APC

Number of Recognition of
clones vy9 __vd2 Molt4  APCHM.tub,
19
5
2
3
2 - + - -
11 - - - -

+

+ + + +
+ + +




238

containing a Vy9-Cyl chain. The second specificity is directed against
antigen presenting cells pulsed with M, tuberculosis, and is
characteristic of the majority, but not all, Vy9/V82 cells. While the
Molt-4 specificity resembles that of cellular superantigens,
recognition of mycobacteria-pulsed APC is more similar to that of a
peptide associated with a restriction molecule. These findings show a
correlation between V gene usage and antigen recognition in Y cells
and may help in understanding the mechanisms of specific expansion of
VY9/v82 cells in periphery.
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1. Introduction

T lymphocytes recognize antigens presented in the context of self MHC molecules via specific
heterodimeric protein receptors (TCR) (Saito and Germain 1988). Two types of TCR have been
described in vertebrates, e.g. ap and y8. In contrast to af T cells that recognize Ag in conjunction
with classical class I and I MHC molecules and are responsible for Ag-specific cytotoxicity and help,
respectively, the question regarding functions of y8 T cells remains basically unsolved.

It is well documented that relatively invariant antigens structurally similar to classical class I
MHC molecules (Qa-1, Tla, CD1) serve as ligands for the y8 TCR, providing a restriction context
for the presentation of foreign antigens (Bluestone et al. 1988, Vidovic' et al. 1989, Boneville et al.
1989, Porcelli et al. 1989). Although the majority of the y8 cell lines examined exhibit cytolytic
activity, production of lymphokines has also been demonstrated (Raulet 1989). Our aim was to find
out if Ag-specific y8 T cells were capable of helping B cells to produce specific antibodies.

2. Results

The proliferative T cell response of H-2d Qa-1b inbred mouse strains to the random copolymer
poly (Glu30 Tyr30) (GT) was found to fall into two categories: BALB/c mice respond only
marginally, whereas DBA/2 mice mount a substantial proliferative reaction (Vidovic' et al. 1985).
Two subsets of cells are present in GT-reactive DBA/2 populations. Cells expressing a8 TCR
recognize processed GT in the context of class I MHC molecule A4, while y8 cells react to
unprocessed GT in association with Qa-1 (Vidovic' and Matzinger 1988, Vidovic' et al. 1989).
BALB/c mice harbor a non-MHC gene Imét, the product of which in association with Ad mimics the
GT/Ad complex. Cross-reactivity of DBA/2-derived GT/Ad-specific T cells to Im8Y/A9-expressing
BALB/c B cell blasts clearly demonstrates that the low BALB/c anti-GT responsiveness is due to lack
of Ad restricted ap T cells as a consequence of self-tolerance (Table 1).

Since GT/Qa-1Y-specific y8 T cells from DBA/2 (clone DGT3) did not cross-react with Im&/Qa-
1b complex (Vidovic' 1989), we expected to detect such cells in low-responder BALB/c strain.
Indeed, a marginal GT-specific proliferative response of BALB/c mice is selectively inhibited by Qa-
1b specific antibodies (Figure 1). Moreover, from GT-primed BALB/c mice we obtained an IL-2
producing T cell hybridoma clone, CGT3, with a phenotype virtually indistinguishable from the
DBA/2-originated DGT3 clone (e.g. it is GT/Qa-1P-specific, Thy1*, Ig-, CD4-8-, MHC class I+,
class II', TCRB" y*8*) (Figures 2 and 3). Therefore, the low proliferative response of BALB/c mice
could be attributed to the presence of minor subpopulations of Qa-1-restricted 8 T cells. The
discrepancy concerning CD8 expression on CGT3 (which is CD8-) and bulk BALB/c GT-reactive
populations (which are inhibited by CD8-specific antibodies) might be explained, either by
heterogeneity of Qa-1 restricted populations (containing CD8+ and CD8- cells), or by downregulation
of CD8 molecules on fusion with the BW5147 thymoma (Carbone et al. 1988).

Although Qa-1 restricted & T cells did produce IL-2, we wanted to determine if they could help
B cells to release antibodies. As shown in Figure 4, BALB/c mice that lack Ad-restricted op
subpopulations did produce significant amounts of GT-specific antibodies after in vivo immunization
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with GT. The titer was lower than in DBA/2 strains, which can be explained by the combined of and
8 helper T cell response of DBA/2 mice. The helping capabilities of Qa-1 restricted y8 T cells
(hybridoma clones DGT3 and CGT3, as well as polyclonal BALB/c T cell populations) were
confirmed by direct jn vitro PFC assay. As shown in Table 2, their functional potential was
indistinguishable from the help provided by Ad-restricted o T cells (clone DGT1).

3. Conclusion

The nature of the ligands recognized by vy8 T cells as well as the function of these cells are not
known. Structural similarities between of and 'y8 TCRs and the association of y8 T cell response to
non-classical MHC molecules indicate that ap and y8 ligands can be similar. Because of the (i)
frequent cytolytic activity, (i) smaller V segment receptor repertoire, (iii) association with epithelia,
(iv) low polymorphism of the potential restriction elements (non-classical MHC), and (v) frequent
reactivity to heat shock proteins, it has been suggested that 8 T cells might act as a first line of
defense and respond to stress signals of damaged tissues, rather than recognizing a variety of foreign
antigens (Janeway et al. 1988, Raulet 1989, Born et al. 1990). Recently it has been shown that y§ T
cells that responded to a syngeneic B lymphoma could induce its differentiation and Ig secretion in the
absence of the antigen (Sperling and Wortis 1990). In this report we describe y8 T cells that
recognize foreign antigen GT complexed with a non-classical MHC molecule Qa-1, and are perfectly
capable of helping B cells to produce GT-specific antibodies, supporting the notion that the possible
physiological role of Qa-1-restricted recognition by gd subsets is not too distinct from classical MHC
restricted recognition by ap T cells.
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Table 1: Characteristics of different GT-reactive T cell subsets in H-2d Qa- 1P mice

TCR Specificity Cross-reactivity Presence in strain
~ DBAR BALB/c
(High responder) (Low responder)
ap GT/Ad Im&yAd + .
(BALB/c B cells)
Y8 GT/Qa-1® - + +

Table 2: Frequency of positive responses in cultures containing B cells,
antigens, SRBC and different sources of T cell help

Source of SRBC
GT primed B cells T cell help Ag normal GT-coated

DBA2 - - 0/32 0732
GT 1/32 3/32

OVA 1/32 1/32

GT primed T - 0/32 3/32

cells

GT 2/32 32/32

OVA 1/32 2/32

DGTI - 1/32 2/32
GT 0/32 32/32

OVA 0/32 2/32

DGT3 - 0/32 1/32
GT 2/32 32/32

OVA 1/32 1/32

BALB/c - - 0/32 0/32
GT 0/32 0/32

OVA 0/32 0/32

GT primed T - 0/32 1732

cells

GT 1/32 30/32

OVA 0732 2/32

CGT3 - 0/32 2/32
GT 0/32 31/32

OVA 0/32 2/32

Hemolytic plaque assay was performed in microwells as described by Kappler (1974).
SRBC were coated with GT (20mg/ml) by treatment with chromic chloride (Perucca et al. 1969).
OVA, ovalbumin.
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Figure 1: Antibody blocking of BALB/c proliferative response to GT.

Data represent proliferation of pooled lymph node cells of five GT-immunized mice. Purified
polyclonal (Qa-1-specific) and monoclonal (all others) Ab were used at a final concentration of
Spg/ml. Materials and methods (including antibody sources) have been described previously

(Vidovic' et al. 1985, Vidovic' et al. 1989). GAT, poly (Glu60 Ala30 Tyr10)

o

Antibody blocking of CGT3 response to GT.
Stimulaton of CGT3 was assayed by the production of IL-2 (Vidovic' et al. 1979).
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Figure 3: Cell surface phenotype of clone CGT3.
Immunofluorescence staining and antibody sources have been described previously (Vidovic' et

al. 1989). Pan-y and pan-§ TCR specific mAbs were obtained from B cell hybridomas GL3
(Goodman and Lefrancois 1989) and Dorotea (our laboratory, unpublished data), respectively.

e§ T
: _

0.8 D\&¥° _

i Q\ i

i @ B
S o6 GT-primed\\ J o=
w o O\o\
] - p
=2
g .
3 0.4 $ | J GT-primed E\
2 | b §
02 o
Unprimed & Unprimed
Jd e 1 @
0,
0] o ~o—-o | o
0 300 100030008000 0 300 1,000 3,000 9,000
Serum dilution

Figure 4: Humoral GT-specific responses.
Mice were immunized with GT as described (Babu and Maurer 1981). Individual sera samples

were tested for GT reactivity by ELISA (Voller et al. 1979)). Background values (binding to third
party antigen ovalbumin) have been subtracted.
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Similar to y/3 T cells in the T cell compartment, CD5 (Lyl) B cells
represent a small subset of peripheral B cells which are thought to
be involved in the maintenance of natural immunity. In this paper we
discuss the main characteristics of CD5 B cells to compare them to
those of /& T cells. For this purpose, we focus mainly on the
timepoint of CD5 B cell generation in ontogeny and on the antibody
repertoire expressed by these cells.

1. Timing of CD5 B cell generation

CD5 B cells are among the first B cells generated in early ontogeny.
While the absolute number of these cells increases with age, their
frequency in the total B cell pool is highest at the time of birth
and steadily decreases thereafter. Thus, in newborn mice about 30%
of splenic B cells express low levels of the CD5 marker on the
surface compared to less than 2% in the adult (Table 1). Similarly,
in the peritoneal cavity (the predominant location of CD5 B cells in
the adult) the frequency of CD5 B cells decreases from about 100% in
neonatal mice to about 50% of all B cells in the adult. However, due
to clonal expansion and development of chronic leukemia, the
frequency of CD5 B cells often increases again in aged mice (see
also Fbrster et al., 1988).

Table 1: Occurrence of CD5 B cells in normal mice

Spleen Peritoneal cells
$ of* total $ of total
B220+ no. B220+ no.
cells cells
newborn 30 0.3 x 106 nd
4 week-o0ld <5 < 2 x 108 85 0.3 x 10¢
adult < 2 < 2 x 10s 50 1.6 x 10s

* Values were obtained by fluorescence staining with anti-CD5 and
anti-B220 antibodies in CB.20 or BALB/c mice.

Current Topics in Microbiology and Immunology, Vol. 173
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Over the last years it has been argued that CD5 B cells represent a
distinct B cell lineage because progenitors of CD5 B cells appeared
to be different from progenitors of conventional B cells (reviewed
in Herzenberg et al., 1986). This conclusion was mainly drawn from
the experimental finding that - in contrast to conventional B
cells - CD5 B cells could not be reconstituted from bone marrow of
adult mice upon transfer into allotype-congenic irradiated re-
cipients. A recent experiment by Vakil and Kearney indicates,
however, that the capacity of adult bone marrow to reconstitute CD5
B cells is dependent on the environment into which the cells are
transferred. Thus, transfer of bone marrow cells from adult BALB/c
donors into newborn CB.17 scid mice led to reconstitution of CD5 B
cells whereas transfer into adult scid mice did not (M. Vakil and
J.F. Kearney, personal communication). Experiments by Lalor et al.
(1989) indicated, however, that in intact mice de novo generation of
CD5 B cells ceases by the age of 4-6 weeks due to some kind of
feedback inhibition. 1In these experiments immunoglobulin (Ig) allo-
type heterozygous mice (IgH=xIgH®) were neonatally treated with
anti-IgM*. After recovery from the treatment, the mice were able to
produce conventional but not CD5 B cells of the b allotype if the
anti-IgM® antibodies were present for at least the first 4-6 weeks
of life. In contrast, both B cell subsets were present after
recovery when IgM® homozygous mice were treated in the same way. It
could be shown that normal mature CD5 B cells or even monoclonal
populations such as a slowly growing Lyl B tumor cell line present
in the suppressed mice during recovery would inhibit the de novo
generation of other CD5 B cells.

In agreement with the data described above, we have determined the
timepoint of generation of CD5 B cells in normal mice by studying
the frequency of N-sequence insertion in VuDJx rearrangements of CD5
B cells (Gu et al., 1990). For this purpose, VaDJx regions of CD5 B
cells from various stages of ontogeny were either isolated from
amplified cDNA libraries of sorted CD5 B cells or from CD5 B cell-
hybridomas or -lymphomas (F&rster et al., 1988; Pennell et al.,
1988). 1In Table 2 a summary of these data is given. It is apparent

Table 2: Incidence of N-sequence insertion

mean length of N regions

(nucleotides)
cells age vD DJ
pre B cells 2 days 0.9 0.7

4 months 5.1 3.8
conventional 4 weeks 4.6 2.8
B cells 4 months 4.7 2.4
CD5 B cells 4 days 0.6 0.7
4 weeks 2.2 1.9
6-10 months 4.2 0.8
CD5 lymphomas > 1 year 1.8 0.8
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that CD5 B cells of 4 week-old mice possess shorter N-regions than
conventional B cells of the same age. However, CD5 B cells are still
generated at this time since in aged mice CD5 B cells with
relatively long N-sequences can also be detected. Interestingly, the
CD5 lymphomas contain very little N sequence and, for this and other
reasons, are likely to be generated early in ontogeny (see Gu et
al., 1990).

In summary, the data available so far show that CD5 B cells are
generated around the time of birth and during the first weeks of
life from stem cells which are or are not identical to those of
conventional B cells. Thereafter the de novo generation of these
cells stops and they are propagated as mature B cells over the
lifetime of the animal.

2. Antibody repertoire

As far as immune responses of CD5 B cells have been analyzed, mostly
specificities against bacterial antigens and self-antigens were
detected. Studied in most detail are antibodies which bind to
bromelain-treated mouse red blood cells (brmRBC), in particular to
phosphatidylcholine (Ptc) (Reininger et al., 1988; Pennell et al.,
1989; Carmack et al., 1990). Such antibodies arise spontaneously in
mice and are almost exclusively produced by CD5 B cells. The only
antigens against which specifically induced immune responses of CD5
B cells have so far been obtained in vivo are the bacterial antigens
o(1,3)dextran (dex) (Fbrster and Rajewsky, 1987) and phosphoryl-
choline (PC) (Masmoudi et al., 1990). 1In the latter case, the
dominant idiotype in the immune response against PC (T15) was shown
to be exclusively produced by CD5 B cells. It should be noted that
the immune responses to dex and PC represent the classical examples
of idiotypically interconnected immune responses (for review see
Kearney and Vakil, 1986). It is therefore tempting to speculate that
the antibody repertoire of CD5 B cells is selected by environmental
antigens as well as autoantigens such as anti-idiotypic antibodies.

Concerning the Ig variable (V) gene repertoire expressed by CD5 B
cells, we have previously shown that CD5 B cells which had been
propagated in vivo over long periods of time expressed a highly
restricted set of germline Vi and Vi genes (FSrster et al., 1988).
This selection was only visible looking at the representation of
individual Vx genes but not at the 1level of Vux gene family
utilization. We were then interested to see whether a similar
restriction could also be observed in CD5 B cells at earlier stages
of ontogeny and whether the V gene repertoire expressed by these
cells was different from that of conventional B cells. In this
analysis we focussed on the representation of Vix genes belonging to
the J558 Vu gene family which comprises about half of all Vi genes
of the murine IgH® haplotype. Amplified cDNA 1libraries were
prepared from the various B cell subsets at different stages of
ontogeny and 10-20 cDNA clones containing J558 Va genes were
randomly picked from each library and were sequenced. The results
showed that CD5 B cells isolated from 4-day- and 4-week-old mice
expressed a similarly restricted set of Vi genes as CD5 B cells from
aged animals, indicating that the selection of the CD5 B cell
repertoire occurs already early in ontogeny (Férster et al., 1989).
Surprisingly, conventional pu*+dn+e» B cells of adult mice, most of
which appear to represent long-lived B cells (see F&rster and
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Rajewsky, 1990), also expressed a highly restricted V. gene reper-
toire which was at least in part similar to that of CD5 B cells.
Together with data obtained by other groups on the Va gene
repertoire of CD5 B cells (Pennell et al., 1988; Reininger et al.,
1988; Tarlinton et al., 1988; Andrade et al., 1989; Carmack et al.,
1990) these data indicate that CD5 B cells and long-lived conven-~
tional B cells are both selected on the basis of their antibody
specificity but that this selection may vary with different organ
location, activation requirements and growth properties of the cells
(H. Gu, D. Tarlinton, W. Miller, K. Rajewsky and I. F&rster,
manuscript in preparation).

3. T cell dependency of CD5 B cells

The spectrum of antigen specificities in the CD5 B cell population
and the absence of somatic hypermutation in CD5 B cells following
clonal expansion suggest that these cells are activated in a T cell
independent fashion. On the other hand, lymphokine responsiveness
and production of T cell dependent Ig isotypes have also been
described (Herzenberg et al., 1986; Wetzel, 1989). We have started
to examine the T cell dependency of CD5 B cells by transferring the
cells into scid mice in the presence or absence of T cells. 1In this
system the high spontaneous Ig production by CD5 B cells which had
been noticed before in other systems (Herzenberg et al., 1986;
F6rster and Rajewsky, 1987) was found to be largely dependent on the
presence of T cells. Thus, 4 weeks following transfer of 3x10%
BALB/c CD5 B cells together with 6-8x104 T cells we were able to
detect in the order of 1.5 mg/ml IgM and about 10fold lower levels
of IgA and 1IgGl of the donor allotype in the serum of the
reconstituted scid mice. However, in the presence of only trace
amounts of T cells (<0.2% of the transferred CD5 B cells) the levels
of serum IgM and IgA were reduced by a factor of 10 and the
concentration of IgGl was below 1 ug/ml. We are planning to use this
system to test whether CD5 B cells can, in principle, be activated
to respond to antigens in a T cell dependent manner.

4. Common features of CD5 B cells and /8 T cells

An obvious similarity between CD5 B cells and y/5 T cells (at least
those of the epithelial type) is that both lymphocyte subsets are
mainly generated during early ontogeny and subsequently persist in
certain anatomical locations like the gut, skin or peritoneal and
pleural cavities over long periods of time. Since the antigen
receptors of both CD5 B cells and 7/& T cells may be mainly directed
against bacterial antigens and self antigens and are encoded by a
restricted set of germline V region genes, it is possible that these
cells are responsible for the maintenance of evolutionarily selected
natural immunity in the mouse.

Acknowledgements:

This work was supported by the Deutsche Forschungsgemeinschaft
through SFB 243 and the FAZIT Foundation.



251

References:

Andrade L, Freitas AA, Huetz F, Poncet P, Coutinho A (1989) Eur.
J. Immunol. 19: 1117-1122

Carmack CE, Shinton SA, Hayakawa K and Hardy RR (1990) J. Exp.
Med. 172: 371-374

F6rster I and Rajewsky K (1987) Eur. J. Immunol. 17: 521-528

Férster I, Gu H, Rajewsky K (1988) EMBO J. 7: 3693-3703

Férster I, Gu H, Rajewsky K (1989) Progress in Immunology VII,
Springer-Verlag, Heidelberg, pp.389-393

Férster I and Rajewsky K (1990) Proc. Natl. Acad. Sci. USA 87:
4781-4784

Gu H, Fbrster I and Rajewsky K (1990) EMBO J. 9: 2133-2140

Herzenberg LA, Stall AM, Lalor PA, Sidman C, Moore WA, Parks DR,
Herzenberg LA (1986) Immunol. Rev. 93: 81-102

Kearney JF, Vakil M (1986) Immunol. Rev. 94: 39-50

Lalor PA, Herzenberg LA, Adams S, Stall AM (1989) Eur. J.

Immunol. 19: 507-513

Masmoudi H, Mota-Santos T, Huetz F, Coutinho A, Cazenave P-A
(1990) Intern. Immunol. 2: 515-520

Pennell CA, Arnold LW, Haughton G, Clarke SH (1988) J. Immunol.
141: 2788-2796

Pennell CA, Mercolino TJ, Grdina TA, Arnold LW, Haughton G,
Clarke SH (1989) Eur. J. Immunol. 19: 1289-1295

Reininger L, Kaushik A, 1Izui S, Jaton JC (1988) Eur. J. Immunol.
18: 1521-1526

Tarlinton D, Stall AM, Herzenberg LA (1988) EMBO J. 7: 3705-3710

Wetzel GD (1989) Eur. J. Immunol. 19: 1701-1707



Mucosal and Dermal Immunity



Selection of Vo*+ T Cell Receptors of Intestinal
Intraepithelial Lymphocytes is Dependent on
Class Il Histocompatibility Antigen Expression

L.Lerrancois!, R.LECORRE!, Juby Mavo!,J.A. BLuestone?, and T. GOODMAN!

1 Dept. of Cell Biology, The Upjohn Company, Kalamazoo, MI 49001, USA
2 Ben May Institute, University of Chicago, Chicago, lilinois 60637, USA

INTRODUCTION

The in vivo specificity of T cell antigen receptors (Tcr) composed of y and & chains remains
largely unknown. In the mouse, a major population of ¥-8 T cells is found in the CD8*
intraepithelial lymphocyte (IEL) subset of the small intestine with 30-80% of the cells being Tcr v-
8" (Goodman and Lefrancois, 1988; Bonneville et al., 1988). IEL are readily isolated and thus
provide an optimal population for analyzing interactions with antigen and MHC in an
unmanipulated system. We have demonstrated that freshly isolated IEL exhibit constitutive lytic
activity directed towards unknown antigens (Goodman and Lefrancois, 1988). However, IEL from
germ-free mice are not cytolytic suggesting that environmental antigens are responsible for their
activation (Lefrancois and Goodman, 1989). Indeed, when germ-free mice are adapted to non-
sterile conditions, IEL eventually become cytolytic. This result agrees well with the recent work
indicating recognition of bacterial antigens by ¥-8 Tcr* T cells (Janis et al., 1989; O’Brien et al.,
1989; Holoshitz et al., 1989)

Many studies have clearly demonstrated positive and negative thymic selection by MHC or Mls of
a-B Ters that use particular V-regions (Kappler et al.,1988; MacDonald et al.,1988; Kisielow et
al,,1988; Kisielow et al., 1988; Sha et al.,1988; Bill et al., 1989; Liao et al., 1989). In normal
animals, positive or negative selection of ¥-8 Tcrs and any effects on ¥-8 Tcrs by determinants
encoded within the MHC have not been reported. Two groups have recently produced transgenic
mice expressing ¥-8 Tcrs with specificity for TL region products. In strains where the autoantigen
was expressed thymic T cells expressing the transgenic Tcr were either deleted (Dent et al., 1990)
or were made tolerant without deletion (Bonneville et al., 1990). Thus, ¥-8 Tcrs can function in
repertoire selection but whether the transgenic systems parallel normal in vivo differentiation
patterns and Tcr specificities is unclear.

Current Topics In Microbiology and Immunology, Vol. 173
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In order to analyze Tcr selection in IEL we have generated monoclonal antibodies (MADb) specific
for y-8 Ters (Goodman and Lefrancois, 1989). One of these MAb recognizes ¥-8 Tcr expressing
the & chain variable region four (V84). Using this MAD in conjunction with a MAb that is
reactive with all -3 T cells we have analyzed the influence of MHC antigens on V34 expression.
Surprisingly, we find that certain class I MHC molecules have a positive effect on the usage of
V384 by CD8" IEL and that this effect occurred independently of the thymus. Thus, in analogy to
selection of a-B Ters in the thymus, some -8 Tcrs also appear to be selected by MHC molecules,
but in an anatomically distinct site. The consequences of this selection in the intestinal mucosa are
discussed in light of CD8 expression by IEL and the proposed extrathymic maturation of IEL.

MATERIALS AND METHODS

Mice. Mice were obtained from the Jackson Laboratory, Bar Harbor, Maine. B10.A(5R) mice
were provided by Dr. Louis Matis, FDA, and B10.HTT mice were provided by Dr. Philippa
Marrack, NJH, Denver.

Production of radiation bone marrow chimeras. Bone marrow cells from tibias and femurs of
B6C3F, mice were treated with anti-Thy1, anti-CD8, and anti-CD4 and complement prior to i.v
injection of 5x10° cells into C57BL/6J(Ly12.2) or C3H/OuJ(Lyt2.1) mice that had received 1100rad
from a "¥'Cs source. Two days before use bone marrow donors were given a single
intraperitoneal injection of the anti-Thyl MAb, T24 to aid in removal of contaminating T cells.
The recipient mice had either been thymectomized (ATXBM) or not. At the time of sacrifice, all
thymectomized mice were examined and found to be free of thymus tissue.

Monoclonal antibodies. The anti~y-8 Tcr MADb have been described in detail elsewhere (Goodman
and Lefrancois, 1989). GL3 is a hamster MAb specific for all -8 Tcr. GL2 is a hamster MAb
that reacts with a subset of GL3* IEL. Other MAb used were: 3.168, anti-CD8 (Sarmiento et al.,
1982); H57.597, anti-a-B Tcr (Kubo et al., 1989), generously provided by Dr. Ralph Kubo,
National Jewish Hospital, Denver, CO; 116-13.1 (anti-Lyt2.1; Shen, 1981); 2.43 (anti-Lyt2.2,
Sarmiento et al., 1980)

Purification of IEL. IEL were isolated essentially as described previously (Goodman and
Lefrancois, 1988). Briefly, the small intestines of 2-6 mice were cut into Smm pieces that were
then stirred at 37°C in Hank’s balanced salt solution with the addition of 1mM dithioerythritol.
The resulting supernatants containing 2 mixture of lymphocytes and epithelial cells were
centrifuged through a 44%/67.5% Percoll gradient. Cells at the interface were panned on petri
dishes coated with an anti-CD8 MAb. The final populations were 88-95% CD8*.

Immunofluorescence analysis. IEL were resuspended in phosphate buffered saline (PBS)-0.2%
bovine serum albumin-0.1% NaN; at a concentration of 1x10 cells/ml followed by incubation at
4°C for 30min with 100ul of properly diluted MAb. The Mab were either directly labeled with
fluorescein isothiocyanate (FITC) or were biotinylated. For the latter, avidin-phycoerythrin
(Biomeda, Foster City, CA) was used for detection. After staining, cells were washed twice and
resuspended at 1x10° cells/ml for cytofluorimetric analysis. Relative fluorescent intensities of
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individual cells were measured with an Ortho Cytofluorograph model S0H. Forward and right
angle light scatter was used to exclude dead and aggregated cells.

Production of IEL hybridomas. Fresh C57Bl/6J IEL or IEL that had been cultured after activation
with an anti-Tcr -6 specific MAb ,were fused with the Tcr & gene negative variant of BW5147
with 50% polyethylene glycol at a IEL:BW5147 ratio of 1:1. After selection in medium
containing hypoxanthine, aminopterin and thymidine (HAT) the resulting hybrids were analyzed
for TCR ¥-8 expression by fluorescence analysis using the GL3 and GL2 MAbs.

Northern blot analysis. RNA was isolated from fresh IEL or from IEL hybridomas by cell lysis
with guanidine isothiocyanate followed by centrifugation over a CsCl, cushion. Northern blots
were performed according to the method of Church and Gilbert (1984). 5pug of RNA/lane was
loaded on agarose gels after glyoxal denaturation. The following cDNA fragments were used as
probes: C-3, 900bp EcoR1; V31, 410bp Xbal/EcoRV; V82, 410bp Bglll; V&3, EcoR1/Ncll
270bp; V34, 300bp EcoR1/EcoRV, V85, 800bp HindII; V&6, RI/Aval 380bp as described by
Elliot et al.(1988). (cDNAs were generously provided by Y. Chien, Stanford, CA). The probes
were labelled with **P-dATP by random priming. Autoradiography was performed with Kodak
XAR-5 film and Cronex intensifiers at -70°C.

RESULTS

V&4 is recognized by the GL2 MAb

We have previously shown that the GL3 MAD reacts with all non-a-f Tcr-expressing IEL
(Goodman and Lefrancois, 1990). In addition GL3 reacted with all Ter ¥-6* T cell hybrids

derived from non-IEL sources. GL3 also immunoprecipitated disulfide-linked dimers that were
shown to be composed of y and § chains. Therefore this MAD is pan-reactive with ¥-3 Tcrs. The
GL2 MADb immunoprecipitates from IEL only those y-8 Tcrs that contain the higher relative mass
3 chain of 46Kd. Two T cell hybrids derived from non-IEL cell types that utilize V34 are GL2*,
tentatively assigning the GL2 determinant to V84 (Goodman and Lefrancois, 1990). We have now
produced a panel of IEL hybridomas of GL2" and GL2 phenotype. Northern blot analysis with V§
probes revealed that all of the GL2* hybrids expressed V84 while hybrids not containing V34
mRNA were GL2' (Fig. 1). 7y chain usage did not correlate with GL2 expression (data not shown).
We conclude that this MADb is specific for a determinant in the V34 region of the § chain.
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Fig. 1. GL2 reacts with Tcrs using V34. RNA from IEL hybrids was subjected to Northern blot
analysis using *P-labelled probe specific for V84. Lane 1, BW5147 fusion partner, Lane 2, GL2
IEL hybrid and lanes 3-9, GL2* IEL hybrids.

IEL utlize V34 to a high degree

We tested mRNA from C57Bl/6J IEL for usage of the various V3 genes (Fig. 2). Little usage of
V31,2 or 3 genes was detected (lanes 1-3). However, relatively large quantities of V84 mRNA
were present (lane 4). The V3 regions encoded by V5 and V6 were also utilized but to a lesser
extent than V4 (lanes 5 & 6). Thus, V84 appears to be the predominant V9 region utilized by /8
IEL.
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Fig. 2. Northern blot analysis of V8 usage in IEL. RNA from C57B1/6J IEL was subjected to
Northern blot analysis using ¥-P labelled V§ region-specific cDNA probes. Lane 1, V31; lane 2,
V382; lane 3, V33; lane 4, V84; lane 5, V85; lane 6, V66; lane 7, C3.

Comparison of V84 usage in IEL from various MHC haplotypes

Since GL2 was V34 specific we wished to determine if MHC expression affected usage of this V-
region. Our previous results from C57B1/6J IEL indicated that approximately 30% of Tcr y-6*
IEL were GL2". In order to determine if GL2 expression was influenced by MHC we analyzed
Ter expression of IEL isolated from a large panel of inbred mice of various haplotypes (Fig. 3).
The percentage of GL2' IEL is expressed as the proportion of GL3"* cells. IEL from mice of H-
2%4%¥ haplotypes contained an average of 29+/-8% GL2* cells although a high degree of variability
even among strains of identical MHC was evident, suggesting that other non-MHC genes may
effect V54 usage in some situations. In contrast, the H-2* strains analyzed exhibited markedly
higher numbers of GL2* IEL (Fig. 3). The average percentage of GL2* IEL of the H-2" strains
shown in Fig. 2 was 57+/-5%. Among H-2" strains CBA/J exhibited a relatively high degree of
variability, with 51+/-9%, n=7, of IEL being GL2* with values ranging from 35-62%. Thus, as
with the non-H-2" strains, non-MHC genes may influence V34 use.



260

100
80+
80+

70 65 63 65

60~
50
40

_ 35
27 135)
19 & =

30

Percent GL2 Positive

20+
17}
10

o_
S .6, .0
37037001063 000 3% 130 o

V1600 OF (© \° < K1 \-‘ \l‘

0“0 \O Q\o 12\'$‘ ol A4

).‘-

\ ‘0»‘\“\.3 ‘“ﬁh‘cﬁ“) ‘\3 2\
c? G

Mouse Straln

Fig. 3. Analysis of V34 usage in inbred mice. IEL were isolated from the mouse strains indicated
and were analyzed for GL2 and GL3 expression by fluorescence flow cytometry. The values for
GL2 are presented as the percent of GL3"* cells. Where standard deviations are shown at least
three determinations were performed, otherwise an average of two experiments is given. Two to
six mice per determination were used.

Analysis of TEL from recombinant inbred mice

Considering that positive selection of V84 appeared to be linked to H-2* expression we wished to
determine if in fact the effect mapped to the MHC and whether genes outside the MHC could alter
the GL2 percentage. Thus, IEL from a set of H-2* x H-2° recombinant inbred strains (BXH) were
tested (Fig. 4). Of 12 strains available six were H-2* and a high percentage of IEL (66+/-5%)
from all of these utilized V34. In contrast, IEL from the six H-2" strains were of the GL2 low
phenotype (20+/-4%). Thus, the selection mapped to the MHC. Furthermore, the fact that no
intermediate V34 users were found suggested that non-MHC genes in these strains were not
influencing V34 usage in this limited analysis.



261

100+
80
80
"o n
70

60
60
40 -

30

Percent GL2 Positive

20

TTIN0 o0 o® a® a0 a® o N 4N K N N %
B e A g

Straln Number and MHC Haplotype

Fig. 4. Increased V54 usage is linked to H-2" expression. IEL were isolated from the BXH
strains indicated and were analyzed for GL2 and GL3 expression by fluorescence flow cytometry.
The values for GL2 are presented as the percent of GL3* cells. The average value of two
determinations per strain using 1-3 mice per experiment is given.

Selection of V84 TCRs is dependent on I-E expression

A more precise mapping of the MHC effect was performed using IEL from various strains
recombinant at the MHC. When IEL from C3H.SW (H-2°) mice were analyzed the GL2"
phenotype was observed indicating that non-MHC genes from a GL2" strain (C3H) did not cause
increased V34 expression (Table 1). Conversely, IEL from B6.AKR (H-2*) mice contained high
numbers of GL2* cells indicating that H-2* expression was required to generate the high
phenotype. These results corroborate our findings with IEL from RI strains. We also tested IEL
from B6.TLA® mice and found low V34 usage. Since this strain expresses the TL products found
in at least some of the H-2" strains tested, TL by itself does not appear to be involved in the
selection, but could be involved if the selection requires more than one selecting element.

Further analysis of IEL from B10 congenic strains was performed to define the MHC region(s)
required for selection. IEL from B10.A and B10.A(2R) mice had high numbers of V64" cells
(63%,n=2 and 57%, n=2, respectively) while IEL from B10.A(4R) mice contained lower numbers
of V84" cells (32+/-5%, n=3; Table 1). Since H-2D does not appear to contribute to the selection
the only other difference between these strains is at the I-E locus. B10.A and B10.A(2R) express
I-E* and B10.A(4R) does not express I-E suggesting that expression of I-E* was responsible for
the effect. Further proof that increased V84 usage mapped to I-E was obtained by the
demonstration that B10.A(5R) IEL exhibited the GL2" phenotype (58+/-3%, n=3). B10.A(3R)
whose MHC is identical to B10.A(5R) also had high numbers of Vd4* IEL (data not shown). In
these strains the I-E molecule is composed of a B chain derived from H-2° and an « chain derived
from H-2k. IEL from B10.HTT mice whose I-E molecules are composed of EBs and EaK chains
also had high levels of GL2" cells. The results indicated that the expression of I-E from H-2 bk
or s haplotypes was required for selection of ¥-8 TCRs utilizing V34. Since Ea chains are
nonpolymorphic amongst mouse strains, (McNicholas et al, 1982; Mathis et al, 1983) then any Tcr
variations due to I-E expression must be linked to the polymorphic EP chains.
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Table 1. Increased expression of V84 is controlled by I-E

H-2 Molecules Expressed

V54 High

Strain K I-A I-E D Phenotype
C3H k k k k *
C57BU6 b b - b -
B6C3F4 b/k b/k b/k b/k
C3D2F, k/d k/d k/d k/d +
C3H.SW b b - b :
B6.AKR k k k k ¥
B6.TLA? b b - b .
B10.A k k k d *
B10.A (2R) k k k b *
B10.A (4R) k k - b i
B10.A (5R) b b EgP:Eq" d *
B10.HTT b s Ep™:Eq® d ¥

IEL were isolated from the mouse strains listed and analyzed
with the GL3 and GL2 MADb by fluorescence flow cytometry.
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Increased V&4 usage in F, hybrid mice suggests positive selection

Thus far the results are consistent with either positive selection of Tcrs using V84 in the H-2*
strains or negative selection in H-2" and other strains. However, V34* cells comprised 47+/-0.6%
(n=4) of IEL obtained from B6C3F, and 53% of IEL from C3D2F, mice (n=2) (Table 1). These
hybrids are derived from a V34 high (C3H) and two V84 low strains (B6 & DBA\2). This result
was consistent with positive selection since deletion would be expected to occur if the deleting
clement was present and in an F, the positively selecting component, if expressed codominantly,
may be effectively "diluted" by 50%.

Selection of ¥-8 TCRs can occur extrathymically

Previous findings had suggested that some IEL may mature extrathymically (Ropke and Everett,
1975; Mayrhofer, 1980; Mayrhofer and Whately, 1983). In addition, two recent reports
demonstrate that in nude mice IEL are present that are expressing ¥-8 Ters (De Geus et al. 1990,
Bonneville et al. 1990). We wished to determine whether ¥-8 Ter* IEL could mature and be
selected via an extrathymic mechanism. Bone marrow from (B6 x C3H)F' mice was T cell
depleted and used to reconstitute lethally irradiated B6 or C3H mice that had either been
thymectomized or not. TCR y-8' IEL could be isolated from all groups of mice, regardless of
thymectomy, although in some cases thymectomized mice yielded significantly fewer ¥-8* IEL
than controls (range 20-80% of controls). IEL from the B6 and the B6-thymectomized mice
contained 15% and 26% GL2" cells, respectively (Fig. 5). In contrast, IEL from the C3H and
C3H-thymectomized mice contained 54% and 65% GL2" cells, respectively. Thus, positive
selection of -8 Tcrs can occur extrathymically. Moreover, these results demonstrate that the Tcr
7-8* IEL isolated from these mice were not derived from mature T cells contaminating our bone
marrow inoculum, since those cells would be expected to display the V84 usage of the F, donor
(47% of F, IEL were GL2") in either recipient.
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Fig. 5. Positive selection of V54 Tcrs can occur in the absence of a thymus. Bone marrow from
B6C3F, mice was injected into irradiated C3H/OuJ or C57BL/6J mice as depicted. The values for
V34 are presented as the percent of GL3* cells. The values represent the average of two
determinations using 2-3 mice per group.

DISCUSSION

Although evidence exists for selection during T cell development of a-p Tcrs, negative or positive
selection of -8 Tcrs by MHC had not been reported. In the case of a-f Ters the thymus has
been clearly demonstrated to be the site of a-B Ter selection and the thymic epithelium is likely
to be involved in this process (Kappler et al., 1988; Berg et al., 1989; Benoist and Mathis, 1989;
Bill and Palmer, 1989). In addition, the &-B Ter repertoire may be influenced by clonal anergy
induced in the the thymus or in the periphery (Morahan et al., 1989; Ramsdell et al., 1989; Burkly
et al., 1989). For ¥-8 Ters selection has not been readily demonstrated perhaps due to limited V-
region usage and in some cases, lack of reagents. In mice lacking class I MHC due to disruption
of the B-2 microglobulin gene, thymic 1-8 T cells were normal suggesting that class I molecules
are not necessary for their development (Ziljstra et al., 1990). Furthermore, CD8" Tcr ¥-8* IEL
also appear to be normal in these mice (Raulet, personal communication). Our results
demonstrating selection of ¥-8 Ters of IEL by class I MHC agree well with these findings. It
will be interesting to leam if ¥-8* T cells in other anatomic locations exhibit similar restriction or
are MHC non-restricted.
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IEL had been previously shown to mature extrathymically in irradiated thymectomized bone
marrow reconstituted (ATXBM) rats (Mayrhofer et al. 1980; Mayrhofer and Whately, 1983) and
are present in nude mice (Ropke and Everett, 1975; Mayrhofer, 1980). IEL Tcr expression was
recently analyzed in nude mice and the results indicate that at least some -8 Tcr* IEL mature in
these animals (De Geus et al. 1990, Bonneville et al, 1990). Our results with ATXBM mice
extend these findings and further demonstrate that y-8 Tcr selection can occur extrathymically.
Does this selection occur in response to epithelial cell I-E expression in analogy to thymic Ter
selection? Constitutive class IT protein expression in non-hematopoietic tissues is primarily, but
not exclusively, restricted to epithelium. Class I MHC expression of intestinal epithelium can be
up-regulated by IEL derived factors (Cerf-Bensussan et al., 1984) and intestinal epithelial cells are
able to present antigens to class II-restricted T cells (Bland and Warren, 1986; Kaiserlian et al.,
1989). Thus, in the absence of thymic trafficking by IEL it seems likely that the positive selection
observed occurred within the intestinal epithelium. Whether selection occurs in a localized site,
for example the villous crypts, or in diffuse sites throughout the villi, or in a site other than the
intestine, remains to be learned. The use of tissue specific promoters in production of class II
MHC transgenics should aid in answering these questions.

The apparent restriction to class I MHC of a large population of CD8* IEL is unique among the
Ter -6 subsets described thus far. Whether CD8 of IEL is utilized for antigen/MHC recognition
in the conventional sense is not known. Interestingly, CD8* class II restricted peripheral T cells,
that presumably utilize the a-f Tcr, have been reported (Shinohara and Kojima, 1984; Golding et
al,, 1987). However, these cells do not require interaction with class II molecules to mature
(Mizuochi et al., 1988) but it is not known if engagement of CD8 by class I MHC is required.

In sum, the ¥-§ Tcr repertoire of IEL was influenced by extrathymic MHC protein expression,
perhaps in the intestinal epithelium, in analogy to a-f Tcr selection on thymic epithelium.
Although IEL were CD8g", the expression of certain I-E molecules resulted in positive selection of
a subset of V&4-containing Tcrs. The consequences of the possible selection of the IEL Ter
repertoire within the intestinal epithelium by class I MHC, rather than in the thymus, are presently
under investigation.
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INTRODUCTION

in addition to Langerhans cells, the epidermis of all strains of normal mice harbors
another population of bone marrow-derived dendritic cells. Because of their abundant
expression of surface-bound Thy-1 antigens these CD45%, asialo-GM1t, la”, CD4",
CD5", CD8 -cells have originally been referred to as Thy-1 * dendritic epidermal cells
(Thy-1* DEC; Romani et al., 1985). The original assumption that Thy-1 *+ DEC belong
to the T cell lineage was proven conclusively with the subsequent demonstration that
the overwhelming majority of Thy-1* DEC in normal adult epidermis expressed CD3-
associated TCR v/é heterodimers (Stingl et al., 1987; Steiner et al., 1988). In view of
this finding, we have proposed that Thy-1* DEC should be renamed dendritic
epidermal T cells (DETC; Steiner et al., 1988).

When investigators from several laboratories started to analyze DETC-derived clones
for their profiles of v and § gene utilization, they made the surprising observations that
- with a few notable exceptions (McConnell et al., 1989) - the clones expressed similar
7 (V¥3/Jdy1/Cy1) and 6 (V61/D62/J62/Cé6) genes, and, furthermore, exhibited no
evidence for junctional diversity (Asarnow et al., 1988). More recently, evidence has
been presented that (1) most, if not all, CD3-bearing cells in uncultured murine

epidermal cell suspensions coexpressed Vy3 (Havran et al., 1989) and that (2)
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productively rearranged TCR cDNA clones amplified by PCR from mRNA obtained
from uncultured epidermal cell suspensions preferentially used Vvy3/Jy1/Cy1-
V§1/Dé2/J62/Cé genes and exhibited almost no N additions between the various
coding segments (Asarnow et al., 1989).

Ever since their discovery, the ontogeny of DETC has been a widely debated issue.
Several observations have indicated that the perinatal period is of critical importance
for both maturation and expansion of the DETC population. While DETC first appear
during the last days of gestation and reach their mature phenotype and their full
numerical density within the first few weeks of the postnatal period {Romani et al.,
1986, Elbe et al, 1989), depletion of the DETC population of adult animals by
physicochemical agents is not followed by its reappearance (Aberer et al., 1986).
Furthermore, we found that reconstitution of adult v-irradiated thymus-containing
AKR/Ola or B6PI-Thy-1.a (both expressing the Thy-1.1 allele) mice with either T-cell
depleted C3H/He/Han or C57BI/6 (both Thy-1.2) bone marrow cells or fetal liver cells
resulted in the appearance of round Thy-1.2% cells in the epidermis which, over the
course of several months, remained CD3". In contrast, lymph nodes and spleens of
chimeric mice were colonized by large numbers of Thy-1.2% /CD3* lymphocytes
(Honjo et al., 1990).

The mere possibility that the phenomenon observed was due to an adverse effect of
v-irradiation on the induction of CD3/TCR expression in DETC-precursors was ruled
out in experiments in which newborn skin was transplanted onto chimeric animals.
Again, Thy-1.2% cells immigrating into the transplant did not acquire CD3 antigens (E.
Payer, unpublished observation).

While all these findings support the contention that DETC maturation happens early in
life rather than in the adult animal, the important question remains whether this event
occurs in a thymus-dependent or in a thymus-independent fashion. The former theory
maintains that DETC are derived from thymocytes which migrate into the epidermis
during the neonatal period. According to the latter hypothesis, DETC are derived from

bone marrow precursors which enter the skin without having passed through the
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thymus and differentiate in situ. At the first glance, the finding of predominantly round
Thy-1%/CD3", but not of Thy-1*/CD3*, dendritic cells in the epidermis of athymic
mice (Nixon-Fuiton et al., 1988) could be taken as a strong argument for the thymus-
dependence of DETC. On the other hand, the skin of athymic mice is grossly
abnormal (nu/nu) and may not be able to provide the appropriate microenvironment
for DETC maturation.

In the past two years, we have designed experimental strategies to test these
converse hypotheses and will now briefy summarize the results obtained in these

studies.

THE EPIDERMIS - A HOMING SITE FOR Vy3* FETAL THYMOCYTES

The hypothesis that DETC originate from fetal thymocytes was originally put forward
by Havran & Allison (1988) when they found that a mAb against the Vy3 determinant
reacts with both the first CD3-bearing fetal thymocytes and with the DETC population
of adult animals. The similarity between these two cell systems was furthered by the
observation that the entre TCR configuration of these early fetal thymocytes
was essentially indistinguishable from that expressed by DETC (Lafaille et al., 1988,
Asarnow et al., 1989). To test the assumption that these Vy3* fetal thymocytes are
the actual DETC precursors, we injected day 16 and day 19 fetal, as well as adult
thymocytes into either syngeneic (C3H, Balb/c) or Thy-1-disparate (B6PI-Thy-1.a -+
C578BI/6 nu/nu) athymic nude mice.

Results obtained showed that the injection of day 16 fetal thymocytes resulted
regularly, the injection of day 19 fetal thymocytes in most instances, in the appearance
of distinct clusters of donor-type Vy3*/CD3* dendritic epidermal cells. In contrast,
the injection of adult thymocytes was not followed by the emergence of the DETC
population (Payer et al., submitted for publication). The presence of CD3* JTCR
vy3* cells in day 16 and day 19 fetal, but not in adult thymocyte populations together
with the failure to detect DETC after transfer of Thy-1*/CD3" fetal thymocytes
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strongly suggest that, under the experimental conditions chosen, co3t/TCR vy3*
thymocytes are the DETC precursors.

The first donor-type cells entering the epidermis were identified 13/14 days after i.v.
injection of day 16 fetal thymocytes. Some of these cells were round, others were
dendritic in shape, and all expressed the CD3/TCR V+3 complex. When analyzed 4 to
12 weeks after cell transfer, most donor-type Thy-1* cells displayed a dendritic
configuration. The enumeration of DETC-clusters found and of cell numbers within the
clusters from 2 to 12 weeks after cell transfer revealed a dramatic increase in the cell
density within one cluster which was not accompanied by an increase in the number
of clusters. Thus, it appears that, upon arrival in the epidermis, Vy3* day 16 fetal
thymocytes undergo vigorous proliferative activity (Payer et al., submitted for
publication).

Most recently, Havran & Allison (1990) reported that implantation of day 14 fetal
thymic lobes, but not of day 2 newborn thymic lobes from euthymic mice into either
syngeneic athymic nude mice or Thy-1-disparate euthymic newborn mice resulted in
the appearance of Vvy3* DETC. These data together with the results of our cell
transfer experiments (Payer et al., submitted for publication) lend strong support to
the concept that co3t /TCR Vvy3*1 fetal thymocytes are the actual precursors of
DETC.

THE FETAL SKIN - A SITE OF MATURATION OF CD3" LYMPHOCYTES INTO DETC

The above findings do not exclude the possibility that the microenvironment of the
fetal skin/epidermis can provide T cell educating stimuli similar to those of the fetal
thymic epithelium. Following this reasoning, we have considered the possibility that
the CD45* /Thy-11 /CD3" cells present within day 17 fetal epidermis (Elbe et al.,
1889) could represent the target for these putative stimuli. As a consequence, these
cells would mature into DETC and, thus, should not be detectable in adult murine

epidermis. In fact, this appears to be the case as we have failed to detect appreciable
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numbers of such Thy-1¥ /CD3" epidermal lymphocytes in the adult animal (Elbe &
Payer, unpublished observations).

Recent flow cytometric studies have shown that the above CD45% /Thy-1*/CD3"
cells are the only lymphocytes present in day 16 fetal murine skin (epidermis and
dermis) (Elbe et al., in preparation). Our contention that day 16 fetal skin is indeed
devoid of mature T lymphocytes was further substantiated when we examined cell
suspensions prepared from day 16 fetal skin for the presence of Thy-1 and CD3/TCR
messages. While we detected high-abundant Thy-1 transcripts, our search for CD3-y,
CD3-¢, Ca, CB and Cs mRNA yielded negative results (Elbe et al., in preparation). In
further studies, we were able to propagate these CD45% /Thy-1% /CD3" day 16 fetal
skin cells by culturing them in IL-2. All the resulting cell lines again displayed the
CD45* /Thy-1* /CD3"/CD4°/CD8" phenotype, but contained CD3-y mRNA and
incomplete TCR Cvy1, Cy4 and Cp transcripts (Elbe et al., in preparation). We
conclude from these findings that CD45* /Thy-1* /CD3" day 16 fetal skin cells are of
T cell lineage and could qualify as potential DETC precursors. In order to test this
hypothesis, we transplanted full-thickness grafts from body wall skin of day 16
C57BI/6 (Thy-1.2) mice onto full-thickness wound beds of B6PI-Thy-1.a (Thy-1.1)
animals. Analysis of the grafts at various time points after transplantaton revealed the
presence of steadily increasing numbers of donor-type Thy-1*/CD3* dendritic cells
which uniformly reacted with an anti-Vy3 mAb (Elbe et al., in preparation).

These results demonstrate that fetal skin harbors the DETC precursors and imply that
the microenvironment of the fetal epidermis can provide stimuli promoting the

expression of CD3/TCR genes in these cells.
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SUMMARY

Our attempts to clarify the contribution of the thymic vs. the cutaneous
microenvironment in the maturation of dendritic epidermal T cell (DETC) precursors
into DETC gave diverse results. In one series of experiments, we found that i.v.
injection of fetal thymocytes (containing a TCR Vy3-expressing subpopulation), but
not of adult thymocytes (containing no TCR V3™ cells) results in the appearance of
CD3/TCR Vy3* dendritic epidermal cells (=DETC). In other experiments, we have
obtained evidence that transplantation of day 16 fetal skin onto a Thy-1-disparate
recipient results in the appearance of donor-type DETC. Our further observation that
the transplanted skin contains CD45% /Thy-1* /CD3" lymphocytes, but no mature T
cells, therefore implies that fetal skin can provide stimuli promoting the expression of
CD3/TCR genes in immature (CD3") DETC precursors.

it remains to be seen whether both or only one of these maturational pathways are (is)

followed under physiological conditions.
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ABSTRACT

Intestinal intraepithelial lymphocytes (IEL) appear to represent a peculiar set of immune cells
compartmentalized at the interface between the organism and the external environment. In previous
studies we observed that within human IEL TCR-7/8 T cells represent a major fraction that predominantly
express the CD8 molecule and preferentially uses the V-6-1 gene segment. Thus these data suggested a
preferential accumulation/homing of CD8+ V-5-17 IEL within the human intestinal epithelium.
However, to date the functional role of these cells with regard to immune regulation at this most critical
immunological site is poorly understood. In this study, the cytotoxic potential and proliferative capacity of
human IEL in response to mitogenic stimuli has been characterized with respect to IEL T cell receptor
type and TCR-7/6 variable gene segment usage as determined by flowcytometry. The frequeny of TCR-
1+ IEL expressing both CD56 and CD16 which are considered to be NK-cell markers was found to be
much higher (38.9+12.4%) than within intestinal lamina propria lympmocytes (LPL) (9 1+4.8%) or
peripheral blood lymphocytes (PBL) (6.4+3.3%). In contrast, the fractions of CD16 CD56™ cells within
IEL, LPL and PBL were comparable. Surprisingly, IEL mediated NK-cell activity (K562 lysis) was
virtually absent whereas within PBL it was within the normal range. Furthermore, in cytotoxicity assays
employing 3!Cr-labeled OKT3 hybridoma cells and P815 cells as targets, the cytotoxic potential of IEL
was much lower than that of PBL Finally, only a minority (41.91+4.4%) of TCR-7/6 IEL were CD5+
whereas the fraction of CDST TCR-7/6 LPL and TCR-7/6 PBL were 69. 8+12.8% and 82.8+8.4%,

respectively. The latter finding suggests an extrathymic pathway of differentiation for TCR-7/6+ IEL.

Taken together, our data suport the notion that human IEL represent a functionally, phenotypically and
ontogenetically distinct population of cells that may regulate the local mucosal response by mechanisms
different from those described for other lymphoid tissues such as peripheral lymph nodes or the peripheral
blood.

INTRODUCTION

Evidence has been accumulating that intestinal intraepithelial lymphocytes (IEL) represent a discrete
lymphoid compartment of the immune system lymphoid exhibiting phenotypical, functional and
morphological peculiarities compared to lymphocytes residing in the intestinal lamina propria or
circulating in peripheral blood (McI. Mowat 1990). In normal small intestinal epithelium approximately
15%-20% of cells are lymphocytes. Similarly, in the stomach, colon and rectum large numbers of IEL
can be found.Recently, it was found that in man intraepithelial T lymphocytes segregate into two almost
equally sized subpopulations expressing either a TCR-a/B or a TCR-7/6. Moreover, TCR-7/6" IEL were
shown to preferentially use the V-6-1 gene segment to build their TCR (Deusch et al., in press). Thus,
with regard to both the distribution of TCR-7/6 (TCR-1) and TCR-a/B (TCR-2) cells and limited TCR-7/8
V-gene segment usage, these findings resemble those observed previously for murine and avian IEL
(Goodman and Lefrancois 1987, Asarnow et al. 1989, Tagakaki et al. 1989, Itohara et al. 1990, Bucy et
al. 1988). However, the expression of phenotypic markers on TCR-7/6+ IEL indicating cell function,
activational status or ontogentic origin have not been well characterized. Therefore, employing an
isolation procedure that yields highly pure IEL and LPL, we characterized by flow cytometry the
phenotype of such markers on human IEL.

MATERIAL AND METHODS

Tissue specimens. Intestinal samples from colon, 5 to 10 cm long were obtained from 14 adult patients.
All underwent large bowel resection for for colorectal carcinoma. The samples were taken at least 10 cm
away from the lesion and were found to be histologically normal. Peripheral blood was taken from the
same patients prior to operation. Isolation of human IEL, LPL and PBL. IEL and LPL were isolated as
desribed previously (2). Briefly, the resected tissue was washed with PBS and the mucosa was dissected
from the underlymg musculans mucosae with scissors. To remove mucus, the mucosa was incubated
with Ca*t* and Mg* * free HBSS containing 100U/ml penicillin, 100 ug/ml streptomycin, 50 ug/ml
gentamycin , 2,5 ug/ml amphotericin B (Seromed Biochrom KG, Berlin), 25 mM HEPES buffer, 2 mM
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EDTA and 1 mM DL-Dithiothreitol in a shaker at 37°C for 10 min. Following incubation, the
supernatant was discarded and the mucosal tissue was incubated in the same HBSS medium without DL-
Dithiothreitol 4 times for 30 min each. The supernatants from each of these incubations were collected
and washed in a 40% isotonic Percoll solution (Pharmacia, Uppsala, Sweden) and finally centrifuged over
Ficoll-Hypaque. LPL were obtained by incubating the remaining mucosal tissue overnight in a shaking
waterbath at 37°C in RPMI 1640 medium containing 0.01% collagenase(Sigma, Deisenhofen, FRG) and
0,01% deoxyribonuclease I (Sigma, Deisenhofen, FRG). The resulting cell suspension was passed though
a stainless steel sieve (0.lmm mesh), washed twice in 40% isotonic Percoll (Pharmacia, Uppsala,
Sweden) and centrifuged over Ficoll-Hypaque. Viability of both IEL and LPL as determined by Trypan
blue exclusion was always >90% Viability of these cells. Peripheral blood lymphocytes were isolated by
centrifugation over Ficoll-Hypaque. Phenotypic analysis. Single and two colour fluorescence
measurements of antibody labeled isolated IEL, LPL and PBL were performed on a FACSSCAN (Becton
Dickinson). Monoclonal antibodies used were anti-CD3 (Leu 4-PE) CD4 (Leu 3), CD8 (Leu 2a), anti-
CD16 (Leull), anti-CD56 (Leu 19), anti-CD5-PE, anti-CD7-PE anti-MHC Class 11, anti-CD25 (all from
Becton Dickinson), TCR-delta-1-FITC (gamma/delta-TCR) TCS-1 (anti-V-8-1,JP; both purchased from T
Cell Sciences), anti-V-5-2,J1-3 (4G6), anti-V-6-2,J1 (7A8), anti-V-7-9 (4D7) (all kindly provided by Dr.
Pfeffer)) and BMA 031 (anti-TCR-a/8) (kindly provided by Behringwerke, Marburg, FRG). Cytotoxicity
assay: Target cells (OKT3-hybridoma, P815 and K562 tumor cells) were labeled with 51Cr as desribed
previously (Deusch et al. 1986), washed and subsequently used as target cells in a standard 4 hour 5!Cr-
release assay at a humidified atmosphere (5% CO0,, 37°C). The effector to target ratios (E/T-ratio) are
given in the figure. Specific lysis was calculated as described previously (8).

RESULTS

Usage of TCR-7/6-V-gene segments in relation to CD8 expression on IEL. To investigate the

expression of CD8 molecules on TCR-7/6™ IEL in relation to TCR-V-gene segment usage, IEL were
stained with anti-CD8 antibodies in
combination with antibodies direc-
ted to the products of distinct TCR-
7/86 V-gene segments (see methods)
and subsequently analyzed by flow-
cytometry. Fig 1. shows a represen-
tative cell sample depicting the pre-
ferential expression of CD8 mole-
cules, on V517 IEL (71.3%
CD8+). In contrast, the fraction of
CD8™ cells within the V-3-27 and
v-9% IEL subpopulation was
substantially lower (45.7% and
55.5%, respectively). Therefore, it
appears that CD8 molecule ex-
pression on vs-1t IEL, which re-
present the predominant cell popu-
lation within TCR-7/6* IEL, is se-
lectively induced.

Fig.1 Densitiy gradient purified IEL were
stained with anti-CD8-PE in combination
with cither a pan anti-TCR-7/6 antibody
(anti-TCR1) or V-gene scgment specific
antibodies as depicted in the figure (scc
Mecthods for details) and analyzed for dual
color fl by flow cy y. Per-
tages were calculated in relation to the
total number of cells that stained with the
pan anti-TCR-7/8 antibody or the V-genc
segment specific antibodies (anti-V-3-1,
anti-V-$-2,J1-3, anti-V-3-2 J1, anti-V-r-9).
Shown is a representative example where
the fraction of TCR-7/6% IEL was 74%.
The latter figurc was taken as 100% for the
caleulation of TCR-7/8* subpopulations.
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The majority of TCR-1/6" IEL does not express the CDS molecule. Next, we compared the expression
of the CD5 molecule TCR-7/6+ IEL, LPL and PBL. The presence of this molecule on the surface of
peripheral T lymphocytes is believed to indicate their thymic origin. Cell samples were stained with anti-
TCR-6-1 in combination with anti-CDS5 antibodies and subsequently analyzed for dual color fluorescence
intensity by flow cytometry. The results of this study reveal that the majority (=59%) of TCR-7/6+ IEL
do not express the CDS molecule whereas peripheral blood derived TCR-7/6 T cells are almost all CD5+.
TCR-7/6+ LPL appear to represent an intermediate cell population in that the fraction of CDS- cells
substantially smaller than that observed for TCR-7/6" IEL (Fig. 2). Hence, these data support the notion
that a substantial fraction of TCR-7/6T T cells within the gut epithelium may follow a distinct pathway of
differentiation.

Fig.2 IEL, LPL and PBL were stained with anti-TCR-3-1-FIT together with anti-CD5-PE and subscquently ana-
lyzed for dual color fluorescence. The data shown are representative for four individual experiments. The percen-
tages given were calculated by taking the relative number of TCR-7/8 cells within IEL, LPL and PBL as 100%.

Nearly all TCR-7/6* IEL are CD7%. Since intestinal mucosal lymphocytes are constantly confronted
with all kinds of antigenic materials, we were next interested whether the expression of the CD7 molecule
(T-2 blast antigen) was increased on TCR-7/6 IEL compared to TCR-7/6 LPL and PBL. Fig. 3 gives a
representative example of the staining pattern that we observed on TCR-7/8 IEL, LPL and PBL. It reveals
that nearly all TCR-7/67 IEL (=99.8%) are CD7* whereas the fraction of these cells within LPL and
PBL was substantially lower (81.9% and 71.4%, respectively).

Fig. 3: Freshly isolated IEL, LPL and PBL were stained with anti-TCR-3-1-FITC and anti-CD7-PE and
subsequently anal; for dual color fl The ges given were calculated by taking the total
number of TCR-7/8 cells within cach compariment as 100%.

A major fraction of Lamina propria derived CD4+CD8$- and CD4-CD8+ T Iymphocytes express
MHC Class I and CD2S on their surface. To characterize the functional status of IEL, LPL and PBL,
T lymphocytes isolated from these compartments were stained with either anti-CD4 or anti-CD$ in
combination with antibodies specific for activation markers on human T cells such as MHC ClassII or
CD25, respectively. Table I shows that compared to epithelial or peripheral blood derived T cells, a much
higher fraction of both CD4+ and CD8+ LPL express MHC class II or CD25 molecules on their
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surface. However, the differences between IEL, LPL and PBL with regard to CD25 expression were not
so striking. However, these data suggest that a substantial fraction of lamina propria derived T
lymphocytes reside at this site in a constitutively activated state.

Table I
% of CD3+ % of CD4+ % of CD8 + % of CD4+ % of CD8+
CD3/MHCII CD4/MHC II CD8/MHC II CD4/CD25 CD8/CD2S
IEL 3.9+2.3 4.11£1.6 8.53+0.9 <1.0 <0.2
LPL 36.7+14 54.1+13 58.58+22.0 14.94£2.9 5.413.0
PBL 10.616.2 9.91+5.6 18.9+8.0 6.11+7.0 3.4+1.7

IEL, LPL and PBL were stained with the combination of antibodies listed in the above table and subsequently analyzed for dual
color fluorescence by flow cytometry. The data given are the means + SD of 10 individual experiments.

A large fraction of Human IEL express both CD16 and CD56.

To investigate the expression of surface molecules that have been shown to delineate natural killer cells,
we compared IEL, LPL and PBL for dual color fluorescence employing anti-CD16 and anti-CD56
antibodies. Fig. 4a demonstrates that within IEL the fraction of CD3+/CD16%/CD56™ cells is much
higher than that observed in LPL and PBL. Similarly, Fig. 4b shows that the frequency of
CD56*CD16™ TCR-7/6T IEL is higher than LPL and PBL. It can be seen that this difference is due to
an increased expression of CD16 (= 10-fold compared to LPL and PBL) on TCR-7/8 cells rather than
CD56, the latter being expressed at equal proportion on TCR-7/6% IEL, LPL and PBL (Fig. 3b)..

Fig. 4. (A) IEL, LPL and PBL were stained with a combination of anti-CD3-FITC and anti-CD16+CD56-PE antibodies and
subscquently analyzed for dual color fluorescence. (B) The same cell samples were stained with a combination of anti-TCR-7/5
(anti-TCR-3-1-FITC) and anti-CD16+CD56-PE antibodics.

Human large intestinal IEL do not exhibit natural killer or conventional cytolytic activity. In order to
characterize the cytolytic potential of human IEL, freshly isolated IEL were compared with PBL for their
ability to lyse 51Crlabeled P815, OKT3 or K562 target cells. As can be seen from Fig. IEL neither
exhibit natural killer activity nor anti-CD3 redirected cytotoxicity nor non specific anti-P815 killing. In
contrast, PBL showed substantial NK-activity and moderate cytotoxicity against the anti-CD3 hybridoma
and P815.
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Fig. 5. Freshly isolated IEL and PBL
were tested for their cytotoxic activity
in a four hour 51Cr-rcleasc assay
employing OKT3 hybridoma cclls
(CD3), P815 cells or K562 cells as
targets E/T-Ratio denotes cffector to
target ratio

SUMMARY

Intraepithelial Lymphocytes (IEL) are one of the largest yet least understood populations of lymphocytes
exhibiting a number of unique morphological, phenotypical and functional features. In this study, we
comparatively analyzed a number of these features on IEL, LPL and PBL. The major observation was the
preferential expression of the CD8 molecule on TCR-7/6% IEL using the V-5-1 gene segment.
Furthermore, the fraction of TCR-7/6 IEL expressing CD16 alone or in combination with CD56 was
much higher than that observed in TCR-7/6" LPL and PBL. However, the expression of these markers
did not correlate with an enhanced cytolytic potential of these cells. A substantial number of TCR-/67
IEL do not express the pan T cell marker CD5 suggesting an alternate pathway of differentiation for these
cells. Finally, many CD4™ and CD8™ LPL were found to express clas II and CD25 molecules reflecting
that they constitutively become activated in the intestinal mucosa. In man, mouse and the chicken TCR-7/5
T cells appear to localize preferentially in intestinal epithelium and to exhibit a restricted TCR-7/8
variable gene segment heterogeneity. Moreover, both human and murine IEL express peculiar surface
molecules that may serve to direct homing mechanisms and to provide these cells with functional
repertoires necessary to protect the organism from invading pathogens. However, to date in man and
mouse, apart from information pertaining to their principal lymphokine repertoire and low proliferative
capacity towards non specific mitogens and specific antigens (Ebert et al. 1986, own unpublished
observations), little is known about the specific function of IEL. Nevertheless, their limited TCR
heterogeneity could be explained by specific lymphoepithelial interactions involving hitherto unknown
restriction molecules expressed on epithelial cells. One interesting observation is the marked proliferative
response to sheep erythrocytes that can be blocked by anti-CD2 antibodies, which. suggests that the
surface receptors critical to trigger IEL may be be distinct from those involved in activation processes of
peripheral blood or lamina propria derived T lymphocytes (Ebert et al. 1986). At present, we have no
explanation for the observed preferential v-gene segment usage and differential expression of CD16 and
CD56 on TCR-r/6™ IEL compared to LPL and PBL. However, present and future efforts in our
laboratory are aimed to resolve these issues with special emphasis on intestinal lymphoepithelial
interactions and their role in the immunological surveillance of the intestinal epithelial surface.
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INTRODUCTION

T-cells can be devided into two distinct lineages on the basis of their receptor. Those
cells expressing the a/B-heterodimer have been extensively analysed and are known to
recognize foreign antigens in the context of MHC-molecules. Several distinct functions
of a/B- T-cells including cytolytic and helper functions have been identified. In
contrast, littie is known about a different T-cell subset expressing the so-called y/8-
heterodimer. The fact that a high frequency of y/&- T-cells is found in epithelial
tissues such as the skin or the gut, led to the suggestion that they may represent a kind
of primitive immune system for the defense of invading pathogens (Janeway, 1988).
Support to this notion came from several publications demonstrating the expansion of
v/8-T-cells during infections in humans and in mice. Thus, y/8-T-cells were found
within the peritoneal exsudate cells of mice infected with Listeri
(Ohga, et al, 1990) and within the lesion-draining lymph nodes of mice infected with
i is (Janis, et al, 1989). Along this line, y/5-T-cells were

identified in human skin chronically infected with Mycobacterium leprae or
protozoons of the genus Leishmania (Modlin, et al, 1989).

A subspecies of Leishmania, namely Lejshmania major (L.major ), is a well examined
model system for chronic infections in mice. The different course of the disease in
inbred mouse strains has led to the definition of disease-susceptible strains, e.g.
BALB/c, which die as a result of the infection, and resistant strains, e.g. C57BVs,
which overcome the infection and appear to be immune to reinfection (Mitchell,
1982). Given the possible role of y/8-T-cells during leishmaniasis in humans, we
were interested to test, if v/5-T-cells can be found in the lesion-draining lymph node
cells (LNC) of mice infected with L.major, and if so, whether or not there is a
difference in the expansion of these cells in susceptible and resistant mouse strains. In
this report we demonstrate that we were unable to detect y/5-T-cells within lymph
nodes of L.major-infected mice for up to seven weeks after infection.

MATERIAL AND METHODS

The L.major strain used throughout these studies has been described elsewhere
(Solbach, et al, 1986). Female BALB/c and C57BI/6 mice, 4 -6 weeks of age, were
infected with 2 x 107 L.major promastigotes in the right footpad. Evaluation of the
course of the disease was performed by measuring the increase in footpad thickness, as
described (Solbach, et al, 1986).

At different time points after infection, four mice per group and time point were
killed, the lesion-draining popliteal lymph nodes were isolated, single cell suspensions
were obtained, the cells of the four mice were pooled and tested for the expression of
several cell surface markers by immunofiuorescence. Antibodies used for cell staining
were biotinylated anti-a/f T-cell-receptor (TcR)-antibody (Kubo, et al, 1989),
biotinylated anti-CD5 antibody (Ledbetter & Herzenberg, 1989), anti-y/8 TcR
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antibody, kindly provided by Dr L. Lefrancois, Upjohn, Kalamazoo, USA (Goodman &
Lefrancois, 1989), FITC-conjugated anti-B220 (Medac, Hamburg, FRG) and FITC-
conjugated anti-Thy 1.2 (Becton-Dickinson). Counterstaining of the biotinylated
reagents was performed using phycoerythrin-coupled streptavidin (Medac). The
anti-yd TcR antibody was counterstained using a phycoerythrin (PE)-coupled goat-
anti hamster antiserum which had been absorbed with mouse immunoglobulin before
(Medac, Hamburg). In the absence of the anti-y/8 TcR antibody all cells tested scored
uniformly negative with this reagent. As a positive control for the anti-y/8 TcR
antibody we used a T-cell line (T245), kindly provided by Dr A. Elbe, VIRCC, Vienna,
Austria, (Stingl, et al, 1987). All samples were analysed using an EPICS-profile 1.

RESULTS AND DISCUSSION

The aim of the present study was to detect and to test for a difference in the systemic
expansion of y8-T-cells of resistant and susceptible mouse strains after infection
with L.major. Since y3-T-cells have been proposed to represent a first line of defense
against invading pathogens (Janeway, 1988) such a difference could have accounted for
the different course of the disease in the two mouse strains.

The data given in this report, however, do not support such a notion. We were unable
to detect y8-T-cells in the lesion-draining lymph nodes of either of the two mouse
strains in appreciable numbers, i.e. above 0.4% which was the level of unspecific
staining in the presence of an irrelevant hamster antibody. In addition, we could not
find a significant difference in the number of y/8-T-cells between the two mouse
strains (Tables 1 and 2).

Table 1: Immunofiuorescence of LNC from L.major-infected mice

BALB/c C57Bl/6
days post infection

0d 3d 21d 35d 48d od 3d 21d 35d 49d
TcR-y/8 <0.4 <04 <04 <04 <04 <04 <04 <04 <04 <04
TcR-ovp 839 59.3 63.8 603 56.0 849 58.6 483 53.0 329
Thy 12 875 670 702 612 56.0 905 722 464 56.2 384
CD5 856 631 61.7 598 59.2 858 66.8 506 54.7 338
B 220 13.5 314 332 346 382 13.0 321 471 46.1 645

BALB/c and C57Bl/6 mice were infected with L.major in the right footpad. At the
indicated time points, the lesion-draining popliteal LNC were stained for the indicated
surface markers. Values give the percentage of positive cells.

Preliminary data obtained using a different staining protocol that included biotinylated
protein A and PE-coupled streptavidin (b-pA/s-PE) are compatible with the above
results (M. Lohoff, et al, submitted for publication). As in the lesion-draining lymph
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nodes, we were unable to detect v/6-T-cells at greater numbers in the spleens of
L.major-infected mice of both strains with the goat-anti hamster reagent, although
here the assay system was slightly less sensitive (detection level about 0.9%), due to a
higher level of background staining as compared to lymph node cells. Preliminary data
of spleen cells stained with lower levels of background staining (<0.3%) using b-
pA/s-PE as second step reagents indicate that there may be a detectable number of y/3-
T-cells (about 0.6%). However, these cells do not change in number during infection.

Table 2: Immunoflourescence of spleen cells from L.major-infected mice

BALB/c C57BI/6

days post infection

od 7d 21d od 7d 21d
TcR-y/8 <0.9 <0.9 <0.9 <0.9 <0.9 <0.9
TcR-a/B 76.4 53.8 56.2 59.0 50.1 49.4
B 220 14.9 38.6 32.0 27.1 41.7  38.9

BALB/c and C57BI/6 mice were infected with L.major in the right footpad. At the
indicated time points, the spleen cells were stained for the indicated surface markers.
Values give the percentage of positive cells.

Two types of positive controls were employed. Both staining protocols yielded
similarly good staining of T245 cells, a cell-line established from epidermal v/§-T-
cells. A typical diagram obtained with the PE-coupled anti-hamster antiserum is
shown in Fig.1.

Fig.1: a staining profile of T245-cells
\ stained with anti-y/d TcR antibody and

SRTTT! ISR ETT: phycoerythrin (PE)-coupled goat-anti
2 510 100 500 hamster antiserum

At the same time we also tested for the presence of y/8-T-cells within peritoneal
exsudate cells of mice infected with Listeria monogytogenes. Here we used b-pA/s-PE
as second step reagents and were easily able to detect y/8-T-cells (Lohoff, et al,
submitted), as was expected from data in the literature (Ohga, et al, 1990). In
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addition, the same anti-y/d TcR antibody supernatant also stained day 12 fetal
thymocytes (R. Ceredig, Strasbourg, personal communication). We therefore are
confident that the staining protocol used in these studies was sufficient to detect murine
v/8-T-cells.

We take our data to propose that y/8-T-cells are not of decisive importance for the
systemic course of leishmaniasis. Of course, we cannot exclude the presence of y/5-T -
cells at numbers below the detection level of our staining procedure. Hypothetically,
such cells could still decide the course of the disease as regulator cells provided that
they have a particularly high avidity for their targets. However, we consider such a
possibility to be not very likely.

The results shown here have to be discussed in view of two recent reports
demonstrating on the m-RNA level the existence of y/8-T-cells in mice infected with
two other, potentially intracellular pathogens, namely Mycobacterium tuberculosis
(Janis, et al, 1989) and Listeria monocytogenes (Ohga et al, 1990). Both groups
tested for y/8-T-cells at sites distant from the local invasion of the parasite, i.e. in the
lesion-draining lymph nodes, as we did, and in the peritoneum. The fact that v8-T-
cells were to be found there, but not in lymph nodes of_L.major-infected mice,
suggests that a general statement on the expansion of these cells in mice infected with
intracellular pathogens at present is premature.

In contrast to the data presented here, y/8-T-cells have been detected in the skin of
humans chronically infected with Leishmania parasites (Modlin, et al, 1989).
Therefore, it appears to be of urgent need to study the local situation in mice infected
with L.major. This will help to answer the question whether or not humans and mice
differ in their capacity to expand y/3-T-cells in response to L.major. If, however, y/5-
T-cells can be found in the skin of mice infected with L.major, one has to ask, why
these cells are unable to home to the lesion-draining lymph nodes in leishmaniasis,

whereas the cells can home there in mice infected with Mycobacterium tuberculosis.

Studies to test these questions are in progress .
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INTRODUCTION

Some aspects of the immunobiology of virus-induced respiratory disease
are relatively well understood. It is known, for instance, that the
adoptive transfer of cloned CD8+ T cells to immunoclogically naive mice
infected intranasally (i.n.) with an influenza A virus greatly
enhances virus clearance (Lukacher et al 1984, Taylor & Askonas 1986).
The same has been observed for cloned CD4+ T cells, though the
kinetics of virus elimination are more protracted (Lukacher et al
1986). In both cases, the effect is mediated by T cells that are
conventionally MHC-restricted and are very specific for the infecting
pathogen. There is thus no doubt that effector functions mediated by
af T cell receptor (TCR)-bearing lymphocytes are of central importance
in recovery from infection of the respiratory tract with influenza A
viruses. Recent studies of the influenza pneumonia model have
established that there is substantial involvement of lymphocytes with
mRNA for the y§ TCR late in the course of the inflammatory process,
after infectious virus has been eliminated (Allan et al 1990, Carding
et al 1990 a). The obvious question is whether these y§ T cells
contribute to the specific host response, or are simply recruited
passively by the af TCR+ effectors (Doherty et al 1990).

BASIC EXPERIMENTAL APPROACH

Adult, female C57Bl/6J (B6) mice are infected i.n. with a high dose
(100 HAU) of either the mouse-adapted HKx31 (H3N2) human influenza A
virus or an influenza B virus (B/HK), or with a low dose (1,000 EID)
of the mouse parainfluenza type 1 Sendai virus. Under these
conditions, the three viruses cause severe but non-fatal pneumonitis,
characterized by a massive increase in the cellularity of the MLN
(>3x) and of the lung lavage population (>7x), with peak counts in the
LIE being achieved at about day 7 post infection (Allan et al 1990).
In some experiments, recovered mice have been challenged i.n. with
1,000 EID,, of the A/PR8/34 (HIN1) influenza A virus, which gives a
secondary af T cell response in mice primed with the HKx31 virus
(Doherty et al 1977), but not in those given B/HK or Sendai virus.

The inflammatory cell populations are then either used for functional
studies (Allan et al 1990) or analysed morphologically, often after
first adsorbing cells on plastic to remove macrophages. The separated
lymphocytes are stained and analysed (Allan et al 1990) by flow
microfluorimetry (FMF), or cytospin preparations are made and the
slides sent for the determination of TCR distribution in individual
cells using in situ hybridization techniques (Carding et al 1989, 1990
a). Unless stated otherwise, the results cited in the text are for
primary infection with the HKx31 virus.
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KINETICS OF af AND yé TCELL INVOLVEMENT

The numbers of cells that can be lavaged from the lungs of mice
infected i.n. with the HKx31 influenza virus are increased by day 3
after infection, reach a maximum by day 7, remain high through day 13,
and are declining by day 15. The inflammatory process thus continues
to be substantial for at least 5 days after infectious virus is
cleared from the 1lung, though there is no evidence of secondary
infection with bacteria or mycoplasma (Allan et al 1990, Carding et al
1990 a). Peak counts for plastic-adherent macrophages are found on
day 7, while the non-adherent population generally constitutes more
than 60% of the total on days 10 to 15. The CD4:CD8 ratio ranges from
1:2 to 1:5 and there are relatively few B lymphocytes present.

The detailed quantitation of TCR distribution in 1lymphocytes
localizing to the lung air spaces of mice with influenza that has been
done so far utilizes the in_situ hybridization approach (Carding et al
1990 a). The findings are very clear and highly reproducible. The
inflammatory process is dominated by a8 TCR mRNA+ cells until day 7,
with y§ TCR MRNA+ lymphocytes being present at higher frequency on
days 10 and 13 (Fig 1). These do not seem to be normal residents that
had been shed following virus-induced damage to respiratory
epithelium, as few yé mRNA+ cells are seen when cryostat sections of
lung from uninfected B6 mice maintained in our SPF animal facility
were probed.

Figure. 1. Distribution of TCR mRNA phenotypes in plastic non-adherent
lymphocytes lavaged from the lung of female B6 mice infected i.n. with
100 HAU of the HKx31 influenza A virus. This data is representative of
a number of experiments, with there being a good concordance in all
cases between the percentages of cells positive with the probes for Ca
and CB, Cy and Cé respectively.

Separation by FACS (Carding et al 1990 a) shows that yé§ TCR mRNA was
present in few, if any, T cells expressing surface af TCR detected by
the H57.597 mAb (Kubo et al 1989). Also, the predominant phenotype of
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the yé TCR mRNA+ set is CD3+4-8- for sorted cell populations (Table
1).

Table 1. Distribution of TCR mRNA in day 10 inflammatory cells
separated by FACS

TCR Sorted population®

mRNA 3+4+8+ 3+4-8- 3-4-8-

C-a 67 2 4
V~-J-Cy 7 83 19

®The lung lavage cells from mice infected i.n. with the HKx31 virus 10
days previously were adsorbed on plastic to remove macrophages, then
stained with the 2Cll1 hamster anti-CD3%* a cocktail of the H129.19
(anti-CD4) and 53.6.72 (anti-CD8) rat mAbs. The second step reagents
were TxRd-mouse anti-rat Ig and FITC-goat anti-hamster Ig. The cells
were sorted in 2-color mode on a FACStar Plus.

We have also been able to show that a significant proportion of the
lung lavage cells are expressing surface y§ TCR (Goodman and
LeFrancois 1989. The initial experiments have utilized the magnetic
activated cell sorter (MACS, Biotechnische Gerate, Spezialelektronic,
Gladbach, Germany) to deplete Mac-1+ macrophages and CD4+ and CD8+ T
cells prior to staining with the GL3 mAb (Goodman and LeFrancois 1989)
to the y§ TCR (Flg 2). This has allowed us to establish the staining
profiles and size characteristics of the y6§ T cells, so that we will
now be able to repeat the basic kinetic analysis using flow cytometry.

Figure 2. Inflammatory cells lavaged from the HKx31-infected mouse
lung on day 10 were stained with a cocktail of mAbs to CD4 (H129.19),
CD8 (53.6.72) and Mac-1 (MI/70), followed by biotinylated goat anti-
rat Ig, then Strepavidin TxRD, and flnally blotlnylated MACS
microbeads. The staining prior to separation is shown in "a", while
the FACS profile for the y§ TCR+ lymphocytes (GL3 mAb, followed by
goat- antl-hamster-FITC) in the flow-through population from the MACS
is shown in the top-left quadrant of "B".

Thus, significant numbers of the lymphocytes present in the
inflammatory exudate resulting from sublethal influenza infection are
yé T cells. The yé TCR+ subset is at highest prevalence late in the
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course of the disease process, after infectious virus has been
eliminated. We need to know what, if anything, these lymphocytes are
doing.

EVIDENCE FOR SPECIFICITY AND MEMORY

Virus challenge studies show quite clearly that the localization of y§
TCR mRNA+ T cells to the lungs of primed mice follows secondary
kinetics (Tables 2 and 3). We are currently trying to determine if
this reflects true memory for the y§ TCR+ subset, or is simply a
consequence of passive recruitment by the primed af T cells. The
experimental system uses the fact that the HKx31 H3N2 influenza A
virus is a recombinant which has the internal proteins of the A/PR8/34
HIN1 virus (Kilbourne 1969). Thus, while there is no cross-
neutralization because the surface glycoproteins are different, there
is the potential for cross-reactive T cell recognition. Mice are
infected with the H3N2 virus or an influenza B virus, left for at
least one month and then challenged i.n. with the H1Nl1 virus.

Table 2. The secondary response at 3 days after i.n. challenge

Total mRNA+ cells per mouse (x 10%)

Priming®* Challenge

virus inoculum CD3 Ca Cy Ccs
H3N2 HIN1 5.8 2.2 3.4 3.9
H3N2 AF 0.8 0.7 <.l 0.1
H3N2 Nil 0.4 0.1 0 0
B/HK H1N1 3.5
B/HK AF 0.4 0.2 <.1 0.1
B/HK Nil 0.3 0.4 <.1

®The mice were primed i.n. with the A/HKx31 (H3N2) or B/HK virus one
month prior to i.n. challenge with the A/PR8 (H1IN1l) virus or allantoic
fluid (AF), and the values shown were calculated from the total cell
counts per mouse and the % TCR mRNA+ cells.

The pattern for the HIN1 challenge of the B/HK-immune mice on day 3 is
characteristic of a primary response, with the cell counts for y§ TCR+
lymphocytes being more than 10-fold higher in the H1N1-H3N2
combination (Cy and C§, Table 2). The gap between the two had dropped
to a factor of 2-4x by day 5 (i.n. primed, Cy, Table 3), with the
difference for Vy2 TCR mRNA+ cells being two-fold or less (Vy2, Table
3). The priming effect was also more apparent for mice given the
initial dose of virus i.n. rather than i.p. (Table 3).
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Table 3. Distribution of cells positive for TCR mRNA at 5 days after
i.n. challenge of primed mice with an HIN1l influenza A virus

Priming® TCR mRNA (cell count x10%)
Totall

virus route cells CcD3 Cy vy2 Vyéd

H3N2 i.n. 73 13.9 10.2 3.7 5.8

B/HK i.n. 48 8.1 2.9 1.9 1.4

H3N2 i.p. 41 9.8 4.5 2.9 2.5

B/HK i.p. 35 5.6 2.5 1.6 2.1

®The mice were primed i.n. or i.p. with the HKx31 influenza A virus or
the B/HK influenza B virus one month prior to i.n. challenge.

bcount per mouse after plastic adherence to remove macrophages: these
values were calculated from the % mRNA+ cells.

The "Vy2" probe used in these experiments (Table 3) does not
distinguish between Vyl and Vy2. Expression of Vyl paired with vé6.3
has been associated with recognition of heat shock protein (HSP) for
a panel of T cell hybridomas (Happ et al 1989, Born et al 1990).
Primary i.n. infection with both HKx31 and with B/HK (and Sendai
virus) causes an increase in the percentage of HSP mRNA+ macrophages,
which is again maximal late in the course of the disease (Carding et
al 1990 a). At least for the HKx31l model, this is concurrent with
high frequency expression of Vy4 mRNA and precedes the reproducible
switch in dominance to lymphocytes with Vyl/2 mRNA that occurs between
day 10 and day 13 after infection. It is thus possible that the
greater concordance in the numbers of Vyl/2 mRNA+ (cf Vy4 mRNA+) T
cells for the HKx31 and B/HK primed mice (Table 3) reflects a
secondary response to HSP induced by both viruses. However, by this
criterion, it would also seem to be the case that the majority of the
¥yé T cells recruited to lung in the HIN1-H3N2 challenge are not
reactive to endogenous ligands, like HSP (Born et al 1990), that are
also induced by immunologically distinct orthomyxoviruses such as B/HK
(Tables 2 and 3).

The other indication of viral spe01f101ty is that the current PCR
analysis (Carding et al 1990 b) is showing a different pattern of y§
TCR V-region usage for Sendai virus and for the HKx31 influenza A
virus. The dominant usage in Sendai virus infected mice is Vyl. All
the known Vy phenotypes are represented in the HKx31 virus-induced
inflammatory exudate, with Vy2 being the most prominent, while Vé3, 4,
5 and 6 show high levels of expression at different time points.

Evidence of viral specificity, memory and some protective capacity,
would make the y§ T cell a worthwhile target for immunopathogenesis
and vaccine development studies. Obvious alternatives are that these
lymphocytes are simply passively recruited bystanders (Doherty et al
1990) ,or that they function to promote tissue repair by helping to
resolve the inflammatory process. Understanding the latter may be
important for dealing with virus-induced immunopathology.
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