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Foreword

This is the third time that I was asked to write a foreword to Dr Mohan's Textbook, and again I am at
a loss for words to adequately express my enthusiasm for this book which has such a long history of
excellence. Over all those years spanning the previous six editions, it has served as an introduction
to clinical medicine to generations of medical students, and I am sure that it will continue in that
function way into the twenty first century. A book of this caliber does not need introductions,
forewords and endorsements for its continuous success. Its value has been proven over and over
again by those for whom it was written and those who have used it in its previous editions—the
medical students and their professors.

For the new edition, Dr Mohan has thoroughly revised his previous text, expanding it with novel
data selected judiciously from both laboratory and clinical research papers. Yet the basic structure
of the book remains unchanged, with an unconditional dedication to the systematic coverage of the
basics, strong clinical underpinning, and a good sense for didactics. It reflects the author's lifelong
experience in the classroom and his passion for teaching of pathology to medical students. The
text is illustrated with informative artists' drawings and photographs. It also contains highlighted
summary boxes and valuable tables. At the end of each chapter there are clinical cases, designed
to stimulate further studies and discussions. The condensed Quick Review Book, appended to the
textbook as a lagniappe, will remain attractive to medical students preparing for their examinations.

In a short foreword of this kind, it is not possible to mention all the strong points of this textbook.
It should suffice to say that Dr Mohan's Textbook has retained all the features which have made
previous editions so popular with medical students and their teachers alike. It was masterfully
updated and with the new didactic elements it will be even more attractive to its readers. It will
remain an essential must-have for all medical undergraduate students, serving them as a pathfinder
and bridge during their transition from basic medical sciences to clinical medicine.

Ivan Damjanov, MD, PhD

Professor

Department of Pathology

The University of Kansas School of Medicine
Kansas City, Kansas, USA
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Preface

AsIsitdown to put my thoughts into words for the 7th revised edition of my Textbook of Pathology, I look back with satisfaction
how this book has grown phenomenally since its modest beginning in 1992. During these years, successive editions of the
textbook have brought me closer to enumerable well-wishers, won me life-long friends, rewarded me with respect and faith
of my colleagues, got me blessings of senior professionals, and earned me affection of innumerable students and fans. It has
been really highly gratifying journey so far. At the same time, such an abiding trust by users of previous editions of my textbook
certainly puts an onerous responsibility on me to come up to their expectations and make it better with every new edition. It is
this motivation and zeal which I pursued while preparing the thoroughly transformed and updated 7th revised edition which
I am pleased to present to users.

Diagnostic pathology has been growing exponentially with advances in molecular methods, cytogenetics and immunology,
besides the ready availability of immunohistochemistry. In fact, in the current era, immunophenotyping and cytogenetics
have been recommended as defining criteria for classification, diagnosis and prognostication of growing number of cancers.
In such a scenario, it is quite natural that undergraduate students of pathology should be made aware of what is happening
in the realm of diagnostic science while at the same time not forgetting to lose hold of the fundamental aspects of pathology
of diseases. Thus, for beginners in pathology, for whom this textbook is primarily meant, a balanced approach for learning of
pathology is recommended i.e. the students must learn basic morphologic pathology including recent knowledge of etiology
and pathogenesis of diseases, and simultaneously they should know the contribution of modern diagnostic techniques
mentioned above towards achieving the goal of an objective ‘final diagnosis’ that is prognostically relevant as well. This
philosophy for teaching and learning of pathology has been followed in the present edition but without disturbing the basic
format of the book.

Some of the Key Features of the Seventh Edition are as follows:

Revised and Updated Text Most of the topics in chapters have undergone revision and updating of various aspects of
diseases including their newer causes and recent mechanisms by insertion of latest information between the lines. Emphasis
has also been placed on contemporary diagnostic modalities in a simple and lucid manner. In doing so, the basic accepted
style of the book—simple, easy-to-understand and reproduce the subject matter, and emphasis on clarity and accuracy, has
not been disturbed. Considering their utility, a dozen new tables have been added in different chapters in the revised edition
while many others have been updated.

Reorganisation of the Book The redistribution of the textbook into three sections (General Pathology, Haematology and
Lymphoreticular Tissues, and Systemic Pathology) done in the previous edition has been widely accepted and appreciated for
its ease for locating material and has, therefore, been retained. In order to make space for addition of new information, topics
of normal cell structure and function and laboratory techniques have been relocated, after editing them, to relevant chapters
to which they belong.

Newer and Revised Images Morphologic pathology has always been regarded as a highly visual branch of medicine, and
therefore, there is always need and scope of doing more and making this aspect better in the new edition. In the revised edition,
many newer illustrations have been added while some old ones have been replaced with better quality images or improved
after eliminating their shortcomings. Inboxes have been incorporated in some photomicrographs for a close-up microscopic
view. In general, the effort has been to give soft and pleasing colours for soothing visual look to the new edition.

Gist Boxes In the revised edition, at the end of every topic a short summary of the subject covered has been given. These
‘Gist Boxes’ (226 in all) include salient must-know features of the covered topic in bulleted points for a rapid revision in
ultrashort time. These Gist Boxes have been given a distinctive eye-catching colour throughout the book to be visible on a
glance and for looking up quickly by turning the pages of the book for a last minute revision before facing an evaluation in
examination.

Clinical Focus on Learning A novel modality of learning and self-assessment has been added in the revised edition by
including 30 structured clinical cases. At the end of most of the chapters, one or more clinical cases with history and findings of
examination have been given based on a common or an important disease pertaining to the system of that chapter. Questions
framed at the end of these cases have been rationally answered and discussed in an analytical manner in Appendix II.

Revised Pathology Quick Review and MCQs The 7th edition of textbook is accompanied with the new revised baby-book
popular with many students and interns. This small book has been found profoundly useful by the students just before practical
examination to face viva voce when they need to revise huge course content in a short time, or by those preparing to take
postgraduate entrance examinations. The revised edition has over 50 more new MCQs while some old ones have either been
edited or replaced.

A Word on Foreword Professor Ivan Damjanov, MD, PhD, Kansas University, USA, has been very generous and gracious in
writing Foreword for the last three successive editions of my textbook which has brought the textbook closer to users in other
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parts of the world, which is appreciated and gratefully acknowledged. He is gifted with qualities of perfection, clarity of mind
and meticulous approach, besides having an excellent knack for choosing measured words in his language. I wholeheartedly
express my gratitude to this adorable teacher and an eminent author and editor.

In essence, the revised edition is a comprehensive text of pathology meant primarily for students of pathology; however,
the practicing clinicians and students of other branches of medicine, dentistry, pharmacy, alternate system of medicine, and
paramedical courses may also find it useful.

ACKNOWLEDGEMENTS

The magnitude of work pertaining to revision of the textbook after 5 years is massive and would not have been possible without
active cooperation and support from friends and well-wishers in general, and my departmental colleagues in particular.
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Professor Uma Singh, MD, formerly at PGIMS, Rohtak, Haryana, India.

Constant strategic encouragement and support extended by the Department of Medical Education and Research,
Chandigarh Administration, during the completion of this academic work is gratefully acknowledged.

I have strived to be as accurate and perfect as possible, and in doing so, I may have been quite harsh and demanding with
Production team at the M/s Jaypee Brothers Medical Publishers (P) Ltd. But I must appreciate their patience, cooperation
and commitment in general, and Mr Manoj Pahuja, Senior Graphic Designer and Mrs Y Kapoor, Senior Desktop Operator,
in particular, for acceding to all my requests for amendments smilingly and ungrudgingly till the very last minute, and to
Mr Sunil Dogra, Production Executive, for overseeing the entire project vigilantly and efficiently.

Lastly, the passionate involvement of Shri Jitendar P Vij (Group Chairman) and enthusiasm of Mr Ankit Vij (Group
President), M/s Jaypee Brothers Medical Publishers (P) Ltd, in the revised edition of the textbook has raised the bar for a high
standard for which I am deeply thankful to both of them. While the content and product quality of the revised edition of the
textbook are of an uncompromising quality, the book continues to be of reasonable volume and has been kept affordable.

Finally, I owe gratitude to the users of previous editions who have been generous in giving feedback and suggestions. Every
suggestion helps me to introspect and attempt to make the textbook better. I request all the users of present edition to continue
giving their valuable suggestions and point out errors, if any, to help me to improve it further.

Government Medical College Harsh Mohan, MD, FAMS, FICPath, FUICC
Sector-32A, Chandigarh-160031 Professor & Head
INDIA Department of Pathology

E-mail: drharshmohan@gmail.com
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STUDY OF PATHOLOGY

The word ‘Pathology’is derived from two Greek words—pathos
(meaning suffering) and logos (meaning study). Pathology is,
thus, scientific study of changes in the structure and function
of the body in disease. In other words, pathology consists of the
abnormalities in normal anatomy (including histology) and
normal physiology owing to disease. Another commonly used
term with reference to study of diseases is ‘pathophysiology’
(patho=suffering, physiology=study of normal function).
Pathophysiology, thus, includes study of disordered function
(i.e. physiological changes) and breakdown of homeostasis in
diseases (i.e. biochemical changes). Pathologists contribute in
patient management by providing final diagnosis of disease.
Therefore, knowledge and understanding of pathology is
essential for all would-be doctors, as well as general medical
practitioners and specialists because unless they have
knowledge and understanding of the language in the form
of pathology laboratory reports, they would not be able to
institute appropriate treatment or suggest preventive measures
to the patient.

For the student of any system of medicine, the discipline of
pathology forms a vital bridge between initial learning phase
of preclinical sciences and the final phase of clinical subjects.
The role and significance of learning of pathology in clinical
medicine is quite well summed up by Sir William Osler (1849-
1919), acclaimed physician and teacher in medicine considered
as ‘Father of Modern Medicine’ by his famous quote “your
practice of medicine will be as good as is your understanding
of pathology” (Fig. 1.1).

HEALTH AND DISEASE

Before there were humans on earth, there was disease, albeit in
early animals. Since pathology is the study of disease, then what
is disease? In simple language, disease is opposite of health
i.e. what is not healthy is disease. Health may be defined as a
condition when the individual is in complete accord with the
surroundings, while disease is loss of ease (or comfort) to the
body (i.e. dis+ease). However, it must be borne in mind that in
health there is a wide range of ‘normality’ e.g. in height, weight,
blood and tissue chemical composition etc. It also needs to be
appreciated that at cellular level, the cells display wide range
of activities within the broad area of health similar to what is
seen in diseased cells. Thus, a disease or an illness means a
condition marked by pronounced deviation from the normal

GENERAL PATHOLOGY

Introduction to Pathology
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Figure 1.1 Sir William Osler (1849-1919). Canadian physician and one
of the four founding Professors of Johns Hopkins Hospital, Baltimore,
US, is regarded as ‘Father of Modern Medicine;, Sir Osler had keen interest
in pathology, was an acclaimed teacher and is also remembered for his
famous quotations.

healthy state. The term syndrome (meaning running together)
is used for a combination of several clinical features caused by
altered physiologic processes.

COMMON TERMS IN PATHOLOGY

It is important for a beginner in pathology to be familiar with
the language used in pathology (Fig.1.2):

@ Patient is the person affected by disease.

@ Lesions are the characteristic changes in tissues and cells
produced by disease in an individual or experimental animal.
@ Pathologic changes or morphology consist of examination
of diseased tissues. These can be recognised with the naked
eye (gross or macroscopic changes) or studied by microscopic
examination of tissues.
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ETIOLOGY
Why?

PATHOGENESIS
How?

DISEASE
What?

Acquired causes
(Cell injury)

Genetic causes

Functional changes
(Symptoms, Signs)

Structural changes
(Lesions, morphology)

Figure 1.2 Diagrammatic depiction of disease and various terms used in pathology.

® Causal factors responsible for the lesions are included in
etiology of disease (i.e. ‘why’ of disease).

® Mechanism by which the lesions are produced is termed
pathogenesis of disease (i.e. ‘how’ of disease).

® Functional implications of the lesion felt by the patient
are symptoms and those discovered by the clinician are the
physical signs.

® Clinical significance of the morphologic and functional
changes together with results of other investigations help to
arrive at an answer to what is wrong (diagnosis), what is going
to happen (prognosis), what can be done about it (treatment),
and finally what should be done to avoid complications and
spread (prevention) (i.e. ‘what’ of disease).

EVOLUTION OF PATHOLOGY

Pathology as the scientific study of disease processes has its
deep roots in medical history. Since the beginning of mankind,
there has been desire as well as need to know more about
the causes, mechanisms and nature of diseases. The answers
to these questions have evolved over the centuries—from
supernatural beliefs to the present state of our knowledge
of modern pathology. However, pathology is not separable
from other multiple disciplines of medicine and owes its
development to interaction and interdependence on advances
in diverse neighbouring branches of science, in addition to
the strides made in medical technology. As we shall see in the
pages that follow, pathology has evolved over the years as a
distinct discipline from anatomy, medicine and surgery, in that
sequence.

The following briefreview of fascinating history of pathology
and its many magnificent personalities with their outstanding
contribution in the form of a disease or a process known by
their names, is meant to stimulate and generate interest in
the inquisitive beginner in pathology as to how this colourful
specialty has emerged.

PREHISTORIC TIMES TO MEDIEVAL PERIOD

Present-day knowledge of primitive culture which was
prevalent in the world in prehistoric times reveals that religion,
magic and medical treatment were quite linked to each other
in those times. The earliest concept of disease understood by
the patient and the healer was the religious belief that disease
was the outcome of ‘curse from God’ or the belief in magic that
the affliction had supernatural origin from ‘evil eye of spirits’
To ward them off, priests through prayers and sacrifices, and
magicians by magic power used to act as faith-healers and
invoke supernatural powers and please the gods. Remnants
of ancient superstitions still exist in some parts of the world.
The link between medicine and religion became so firmly
established throughout the world that different societies had
their gods and goddesses of healing; for example: mythological
Greeks had Aesculapius and Apollo as the principal gods of
healing, Dhanvantri as the deity of medicine in India, and
orthodox Indians’ belief in Mata Sheetala Devi as the pox
goddess.

The insignia of healing, the Caduceus, having snake and
staff, is believed to represent the god Hermes or Mercury,
which according to Greek mythology has power of healing
since snake has regenerative powers expressed by its periodic
sloughing of its skin. God of Greek medicine, Aesculapius,
performed his functions with a staff having a single serpent
wound around it. Later (around AD1800), however, the
Caduceus got replaced with twin-serpents wound around
a staff topped by a round knob and flanked by two wings
and now represents the symbol of medicine instead of cross
(Fig. 1.3).

The period of ancient religious and magical beliefs was
followed by the philosophical and rational approach to disease
by the methods of observations. This happened at the time
when great Greek philosophers—Socrates, Plato and Aristotle,
introduced philosophical concepts to all natural phenomena.




But the real practice of medicine began with Hippocrates
(460-370 BC), the great Greek clinical genius of all times and
regarded as ‘the father of medicine’ (Fig. 1.4). Hippocrates
dissociated medicine from religion and magic. Instead, he
firmly believed in study of patient’s symptoms and described
methods of diagnosis. He recorded his observations on cases
in the form of collections of writings called Hippocratic Corpus
which remained the mainstay of learning of medicine for
nearly two thousand years. However, the prevailing concept at
that time on mechanism of disease based on disequilibrium of
four basic humors (water, air, fire, and earth) was propagated
by Hippocates too but this concept was later abandoned.

Hippocrates followed rational and ethical attitudes in
practice and teaching of medicine and is revered by the medical
profession by taking ‘Hippocratic oath’ at the time of entry into
practice of medicine.

After Hippocrates, Greek medicine reached Rome (now
Italy) which controlled Greek world after 146 BC and, therefore,
it dominated the field of development of medicine in ancient
Europe then. In fact, since old times, many tongue-twisting
terminologies in medicine have their origin from Latin
language which was the official language of countries included
in ancient Roman empire (Spanish, Portuguese, Italian, French
and Greek languages have their origin from Latin).

In Rome, Hippocratic teaching was propagated by Roman
physicians, notably by Cornelius Celsus (53 BC-7 AD) and
Claudius Galen (130-200 AD). Celsus first described four
cardinal signs of inflammation—rubor (redness), tumor
(swelling), calor (heat), and dolor (pain). Galen postulated
humoral theory, later called Galenic theory. This theory
suggested that the illness resulted from imbalance between
four humors (or body fluids): blood, lymph, black bile (believed
at that time to be from the spleen), and biliary secretion from
the liver.

The hypothesis of disequilibrium of four elements consti-
tuting the body (Dhatus) similar to Hippocratic doctrine finds
mention in ancient Indian medicine books compiled about
200 AD—Charaka Samhita, a finest document by Charaka on
medicine listing 500 remedies, and Sushruta Samhita, similar
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Figure 1.3 The Caduceus, representing symbol of medicine, is the
traditional symbol of god Hermes or Mercury. It features twin serpents
winding around a winged staff.
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Figure 1.4 Hippocrates (460-370 BC). The great Greek clinical genius
and regarded as ‘the Father of Medicine’. He introduced ethical aspects

to medicine.

book of surgical sciences by Sushruta, and includes about 700
plant-derived medicines.

The end of Medieval period was marked by backward
steps in medicine. There were widespread and devastating
epidemics which reversed the process of rational thinking
again to supernatural concepts and divine punishment for
‘sins’ The dominant belief during this period was that life was
due to influence of vital substance under the control of soul
(theory of vitalism). Thus, dissection of human body was strictly
forbidden at that time as that would mean hurting the ‘soul’

HUMAN ANATOMY AND ERA
OF GROSS PATHOLOGY

The backwardness of Medieval period was followed by the
Renaissance period i.e. revival of learning. The Renaissance
began from Italy in late 15th century and spread to whole of
Europe. During this period, there was quest for advances in
art and science. Since there was freedom of thought, there was
emphasis on philosophical and rational attitudes again.

The beginning of the development of human anatomy
took place during this period with the art works and drawings
of human muscles and embryos by famous Italian painter
Leonardo da Vinci (1452-1519). Dissection of human body
was started by Vesalius (1514-1564) on freshly executed
criminals. His pupils, Gabriel Fallopius (1523-1562) who
described human oviducts (Fallopian tubes) and Fabricius
who discovered lymphoid tissue around the intestine of
birds (bursa of Fabricius) further popularised the practice of
human anatomic dissection for which special postmortem
amphitheatres came in to existence in various parts of ancient
Europe.
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Antony van Leeuwenhoek (1632-1723), a cloth merchant
by profession in Holland, during his spare time invented the
first ever microscope by grinding the lenses himself through
which he recognised male spermatozoa as tiny preformed men
(or “homunculi”) and other single-celled organisms which he
called animalcules. He also introduced histological staining in
1714 using saffron to examine muscle fibres.

Marcello Malpighi (1624-1694) used microscope exten-
sively and observed the presence of capillaries and described
the malpighian layer of the skin, and lymphoid tissue in the
spleen (malpighian corpuscles). Malpighi is known as ‘the
father of histology’

The credit for beginning of the study of morbid anatomy
(pathologic anatomy), however, goes to Italian anatomist-
pathologist, Giovanni B. Morgagni (1682-1771). Morgagni
was an excellent teacher in anatomy, a prolific writer and
a practicing clinician. By his work, Morgagni demolished
the ancient humoral theory of disease and published his
life-time experiences based on 700 postmortems and their
corresponding clinical findings. He, thus, laid the foundations
of clinicopathologic methodology in the study of disease and
introduced the concept of clinicopathologic correlation (CPC),
establishing a coherent sequence of cause, lesions, symptoms,
and outcome of disease (Fig. 1.5).

Sir Percivall Pott (1714-1788), famous surgeon in England,
described arthritic tuberculosis of the spine (Pott’s disease)
and identified the first ever occupational cancer (cancer of
scrotal skin) in the chimney sweeps in 1775 and discovered
chimney soot as the first carcinogenic agent. The study of
anatomy in England during the latter part of 18th Century was
dominated by the two Hunter brothers. These were John Hunter
(1728-1793), a student of Sir Percivall Pott, who rose to become
the greatest surgeon-anatomist of all times (Fig. 1.6) and his
elder brother William Hunter (1718-1788) who was a reputed
anatomist-obstetrician. These brothers together started the
first ever museum by collection of surgical specimens from
their flourishing practice, arranged them into separate organ
systems, made comparison of specimens from animals and
plants with humans, and included many clinical pathology
specimens as well, and thus developed the first museum
of comparative anatomy and pathology in the world which
became the Hunterian Museum, now housed in Royal College
of Surgeons of London. Among many pupils of John Hunter
was Edward Jenner (1749-1823) whose work on inoculation in
smallpox is well known. Another prominent English pathologist
was Matthew Baillie (1760-1823), nephew of Hunter brothers,
who published first-ever systematic textbook of morbid
anatomy in 1793. The era of gross pathology had three more
illustrious and brilliant physician-pathologists in England who
were colleagues at Guy’s Hospital in London:
® Richard Bright (1789-1858) who described non-suppurative
nephritis, later termed glomerulonephritis or Bright’s disease;
@ Thomas Addison (1793-1860) who gave an account of
chronic adrenocortical insufficiency termed Addison’s disease;
and
@ Thomas Hodgkin (1798-1866), who observed the complex of
chronic enlargement of lymph nodes, often with enlargement
of the liver and spleen, later called Hodgkin'’s disease.

Towards the end of 18th century, Xavier Bichat (1771-1802)
in France described that organs were composed of tissue
and divided the study of morbid anatomyinto General Pathology
and Systemic Pathology. RT.H. Laennec (1781-1826), another

French physician, dominated the early part of 19th century by
his numerous discoveries. He described several lung diseases
(tubercles, caseous lesions, miliary lesions, pleural effusion,
and bronchiectasis), chronic sclerotic liver disease (later called
Laennec’s cirrhosis) and invented stethoscope.

Morbid anatomy attained its zenith with appearance of Carl
E von Rokitansky (1804-1878), self-taught German pathologist
who performed nearly 30,000 autopsies himself. He described
acute yellow atrophy of the liver, wrote an outstanding
monograph on diseases of arteries and congenital heart
defects. Unlike most other surgeons of that time, Rokitansky did
not do clinical practice of surgery but instead introduced the
concept that pathologists should confine themselves to making
diagnosis which became the accepted role of pathologist later.

ERA OF TECHNOLOGY DEVELOPMENT
AND CELLULAR PATHOLOGY

Up to middle of the 19th century, correlation of clinical
manifestations of disease with gross pathological findings
at autopsy became the major method of study of disease.
Sophistication in surgery led to advancement in pathology. The
anatomist-surgeons of earlier centuries got replaced largely
with surgeon-pathologists in the 19th century.

Pathology started developing as a diagnostic discipline
in later half of the 19th century with the evolution of cellular
pathology which was closely linked to technology advance-
ments in machinery manufacture for cutting thin sections
of tissue, improvement in microscope, and development of
chemical industry and dyes for staining.

The discovery of existence of disease-causing micro-
organisms was made by French chemist Louis Pasteur (1822~
1895), thus demolishing the prevailing theory of spontaneous
generation of disease and firmly established germ theory
of disease. Subsequently, G.H.A. Hansen (1841-1912) in
Germany identified Hansen’s bacillus in 1873 as the first
microbe causative for leprosy (Hansen’s disease). While the
study of infectious diseases was being made, the concept of
immune tolerance and allergy emerged which formed the
basis of immunisation initiated by Edward Jenner. Metchnikoff
(1845-1916), a Russian zoologist, introduced the existence of
phenomenon of phagocytosis by human defense cells against
invading microbes.

Developments in chemical industry helped in switch over
from earlier dyes of plant and animal origin to synthetic dyes;
aniline violet being the first such synthetic dye prepared by
Perkin in 1856. This led to emergence of a viable dye industry
for histological and bacteriological purposes. The impetus for
the flourishing and successful dye industry came from the
works of numerous pioneers as under:
® Paul Ehrlich (1854-1915), German physician, conferred
Nobel prize in 1908 for his work in immunology, described
Ehrlich’s test for urobilinogen using Ehrlich’s aldehyde
reagent, staining techniques of cells and bacteria, and laid the
foundations of clinical pathology (Fig. 1.7).

@ Christian Gram (1853-1938), Danish physician, developed
bacteriologic staining by crystal violet.

® D.L. Romanowsky (1861-1921), Russian physician,
developed stain for peripheral blood film using eosin and
methylene blue derivatives.

© Robert Koch (1843-1910), German bacteriologist, besides
Koch’s postulate and Koch’s phenomena, developed techniques




FATHER OF CPCs

Figure 1.5 Giovanni B. Morgagni (1682-
1771), an ltalian physician-anatomist who
introduced clinicopathologic methodology
in the study of disease by correlation of
clinical findings with findings at postmortem
examination.
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Figure 1.6 John Hunter (1728-1793).
Scottish surgeon, regarded as the greatest
surgeon-anatomist of all times who estab-
lished first ever unique collection of
pathological specimens that later resulted in
the Hunterian Museum of the Royal College

FATHER OF CLINICAL PATHOLOGY

Figure 1.7 Paul Ehrlich (1854-1915). German
physician, conferred Nobel prize for his work
in immunology, described Ehrlich’s test for
urobilinogen, staining techniques of cells
and bacteria, and laid the foundations of

of Surgeons, London.

of fixation and staining for identification of bacteria, discovered
tubercle bacilli in 1882 and cholera vibrio organism in 1883.

@ May-Griinwald in 1902 and Giemsa in 1914 developed
blood stains and applied them for classification of blood cells
and bone marrow cells.

@ Sir William Leishman (1865-1926) described Leishman’s
stain for blood films in 1914 and observed Leishman-Donovan
bodies (LD bodies) in leishmaniasis.

© Robert Feulgen (1884-1955) described Feulgen reaction for
DNA staining and laid the foundations of cytochemistry and
histochemistry.

Simultaneous technological advances in machinery
manufacture led to development and upgrading of microtomes
for obtaining thin sections of organs and tissues for staining by
dyes for enhancing detailed study of sections.

Though the presence of cells in thin sections of non-living
object cork had been first demonstrated much earlier by
Robert Hooke in 1667, it was revived as a unit of living matter
in the 19th century by ET. Schwann (1810-1882), the first
neurohistologist, and Claude Bernarde (1813-1878), pioneer in
pathophysiology.

Until the end of the 19th century, the study of morbid
anatomy had remained largely autopsy-based and thus had
remained a retrospective science. Rudolf Virchow (1821-1905)
in Germany is credited with the beginning of microscopic
examination of diseased tissue at cellular level and thus
began histopathology as a method of investigation. Virchow
hypothesised cellular theory having following two components:
© All cells come from other cells.
© Disease is an alteration of normal structure and function of
these cells.

Virchow was revered as Pope in pathology in Europe and
is aptly known as the ‘father of cellular pathology’ (Fig. 1.8).
Thus, sound foundation of diagnostic pathology based on

haematology and clinical pathology.

microscopy had been laid which was followed and promoted
by numerous brilliant successive workers. This gave birth to
biopsy pathology and thus emerged the discipline of surgical
pathology. Virchow also described etiology of embolism
(Virchow’s triad—slowing of blood-stream, changes in the
vessel wall, changes in the blood itself), metastatic spread
of tumours (Virchow’s lymph node), and components and
diseases of blood (fibrinogen, leukocytosis, leukaemia).

The concept of frozen section examination while the patient
was still on the operation table was introduced by Virchow’s
student, Julius Cohnheim (1839-1884). In fact, during the
initial period of development of surgical pathology around the
turn of the 19th century, frozen section was considered more
acceptable by the surgeons.

The concept of surgeon and physician doubling up in
the role of pathologist which started in the 19th century
continued as late as the middle of the 20th century in most
clinical departments. Assigning biopsy pathology work to
some faculty member in the clinical department was common
practice; that is why some of the notable pathologists of the
first half of 20th century had background of clinical training
e.g. James Ewing (1866-1943), A.P. Stout (1885-1967)
and Lauren Ackerman (1905-1993) in US, Pierre Masson
(1880-1958) in France, and R.A. Willis in Australia.

A few other landmarks in further evolution of modern
pathology in this era are as follows:

@ Karl Landsteiner (1863-1943) described the existence of
major human blood groups in 1900 and is considered “father
of blood transfusion”; he was awarded Nobel prize in 1930
(Fig. 1.9).

® Ruska and Lorries in 1933 developed electron microscope
which aided the pathologist to view ultrastructure of cell and
its organelles.
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FATHER OF CELLULAR PATHOLOGY
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Figure 1.8 Rudolf Virchow

(1821-1905).
German pathologist who proposed cellular

theory of disease and initiated biopsy
pathology for diagnosis of diseases.

© The development of exfoliative cytology for early detection
of cervical cancer began with George N. Papanicolaou
(1883-1962), a Greek-born, American pathologist, in 1930s and
is known as ‘father of exfoliative cytology’ (Fig. 1.10).

Another pioneering contribution in pathology in the
20th century was by an eminent teacher-author, William
Boyd (1885-1979), psychiatrist-turned pathologist, whose
textbooks—‘Pathology for Surgeons’ (first edition 1925) and
‘Textbook of Pathology’ (first edition 1932), dominated and
inspired the students of pathology all over the world due to
his flowery language and lucid style for a few generations.
M.M. Wintrobe (1901-1986), a pupil of Boyd who discovered
haematocrit technique, regarded him as a very stimulating
teacher.
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FATHER OF BLOOD TRANSFUSION

Figure 1.9 Karl Landsteiner (1863-1943). An
Austrian pathologist who first discovered the
existence of major human blood groups in
1900 and was recipient of Nobel prize in 1930.

FATHER OF EXFOLIATIVE CYTOLOGY

\M /

Figure 1.10 George N Papanicolaou (1883-
1962). An American pathologist, who deve-
loped Pap test for diagnosis of cancer of
uterine cervix.
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CHROMOSOME

Figure 1.11 Molecular structure of human chromosome.

The strides made in the latter half of 20th century until recent
times in 21st century have made it possible to study diseases
at genetic and molecular level, and provide an evidence-
based and objective diagnosis that may enable the physician
to institute targeted therapy. The major impact of advances in
molecular biology are in the field of diagnosis and treatment
of genetic disorders, immunology and in cancer. Some of
the revolutionary discoveries during this time are as under
(Fig. 1.11):

® Description of the structure of DNA of the cell by Watson
and Crick in 1953.

@ Identification of chromosomes and their correct number in
humans (46) by Tijo and Levan in 1956.
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@ Identification of Philadelphia chromosome t(9;22) in
chronic myeloid leukaemia by Nowell and Hagerford in 1960
as the first chromosomal abnormality in any cancer.

@ In Situ hybridization (ISH) introduced in 1969 in which
a labelled probe is employed to detect and localise specific
RNA or DNA sequences ‘in situ’ (i.e. in the original place). Its
later modification employs use of fluorescence microscopy
(FISH) to detect specific localisation of the defect on
chromosomes.

@ Recombinant DNA technique developed in 1972 using
restriction enzymes to cut and paste bits of DNA.

® Introduction of polymerase chain reaction (PCR) i.e.
“xeroxing” of DNA fragments by Kary Mullis in 1983 has
revolutionised the diagnostic molecular genetics. PCR analysis
is more rapid than ISH, can be automated by thermal cyclers
and requires much lower amount of starting DNA.

@ Invention of flexibility and dynamism of DNA by Barbara
McClintock for which she was awarded Nobel prize in 1983.

@ Mammalian cloning started in 1997 by lan Wilmut and his
colleagues at Roslin Institute in Edinburgh, by successfully
using a technique of somatic cell nuclear transfer to create
the clone of a sheep named Dolly. Reproductive cloning for
human beings, however, is very risky besides being absolutely
unethical.

@ The era of stem cell research started in 2000s by harvesting
these primitive cells isolated from embryos and maintaining
their growth in the laboratory. There are 2 types of sources of
stem cells in humans: embryonic stem cells and adult stem
cells, the former being more numerous. Stem cells are seen by
many researchers as having virtually unlimited applications
in the treatment of many human diseases such as Alzheimer’s
disease, diabetes, cancer, strokes, etc. At some point of time,
stem cell therapy may be able to replace whole organ transplant
and instead stem cells ‘harvested’ from the embryo may be
used.

® Human Genome Project (HGP) consisting of a consortium of
countries was completed in April 2003 coinciding with 50 years
of description of DNA double helix by Watson and Crick in April
1953. The sequencing of human genome reveals that human
genome contains approximately 3 billion base pairs of amino
acids, which are located in the 23 pairs of chromosomes within
the nucleus of each human cell. Each chromosome contains
an estimated 30,000 genes in the human genome which carry
the instructions for making proteins. The HGP has given us
the ability to read nature’s complete genetic blueprint used
in making of each human being (i.e. gene mapping). Clinical
trials by gene therapy on treatment of some single gene defects
have resulted in some success, especially in haematological
and immunological diseases. Future developments in genetic
engineering may result in designing new and highly effective
individualised treatment options for genetic diseases as well as
suggest prevention against diseases.

TELEPATHOLOGY AND VIRTUAL MICROSCOPY

Telepathology is defined as the practice of diagnostic pathology
by a remote pathologist utilising images of tissue specimens
transmitted over a telecommunication network. The main
components of a telepathology system are as under:

© Conventional light microscope.

® Method of image capture, commonly a camera mounted
on light microscope.

® Telecommunications link between sending and receiving
side.

© Workstation at receiving end with a high quality monitor.

Depending upon need and budget, telepathology system is
of two types:

Static (store-and-forward, passive telepathology) In this,
selected images are captured, stored and then transmitted
over the internet via e-mail attachment, file transfer protocol,
web page or CD-ROM. It is quite inexpensive and is more
common but suffers from disadvantage of having sender’s bias
in selection of transmitted images.

Dynamic (Robotic interactive telepathology) Here, the
images are transmitted in real-time from a remote microscope.
Roboticmovement of stage of microscopeis controlled remotely
and the desired images and fields are accessioned from a
remote/local server. Thus, it almost duplicates to perfection the
examination of actual slides under the microscope, hence is
referred to as Virtual Microscopy. However, image quality and
speed of internet can be major hurdles.

The era of “digital pathology” in 21st Century hasreached its
zenith with availability of technology for preparation of virtual
pathology slides (VPS) by high speed scanners and then storing
the scanned data in large memory output computers. VPS
stored in the memory of the computer can then be examined
and reported at any place on computer, without having to use
microscope. However, the moot question remains whether
current pathologists used to conventional microscopy will get
the same perception on monitor. At present, this technology
holds potential for pathology education, storage for records,
clinical meetings and quality control.

SUBDIVISIONS OF PATHOLOGY

Human pathology is conventionally studied under two broad
divisions: General Pathology dealing with general principles of
disease, and Systemic Pathology that includes study of diseases
pertaining to the specific organs and body systems. In general,
the study of pathology includes morphological and non-
morphological disciplines as follows:

MORPHOLOGICAL BRANCHES

These branches essentially involve application of microscope
as an essential tool for the study and include histopathology,
cytopathology and haematology.

A.HISTOPATHOLOGY Histopathology, used synonymously
with anatomic pathology, pathologic anatomy, morbid
anatomy, or tissue pathology, is the classic method of study
and still the most useful one which has stood the test of time.
The study includes structural changes observed by naked eye
examination referred to as gross or macroscopic changes, and
the changes detected by microscopy, which may be further
supported by numerous special staining methods such as
histochemistry and immunohistochemistry to arrive at the
most accurate diagnosis. Modern time anatomic pathology
includes sub-specialities such as cardiac pathology, pulmo-
nary pathology, neuropathology, renal pathology, gynaeco-
logic pathology, breast pathology, dermatopathology,
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General Pathology

gastrointestinal pathology, oral pathology, and so on. Anatomic
pathology includes the following subdivisions:

1. Surgical pathology 1t deals with the study of tissues
removed from the living body by biopsy or surgical resection.
Surgical pathology forms the bulk of tissue material for the
pathologist and includes study of tissue by conventional
paraffin embedding technique; intraoperative frozen section
may be employed for rapid diagnosis.

2. Experimental pathology This is defined as production of
disease in the experimental animal and study of morphological
changes in organs after sacrificing the animal. However, all the
findings of experimental work in animals may not be applicable
to human beings due to species differences.

3. Forensic pathology and autopsy work This includes
the study of organs and tissues removed at postmortem for
medicolegal work and for determining the underlying sequence
and cause of death. By this, the pathologist attempts to
reconstruct the course of events how they may have happened
in the patient during life which culminated in his death.
Postmortem anatomical diagnosis is helpful to the clinician to
enhance his knowledge about the disease and his judgement
while forensic autopsy is helpful for medicolegal purposes.
The significance of a careful postmortem examination is
appropriately summed up in the old saying ‘the dead teach the
living!

B. CYTOPATHOLOGY Though a branch of anatomic
pathology, cytopathology has developed as a distinct
subspeciality in recent times. It includes study of cells shed
off from the lesions (exfoliative cytology) and fine-needle
aspiration cytology (FNAC) of superficial and deep-seated
lesions for diagnosis (Appendix I).

C. HAEMATOLOGY Haematology deals with the diseases
of blood. It includes laboratory haematology and clinical
haematology; the latter covers the management of patient as
well.

NON-MORPHOLOGICAL BRANCHES

These diagnostic branches of pathology include clinical
pathology, clinical biochemistry, microbiology, immunology,
genetics and molecular pathology. In these diagnostic
branches, qualitative, semi-quantitative or quantitative deter-
minations are carried out in the laboratory. Microscope may
also be required for at least some of these lab tests.

A. CLINICAL PATHOLOGY Analysis of various fluids
including blood, urine, semen, CSF and other body fluids is
included in this branch of pathology. Such analysis may be
qualitative, semi-quantitative or quantitative.

B. CLINICAL BIOCHEMISTRY Quantitative determination
of various biochemical constituents in serum and plasma,
and in other body fluids is included in clinical biochemistry.

Obviously, there is likely to be overlapping between clinical
pathology and clinical biochemistry.

C. MICROBIOLOGY This is study of disease-causing
microbes implicated in human diseases. Depending upon the
type of microorganims studied, it has further developed into
such as bacteriology, parasitology, mycology, virology etc.

D. IMMUNOLOGY Detection of abnormalities in the
immune system of the body comprises immunology and
immunopathology.

E. MEDICAL GENETICS This is the branch of human
genetics that deals with the relationship between heredity
and disease. There have been important developments in the
field of medical genetics e.g. in blood groups, inborn errors
of metabolism, chromosomal aberrations in congenital
malformations and neoplasms etc.

F. MOLECULAR PATHOLOGY The detection and diagnosis
of abnormalities at the level of DNA of the cell is included in
molecular pathology such as in situ hybridisation, PCR etc.
These methods are now not only used for research purposes but
are also being used as a part of diagnostic pathology reports.

The above divisions of pathology into several subspeciali-
ties are quite artificial since overlapping of disciplines is likely,
ultimate aim of pathologist being to establish the final diagnosis
and learn the causes and mechanisms of disease. Towards this
aim, the beginner as well as the teacher in pathology remain
life-long students of pathology, eager to learn more in their
quest to become better with every passing day.

\%V GISTBOX 1.1 Introduction to Pathology

Pathology is the study of structural and functional
changes in disease.

Pathologic changes present with clinical
(symptomes, signs) in the patient.

In pathology, we study causes (etiology), mechanisms
(pathogenesis) and arrive at final diagnosis by various
laboratory methods; gross and microscopic examination
of tissues is the major method.

The Caduceus representing ancient Greek gods is symbol
of medicine.

‘Father of medicine’ is Hippocrates; ‘Father of modern
medicine’is Sir William Osler.

‘Father of pathology’is Rudolf Virchow; ‘Father of CPCs’is
Giovanni B. Morgagni; ‘Father of museum’is John Hunter;
‘Father of clinical pathology’ is Paul Ehrlich; ‘Father of
blood transfusion’is Karl Landsteiner; ‘Father of cytology’
is George N. Papanicolaou.

Morphologic branches of diagnostic pathology are
histopathology, cytopathology and haematology.
Important ancillary diagnostic techniques in pathology
are immunohistochemistry, cytogenetics and molecular
methods such as ISH and PCR.

features




Cells are the basic units of tissues, which form organs and
systems in the human body. Traditionally, body cells are
divided in to two main types: epithelial and mesenchymal cells.
In health, the cells remain in accord with each other. In 1859,
Virchow first published cellular theory of disease, bringing in
the concept that diseases occur due to abnormalities at the
level of cells. Since then, study of abnormalities in structure
and function of cells in disease has remained the focus of
attention in understanding of diseases. Thus, most forms of
diseases begin with cell injury followed by consequent loss of
cellular function.

CELL INJURY

Cell injury is defined as the effect of a variety of stresses due
to etiologic agents a cell encounters resulting in changes in its
internal and external environment. In general, cells of the body
have inbuilt mechanism to deal with changes in environment
to an extent. The cellular response to stress may vary and
depends upon following two variables:
i) Host factors i.e. the type of cell and tissue involved.
ii) Factors pertaining to injurious agent i.e. extent and type of
cell injury.

Various forms of cellular responses to cell injury may be as
follows (Fig. 2.1):
1. When there is increased functional demand, the cell may
adapt to the changes which are expressed morphologically,
which then revert back to normal after the stress is removed
(cellular adaptations, see Fig. 2.36).
2. When the stress is mild to moderate, the injured cell may
recover (reversible cell injury), while persistent and severe form
of cell injury may cause cell death (irreversible cell injury).
3. The residual effects of reversible cell injury may persist
in the cell as evidence of cell injury at subcellular level

NORMAL CELL

Cell Injury, Cellular Adaptations
and Cellular Ageing

(subcellular changes), or metabolites may accumulate within
the cell (intracellular accumulations).

In order to learn the fundamentals of disease processes
at cellular level, it is essential to have an understanding of the
causes (etiology) and mechanisms (pathogenesis) of cell injury
and cellular adaptations which are discussed below.

ETIOLOGY OF CELL INJURY

The cells may be broadly injured by two major ways:
A. Genetic causes
B. Acquired causes
The genetic causes of various diseases are discussed in

Chapter 9. The acquired causes of disease comprise vast
majority of common diseases afflicting mankind. Based on
underlying agent, the acquired causes of cell injury can be
further categorised as under:

Hypoxia and ischaemia

Physical agents

Chemical agents and drugs

Microbial agents

Immunologic agents

Nutritional derangements

Ageing

Psychogenic diseases

Iatrogenic factors
. Idiopathic diseases.

In a given situation, more than one of the above etiologic
factors may be involved. These factors are briefly outlined
below.

HYPOXIA AND ISCHAEMIA Cells of different tissues
essentially require oxygen to generate energy and perform
metabolic functions. Deficiency of oxygen or hypoxia results in
failure to carry out these activities by the cells. Hypoxia is the
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Altered functional demand

ADAPTATIONS

ATROPHY, HYPERTROPHY, DEGENERATIONS,

HYPERPLASIA, METAPLASIA,
DYSPLASIA

lStress removed

NORMAL CELL RESTORED _)

Mild to moderate stress

REVERSIBLE CELL INJURY

REPAIR AND HEALING

ESevere, persistent stress

IRREVERSIBLE CELL INJURY

SUBCELLULAR ALTERATIONS,
INTRACELLULAR ACCUMULATIONS

l Stress removed

) A CELL DEATH _)

Figure 2.1 Cellular responses to cell injury.
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General Pathology

most common cause of cell injury. Hypoxia may result from the
following 2 ways:

© The most common mechanism of hypoxic cell injury is
by reduced supply of blood to cells due to interruption i.e.
ischaemia.

© Hypoxia may also result from impaired blood supply
from causes other than interruption e.g. disorders of oxygen-
carrying RBCs (e.g. anaemia, carbon monoxide poisoning),
heart diseases, lung diseases and increased demand of tissues.

PHYSICAL AGENTS Physical agents in causation of disease
are as under:

i) mechanical trauma (e.g. road accidents);

ii) thermal trauma (e.g. by heat and cold);

iii) electricity;

iv) radiation (e.g. ultraviolet and ionising); and

v) rapid changes in atmospheric pressure.

CHEMICALS AND DRUGS An ever-increasing list of
chemical agents and drugs may cause cell injury. Important
examples include the following:

i) chemical poisons such as cyanide, arsenic, mercury;

ii) strong acids and alkalis;

iii) environmental pollutants;

iv) insecticides and pesticides;

v) oxygen at high concentrations;

vi) hypertonic glucose and salt;

vii) social agents such as alcohol and narcotic drugs; and

viii) therapeutic administration of drugs.

MICROBIAL AGENTS Injuries by microbes include
infections caused by bacteria, rickettsiae, viruses, fungi,
protozoa, metazoa, and other parasites.

Diseases caused by biologic agents are discussed in
Chapter 6.

IMMUNOLOGIC AGENTS Immunity is a ‘double-edged
sword’'—it protects the host against various injurious agents
but it may also turn lethal and cause cell injury e.g.
i) hypersensitivity reactions;
ii) anaphylactic reactions; and
iii) autoimmune diseases.

Immunologic tissue injury is discussed in Chapter 3.

NUTRITIONAL DERANGEMENTS A deficiency or an excess

of nutrients may result in nutritional imbalances.

© Nutritional deficiency diseases may be due to overall

deficiency of nutrients (e.g. starvation), of protein calorie (e.g.

marasmus, kwashiorkor), of minerals (e.g. anaemia), or of trace

elements.

© Nutritional excess is a problem of affluent societies resulting

in obesity, atherosclerosis, heart disease and hypertension.
Nutritional diseases are discussed in Chapter 8.

AGEING Cellular ageing or senescence leads to impaired
ability of the cells to undergo replication and repair, and
ultimately lead to cell death culminating in death of the
individual. This aspect is dealt at the end of this chapter.

PSYCHOGENICDISEASES Therearenospecificbiochemical
or morphologic changes in common acquired mental diseases
due to mental stress, strain, anxiety, overwork and frustration
e.g. depression, schizophrenia. However, problems of drug
addiction, alcoholism, and smoking result in various organic
diseases such as liver damage, chronic bronchitis, lung cancer,
peptic ulcer, hypertension, ischaemic heart disease etc.

IATROGENIC CAUSES Although as per Hippocratic oath,
every physician is bound not to do or administer anything that
causes harm to the patient, there are some diseases as well as
deaths attributed to iatrogenic causes (owing to physician).
Examples include occurrence of disease or death due to
error in judgement by the physician and untoward effects of
administered therapy (drugs, radiation).

IDIOPATHIC DISEASES Idiopathic means “of unknown
cause” Finally, although so much is known about the etiology
of diseases, there still remain many diseases for which exact
cause is undetermined. For example, most common form of
hypertension (90%) is idiopathic (or essential) hypertension.
Similarly, exact etiology of many cancers is still incompletely
known.

"iif (c][y:1e) & X Bl Etiology of Cell Injury

Cell injury is the effect of a variety of stresses due to
etiologic agents a cell encounters resulting in changes in
its internal and external environment.

The cellular response to stress depends upon the type of
cell and tissue involved, and the extent and type of cell
injury.

Initially, cells adapt to the changes due to injurious agent
and may revert back to normal.

Mild to moderate stress for shorter duration causes
reversible cell injury; severe and persistent stress causes
cell death.

Among various etiologic factors, hypoxia-ischaemia is
most important; others are chemical and physical agents,
microbes, immunity, ageing etc.

PATHOGENESIS OF CELL INJURY

Injury to the normal cell by one or more of the above listed
etiologic agents may result in a state of reversible or irreversible
cellinjury. The underlying alterations in biochemical systems of
cells for reversible and irreversible cell injury by various agents
are complex and varied. However, in general, irrespective of
the type, following common scheme applies to most forms of
cell injury by various agents:

1. Factors pertaining to etiologic agent and host As
mentioned above, factors pertaining to host cells and etiologic
agent determine the outcome of cell injury:

i) Type, duration and severity of injurious agent: The extent of
cellular injury depends upon type, duration and severity of the
stimulus e.g. small dose of chemical toxin or short duration of
ischaemia cause reversible cell injury while large dose of the
same chemical agent or persistent ischaemia cause cell death.
ii) Type, status and adaptability of target cell: The type of cell as
regards its susceptibility to injury, its nutritional and metabolic
status, and adaptation of the cell to hostile environment
determine the extent of cell injury e.g. skeletal muscle can
withstand hypoxic injury for long-time while cardiac muscle
suffers irreversible cell injury after persistent ischaemia due to
total coronary occlusion >20 minutes.

2. Common underlying mechanisms Irrespective of
other factors, following essential intracellular biochemical
phenomena underlie all forms of cell injury:

i) Mitochondrial damage causing ATP depletion.



ii) Cell membrane damage disturbing the metabolic and
trans-membrane exchanges.
iii) Release of toxic free radicals.

3. Usual morphologic changes Biochemical and mole-
cular changes underlying cell injury from various agents
become apparent first, and are associated with appearance of
ultrastructural changes in the injured cell. However, eventually,
grossand lightmicroscopic changesin morphologyoforganand
cells appear. The morphologic changes of reversible cell injury
(e.g. hydropic swelling) appear earlier while later morphologic
alterations of cell death are seen (e.g. in myocardial infarction).

4. Functional implications and disease outcome Event-
ually, cell injury affects cellular function adversely which has
bearing on the body. Consequently, clinical features in the
form of symptoms and signs would appear. Further course or
prognosis will depend upon the response to treatment versus
the biologic behaviour of disease.

The interruption of blood supply (i.e. ischaemia) and
impaired oxygen supply to the tissues (i.e. hypoxia) are most
common form of cell injury in human beings. Pathogenesis of
hypoxic and ischaemic cell injury is, therefore, described in
detail below followed by brief discussion on pathogenesis of
chemical and physical (principally ionising radiation) agents.

PATHOGENESIS OF ISCHAEMIC AND HYPOXIC INJURY

Ischaemia and hypoxia are the most common forms of cell
injury. Although underlying intracellular mechanisms and

ultrastructural changes seen in reversible and irreversible
cell injury by hypoxia-ischaemia (depending upon extent of
hypoxia and type of cells involved) are a continuation of the
process, these mechanisms are discussed separately below and
illustrated diagrammatically in Figs. 2.2 and 2.3:

REVERSIBLE CELL INJURY If the ischaemia or hypoxia
is of short duration, the effects may be reversible on rapid
restoration of circulation e.g. in coronary artery occlusion,
myocardial contractility, metabolism and ultrastructure are
reversed if the circulation is quickly restored. The sequential
biochemical and ultrastructural changes in reversible cell
injury are as under (Fig. 2.3,A):

1. Decreased generation of cellular ATP: Damage by
ischaemia from interruption versus hypoxia from other
causes  All living cells require continuous supply of oxygen
to produce ATP which is essentially required for a variety of
cellular functions (e.g. membrane transport, protein synthesis,
lipid synthesis and phospholipid metabolism). ATP in human
cell is derived from 2 sources:
® Firstly, by aerobic respiration or oxidative phosphorylation
(which requires oxygen) in the mitochondria.
@ Secondly, cells may subsequently switch over to anaerobic
glycolytic oxidation to maintain constant supply of ATP (in
which ATP is generated from glucose/glycogen in the absence
of oxygen).

Ischaemia due to interruption in blood supply as well as
hypoxia from other causes limit the supply of oxygen to the
cells, thus causing decreased ATP generation from ADP:
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Figure 2.2 Sequence of events in the pathogenesis of reversible and irreversible cell injury caused by hypoxia/ischaemia.
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B, IRREVERSIBLE CELL
INJURY
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Figure 2.3 Ultrastructural changes during cell injury due to hypoxia-ischaemia.

@ In ischaemia from interruption of blood supply, aerobic
respiration as well as glucose availability are both compromised
resulting in more severe and faster effects of cell injury.
Ischaemic cell injury also causes accumulation of metabolic
waste products in the cells.

© On the other hand, in hypoxia from other causes (RBC
disorders, heart disease, lung disease), anaerobic glycolytic
ATP generation continues, and thus cell injury is less severe.

However, highly specialised cells such as myocardium,
proximal tubular cells of the kidney, and neurons of the CNS
are dependent solely on aerobic respiration for ATP generation
and thus these tissues suffer from ill-effects of ischaemia more
severely and rapidly.

2. Intracellular lactic acidosis: Nuclear clumping Due
to low oxygen supply to the cell, aerobic respiration by
mitochondria fails first. This is followed by switch to anaerobic



glycolytic pathway for the requirement of energy (i.e. ATP). This
results in rapid depletion of glycogen and accumulation of lactic
acid lowering the intracellular pH. Early fall in intracellular pH
(i.e. intracellular lactic acidosis) results in clumping of nuclear
chromatin.

3. Damage to plasma membrane pumps: Hydropic swelling
and other membrane changes Lack of ATP interferes in
generation of phospholipids from the cellular fatty acids which
are required for continuous repair of membranes. This results
in damage to membrane pumps operating for regulation of
sodium-potassium and calcium as under:

i) Failure of sodium-potassium pump Normally, the energy
(ATP)-dependent sodium pump (also called Na*-K* ATPase)
operating at the plasma membrane allows active transport of
sodium out of the cell and diffusion of potassium into the cell.
Lowered ATP in the cell lowers the activity of sodium pump
and consequently interferes with this membrane-regulated
process. This results in intracellular accumulation of sodium
and diffusion of potassium out of the cell. The accumulation
of sodium in the cell leads to increase in intracellular water to
maintain iso-osmotic conditions (i.e. hydropic swelling occurs,
discussed later in the chapter).

ii) Failure of calcium pump Membrane damage causes
disturbance in the calcium ion exchange across the cell
membrane. Excess of calcium moves into the cell (i.e. calcium
influx), particularly in the mitochondria, causing its swelling
and deposition of phospholipid-rich amorphous densities.

4. Reduced protein synthesis: Dispersed ribosomes As
a result of continued hypoxia, membranes of endoplasmic
reticullum and Golgi apparatus swell up. Ribosomes are
detached from granular (rough) endoplasmic reticulum and
polysomes are degraded to monosomes, thus dispersing
ribosomes in the cytoplasm and inactivating their function.
Similar reduced protein synthesis occurs in Golgi apparatus.

Ultrastructural evidence of reversible cell membrane
damageisseenintheformoflossofmicrovilli,intramembranous
particles and focal projections of the cytoplasm (blebs).
Myelin figures may be seen lying in the cytoplasm or present
outside the cell; these are derived from membranes (plasma
or organellar) enclosing water and dissociated lipoproteins
between the lamellae of injured membranes.

Up to this point, withdrawal of acute stress that resulted in
reversible cell injury can restore the cell to normal state.

IRREVERSIBLE CELL INJURY Persistence of ischaemia
or hypoxia results in irreversible damage to the structure and
function of the cell (cell death). The stage at which this point
of no return or irreversibility is reached from reversible cell
injury is unclear but the sequence of events is a continuation
of reversibly injured cell. Two essential phenomena always
distinguish irreversible from reversible cell injury (Fig. 2.2):

© Inability of the cell to reverse mitochondrial dysfunction on
reperfusion or reoxygenation.

@ Disturbance in cell membrane function in general, and in
plasma membrane in particular.

In addition, there is further reduction in ATP, continued
depletion of proteins, reduced intracellular pH, and leakage
of lysosomal enzymes into the plasma. These biochemical
changes have effects on the ultrastructural components of the
cell (Fig. 2.3, B):

1. Calcium influx: Mitochondrial damage As a result
of continued hypoxia, a large cytosolic influx of calcium ions
occurs, especially after reperfusion of irreversibly injured
cell. Excess intracellular calcium collects in the mitochondria
disabling its function. Morphological changes are in the form
of vacuoles in the mitochondria and deposits of amorphous
calcium salts in the mitochondrial matrix.

2, Activated phospholipases: = Membrane damage
Damage to membrane function in general, and plasma
membrane in particular, is the most important event in
irreversible cell injury. Increased cytosolic influx of calcium in
the cell activates endogenous phospholipases. These, in turn,
degrade membrane phospholipids progressively which are
the main constituent of the lipid bilayer membrane. Besides,
there is also decreased replacement-synthesis of membrane
phospholipids due to reduced ATP. Other lytic enzyme which
is activated is ATPase which causes further depletion of ATP.

3. Intracellular proteases: Cytoskeletal damage The
normal cytoskeleton of the cell (microfilaments, microtubules
and intermediate filaments) which anchors the cell membrane
is damaged due to degradation by activated intracellular
proteases or by physical effect of cell swelling producing
irreversible cell membrane injury.

4. Activated endonucleases: Nuclear damage DNA or
nucleoproteins are damaged by the activated lysosomal
enzymes such as proteases and endonucleases. Irreversible
damage to the nucleus can be in three forms:
i) Pyknosis: Condensation and clumping of nucleus which
becomes dark basophilic.
ii) Karyorrhexis: Nuclear fragmentation in to small bits
dispersed in the cytoplasm.
iii) Karyolysis: Dissolution of the nucleus.

Damaged DNA activates proapoptotic proteins leading the
cell to death.

5. Lysosomal hydrolytic enzymes: Lysosomal damage, cell
death and phagocytosis The lysosomal membranes are
damaged and result in escape of lysosomal hydrolytic enzymes.
These enzymes are activated due to lack of oxygen in the cell and
acidic pH. These hydrolytic enzymes: (e.g. hydrolase, RNAase,
DNAase, protease, glycosidase, phosphatase, lipase, amylase,
cathepsin etc) on activation bring about enzymatic digestion
of cellular components and hence cell death. The dead cell is
eventually replaced by masses of phospholipids called myelin
figures which are either phagocytosed by macrophages or there
may be formation of calcium soaps.

Liberated enzymes just mentioned leak across the
abnormally permeable cell membrane into the serum, the
estimation of which may be used as clinical parameters of cell
death. For example, in myocardial infarction, estimation of
elevated serum glutamic oxaloacetic transaminase (SGOT),
lactic dehydrogenase (LDH), isoenzyme of creatine kinase
(CK-MB), and cardiac troponins (cTn) are useful guides for
death of heart muscle. Some of the common enzyme markers
for different forms of cell death are given in Table 2.1.

While cell damage from oxygen deprivation by above
mechanisms develops slowly, taking several minutes to hours,
the cell injury may be accentuated after restoration of blood
supply and subsequent events termed ischaemic-reperfusion
injury and liberation of toxic free radicals (or reactive oxygen
species), discussed below.
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IELEPAR Common enzyme markers of cell death.

ENZYME DISEASE
1. Aspartate aminotrans-  Diffuse liver cell necrosis e.g. viral
ferase (AST, SGOT) hepatitis, alcoholic liver disease

Acute myocardial infarction

2. Alanine aminotrans- More specific for diffuse liver cell damage

ferase (ALT, SGPT) than AST e.g. viral hepatitis

3. Creatine kinase-MB Acute myocardial infarction, myocarditis
(CK-MB) Skeletal muscle injury

4. Lipase More specific for acute pancreatitis

5. Amylase Acute pancreatitis

Sialadenitis

6. Lactic dehydrogenase
(LDH)

Acute myocardial infarction
Myocarditis
Skeletal muscle injury

7. Cardiac troponin (CTn)  Specific for acute myocardial infarction

Ischaemia-Reperfusion Injury and
Free Radical-Mediated Cell Injury

Depending upon the duration of ischaemia/hypoxia,
restoration of blood flow may result in the following 3 different
consequences:

1. From ischaemia to reversible injury = When the period
of ischaemia is of short duration, reperfusion with resupply
of oxygen restores the structural and functional state of the
injured cell i.e. reversible cell injury.

2. Fromischaemia toirreversibleinjury  Another extreme
is when much longer period of ischaemia has resulted in irrever-
sible cell injury during ischaemia itselfi.e. when so much time
has elapsed that neither blood flow restoration is helpful nor
reperfusion injury can develop. Cell death in such cases is not
attributed to formation of activated oxygen species. Butinstead,
on reperfusion there is further marked intracellular excess of
sodium and calcium ions due to persistent cell membrane
damage.

3. From ischaemia to reperfusion injury When
ischaemia is for somewhat longer duration, then restoration of
blood supply to injured but viable cells (i.e. reperfusion), rather
than restoring structure and function of the cell, paradoxically
deteriorates the already injured cell and leads it to cell death.
This is termed ischaemia-reperfusion injury. The examples

Auto-oxidation

of such forms of cell injury are irreversible cell injury in
myocardial and cerebral ischaemia.

Ischaemia-reperfusion injury occurs due to excessive
accumulation of free radicals or reactive oxygen species. The
mechanism of reperfusion injury by free radicals is complex
but following three aspects are involved:

1. Calcium overload.
2. Excessive generation of free radicals (superoxide, H,0,,
hydroxyl radical, pernitrite).
3. Subsequent inflammatory reaction.
These are discussed below:

1. CALCIUM OVERLOAD Upon restoration of blood
supply, the ischaemic cell is further bathed by the blood fluid
that has more calcium ions at a time when the ATP stores of
the cell are low. This results in further calcium overload on
the already injured cells, triggering lipid peroxidation of the
membrane causing further membrane damage.

2. EXCESSIVE GENERATION OF FREE RADICALS
Although oxygen is the lifeline of all cells and tissues, its
molecular forms as reactive oxygen radicals or reactive oxygen
species can be most devastating for the cells. Free radical-
mediated cell injury has been extensively studied and a brief
account is given below.

Oxygen free radical generation Normally, reduction-
oxidation (redox) reaction in the metabolism of the cell
involves generation of ATP by oxidative process in which
biradical oxygen (O,) combines with hydrogen atom (H), and
in the process, water (H,0) is formed. This normal reaction
of O, to H,0 involves ‘four electron donation’ in four steps
involving transfer of one electron at each step. Free radicals
are intermediate chemical species having a single unpaired
electron in its outer orbit. These are generated within mito-
chondrial inner membrane where cytochrome oxidase cata-
lyses the O, to H,O reaction. Three intermediate molecules of
partially reduced species of oxygen are generated depending
upon the number of electrons transferred (Fig. 2.4):
i) Superoxide oxygen (O’,): one electron
ii) Hydrogen peroxide (H,0,): two electrons
iii) Hydroxyl radical (OH"): three electrons

These are generated from enzymatic and non-enzymatic
reaction as under:
i) Superoxide (O’,): Superoxide anion O’, may be generated
by direct auto-oxidation of O, during mitochondrial electron
transport reaction. Alternatively, O’, is produced enzymatically
by xanthine oxidase and cytochrome P,5, in the mitochondria
or cytosol.

Fenton reaction

+t ++
Fe Fe
o o2 H20; Q‘J H,0
Oxygen —_— Superoxide —_— Hydrogen — Hydroxyl —
SOD peroxide radical —
: Enzymatic o :
: (xanthine oxidase o : pr Radiolysis i
i cytochrome Pygq) i : O ace i
a 2 i L esH |
: 1o~ L 2e” : 3e ' - 4e” .

Figure 2.4 Mechanisms of generation of free radicals by four electron step reduction of oxygen. (SOD = superoxide dismutase; GSH = glutathione

peroxidase).



ii) Hydrogen peroxide (H,0,): O’, so formed as above is cata-
bolised to produce H,0, by superoxide dismutase (SOD).
H,0, is reduced to water enzymatically by catalase (in the
peroxisomes) and glutathione peroxidase, GSH (both in the
cytosol and mitochondria).

iii) Hydroxyl radical (OH"): OH- radical is formed by 2 ways in
biologic processes—by radiolysis of water and by reaction of
H,0, with ferrous (Fe**) ions; the latter process is termed as
Fenton reaction. Fenton reaction involves reduction of normal
intracellular ferric (Fe™*) to ferrous (Fe™) form, a reaction
facilitated by O’,.

Other free radicals In addition to superoxide, H,O, and
hydroxyl radicals generated during conversion of O, to H,0
reaction, a few other free radicals active in the body are as
follows:

i) Nitric oxide (NO) and peroxynitrite (ONOO): NO is a
chemical mediator formed by various body cells (endothelial
cells, neurons, macrophages etc), and is also a free radical.
NO can combine with superoxide and forms ONOO which is a
highly reactive free radical.

ii) Halide reagent (chlorine or chloride) released in the
leucocytes reacts with superoxide and forms hypochlorous acid
(HOCI) which is a cytotoxic free radical.

iii) Exogenous sources of free radicals include some environ-
mental agents such as tobacco and industrial pollutants.

Cytotoxicity of free radicals Free radicals are formed in
physiologic as well as pathologic processes. Basically, oxygen
radicals are unstable and are destroyed spontaneously. The rate
of spontaneous destruction is determined by catalytic action of
certain enzymes such as superoxide dismutase (SOD), catalase
and glutathione peroxidase (GSH). The net effect of free radical
injury in physiologic and disease states, therefore, depends
upon the rate of their formation and rate of their elimination.

However, if not degraded, then free radicals are highly
destructive to the cell since they have electron-free residue and
thus bind to all molecules of the cell; this is termed oxidative
stress. Out of various free radicals, hydroxyl radical is the most
reactive species. Free radicals may produce membrane damage
by the following mechanisms (Fig. 2.5):

i) Lipid peroxidation Polyunsaturated fatty acids (PUFA)
of membrane are attacked repeatedly and severely by
oxygen-derived free radicals to yield highly destructive PUFA
radicals—lipid hydroperoxy radicals and lipid hypoperoxides.
This reaction is termed lipid peroxidation. The lipid peroxides
are decomposed by transition metals such as iron. Lipid
peroxidation is propagated to other sites causing widespread
membrane damage and destruction of organelles.

ii) Oxidation of proteins Oxygen-derived free radicals cause
cell injury by oxidation of protein macromolecules of the cells,
cross-linkages of labile amino acids as well as by fragmen-
tation of polypeptides directly. The end-result is degradation of
cytosolic neutral proteases and cell destruction.

iii) DNA damage Free radicals cause breaks in the single
strands of the nuclear and mitochondrial DNA. This results in
cell injury; it may also cause malignant transformation of cells.

iv) Cytoskeletal damage Reactive oxygen species are also
known to interact with cytoskeletal elements and interfere in
mitochondrial aerobic phosphorylation and thus cause ATP
depletion.

._Oﬂu
“Lipid 1ttt [t Protein
peroxidation : oxidation
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Figure 2.5 Mechanism of cell death by hydroxyl radical, the most
reactive oxygen species.

Conditions with free radical injury Currently, oxygen-
derived free radicals have been known to play an important
role in many forms of cell injury:

i) Ischaemic reperfusion injury

ii) Ionising radiation by causing radiolysis of water

iii) Chemical toxicity

iv) Chemical carcinogenesis

v) Hyperoxia (toxicity due to oxygen therapy)

vi) Cellular ageing

vii) Killing of microbial agents

viii) Inflammatory damage

ix) Destruction of tumour cells

x) Atherosclerosis.

Antioxidants  Antioxidants are endogenous or exogenous
substances which inactivate the free radicals. These substances
include the following:

i) Vitamins E, A and C (ascorbic acid)

if) Sulfhydryl-containing compounds e.g.
glutathione.

iii) Serum proteins e.g. ceruloplasmin and transferrin.

cysteine and

3. SUBSEQUENT INFLAMMATORY REACTION Ischaemia-
reperfusion event is followed by inflammatory reaction.
Incoming activated neutrophils utilise oxygen quickly
(oxygen burst) and release large excess of oxygen free radicals.
Ischaemia is also associated with accumulation of precursors
of ATP, namely ADP and pyruvate, which further build-up
generation of free radicals.

Stress Proteins in Cell Injury

When cells are exposed to stress of any type, a protective
response by the cell is by release of proteins that move
molecules within the cell cytoplasm; these are called stress
protein. There are 2 types of stress-related proteins: heat shock
proteins (HSP) and ubiquitin (so named due to its universal
presence in the cells of the body).

HSPs These are a variety of intracellular carrier proteins
present in most cells of the body, especially in renal tubular
epithelial cells. They normally perform the role of molecular
chaperones(house-keeping)i.e. they directand guide metabolic
molecules to the sites of metabolic activity e.g. protein folding,
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disaggregation of protein-protein complexes and transport of
proteins into various intracellular organelles (protein kinesis).
However, in response to stresses of various types (e.g. toxins,
drugs, poisons, ischaemia), their level goes up, both inside the
cell and also they leak out into the plasma, and hence the name
stress proteins.

In experimental studies HSPs have been shown to limit
tissue necrosis in ischaemic reperfusion injury in myocardial
infarcts. In addition, they have also been shown to have a
central role in protein aggregation in amyloidosis.

Ubiquitin  This is another related stress protein which has
ubiquitous presence in human body cells. Like HSPs, ubiquitin
too directs intracellular molecules for either degradation or for
synthesis. Ubiquitin has been found to be involved in a variety
of human degenerative diseases, especially in the nervous
system in ageing e.g. activation of genes for protein synthesis
in neurodegenerative diseases such as in Alzheimer’s disease,
Creutzfeldt-Jakob disease, Parkinson’s disease.

PATHOGENESIS OF CHEMICAL INJURY

Chemicals induce cell injury by one of the two mechanisms: by
direct cytotoxicity, or by conversion of chemical into reactive
metabolites.

DIRECT CYTOTOXIC EFFECTS Some chemicals combine
with components of the cell and produce direct cytotoxicity
without requiring metabolic activation. The cytotoxic damage
is usually greatest to cells which are involved in the metabolism
of such chemicals e.g. in mercuric chloride poisoning, the
greatest damage occurs to cells of the alimentary tract where
itis absorbed and the kidney where it is excreted. Cyanide kills
the cell by poisoning mitochondrial cytochrome oxidase thus
blocking oxidative phosphorylation.

Other examples of directly cytotoxic chemicals include
chemotherapeutic agents used in treatment of cancer, toxic
heavy metals such as mercury, lead and iron.

CONVERSION TO REACTIVE TOXIC METABOLITES This
mechanism involves metabolic activation to yield ultimate
toxin that interacts with the target cells. The target cells in this
group of chemicals may not be the same cell that metabolised
the toxin. Example of cell injury by conversion of reactive
metabolites is toxic liver necrosis caused by carbon tetra-
chloride (CCl,), acetaminophen (commonlyused analgesic and
antipyretic) and bromobenzene. Cell injury by CCl, is classic
example of an industrial toxin (earlier used in dry-cleaning
industry) that produces cell injury by conversion to a highly
toxic free radical, CCl,, in the body’s drug-metabolising P450
enzyme system in the liver cells. Thus, it produces profound
liver cell injury by free radical generation. Other mechanism
of cell injury includes direct toxic effect on cell membrane and
nucleus.

PATHOGENESIS OF PHYSICAL INJURY

Injuries caused by mechanical force are of medicolegal
significance. But they may lead to a state of shock. Injuries
by changes in atmospheric pressure (e.g. decompression
sickness) are detailed in Chapter 4. Radiation injury to human
by accidental or therapeutic exposure is of importance in
treatment of persons with malignant tumours as well as may
have carcinogenic influences (Chapter 7).

Killing of cells by ionising radiation is the result of direct
formation of hydroxyl radicals from radiolysis of water

Radiolysis

v

Proliferating cells
(e.g. epithelial cells)

Non-proliferating cells
(e.g. neuron)

) |
r DNA damage _l Lipid peroxidation

Genetic Inhibition of DNA Cell membrane
damage replication damage

MUTATIONS APOPTOSIS | NECROSIS

Figure 2.6 Mechanisms of cell injury by ionising radiation.

(Fig.2.6). These hydroxyl radicals damage the cell membrane as
well as may interact with DNA of the target cell. In proliferating
cells, there is inhibition of DNA replication and eventual cell
death by apoptosis (e.g. epithelial cells). In non-proliferating
cells, there is no effect of inhibition of DNA synthesis and in
these cells there is cell membrane damage followed by cell
death by necrosis (e.g. neurons).

L 8: [0 @ » Bl Pathogenesis of Cell Injury

Irrespective of the type of cell injury, common underlying
mechanism involves mitochondrial damage and cell
membrane damage.

Hypoxic-ischaemic cell injury is the prototype. It may be
reversible or irreversible.

Reversible cell injury occurs due to decreased cellular ATP
causing initially impaired aerobic respiration, followed
by anaerobic glycolytic oxidation. Other changes are
intracellular lactic acidosis, damage to membrane pumps
(Na*-K*, and Ca**), and dispersal of ribosomes.
Irreversible cell injury is due to continuation of earlier
changes and includes further calcium influx in the mito-
chondria, and further damage to membranes, cyto-
skeleton and nucleus.

Lysosomal damage causes release of hydrolytic enzymes
which can be estimated in the blood as indictors of cell
death e.g. SGOT, SGPT, LDH, CK-MB, cardiac troponins etc.
Ischaemia-reperfusion injury is due to release of reactive
oxygen species or free radicals. These include OH™ as the
most potent radical; others are O,~ and H,0..

Free radical injury occurs when their generation exceeds
their elimination and is implicated in mechanism of cell
injury from various etiologies.

Stress proteins (heat shock proteins and ubiquitin) are
released as a form of protective response to environ-
mental stresses.




MORPHOLOGY OF REVERSIBLE CELL INJURY

After having discussed the molecular and biochemical
mechanisms of various forms of cell injury, we now turn to
morphologic changes of reversible and irreversible cell injury.
Morphologic terms used in cell injury of varying intensity and
from different mechanisms are given in Table 2.2 and are
discussed below.

In older literature, the term degeneration was commonly
used to denote morphology of reversible cell injury. However,
since this term does not provide any information on the nature
of underlying changes, currently the term retrogressive changes
or simply reversible cell injury are applied to non-lethal cell
injury.

Common examples of morphologic forms of reversible cell
injury are as under:

1. Hydropic change

2. Hyaline change

3. Mucoid change

4. Fatty change (discussed under intracellular accumula-
tions)

HYDROPIC CHANGE

Hydropic change means accumulation of water within the
cytoplasm of the cell. Other synonyms used are cloudy swelling
(for gross appearance of the affected organ) and vacuolar
degeneration (due to cytoplasmic vacuolation). Hydropic
swelling is an entirely reversible change upon removal of the
injurious agent.

ETIOLOGY This is the commonest and earliest form of cell
injury from almost all causes. The common causes include
acute and subacute cell injury from various etiologic agents
such as bacterial toxins, chemicals, poisons, burns, high fever,
intravenous administration of hypertonic glucose or saline etc.

PATHOGENESIS Cloudy swelling results from impaired
regulation of sodium and potassium at the level of cell
membrane. This results in intracellular accumulation of
sodium and escape of potassium. This, in turn, is accompanied
with rapid flow of water into the cell to maintain iso-osmotic

Swollen tubular cells Clear vacuoles

Compressed capillaries

IEL PV Classification of morphologic forms of cell injury.

MECHANISM OF CELL INJURY NOMENCLATURE

1. Reversible cell injury

Retrogressive changes
(older term: degenerations)

2. Irreversible cell injury Cell death—necrosis

3. Programmed cell death Apoptosis

4. Deranged cell metabolism Intracellular accumulation of lipid,

protein, carbohydrate

5. After-effects of necrosis Gangrene, pathologic calcification

conditions and hence cellular swelling occurs. In addition,
influx of calcium too occurs.

MORPHOLOGIC FEATURES Grossly, the affected organ
such as kidney, liver, pancreas, or heart muscle is enlarged
due to swelling. The cut surface bulges outwards and is
slightly opaque.

Microscopically, the features of hydropic swelling of kidney
are as under (Fig. 2.7):

i) The tubular epithelial cells are swollen and their
cytoplasm contains small clear vacuoles and hence the term
vacuolar degeneration. These vacuoles represent distended
cisternae of the endoplasmic reticulum.

ii) Small cytoplasmic blebs may be seen.

iii) The nucleus may appear pale.

iv) The microvasculature of the interstitium is compressed
due to swollen tubular cells.

HYALINE CHANGE

The word ‘hyaline’ or ‘hyalin’ means glassy (hyalos = glass).
Hyalinisation is acommon descriptive histologic term for glassy,
homogeneous, eosinophilic appearance of proteinaceous
material in haematoxylin and eosin-stained sections and does
not refer to any specific substance. Though fibrin and amyloid
have hyaline appearance, they have distinctive features and
staining reactions and can be distinguished from non-specific
hyaline material. Hyaline change is seen in heterogeneous
pathologic conditions and may be intracellular or extracellular.

Figure 2.7 Hydropic change kidney. The tubular epithelial cells are distended with cytoplasmic vacuoles while the interstitial vasculature is

compressed. The nuclei of affected tubules are pale.
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Plasma cells Russell's bodies

sz xro00 o P

Figure 2.8 Intracellular hyaline as Russell’s bodies in the plasma cells.
The cytoplasm shows pink homogeneous globular material due to
accumulated immunoglobulins.

INTRACELLULAR HYALINE Intracellular hyaline is mainly
seen in epithelial cells. A few examples are as follows:

1. Hyaline droplets in the proximal tubular epithelial cells due
to excessive reabsorption of plasma proteins in proteinuria.

2. Hyaline degeneration of rectus abdominalis muscle called
Zenker’s degeneration, occurring in typhoid fever. The muscle
loses its fibrillar staining and becomes glassy and hyaline.

3. Mallory’s hyaline represents aggregates of intermediate
filaments in the hepatocytes in alcoholic liver cell injury.

4. Nuclear or cytoplasmic hyaline inclusions seen in some
viral infections.

5. Russell’s bodies representing excessive immunoglobulins
in the rough endoplasmic reticulum of the plasma cells
(Fig. 2.8).

EXTRACELLULAR HYALINE Extracellular hyaline com-
monly termed hyalinisation is seen in connective tissues. A few
examples of extracellular hyaline change are as under:

1. Hyaline degeneration in leiomyomas of the uterus
(Fig. 2.9).

2. Hyalinised old scar of fibrocollagenous tissues.

3. Hyaline arteriolosclerosis in renal vessels in hypertension
and diabetes mellitus.

4. Hyalinised glomeruli in chronic glomerulonephritis.

5. Corpora amylacea seen as rounded masses of concentric
hyaline laminae in the enlarged prostate in the elderly, in the
brain and in the spinal cord in old age, and in old infarcts of the
lung.

MUCOID CHANGE

Mucoid means mucus-like. Mucus is the secretory product of
mucous glands and is a combination of proteins complexed
with mucopolysaccharides. Mucin, a glycoprotein, is its chief
constituent. Mucin is normally produced by epithelial cells of
mucous membranes and mucous glands, as well as by some
connective tissues such as ground substance in the umbilical
cord. By convention, connective tissue mucin is termed
myxoid. Both epithelial and connective tissue mucin are

Smooth muscle cells

Collagen

Hyaline material

N 1 R g ERNA, ¢ - .' : r
Figure 2.9 Extracellular hyaline deposit in leiomyoma uterus. The
centres of whorls of smooth muscle and connective tissue show pink
homogeneous hyaline material (connective tissue hyaline).

stained by alcian blue. However, epithelial mucin stains posi-
tively with periodic acid-Schiff (PAS), while connective tissue
mucin is PAS negative but is, instead, stained positively with
colloidal iron.

EPITHELIAL MUCIN Following are some examples of
functional excess of epithelial mucin:

1. Catarrhal inflammation of mucous membrane (e.g. of
respiratory tract, alimentary tract, uterus).

2. Obstruction of duct leading to mucocele in the oral cavity
and gallbladder.

3. Cystic fibrosis of the pancreas.

4. Mucin-secreting tumours (e.g. of ovary, stomach, large
bowel etc) (Fig. 2.10).

Tall columnar mucinous epithelium Mucinous material

[N D
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Figure 2.10 Epithelial mucin. Mucinous cystadenoma of the ovary
showing intracytoplasmic mucinous material in the epithelial cells lining
the cyst.



Myxoid material

Figure 2.11 Connective tissue mucin (myx0|d change) in neurofibroma.

CONNECTIVETISSUE MUCIN A few examples of disturban-
ces of connective tissue mucin or myxoid change are as under:
1. Mucoid or myxoid change in some tumours e.g. myxomas,
neurofibromas, fibroadenoma, soft tissue sarcomas etc
(Fig. 2.11).

2. Dissecting aneurysm of the aorta due to Erdheim’s medial
degeneration and Marfan’s syndrome.

3. Myxomatous change in the dermis in myxoedema.

4. Myxoid change in the synovium in ganglion on the wrist.

?  GISTBOX 2.3 Morphology of Reversibility Cell Injury

Degenerations or reversible cell injury depict light
microscopic changes occurring at ultrastructural level.
Hydropic swelling is the earliest form of cell injury from
various etiologies and its main features are cellular
swelling due to cytoplasmic vacuoles.

Hyaline change is intra- and extracellular deposition of
pink, proteinaceous material.

Mucoid change is deposition of mucinous material in
epithelial and connective tissues in excessive amounts.

INTRACELLULAR ACCUMULATIONS

Intracellular accumulation of substances in abnormal amounts
can occur within the cytoplasm (especially lysosomes) or
nucleus of the cell. This phenomenon was previously referred
to as infiltration, meaning thereby that something unusual has
infiltrated the cell from outside which is not always the case.
Intracellular accumulation of the substance in mild degree
causes reversible cell injury while more severe damage results
in irreversible cell injury.

Abnormal intracellular accumulations can be divided into
3 groups:
i) Accumulation of constituents of normal cell metabolism
produced in excess e.g. accumulations of lipids (fatty change,
cholesterol deposits), proteins and carbohydrates.

ii) Accumulation of abnormal substances produced as a result
of abnormal metabolism due to lack of some enzymes e.g.
storage diseases or inborn errors of metabolism. These are
discussed in Chapter 9.

iii) Accumulation of pigments e.g. endogenous pigments under
special circumstances, and exogenous pigments due to lack of
enzymatic mechanisms to degrade the substances or transport
them to other sites.

These pathologic states are discussed below.

FATTY CHANGE (STEATOSIS)

Fatty change, steatosis or fatty metamorphosis is the
intracellular accumulation of neutral fat within parenchymal
cells. It includes the older, now abandoned, terms of fatty
degeneration and fatty infiltration because fatty change neither
necessarily involves degeneration nor an infiltration. The
deposit is in the cytosol and represents an absolute increase
in the intracellular lipids. Fatty change is particularly common
in the liver but may occur in other non-fatty tissues as well
e.g. in the heart, skeletal muscle, kidneys (lipoid nephrosis or
minimum change disease) and other organs.

Fatty Liver

Liver is the commonest site for accumulation of fat because it
plays central role in fat metabolism. Depending upon the cause
and amount of accumulation, fatty change may be mild and
reversible, or severe producing irreversible cell injury and cell
death.

ETIOLOGY Fatty change in the liver may result from one of
the two types of causes:

1. Conditions with excess fat These are conditions in which
the capacity of the liver to metabolise fat is exceeded e.g.

i) Obesity

ii) Diabetes mellitus

iii) Congenital hyperlipidaemia

2. Liver cell damage These are conditions in which fat
cannot be metabolised due to liver cell injury e.g.

i) Alcoholic liver disease (most common)

ii) Starvation

iii) Protein calorie malnutrition

iv) Chronic illnesses (e.g. tuberculosis)

v) Acute fatty liver in late pregnancy

vi) Hypoxia (e.g. anaemia, cardiac failure)

vii) Hepatotoxins (e.g. carbon tetrachloride, chloroform,
ether, aflatoxins and other poisons)

viii) Drug-induced liver cell injury (e.g. administration of
methotrexate, steroids, CCl,, halothane anaesthetic, tetra-
cycline etc)

ix) Reye’s syndrome

PATHOGENESIS Mechanism of fatty liver depends upon
the stage at which the etiologic agent acts in the normal fat
transport and metabolism. Hence, pathogenesis of fatty liver is
best understood in the light of normal fat metabolism in the
liver (Fig. 2.12).

Lipids as free fatty acids enter the liver cell from either of
the following 2 sources:
® From diet as chylomicrons (containing triglycerides and
phospholipids) and as free fatty acids.
@ From adipose tissue as free fatty acids.
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20 Normally, besides above two sources, a small part of fatty
acids is also synthesised from acetate in the liver cells. Most
of free fatty acid is esterified to triglycerides by the action of
o-glycerophosphate and only a small part is changed into
cholesterol, phospholipids and ketone bodies. While choles-
terol, phospholipids and ketones are used in the body, intra-
cellular triglycerides are converted into lipoproteins, which
require ‘lipid acceptor protein’ Lipoproteins are released from
the liver cells into circulation as plasma lipoproteins (LDL,
VLDL).

In fatty liver, intracellular accumulation of triglycerides
occurs due to defect at one or more of the following 6 steps in
the normal fat metabolism shown in Fig. 2.12:

1. Increased entry of free fatty acids into the liver.

2. Increased synthesis of fatty acids by the liver.

3. Decreased conversion of fatty acids into ketone bodies
resultingin increased esterification of fatty acids to triglycerides.
4. Increased oa-glycerophosphate causing increased esteri-
fication of fatty acids to triglycerides.

5. Decreased synthesis of ‘lipid acceptor protein’ resulting in
decreased formation of lipoprotein from triglycerides.

6. Block in the excretion of lipoprotein from the liver into
plasma.

In most cases of fatty liver, one of the above mechanisms
is operating. But liver cell injury from chronic alcoholism is
multifactorial as follows:

i) Increased lipolysis

ii) Increased free fatty acid synthesis

iii) Decreased triglyceride utilisation

iv) Decreased fatty acid oxidation to ketone bodies
v) Blockin lipoprotein excretion
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Figure 2.13 Fatty liver. Sectioned slice of the liver shows pale yellow
parenchyma with rounded borders.

Even a severe form of fatty liver may be reversible if the
liver is given time to regenerate and progressive fibrosis has not
developed. For example, intermittent drinking is less harmful
because the liver cells get time to recover; similarly a chronic
alcoholic who becomes teetotaler the enlarged fatty liver may

DIET ) Rl return to normal if fibrosis has not developed. This subject is
| discussed in detail in Chapter 19.
l MORPHOLOGIC FEATURES Grossly, the liver in fatty
Free fatty acids change is enlarged with a tense, glistening capsule and
rounded margins. The cut surface bulges slightly and is
@ st pale-yellow to yellow and is greasy to touch (Fig. 2.13).

Microscopically, characteristic feature is the presence of
numerous lipid vacuoles in the cytoplasm of hepatocytes.
) Fatin H & E stained section prepared by paraffin-embedding
@a;}G!y c;;ero— Ketone bodies technique appear as non-staining vacuoles because it is
posphale dissolved in organic solvents used (Fig. 2.14):

i) The vacuoles are initially small and are present around
the nucleus (microvesicular).

ii) With progression of the process, the vacuoles become

¥ / o Cholesterol esters
Fatty acids —— Phospholipids

v
Triglycerides

@L-"Pv"d acceptor larger pushing the nucleus to the periphery of the cells
protein .
" v HEPATOCYTE (macr ".”eswul}f’)l‘l laden with laree linid vacuol
Lipoprotein g iii) At times, the hepatocytes laden with large lipid vacuoles

may rupture and lipid vacuoles coalesce to form fatty cysts.
iv) Infrequently, lipogranulomas may appear as a reaction
to extravasated fat and consist of collections of lymphocytes,
macrophages, and some multinucleated giant cells.

v v) Fat can be demonstrated in fresh unfixed tissue by frozen
Plasma lipoprotein section by fat stains e.g. Sudan dyes (Sudan III, IV, Sudan
black) and oil red O. Alternatively, osmic acid which is a
fixative as well as a stain can be used to demonstrate fat in
the tissue.

Figure 2.12 Lipid metabolism in the pathogenesis of fatty liver. Defects
in any of the six numbered steps (corresponding to the description in
the text) can produce fatty liver by different etiologic agents.
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Figure 2.14 Fatty liver. Many of the hepatocytes are distended with large fat vacuoles pushing the nuclei to the periphery (macrovesicles), while
others show multiple small vacuoles in the cytoplasm (microvesicles). Inbox shows red colour in the cytoplasmic fat in the hepatocytes in Oil Red O

stain in frozen section.

Cholesterol Deposits

Intracellular deposits of cholesterol and its esters in macro-
phages may occur when there is hypercholesterolaemia. This
turns macrophages into foam cells. The examples are as follows:
1. Fibrofatty plaques of atherosclerosis (Chapter 14).

2. Clusters of foam cells in tumour-like masses called
xanthomas and xanthelasma.

Stromal Fatty Infiltration

This form of lipid accumulation is quite different from
parenchymal fatty change just described. Stromal fatty
infiltration is the deposition of mature adipose cells in the
stromal connective tissue in contrast to intracellular deposition
of fat in the parenchymal cells in fatty change. The condition
occurs most often in patients with obesity. The two commonly
affected organs are the heart and the pancreas. Thus, heart can
be the site for intramyocardial fatty change as well as epicardial
(stromal) fatty infiltration. The presence of mature adipose
cells in the stroma generally does not produce any dysfunction.

INTRACELLULAR ACCUMULATION OF PROTEINS

Pathologic accumulation of proteins in the cytoplasm of cells
may occur in the following conditions:

1. In proteinuria, there is excessive renal tubular reabsorp-
tion of proteins by the proximal tubular epithelial cells which
show pink hyaline droplets in their cytoplasm. The change is
reversible; with control of proteinuria the protein droplets dis-
appear.

2. The cytoplasm of actively functioning plasma cells shows
pink hyaline inclusions called Russell’s bodies representing
synthesised immunoglobulins.

3. In ol-antitrypsin deficiency, the cytoplasm of hepatocytes
shows eosinophilic globular deposits of a mutant protein.

4. Mallory’s body or alcoholic hyaline in the hepatocytes
is intracellular accumulation of intermediate filaments of
cytokeratin and appear as amorphous pink masses.

INTRACELLULAR ACCUMULATION OF GLYCOGEN

Conditions associated with excessive accumulation of
intracellular glycogen are as under:

1. In diabetes mellitus, there is intracellular accumulation of
glycogen in different tissues because normal cellular uptake
of glucose is impaired. Glycogen deposits in diabetes mellitus
are seen in epithelium of distal portion of proximal convolu-
ted tubule and descending loop of Henle, in the hepatocytes,
in beta cells of pancreatic islets, and in cardiac muscle cells. In
routine H & E stained sections, deposits of glycogen produce
clear vacuoles in the cytoplasm of the affected cells. Best’s
carmine and periodic acid-Schiff (PAS) staining may be
employed to confirm the presence of glycogen in the cells.

2. In glycogen storage diseases or glycogenosis, there is defec-
tive metabolism of glycogen due to genetic disorders. These
conditions along with other similar genetic disorders are
discussed in Chapter 9.
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Intracellular accumulations may occur from normal
constituents of cell metabolism (e.g. fats, proteins,
carbohydrates), or accumulation of abnormal substances
due to either absence of some metabolic enzymes or due
to pigments.

Fatty change is deposition of fat in the parenchymal cells
or organs such as liver, kidneys, muscle, pancreas etc.
Fatty liver is more common and occurs from various
etiologies, most often from alcoholic liver disease; others
are obesity, diabetes, starvation, pregnancy, drugs etc.
Mechanism for fatty liver is due to excess of free fatty
acids, either from diet or from adipose tissues, resulting
in intracellular accumulation of triglycerides in the
hepatocytes.

Fatty liver is characterised by enlarged pale-yellow
liver, having cytoplasmic vacuoles (microvesicles or
macrovesicles) in the hepatocytes.
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General Pathology

Fat in the sections can be stained by fat stains e.g. Sudan
black, Sudan II, IV, Oil Red O and osmic acid.

Stromal fatty infiltration is extracellular accumulation of
adipocytes.

Intracellular accumulation of proteins may occur in
tubular epithelial cells in diabetes, alcoholic hyaline in
liver cells, Russells’s bodies in the plasma cells.
Intracellular glycogen accumulates in tubular cells in
diabetes and in parenchymal cells in glycogen storage
diseases.

PIGMENTS

Pigments are coloured substances present in mostliving beings
including humans. There are 2 broad categories of pigments:
endogenous and exogenous (Table 2.3).

A. ENDOGENOUS PIGMENTS

Endogenous pigments are either normal constituents of cells
or accumulate under special circumstances e.g. melanin,
alkaptonuria, haemoprotein-derived pigments, and lipofuscin.

Melanin

Melanin is the brown-black, non-haemoglobin-derived
pigment normally present in the hair, skin, mucosa at some
places, choroid of the eye, meninges and adrenal medulla.
In skin, it is synthesised in the melanocytes and dendritic
cells, both of which are present in the basal cells of the
epidermis and is stored in the form of cytoplasmic granules
in the phagocytic cells called the melanophores, present in
the underlying dermis. Melanocytes possess the enzyme
tyrosinase necessary for synthesis of melanin from tyrosine.
However, sometimes tyrosinase is present but is not active
and hence no melanin pigment is visible. In such cases, the
presence of tyrosinase can be detected by incubation of tissue
section in the solution of dihydroxy phenyl alanine (DOPA). If
the enzyme is present, dark pigment is identified in pigment
cells. This test is called as DOPA reaction and may be used for
differentiating amelanotic melanoma from other anaplastic
tumours.

Various disorders of melanin pigmentation cause
generalised and localised hyperpigmentation and hypopig-
mentation:

IE PR Pigments of the body.

A. ENDOGENOUS PIGMENTS
1. Melanin
2. Melanin-like pigment
a. Alkaptonuria
b. Dubin-Johnson syndrome
3. Haemoprotein-derived pigments
i) Haemosiderin
ii) Acid haematin (Haemozoin)
iii) Bilirubin
iv) Porphyrins
4. Lipofuscin (Wear and tear pigment)
B. EXOGENOUS PIGMENTS
1. Inhaled pigments
2. Ingested pigments
3. Injected pigments (Tattooing)

i) Generalised hyperpigmentation:

a) InAddison’sdisease, thereisgeneralised hyperpigmentation
of the skin, especially in areas exposed to light, and of buccal
mucosa.

b) Chloasma observed during pregnancy is the hyper-
pigmentation on the skin of face, nipples, and genitalia and
occurs under the influence of oestrogen. A similar appearance
may be observed in women taking oral contraceptives.

¢) In chronic arsenical poisoning, there is characteristic rain-
drop pigmentation of the skin.

ii) Focal hyperpigmentation:

a) Cife-au-lait spots are pigmented patches seen in
neurofibromatosis and Albright’s syndrome.

b) Peutz-Jeghers syndrome is characterised by focal peri-oral
pigmentation.

c) Melanosis coli is pigmentation of the mucosa of the colon.

d) Melanotic tumours, both benign such as pigmented naevi
(Fig. 2.15), and malignant such as melanoma, are associated
with increased melanogenesis.

e) Lentigo is a pre-malignant condition in which there is focal
hyperpigmentation on the skin of hands, face, neck, and arms.

f) Dermatopathic lymphadenitis is an example of deposition
of melanin pigment in macrophages of the lymph nodes
draining skin lesions.

iii) Generalised hypopigmentation  Albinism is an extreme
degree of generalised hypopigmentation in which tyrosinase
enzyme is genetically defective and no melanin is formed in the
melanocytes. Oculocutaneous albinos have no pigment in the
skin and have blond hair, poor vision and severe photophobia.
They are highly sensitive to sunlight. Chronic sun exposure
may lead to precancerous lesions and squamous and basal cell
cancers of the skin in such individuals.

iv) Localised hypopigmentation:

a) Leucoderma is an autoimmune condition with localised
loss of pigmentation of the skin.

b) Vitiligo is also local hypopigmentation of the skin and is
more common. It may have familial tendency.

c) Acquired focal hypopigmentation can result from various
causes such as leprosy, healing of wounds, DLE, radiation
dermatitis etc.

Melanin-like Pigments

ALKAPTONURIA This is a rare autosomal recessive disorder
in which there is deficiency of an oxidase enzyme required for
break down of homogentisic acid; the latter then accumulates in
the tissues and is excreted in the urine (homogentisic aciduria).
The urine of patients of alkaptonuria, if allowed to stand for
some hours in air, turns black due to oxidation of homogentisic
acid. The pigment is melanin-like and is termed ochronosis,
first described by Virchow. It is deposited both intracellularly
and intercellularly, most often in the periarticular tissues such
as cartilages, capsules of joints, ligaments and tendons.

DUBIN-JOHNSON SYNDROME Hepatocytes in patients
of Dubin-Johnson syndrome, an autosomal recessive form of
hereditary conjugated hyperbilirubinaemia, contain melain-
like pigment in the cytoplasm (page 586).



Naevus cells

Nests of tumour cells

Coarse melanin pigment

Figure 2.15 Compound naevus showing clusters of benign naevus cells

granular, brown-black melanin pigment.

Haemoprotein-derived Pigments

Haemoproteins are the most important endogenous pigments
derived from haemoglobin, cytochromes and their break-down
products. For an understanding of disorders of haemoproteins,
itis essential to have knowledge of normal iron metabolism and
its transport which is described in Chapter 10. In disordered
iron metabolism and transport, haemoprotein-derived
pigments accumulate in the body. These pigments are haemo-
siderin, acid haematin (haemozoin), bilirubin, and porphyrins.

1. HAEMOSIDERIN Iron is stored in the tissues in 2 forms:

@ Ferritin, which is iron complexed to apoferritin and can be
identified by electron microscopy.

® Haemosiderin, which is formed by aggregates of ferritin and
is identifiable by light microscopy as golden-yellow to brown,
granular pigment, especially within the mononuclear phago-
cytes of the bone marrow, spleen and liver where break-down
of senescent red cells takes place (Fig. 2.16, A). Haemosiderin
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in the dermis as well as in lower epidermis. These cells contain coarse,

is ferric iron that can be demonstrated by Perl’s stain that
produces Prussian blue reaction. In this reaction, colourless
potassium ferrocyanide reacts with ferric ions of haemosiderin
to form deep blue ferric-ferrocyanide (Fig. 2.16, B).

Excessive storage of haemosiderin occurs in conditions
when there is increased break-down of red cells systemic
overload of iron. This may occur due to primary (idiopathic,
hereditary) haemochromatosis, and secondary (acquired)
causes such as in chronic haemolytic anaemias (e.g. thalassae-
mia), sideroblastic anaemia, alcoholic cirrhosis, multiple blood
transfusions etc.

Accordingly, the effects of haemosiderin excess are as
under (Fig. 2.17):

a) Localised haemosiderosis This develops whenever

there is haemorrhage into the tissues. With lysis of red cells,
haemoglobin is liberated which is taken up by macrophages
where it is degraded and stored as haemosiderin. A few
examples are as under:

Figure 2.16 Haemosiderin pigment in the cytoplasm. H & E stain shows golden brown granules in the cytoplasm of macrophages (A) which stain

positive in Perl’s stain as Prussian blue granules (B).
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HAEMOSIDEROSIS
1

v '

LOCALISED 'GENERALISED (SY.STEMIC}
LOCAL TISSUES PARENCHYMAL DEPOSITS
(Macrophages, (Liver, Pancreas, Kidney,
fibroblasts, Heart, Skin)

RE CELL DEPOSITS
(Liver, Spleen, Bone marrow)

endothelial and
alveolar cells)

Examples: Examples:

i. Haemorrhage in tissues i. Acquired haemosiderosis
ii. Blackeye (Chronic haemolytic disorders,
iii. Brown induration lung blood transfusion, parenteral
iv. Infarction administration of iron)

ii. Hereditary (Idiopathic)
haemochromatosis
(Increased absorption, genetic
defect)

iii. Excessive dietary intake
(African iron overload)

Figure 2.17 Effects of haemosiderosis.

© Changing colours of a bruise or a black eye are caused by
the pigments like biliverdin and bilirubin which are formed
during transformation of haemoglobin into haemosiderin.

® Brown induration of the lungs as a result of small haemor-
rhages occurring in mitral stenosis and left ventricular failure.
Microscopy reveals the presence of ‘heart failure cells’ in the
alveoli which are haemosiderin-laden alveolar macrophages.

b) Generalised (Systemic or Diffuse) haemosiderosis
Systemic overload with iron may result in generalised
haemosiderosis. There can be two types of patterns:
@ Parenchymatous deposition occurs in the parenchymal
cells of the liver, pancreas, kidney, and heart.
@ Reticuloendothelial (RE) deposition occurs in the RE cells of
the liver, spleen, and bone marrow.

Causes for generalised or systemic overload of iron may be
as under:
i) Increased erythropoietic activity: In various forms of
chronic haemolytic anaemia, there is excessive break-down of
haemoglobin and hence iron overload. The problem is further
compounded by treating the condition with blood transfusions
(transfusional haemosiderosis) or by parenteral iron therapy.
The deposits of iron in these cases, termed as acquired
haemosiderosis, are initially in reticuloendothelial tissues but
may eventually affect the parenchymal cells of the organs.
ii) Excessive intestinal absorption of iron: A form of haemo-
siderosis in which there is excessive intestinal absorption of
iron even when the intake is normal, is known as idiopathic
or hereditary haemochromatosis. It is an autosomal dominant
disease associated with much more deposits of iron than
in cases of acquired haemosiderosis. Haemochromatosis is
characterised by triad of features: pigmentary liver cirrho-
sis, pancreatic damage resulting in diabetes mellitus, and
skin pigmentation. On the basis of the last two features, the
condition has come to be termed as bronze diabetes.
iii) Excessive dietary intake of iron: An example of excessive
iron absorption is African iron overload (earlier called Bantu
siderosis) seen in blacks in South Africa. Initially, it was
observed in those rural South African communities who
consumed alcohol brewed in ungalvanised iron vessels that
served as a rich source of additional dietary iron. However,

subsequently it was found that this type of siderosis also
occurred in other individuals of African descent who had no
history of such alcohol consumption. This led to identification
of a gene, ferroportin, which predisposes iron overload in such
people of African descent and hence the name. The excess iron
gets deposited in various organs including the liver causing
pigment cirrhosis.

2. ACID HAEMATIN (HAEMOZOIN) Acid haematin or
haemozoin, also called malarial pigment, is a haemoprotein-
derived brown-black pigment containing haem iron in ferric
form in acidic medium. But it differs from haemosiderin
because it cannot be stained by Prussian blue (Perl’s) reaction,
probably because of formation of complex with a protein
so that it is unable to react in the stain. Haematin pigment is
seen most commonly in chronic malaria and in mismatched
blood transfusions. Besides, the malarial pigment can also be
deposited in macrophages and in the hepatocytes. Another
variety of haematin pigment is formalin pigment formed
in blood-rich tissues which have been preserved in acidic
formalin solution.

3. BILIRUBIN Bilirubin is the normal non-iron containing
pigment present in the bile. It is derived from porphyrin ring
of the haem moiety of haemoglobin. Normal level of bilirubin
in blood is less than 1 mg/dl. Excess of bilirubin or hyper-
bilirubinaemia causes an important clinical condition called
jaundice. Normal bilirubin metabolism and pathogenesis of
jaundice are described in Chapter 19. Hyperbilirubinaemia
may be unconjugated or conjugated; accordingly jaundice may
appear in one of the following 3 ways:

i) An increase in the rate of bilirubin production due to
excessive destruction of red cells (predominantly unconjugated
hyperbilirubinaemia).

ii) A defect in handling of bilirubin due to hepatocellular
injury (biphasic jaundice).

iii) Some defect in bilirubin transport within intrahepatic
or extrahepatic biliary system (predominantly conjugated
hyperbilirubinaemia).

Excessive accumulation of bilirubin pigment can be seen
in different tissues and fluids of the body, especially in the
hepatocytes, Kupffer cells and bile sinusoids. Skin and sclerae
become distinctly yellow. In infants, rise in unconjugated
bilirubin may produce toxic brain injury called kernicterus.

4. PORPHYRINS Porphyrins are normal pigment present
in haemoglobin, myoglobin and cytochrome. Porphyria
refers to an uncommon disorder of inborn abnormality of
porphyrin metabolism. It results from genetic deficiency
of one of the enzymes required for the synthesis of haem,
resulting in excessive production of porphyrins. Often, the
genetic deficiency is precipitated by intake of some drugs.
Porphyrias are associated with excretion of intermediate
products in the urine—delta-aminolaevulinic acid, porpho-
bilinogen, uroporphyrin, coproporphyrin, and protoporphy-
rin. Porphyrias are broadly of 2 types—erythropoietic and
hepatic.

(a) Erythropoietic porphyrias These have defective
synthesis ofhaem in the red cell precursors in the bone marrow.
These may be further of 2 subtypes:

i) Congenital erythropoietic porphyria, in which the urine is
red due to the presence of uroporphyrin and coproporphyrin.



Perinuclear lipofuscin granules

Wuuywmw“‘”‘”‘“" :

ik JJu._- A

Figure 2.18 Brown atrophy of the heart. The lipofuscin pigment granules are seen in the cytoplasm of the myocardial fibres, especially around the

nuclei.

The skin of these infants is highly photosensitive. Bones and
skin show red brown discolouration.

ii) Erythropoietic protoporphyria, in which there is excess of
protoporphyrin but no excess of porphyrin in the urine.

(b) Hepatic porphyrias  These are more common and have
a normal erythroid precursors but have a defect in synthesis of
haem in the liver. Its further subtypes include the following:

i) Acute intermittent porphyria is characterised by acute
episodes of 3 patterns: abdominal, neurological, and psychotic.
These patients do not have photosensitivity. There is excessive
delta aminolaevulinic acid and porphobilinogen in the urine.
ii) Porphyria cutanea tarda is the most common of all
porphyrias. Porphyrins collect in the liver and small quantity
is excreted in the urine. Skin lesions are similar to those in
variegate porphyria. Most of the patients have associated
haemosiderosis with cirrhosis which may eventually develop
into hepatocellular carcinoma.

iii) Mixed (Variegate) porphyrias. It is rare and combines
skin photosensitivity with acute abdominal and neurological
manifestations.

Lipofuscin (Wear and Tear Pigment)

Lipofuscin or lipochrome is yellowish-brown intracellular lipid
pigment (lipo = fat, fuscus = brown). The pigment is often found
in atrophied cells of old age and hence the name ‘wear and tear
pigment! It is seen in the myocardial fibres, hepatocytes, Leydig
cells of the testes and in neurons in senile dementia. However,
the pigment may, at times, accumulate rapidly in different cells
in wasting diseases unrelated to ageing.

By light microscopy, the pigment is coarse, golden-brown
granular and often accumulates in the central part of the
cells around the nuclei. In the heart muscle, the change is
associated with wasting of the muscle and is commonly
referred to as ‘brown atrophy’ (Fig. 2.18). The pigment can
be stained by fat stains but differs from other lipids in being
fluorescent and having positive acid-fast staining.

By electron microscopy, lipofuscin appears as intra-
lysosomal electron-dense granules in perinuclear location.

Lipofuscin granules are composed of lipid-protein
complexes. Unlike in normal cells, in ageing or debilitating
diseases the phospholipid end-products of membrane damage
mediated by oxygen free radicals fail to get eliminated by
intracellular lipid peroxidation. These, therefore, persist as
collections of indigestible material in the lysosomes; thus
lipofuscin is an example of residual bodies.

B. EXOGENOUS PIGMENTS

Exogenous pigments are the pigments introduced into the body
from outside such as by inhalation, ingestion or inoculation.

Inhaled Pigments

The lungs of most individuals, especially of those living in
urban areas due to atmospheric pollutants and of smokers,
show a large number of inhaled pigmented materials. The most
commonly inhaled substances are carbon or coal dust; others
are silica or stone dust, iron or iron oxide, asbestos and various
other organic substances. These substances may produce
occupational lung diseases called pneumoconiosis (Chapter
15). The pigment particles after inhalation are taken up by
alveolar macrophages. Some of the pigment-laden macro-
phages are coughed out via bronchi, while some settle in the
interstitial tissue of the lung and in the respiratory bronchioles
and pass into lymphatics to be deposited in the hilar lymph
nodes. Anthracosis (i.e. deposition of carbon particles) is seen
in almost every adult lung and generally provokes no reaction
of tissue injury (Fig. 2.19). However, extensive deposition
of particulate material over many years in coal-miners’
pneumoconiosis, silicosis, asbestosis etc. provoke low grade
inflammation, fibrosis and impaired respiratory function.

Ingested Pigments

Chronicingestion of certain metals may produce pigmentation.
The examples are as under:

i) Argyriaischronicingestion of silver compounds and results
in brownish pigmentation in the skin, bowel, and kidney.

ii) Chronic lead poisoning may produce the characteristic blue
lines on teeth at the gumline.
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Distended respiratory bronchioles
Dust-laden macrophages Dilated alveoli
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Figure 2.19 Anthracosis lung. There is presence of abundant coarse black carbon pigment in the septal walls and around the bronchiole.

iii) Melanosis coli results from prolonged ingestion of certain
cathartics.

iv) Carotenaemiaisyellowish-red colouration of the skin caused
by excessive ingestion of carrots which contain carotene.

Injected Pigments (Tattooing)

Pigments like India ink, cinnabar and carbon are introduced
into the dermis in the process of tattooing where the pigment is
taken up by macrophages and lies permanently in the connec-
tive tissue. The examples of injected pigments are prolonged
use of ointments containing mercury, dirt left accidentally in a
wound, and tattooing by pricking the skin with dyes.

Pigments may be endogenous in origin or exogenously
introduced in the body.

Most common endogenous pigment is melanin.
Disorders of melanin are due to defect in tyrosine
metabolism and may give rise to hyper- and hypopig-
mentation, each of which may be generalised or localised.
Haem-derived pigments are haemosiderin, acid haematin,
bilirubin and porphyrin.

Excess of haemosiderin may get deposited in local tissues,
or as generalised deposits in the reticuloendothelial
tissues and in parenchymal cells. Heamosiderin in tissues
stains positive for Perl’s Prussian blue stain.

Haemozoin is an acid haematin or malarial pigment which
is negative for Perl’s Prussian blue stain.

Bilirubin is non-iron containing pigment; its increase
(conjugated or unconjugated) in the blood causes
jaundice. Bilirubin in blood may rise from its increased
production, hepatocellular disease or due to obstruction
in its excretion.

Porphyrias are due to inborn errors in porphyrin
metabolism for haem synthesis.

Lipofuscin is a golden brown intralysosomal pigment seen
in ageing and in debilitating diseases; it is an expression
of residual bodies or wear and tear pigment.

Exogenous pigments may appear in the body from
inhalation (e.g. carbon dust), ingestion (e.g. argyria) and
by tattooing.

MORPHOLOGY OF IRREVERSIBLE
CELL INJURY (CELL DEATH)

Cell death is a state of irreversible injury. It may occur in the
living body as a local or focal change (i.e. autolysis, necrosis
and apoptosis) and the changes that follow it (i.e. gangrene and
pathologic calcification), or result in end of the life (somatic
death). These pathologic processes involved in cell death are
described below.

AUTOLYSIS

Autolysis (i.e. self-digestion) is disintegration of the cell by its
own hydrolytic enzymes liberated from lysosomes. Autolysis
can occur in the living body when it is surrounded by
inflammatory reaction (vital reaction), but the term is generally
used for postmortem change in which there is complete
absence of surrounding inflammatory response. Autolysis is
rapid in some tissues rich in hydrolytic enzymes such as in the
pancreas, and gastric mucosa; intermediate in tissues like the
heart, liver and kidney; and slow in fibrous tissue.

Morphologically, autolysis is identified by homogeneous
and eosinophilic cytoplasm with loss of cellular details and
remains of cell as debris.

NECROSIS

Necrosis is defined as alocalised area of death of tissue followed
later by degradation of tissue by hydrolytic enzymes liberated
from dead cells; it is invariably accompanied by inflammatory
reaction.

Necrosis can be caused by various agents such as hypoxia,
chemical and physical agents, microbial agents, immunological
injury, etc.

Based on etiology and morphologic appearance, there are
5 types of necrosis: coagulative, liquefaction (colliquative),
caseous, fat, and fibrinoid necrosis.

1. COAGULATIVE NECROSIS This is the most common
type of necrosis caused by irreversible focal injury, mostly
from sudden cessation of blood flow (ischaemic necrosis),
and less often from bacterial and chemical agents. The organs
commonly affected are the heart, kidney, and spleen.
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A, Normal cell B, Pyknosis

D, Karyolysis

C, Karyorrhexis

Figure 2.20 Nuclear and cytoplasmic changes in necrosis. A, Normal cell. B, Cytoplasm is more pink and nucleus is shrunken (pyknosis). C, Cytoplasm
is more pink and the nucleus is fragmented (karyorrhexis). D, The cytoplasm is intensely pink and nuclear material has disappeared (karyolysis).

Grossly, focus of coagulative necrosis in the early stage is
pale, firm, and slightly swollen and is called infarct. With
progression, the affected area becomes more yellowish,
softer, and shrunken.

Microscopically, the hallmark of coagulative necrosis is
the conversion of normal cells into their ‘tombstones’ i.e.
outlines of the cells are retained and the cell type can still
be recognised but their cytoplasmic and nuclear details
are lost. The necrosed cells are swollen and have more
eosinophilic cytoplasm than the normal. These cells show
nuclear changes of pyknosis, karyorrhexis and karyolysis
(Fig. 2.20). However, cell digestion and liquefaction fail to
occur (c.f liquefaction necrosis). Eventually, the necrosed
focus is infiltrated by inflammatory cells and the dead cells
are phagocytosed leaving granular debris and fragments of
cells (Fig. 2.21).

2. LIQUEFACTION (COLLIQUATIVE) NECROSIS Lique-
faction or colliquative necrosis also occurs commonly due
to ischaemic injury and bacterial or fungal infections but
hydrolytic enzymes in tissue degradation have a dominant
role in causing semi-fluid material. The common examples are
infarct brain and abscess cavity.

Grossly, the affected area is soft with liquefied centre
containing necrotic debris. Later, a cyst wall is formed.

Microscopically, the cystic space contains necrotic
cell debris and macrophages filled with phagocytosed

Inflammatory

cell infiltrate Necrotic tissue

Viable renal tissue
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material. The cyst wall is formed by proliferating capillaries,
inflammatory cells, and gliosis (proliferating glial cells) in
the case of brain and proliferating fibroblasts in the case of
abscess cavity (Fig. 2.22).

3. CASEOUS NECROSIS Caseous (caseous= cheese-like)
necrosis is found in the centre of foci of tuberculous infections.
It combines features of both coagulative and liquefactive
necrosis.

Grossly, foci of caseous necrosis resemble dry cheese and
are soft, granular and yellowish. This appearance is partly
attributed to the histotoxic effects of lipopolysaccharides
present in the capsule of the tubercle bacilli, Mycobacterium
tuberculosis.

Microscopically, centre of the necrosed focus contain struc-
tureless, eosinophilic material having scattered granular
debris of disintegrated nuclei (Fig. 2.23). The surrounding
tissue shows characteristic granulomatous inflamma-
tory reaction consisting of epithelioid cells (modified
macrophages having slipper-shaped vesicular nuclei),
interspersed giant cells of Langhans’ and foreign body type
and peripheral mantle of lymphocytes (page 140).

4. FAT NECROSIS Fat necrosis is a special form of cell
death occurring at mainly fat-rich anatomic locations in the
body. The examples are: traumatic fat necrosis of the breast,
especially in heavy and pendulous breasts, and mesenteric fat
necrosis due to acute pancreatitis.

Figure 2.21 Coagulative necrosis in infarct kidney. The affected area on right shows cells with intensely eosinophilic cytoplasm of tubular cells but
the outlines of tubules are still maintained. The nuclei show granular debris. The interface between viable and non-viable area shows non-specific

chronic inflammation and proliferating vessels.
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Figure 2.22 Liquefactive necrosis brain.The necrosed area on right side of the field shows a cystic space containing cell debris, while the surrounding

zone shows granulation tissue and gliosis.

In the case of acute pancreatitis, there is liberation of
pancreatic lipases from injured or inflamed tissue that results in
necrosis of the pancreas as well as of the fat depots throughout
the peritoneal cavity, and sometimes, even affecting the extra-
abdominal adipose tissue.

In fat necrosis, there is hydrolysis and rupture of adipocytes,
causing release of neutral fat which changes into glycerol and
free fatty acids. The leaked out free fatty acids complex with
calcium to form calcium soaps (saponification) discussed later
under dystrophic calcification.

Grossly, fat necrosis appears as yellowish-white and firm
deposits. Formation of calcium soaps imparts the necrosed
foci firmer and chalky white appearance.

Microscopically, the necrosed fat cells have cloudy
appearance and are surrounded by an inflammatory

Viable lymphoid tissue Caseous necrosis
\ Granulomatous inflammation

reaction. Formation of calcium soaps is identified in the
tissue sections as amorphous, granular and basophilic
material (Fig. 2.24).

5. FIBRINOID NECROSIS Fibrinoid necrosis is characteri-
sed by deposition of fibrin-like material which has the staining
properties of fibrin such as phosphotungistic acid haematoxylin
(PTAH) stain. It is encountered in various examples of
immunologic tissue injury (e.g. in immune complex vascu-
litis, autoimmune diseases, Arthus reaction etc), arterioles in
hypertension, peptic ulcer etc.

Microscopically, fibrinoid necrosis is identified by
brightly eosinophilic, hyaline-like deposition in the vessel
wall. Necrotic focus is surrounded by nuclear debris of
neutrophils (leucocytoclasis) (Fig. 2.25). Local haemor-
rhage may occur due to rupture of the blood vessel.

Figure 2.23 Caseous necrosis lymph node. There is eosinophilic, amorphous, granular material, while the periphery shows granulomatous

inflammation.



Mixed inflammatory cells

Cloudy appearance

Figure 2.24 Fat necrosis in acute pancreatitis. There is cloudy
appearance of adipocytes, coarse basophilic granular debris while the
periphery shows a few mixed inflammatory cells.

APOPTOSIS

Apoptosisisaformof‘coordinated and internally programmed
cell death’ having significance in a variety of physiologic and
pathologic conditions (apoptosis=falling off or dropping off,
as that of leaves or petals). The term was first introduced in
1972 distinct from necrosis by being controlled and regulated
cell death, and opposed to that of mitosis by having regulated
size of the cell turn over. When the cell is not needed, pathway
of cell death is activated (‘cell suicide’). Unlike necrosis,
apoptosis is not accompanied by any inflammation and
collateral tissue damage.

APOPTOSIS IN BIOLOGIC PROCESSES Apoptosis is
responsible for mediating cell death in a wide variety of
physiologic and pathologic processes as under:

Physiologic Processes:

1. Organised cell destruction in sculpting of tissues during
development of embryo.

2. Physiologic involution of cells in hormone-dependent
tissues e.g. endometrial shedding, regression of lactating breast
after withdrawal of breast-feeding.

3. Normal cell destruction followed by
proliferation such as in intestinal epithelium.

replacement

4. Involution of the thymus in early age.

Pathologic Processes:
1. Cell death in tumours exposed to chemotherapeutic agents.

2. Cell death by cytotoxic T cells in immune mechanisms such
as in graft-versus-host disease and rejection reactions.

3. Progressive depletion of CD4+T cells in the pathogenesis of
AIDS.

4. Cell death in viral infections e.g. formation of Councilman
bodies in viral hepatitis.

5. Pathologic atrophy of organs and tissues on withdrawal
of stimuli e.g. prostatic atrophy after orchiectomy, atrophy

Fibrincid necrosis Nuclear debris Viable PMNs

Figure 2.25 Fibrinoid necrosis in autoimmune vasculitis. The vessel
wall shows brightly pink amorphous material and nuclear fragments of
necrosed neutrophils.

of kidney or salivary gland on obstruction of ureter or ducts,
respectively.

6. Cell death in response to low dose of injurious agents
involved in causation of necrosis e.g. radiation, hypoxia and
mild thermal injury.

7. 1In degenerative diseases of CNS e.g. in Alzheimer’s disease,
Parkinson’s disease, and chronic infective dementias.

8. Heart diseases e.g. in acute myocardial infarction (20%
necrosis and 80% apoptosis).

MORPHOLOGIC FEATURES The characteristic morpho-
logic changes in apoptosis by light microscopy and electron
microscopy are as under:

1. Involvement of single cells or small clusters of cells in the
background of viable cells.

2. Apoptotic cells are round to oval shrunken masses of
intensely eosinophilic cytoplasm (mummified cell) contain-
ing shrunken or almost-normal organelles (Fig. 2.26).
3.Nuclear chromatin is condensed under the nuclear
membrane i.e. pyknosis.

4. The cell membrane may show blebs or projections on the
surface.

5.There may be formation of membrane-bound near-
spherical bodies containing condensed organelles around
the cell called apoptotic bodies.

6. Characteristically, unlike necrosis, there is no acute
inflammatory reaction around apoptosis.

7. Phagocytosis of apoptotic bodies by macrophages takes
place at varying speed. There may be swift phagocytosis, or
loosely floating apoptotic cells after losing contact with each
other and basement membrane as single cells, or may result
in major cell loss in the tissue without significant change in
the overall tissue structure.

Techniques to identify and count apoptotic cells Apoptotic
cells can be identified and counted by following methods:
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Figure 2.26 Apoptotic bodies in the layer of squamous mucosa (shown
by arrows). The dead cell seen in singles, is shrunken, the nucleus has
clumped chromatin, while the cytoplasms in intensely eosinophilic.
There is no inflammation, unlike necrosis.

1. Staining of chromatin condensation by haematoxylin,
Feulgen stain.

2. Fluorescent stain with acridine orange dye.

3. Flow cytometry to visualise rapid cell shrinkage.

4. DNA changes detected by in situ techniques or by gel
electrophoresis.

5. Immunohistochemical stain with annexin V for plasma
membrane of apoptotic cell having phosphatidylserine on the
cell exterior.

BIOCHEMICAL CHANGES Biochemical processes under-
lying the morphologic changes are as under:
1. Proteolysis of cytoskeletal proteins.
2. Protein-protein cross linkages.
3. After initial pyknosis of nucleus, there is fragmentation of
chromatin by activation of nuclease.
4. Appearance of phosphatidylserine on the outer surface of
cell membrane.
5. In some forms of apoptosis, appearance of an adhesive
glycoprotein thrombospondin on the outer surface of apoptotic
bodies.
6. Appearance of phosphatidylserine and thrombospondin on
the outer surface of apoptotic cell facilitates early recognition
by macrophages for phagocytosis prior to appearance of
inflammatory cells.

The contrasting features of apoptosis and necrosis are
illustrated in Fig. 2.27 and summarised in Table 2.4.

MOLECULAR MECHANISMS OF APOPTOSIS Several
physiologic and pathologic processes activate apoptosis in a
variety of ways. However, in general the following molecular
events sum up the sequence involved in apoptosis:

1. Initiators of apoptosis All cells have inbuilt effector
mechanisms for cell survival and signals of cell death; it is the
loss of this balance that determines survival or death of a cell.
Accordingly, a cell may be initiated to programmed cell death
as follows:

i) Withdrawal of normal cell survival signals e.g. absence of
certain hormones, growth factors, cytokines.

ii) Agents of cell injury e.g. heat, radiation, hypoxia, toxins, free
radicals.

2. Initialstepsinapoptosis  Afterthe cellhasbeeninitiated
into self-destruct mode, cell death signaling mechanisms gets
activated from intrinsic (mitochondrial) and extrinsic (cell
death receptor initiated) pathways as outlined below. However,
finally mediators of cell death are activated caspases. Caspases
are a series of proteolytic or protein-splitting enzymes which
act on nuclear proteins and organelles containing protein
components. The term ‘caspase’ is derived from: ¢ for cystein
protease; asp for aspartic acid; and ase is used for naming an
enzyme.

i) Intrinsic (mitochondrial) pathway: This pathway of cell death
signaling is due to increased mitochondrial permeability and
is a major mechanism. Mitochondria contain a protein called
cytochrome c which is its lifeline in an intact mitochondria. But
release of this protein from mitochondria into the cytoplasm of
the cell triggers the cell into apoptosis. The major mechanism
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Figure 2.27 Necrosis and apoptosis. A, Cell necrosis is identified
by homogeneous, eosinophilic cytoplasm and nuclear changes
of pyknosis, karyolysis, and karyorrhexis. B, Apoptosis consists of
condensation of nuclear chromatin and fragmentation of the cell
into membrane-bound apoptotic bodies which are engulfed by
macrophages.



4EI[SPE BN Contrasting features of apoptosis and necrosis.

FEATURE APOPTOSIS NECROSIS
1. Definition Programmed and coordinated cell death Cell death along with degradation of tissue by hydrolytic
enzymes

2.  Causative agents  Physiologic and pathologic processes

3. Morphology No inflammatory reaction
Death of single cells

Cell shrinkage

)
)
)
iv) Cytoplasmic blebs on membrane
v) Apoptotic bodies
)
)
)
)

vi) Chromatin condensation

Vii

4. Molecular i

changes ii

Lysosomes and other organelles intact

Phagocytosis of apoptotic bodies by macrophages vii

Initiation of apoptosis by loss of signals of normal cell
survival and by action of agents injurious to the cell ii)
iii) Triggered by intrinsic (mitochondrial) pathway

(pro- and anti-apoptotic members of Bcl-2 family), iiii)
extrinsic (cell death receptor initiated) pathway

Hypoxia, toxins

i) Inflammatory reaction always present
ii) Death of many adjacent cells

)
)
ii) Cell swelling initially
v) Membrane disruption

)

)

)

= =

Damaged organelles
Nuclear disruption
Phagocytosis of cell debris by macrophages

<

i) Lysosomal breakdown with liberation of hydrolytic
enzymes

Initiated by various etiologies (ischaemia hypoxia,
chemicals, physical agents, microbes etc).

Cell death by ATP depletion, membrane damage,
free radical injury

(TNF-R1, Fas, Fas-L) and finally by activated capases

of regulation of this mitochondrial protein is by pro- and anti-
apoptotic members of Bcl proteins. Bcl-2 oncogene was first
detected on B-cell lymphoma and hence its name. Bcl-2 gene
located on the mitochondrial inner membrane is a human
counterpart of CED-9 (cell death) gene regulating cell growth
and cell death of nematode worm Caenorhabditis elegans
which has been studied in detail. Among about 20 members of
Bcl family of oncogenes, the growth promoter (anti-apoptotic)
proteins are Bcl-2, Bcl-x and Mcl-1, while pro-apoptotic
proteins are Bim, Bid and Bad which contain single Bcl-2
homology domain (also called BH-only proteins). The net effect
on the mitochondrial membrane is based on the pro-apoptotic
and anti-apoptotic actions of Bcl-2 gene family. Pro-apoptotic
mechanism in turn activates Bcl-2 family effectors Bax and Bak
which damage mitochondrial membrane and allow leakage of
cytochrome c protein into cytoplasm. This, in turn, activates
caspase cascade.

ii) Extrinsic (cell death receptor initiated) pathway: This
signaling pathway of cell death is by activation of death
receptors on the cell membrane. An important cell death
receptor is type 1 tumour necrosis factor receptor (TNF-R1)
and a related transmembrane protein called Fas (CD95) and
its ligand (FasL). Fas is present on cytotoxic (CD 8+) T cells.
Binding of Fas and FasL activates Fas-associated death domain
(FADD) in the cytoplasm of the cell that activates caspases.

3. Final phase of apoptosis The final culmination of
either of the above two mechanisms is activation of caspases.
Mitochondrial pathway activates caspase-9 and death receptor
pathway activates caspases-8 and 10. Other caspases which
actively partake in the apoptotic process are caspases-3 and
6. These caspases act on various components of the cell such
as DNAase and nuclear matrix proteins and lead to proteolytic
actions on nucleus, chromatin clumping, cytoskeletal damage,
disruption of endoplasmic reticulum, mitochondrial damage,
and disturbed cell membrane.

4. Phagocytosis The dead apoptotic cells develop
membrane changes which promote their phagocytosis.
Phosphatidylserine and thrombospondin molecules which are
normally present on the inside of the cell membrane, appear

on the outer surface of the cells in apoptosis, which facilitate
their identification by adjacent phagocytes and promotes
phagocytosis. The phagocytosis is rapid and is unaccompanied
by any inflammatory cells.

The mechanism of apoptosis is schematically represented
in Fig. 2.28.

Y Morphology of Irreversible
UL Cell Injury (Cell Death)

Cell death is a state of irreversible injury. Examples are
autolysis, necrosis and apoptosis.

Necrosis is a localised area of death in living tissue and is
accompanied by inflammatory reaction.

Coagulative necrosis is caused by sudden cessation of
blood flow (ischaemic necrosis) e.g. infarcts of the heart,
kidney, and spleen, or occurs by reduced supply of blood
from other causes.

Liquefaction necrosis also occurs due to ischaemic injury
and bacterial or fungal infections but the hydrolytic
enzymes in tissue degradation have a dominant role in
causing semi-fluid material e.g. infarct brain and abscess
cavity.

Caseous necrosis combines features of both coagulative
and liquefactive necrosis. It is found in the centres of
foci of tuberculous infections and is accompanied by
granulomatous inflammation.

Fat necrosis is seen in the breast and acute pancreatitis;
fibrinoid necrosis occurs due to immunologic tissue injury.
Apoptosis is a coordinated and internally programmed cell
death having significance in a variety of physiologic (e.g.
endometrial shedding) and pathologic conditions (e.g.
viral infections).

Morphologically, apoptotic cells appear as round to oval
shrunken masses of intensely eosinophilic cytoplasm
(mummified cell) containing pyknotic nucleus; it is not
accompanied by any inflammation.

Pathogenetically, apoptosis is triggered by loss of signals
of normal cell survival and by action of agents injurious
to the cell.
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« Cell death

Apoptotic
bodies

MORPHOLOGY |

Figure 2.28 Molecular mechanism of apoptosis contrasted with sequence of morphologic changes.

Molecular mechanism of apoptosis is under genetic control
which may be by intrinsic (mitochondrial) pathway (pro-
and anti-apoptotic members of Bcl-2 family), extrinsic
(cell death receptor initiated) pathway (TNF-R1, Fas,
Fas-L) and finally by activated capases. This is followed by
phagocytosis of apoptotic bodies.

CHANGES AFTER CELL DEATH

Two types of pathologic changes may superimpose following
cell injury: gangrene (after necrosis) and pathologic calcifi-
cation (after degenerations as well as necrosis).

GANGRENE

Gangrene is necrosis of tissue associated with superadded
putrefaction, most often following coagulative necrosis due to
ischaemia (e.g. in gangrene of the bowel, gangrene of limb).
On the other hand, gangrenous or necrotising inflammation is
characterised primarily by inflammation provoked by virulent
bacteria resulting in massive tissue necrosis. Thus, the end-
result of necrotising inflammation and gangrene is the same
but the way the two are produced, is different. The examples
of necrotising inflammation are: gangrenous appendicitis,
gangrenous stomatitis (noma, cancrum oris).

There are 2 main types of gangrene—dry and wet, and
a variant of wet gangrene called gas gangrene. In all types of
gangrene, necrosis undergoes liquefaction by the action of
putrefactive bacteria.

Dry Gangrene

This form of gangrene begins in the distal part of a limb due
to ischaemia. The typical example is the dry gangrene in the

INITIATORS OF APOPTOSIS

« Transmembranous (e.g. absence of hormones, growth factors, cytokines)
« Intracellular (mitochondrial) (e.g. heat, radiation, hypoxia toxins, free radicals)
» Extracellular (e.g. FAS receptor activation)

v

PROCESS OF PROGRAMMED CELL DEATH
« Activation of caspases
» Activation of death receptors (CD95)
« Activation of growth controlling genes (Bcl-2, p53)

}

PHAGOCYTOSIS

» Membrane changes (e.g. expression of phosphatidylserine, thrombospondin)
» No inflammatory cells

MOLECULAR MECHANISMS |

toes and feet of an old patient due to severe atherossclerosis.
Other causes of dry gangrene foot include thromboangiitis
obliterans (Buerger’s disease), Raynaud’s disease, trauma,
ergot poisoning. It is usually initiated in one of the toes which
is farthest from the blood supply, containing so little blood that
even the invading bacteria find it hard to grow in the necrosed
tissue. The gangrene spreads slowly upwards until it reaches
a point where the blood supply is adequate to keep the tissue
viable. A line of separation is formed at this point between the
gangrenous part and the viable part.

MORPHOLOGIC FEATURES Grossly, the affected part
is dry, shrunken and dark black, resembling the foot of
a mummy. It is black due to liberation of haemoglobin
from haemolysed red blood cells which is acted upon by
hydrogen disulfide (H,S) produced by bacteria resulting in
formation of blackiron sulfide. The line of separation usually
brings about complete separation with eventual falling off
of the gangrenous tissue if it is not removed surgically (i.e.
spontaneous amputation) (Fig. 2.29).

Histologically, there is necrosis with smudging of the tissue.
The line of separation consists of inflammatory granulation
tissue (Fig. 2.30).

Wet Gangrene

Wet gangrene occurs in naturally moist tissues and organs such
as the bowel, lung, mouth, cervix, vulva etc. To other examples
of wet gangrene having clinical significance are as follows:
@ Diabetic foot which is due to high glucose content in the
necrosed tissue which favours growth of bacteria.
@ Bed sores occurring in a bed-ridden patient due to pressure
on sites like the sacrum, buttocks and heel.

Wet gangrene usually develops due to blockage of both
venous as well as arterial blood flow and is more rapid.



Dry, shrivelled
toes

Figure 2.29 Dry gangrene of the foot. The gangrenous area is dry, shrunken and dark and is separated from the viable tissue by clear line of

separation.

The affected part is stuffed with blood which favours the
rapid growth of putrefactive bacteria. The toxic products
formed by bacteria are absorbed causing profound systemic
manifestations of septicaemia, and finally death. The spreading
wet gangrene generally lacks clear-cut line of demarcation and
may spread to peritoneal cavity causing peritonitis.

MORPHOLOGIC FEATURES Grossly, the affected part is
soft, swollen, putrid, rotten and dark. The classic example
is gangrene of the bowel, commonly due to strangulated
hernia, volvulus or intussusception. The part is stained
dark black due to the same mechanism as in dry gangrene
(Fig. 2.31).

Histologically, there is coagulative necrosis with stuffing
of affected part with blood. The mucosa is ulcerated
and sloughed. Lumen of the bowel contains mucus and
blood. There is intense acute inflammatory exudates and
thrombosed vessels. The line of demarcation between
gangrenous segment and viable bowel is generally not clear-
cut (Fig. 2.32).

Contrasting features of two main forms of gangrene are
summarised in Table 2.5.

GAS GANGRENE It is a special form of wet gangrene caused
by gas-forming clostridia (gram-positive anaerobic bacteria)
which gain entry into the tissues through open contaminated
wounds, especially in the muscles, or as a complication
of operation on colon which normally contains clostridia.
Clostridia produce various toxins which produce necrosis and
oedema locally and are also absorbed producing profound
systemic manifestations.

MORPHOLOGIC FEATURES Grossly, the affected
area is swollen, oedematous, painful and crepitant due to
accumulation of gas bubbles of carbon dioxide within the
tissues formed by fermentation of sugars by bacterial toxins.

Subsequently, the affected tissue becomes dark black and is
foul smelling.

Microscopically, the muscle fibres undergo coagulative
necrosis with liquefaction. Large number of gram-positive
bacilli can be identified. At the periphery, a zone of
leucocytic infiltration, oedema and congestion are found.
Capillary and venous thrombi are common.

PATHOLOGIC CALCIFICATION

Deposition of calcium salts in tissues other than osteoid or
enamel is called pathologic or heterotopic calcification. Two
distinct types of pathologic calcification are recognised:

Bacterial
colonies

Inflammatory
cells

Necrosis

Thrombosed
vessel

Figure 2.30 Dry gangrene of the foot. Microscopy shows coagulative
necrosis of the skin, muscle and other soft tissue, and thrombosed
vessels.
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Figure 2.31 Wet gangrene of the small bowel. The affected part is soft,
swollen and dark. Line of demarcation between gangrenous segment
and the viable bowel is not clear-cut.

@ Dystrophic calcification is characterised by deposition
of calcium salts in dead or degenerated tissues with normal
calcium metabolism and normal serum calcium level.
@ Metastatic calcification, on the other hand, occurs in
apparently normal tissues and is associated with deranged
calcium metabolism and hypercalcaemia.

Etiology and pathogenesis of the two are different but
morphologically the deposits in both resemble normal
minerals of the bone.

Histologically, in routine H & E stained sections, calcium
salts appear as deeply basophilic, irregular and granular
clumps. The deposits may be intracellular, extracellular,
or at both locations. Occasionally, heterotopic bone

Viable
intestine

Mild chronic
inflammation

Coagulative Colonies of
necrosis bacteria

formation (ossification) may occur. Calcium deposits can be
confirmed by special stains like silver impregnation method
of von-Kossa producing black colour, and alizarin red S
that produces red staining. Pathologic calcification is often
accompanied by diffuse or granular deposits of iron giving
positive Prussian blue reaction in Perl’s stain.

Etiopathogenesis

The two types of pathologic calcification result from distinctly
different etiologies and mechanisms.

DYSTROPHIC CALCIFICATION As apparent from defini-
tion, dystrophic calcification may occur due to 2 types of causes:

Figure 2.32 Wet gangrene of the small bowel. Microscopy shows coagulative necrosis of the affected bowel wall and thrombosed vessels while the
junction with normal intestine is indistinct and shows an inflammatory infiltrate.



IE PR Contrasting features of dry and wet gangrene.

FEATURE DRY GANGRENE

WET GANGRENE

1. Site Commonly limbs
2. Mechanisms Arterial occlusion
3. Macroscopy Organ dry, shrunken and black

4.  Putrefaction Limited due to very little blood supply
5

Line of demarcation
gangrenous part

e

Bacteria Bacteria fail to survive

7. Prognosis Generally better due to little septicaemia

Present at the junction between healthy and

More common in bowel

Blockage of both venous drainage and arterial obstruction
Part moist, soft, swollen, rotten and dark

Marked due to stuffing of organ with blood

No clear line of demarcation

Numerous present

Generally poor due to profound toxaemia

@ Calcification in dead tissue.
@ Calcification of degenerated tissue.

Calcification in dead tissue

1. Caseous necrosis in tuberculosis is the most common site
for dystrophic calcification. Living bacilli may be present
even in calcified tuberculous lesions, lymph nodes, lungs, etc
(Fig. 2.33).

2. Liquefaction necrosis in chronic abscesses may get calcified.
3. Fat necrosis following acute pancreatitis or traumatic fat
necrosis in the breast results in deposition of calcium soaps.

4. Gamna-Gandy bodies in chronic venous congestion (CVC)
of the spleen is characterised by calcific deposits admixed with
haemosiderin on fibrous tissue.

5. Infarcts may sometimes undergo dystrophic calcification.
6. Thrombi, especially in the veins, may produce phleboliths.
7. Haematomas in the vicinity of bones may undergo
dystrophic calcification.

8. Dead parasites like in hydatid cyst, Schistosoma eggs, and
cysticercosis are some of the examples showing dystrophic
calcification.

9. Microcalcification in breast cancer detected by mammo-
graphy.

Granular calcification Caseous necrosis

Capsule

Figure 2.33 Dystrophic calcification in caseous necrosis in tuberculous
lymph node. In H & E, the deposits are basophilic granular while the
periphery shows healed granulomas.

10. Congenital toxoplasmosis involving the central nervous
system visualised by calcification in the infant brain.

Calcification in degenerated tissues

1. Dense old scars may undergo hyaline degeneration and
subsequent calcification.

2. Atheromas in the aorta and coronaries frequently undergo
calcification.

3. Mobnckeberg’s sclerosis shows calcification in the
degenerated tunica media of muscular arteries in elderly
people (page 372) (Fig. 2.34).

4. Stroma of tumours such as uterine fibroids, breast cancer,
thyroid adenoma, goitre etc show calcification.

5. Goitre of the thyroid may show presence of calcification in
areas of degeneration.

6. Some tumours show characteristic spherules of calci-
fication called psammoma bodies or calcospherites such as
in meningioma, papillary serous cystadenocarcinoma of the
ovary and papillary carcinoma of the thyroid.

7. Cysts which have been present for a long time may show
calcification of their walls e.g. epidermal and pilar cysts.

Media (calcification)  Intima (uninvolved) Lumen  Adventitia

Figure 2.34 Dystrophic calcification in degenerated tunica media of
muscular artery of uterine myometrium in Ménckeberg’s arteriosclerosis.
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8. Calcinosis cutis is a condition of unknown cause in which
there are irregular nodular deposits of calcium salts in the skin
and subcutaneous tissue.

9. Senile degenerative changes may be accompanied by
dystrophic calcification such as in costal cartilages, tracheal or
bronchial cartilages, and pineal gland in the brain etc.

Pathogenesis of dystrophic calcification  The process of
dystrophic calcification has been likened to the formation of
normal hydroxyapatite of bone i.e. binding of phosphate ions
with calcium ions to form precipitates of calcium phosphate. It
involves phases of initiation and propagation as follows:

@ Initiation: Following cell injury (i.e. degeneration or
necrosis), there is membrane damage and release of membrane
phospholipids. Phosphatases associated with phospholipids
generate phosphate ions. It is also known that there is excess
uptake of calcium by injured mitochondria in degeneration
and necrosis. Thus, calcium and phosphate so generated from
these mechanisms form precipitates of calcium phosphate.

® Propagation: Simultaneously, some structural changes
occur in calcium and phosphate groups which result in further
propagation of deposits and form mineral crystals.

METASTATIC CALCIFICATION Since metastatic calcifi-
cation occurs in normal tissues due to hypercalcaemia, its
causes would include either of the following two groups of
causes:

© Excessive mobilisation of calcium from the bone.

© Excessive absorption of calcium from the gut.

Excessive mobilisation of calcium from the bone These

causes are more common and include the following:

1. Hyperparathyroidism which may be primary such as due to
parathyroid adenoma, or secondary such as from parathyroid
hyperplasia, chronic renal failure etc.

2. Bony destructive lesions such as multiple myeloma,
metastatic carcinoma.

3. Hypercalcaemia as a part of paraneoplastic syndrome e.g.
in breast cancer.

4. Prolonged immobilisation of a patient results in disuse
atrophy of the bones and hypercalcaemia.

Excessive absorption of calcium from the gut Less
often, excess calcium may be absorbed from the gut causing
hypercalcaemia and metastatic calcification. These causes are
as under:

1. Hypervitaminosis D from excessive intake or in sarcoidosis.

2. Milk-alkali syndrome caused by excessive oral intake of
calcium in the form of milk and administration of calcium
carbonate in the treatment of peptic ulcer.

3. [Idiopathic hypercalcaemia of infancy (Williams syndrome).
4. Renal causes such as in renal tubular acidosis.

Sites of metastatic calcification Metastatic calcification
may occur in any normal tissue of the body but preferentially
affects the following organs and tissues:

1. Kidneys, especially at the basement membrane of tubular
epithelium and in the tubular lumina causing nephrocalcinosis
(Fig. 2.35).

2. Lungs, especially in the alveolar walls.

3. Stomach, on the acid-secreting fundal glands.

4. Blood vessels, especially on the internal elastic lamina.

Calcification

Basement membrane

Figure 2.35 Metastatic calcification in tubular basement membrane in
nephrocalcinosis due to hypercalcaemia.

5. Cornea is another site affected by metastatic calcification.
6. Synovium of the joint causing pain and dysfunction.

Pathogenesis of metastatic calcification = Metastatic calci-
fication occurs due to excessive binding of inorganic phosphate
ions with elevated calcium ions due to underlying metabolic
derangement. This leads to precipitates of calcium phosphate
at the preferential sites, due to presence of acid secretions or
rapid changes in pH levels at these sites. Metastatic calcification
is reversible upon correction of underlying metabolic disorder.
The distinguishing features between the two types of
pathologic calcification are summarised in Table 2.6.

"ilf " GISTBOX 2.7 Changes after Cell Death

Gangreneis necrosis of tissue associated with super-added
putrefaction, most often following coagulative necrosis
due to ischaemia. There are 2 main types of gangrene—
dry and wet.

Dry gangrene begins in the distal part of a limb due to
ischaemia e.g. due to severe atherosclerosis and Buerger'’s
disease. A line of separation generally marks the junction
of viable and gangrenous tissue e.g. gangrene foot.

Wet gangrene occurs in naturally moist tissues and organs
e.g. gangrene bowel, lungs. A line of separation between
viable and non-viable tissue is not distinct.

Diabetic foot and bed sores are also examples of wet
gangrene. Gas gangrene is a special form of wet gangrene
caused by gas-forming clostridia.

Pathologic or heterotopic calcification is deposition of
calcium salts in tissues other than osteoid or enamel. It is
of 2 types: dystrophic and metastatic calcification.
Dystrophic calcification is characterised by deposition
of calcium salts in necrotic or degenerated tissues with
normal calcium metabolism and normal serum calcium
level e.g. in caseous necrosis in tuberculosis, severe
atherosclerosis.




IE PR Differences between dystrophic and metastatic calcification.

FEATURE DYSTROPHIC CALCIFICATION

METASTATIC CALCIFICATION

1. Definition Deposits of calcium salts in dead and

degenerated tissues

thrombi, haematomas, dead parasites, old scars,
atheromas, Monckeberg’s sclerosis, certain

tumours, cysts, calcinosis cutis

6. Pathogenesis

2. Calcium metabolism Normal

3. Serum calcium level Normal

4. Reversibility Generally irreversible

5. Causes Necrosis (caseous, liquefactive, fat), infarcts,

Increased binding of phosphates with necrotic
and degenerative tissue, which in turn binds to
calcium forming calcium phosphate precipitates

Deposits of calcium salts in normal tissues

Deranged
Hypercalcaemia
Reversible upon correction of metabolic disorder

Hyperparathyroidism (due to adenoma, hyperplasia,

CRF), bony destructive lesions (e.g. myeloma, metastatic
carcinoma), prolonged immobilisation, hypervitaminosis D,
milk-alkali syndrome, hypercalcaemia of infancy

Increased precipitates of calcium phosphate due to
hypercalcaemia at certain sites e.g. in lungs, stomach, blood
vessels and cornea

Metastatic calcification occurs in normal tissues and
is associated with deranged calcium metabolism and
hypercalcaemia e.g. from excessive mobilisation of
calcium from bones, and excessive intestinal absorption.

ADAPTIVE DISORDERS

Adaptive disorders are the adjustments which the cells make
in response to stresses which may be for physiologic needs
(physiologic adaptation) or a response to non-lethal pathologic
injury (pathologic adaptation). Broadly speaking, such
physiologic and pathologic adaptations occur by following
processes (Fig. 2.36):

® Decreasing or increasing their size i.e. atrophy and
hypertrophy respectively, or by increasing their number i.e.
hyperplasia (postfix word -trophy means nourishment; -plasia
means growth of new cells).

© Changing the pathway of phenotypic differentiation of
cells i.e. metaplasia and dysplasia (prefix word meta- means
transformation; dys- means bad development).

In general, the adaptive responses are reversible on with-
drawal of stimulus. Howevey, if the irritant stimulus persists for
long time, the cell may not be able to survive and may either
die or progress further e.g. cell death may occur in sustained
atrophy; dysplasia may progress into carcinoma in situ. Thus,
the concept of evolution ‘survival of the fittest’ holds true for
adaptation as ‘survival of the adaptable’.

Various mechanisms which may be involved in adaptive
cellular responses include the following:

1. Altered cell surface receptor binding.

2. Alterations in signal for protein synthesis.

3. Synthesis of new proteins by the target cell such as heat-
shock proteins (HSPs).

Common forms of cellular adaptive responses along with
examples of physiologic and pathologic adaptations are briefly
discussed here.

ATROPHY

Reduction of the number and size of parenchymal cells of an
organ or its parts which was once normal is called atrophy

(compared from hypoplasia which is the term used for
developmentally small size, and aplasia for extreme failure of
development so that only rudimentary tissue is present).

CAUSES Atrophy may occur from physiologic or pathologic
causes:

A. Physiologic atrophy Atrophy is a normal process of
ageing in some tissues, which could be due to loss of endocrine
stimulation or arteriosclerosis. For example:

i) Atrophy of lymphoid tissue with age.

if) Atrophy of thymus in adult life.

iii) Atrophy of gonads after menopause.

iv) Atrophy of brain with ageing.

v) Osteoporosis with reduction in size of bony trabeculae due
to ageing.

B. Pathologic atrophy  The causes are as under:

1. Starvation atrophy In starvation, there is first depletion of
carbohydrate and fat stores followed by protein catabolism.
There is general weakness, emaciation and anaemia referred to
as cachexia seen in cancer and severely ill patients.

2. Ischaemic atrophy Gradual diminution of blood supply due
to atherosclerosis may result in shrinkage of the affected organ
e.g.

i) Small atrophic kidney in atherosclerosis of renal artery.

ii) Atrophy of the brain in cerebral atherosclerosis.

3. Disuse atrophy Prolonged diminished functional activity is
associated with disuse atrophy of the organ e.g.

i) Wasting of muscles of limb immobilised in cast.

ii) Atrophy of the pancreas in obstruction of pancreatic duct.

4. Neuropathic atrophy Interruption in nerve supply leads to
wasting of muscles e.g.

i) Poliomyelitis

ii) Motor neuron disease

iii) Nerve section.

5. Endocrine atrophy Loss of endocrine regulatory mecha-
nism results in reduced metabolic activity of tissues and hence
atrophy e.g.

i) Hypopituitarism may lead to atrophy of thyroid, adrenal
and gonads.

ii) Hypothyroidism may cause atrophy of the skin and its
adnexal structures.
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A, ATROPHY

D, METAPLASIA
Figure 2.36 Adaptive disorders of growth.

6. Pressure atrophy Prolonged pressure from benign tumours
or cyst or aneurysm may cause compression and atrophy of the
tissues e.g.

i) Erosion of the spine by tumour in nerve root.

ii) Erosion of the skull by meningioma arising from pia-
arachnoid.

iii) Erosion of the sternum by aneurysm of arch of aorta.

7. Idiopathic atrophy There are some examples of atrophy
where no obvious cause is present e.g.

i) Myopathies.

ii) Testicular atrophy.

MORPHOLOGIC FEATURES Irrespective of the under-
lying cause for atrophy, the pathologic changes are similar.
The organ is small, often shrunken. The cells become
smaller in size but are not dead cells. Shrinkage in cell size
is due to reduction in cell organelles, chiefly mitochondria,
myofilaments and endoplasmic reticulum. There is often
increase in the number of autophagic vacuoles containing
cell debris. These autophagic vacuoles may persist to
form ‘residual bodies’ in the cell cytoplasm e.g. lipofuscin
pigment granules in brown atrophy (page 25).

HYPERTROPHY

Hypertrophy is an increase in the size of parenchymal cells
resulting in enlargement of the organ or tissue, without any
change in the number of cells.

CAUSES Hypertrophy may be physiologic or pathologic. In
either case, it is caused by increased functional demand or by

C, HYPERPLASIA

NORMAL BRONCHIAL
EPITHELIAL CELL

E, DYSPLASIA

hormonal stimulation. Hypertrophy without accompanying
hyperplasia affects mainly muscles. In non-dividing cells too,
only hypertrophy occurs.

A. Physiologic hypertrophy  Enlarged size of the uterus in
pregnancy is an example of physiologic hypertrophy as well as
hyperplasia.

B. Pathologic hypertrophy Examples of certain diseases
associated with hypertrophy are as under:

1. Hypertrophy of cardiac muscle may occur in a number
of cardiovascular diseases. A few conditions producing left
ventricular hypertrophy are as under:

i) Systemic hypertension

ii) Aortic valve disease (stenosis and insufficiency)

iii) Mitral insufficiency

2. Hypertrophy of smooth muscle e.g.

i) Cardiac achalasia (in oesophagus)

ii) Pyloric stenosis (in stomach)

iii) Intestinal strictures

iv) Muscular arteries in hypertension.

3. Hypertrophy of skeletal muscle e.g. hypertrophied muscles
in athletes and manual labourers.

4. Compensatory hypertrophy may occur in an organ when
the contralateral organ is removed e.g.

i) Following nephrectomy on one side in a young patient,
there is compensatory hypertrophy as well as hyperplasia of
the nephrons of the other kidney.

ii) Adrenal hyperplasia following removal of one adrenal
gland.



Figure 2.37 Cardiac hypertrophy. Weight of the heart is increased.
The chambers opened up at the apex show concentric thickening of
left ventricular wall (white arrow) with obliterated lumen (hypertrophy
without dilatation).

MORPHOLOGIC FEATURES The affected organ is
enlarged and heavy. For example, a hypertrophied heart
of a patient with systemic hypertension may weigh
700-800 g as compared to average normal adult weight of
350 g (Fig. 2.37). There is enlargement of muscle fibres as
well as of nuclei. At ultrastructural level, there is increased
synthesis of DNA and RNA, increased protein synthesis
and increased number of organelles such as mitochondria,
endoplasmic reticulum and myofibrils.

HYPERPLASIA

Hyperplasia is an increase in the number of parenchymal cells
resulting in enlargement of the organ or tissue. Quite often,
both hyperplasia and hypertrophy occur together. Hyperplasia
occurs due to increased recruitment of cells from GO (resting)
phase of the cell cycle to undergo mitosis, when stimulated.
All body cells do not possess hyperplastic growth potential
(page 156). Labile cells (e.g. epithelial cells of the skin and
mucous membranes, cells of the bone marrow and lymph
nodes) and stable cells (e.g. parenchymal cells of the liver,
pancreas, kidney, adrenal, and thyroid) can undergo
hyperplasia, while permanent cells (e.g. neurons, cardiac and
skeletal muscle) have little or no capacity for regenerative
hyperplastic growth. Neoplasia differs from hyperplasia in
having hyperplastic growth with loss of growth-regulatory
mechanism due to change in genetic composition of the cell,
while hyperplasia persists so long as stimulus is present.

CAUSES As with other adaptive disorders of growth, hyper-
plasia may also be physiologic and pathologic.

A. Physiologic hyperplasia  The two most common types
are hormonal and compensatory:

1. Hormonal hyperplasia i.e. hyperplasia occurring under the
influence of hormonal stimulation e.g.

i) Hyperplasia of female breast at puberty, during pregnancy
and lactation.

ii) Hyperplasia of pregnant uterus.

iii) Proliferative activity of normal endometrium after a normal
menstrual cycle.
iv) Prostatic hyperplasia in old age (Fig. 2.38).

2. Compensatory hyperplasia i.e. hyperplasia occurring
following removal of part of an organ or in the contralateral
organ in paired organ e.g.

i) Regeneration of the liver following partial hepatectomy.

ii) Regeneration of epidermis after skin abrasion.

iii) Following nephrectomy on one side, there is hyperplasia of
nephrons of the other kidney.

B. Pathologic hyperplasia = Most examples of pathologic
hyperplasia are due to excessive stimulation of hormones or
growth factors e.g.

i) Endometrial hyperplasia following oestrogen excess.

ii) In wound healing, there is formation of granulation tissue
due to proliferation of fibroblasts and endothelial cells.

iii) Formation of skin warts from hyperplasia of epidermis due
to human papilloma virus.

iv) Pseudocarcinomatous hyperplasia of the skin occurring at
the margin of a non-healing ulcer.

v) Intraductal epithelial hyperplasia in fibrocystic change in
the breast.

MORPHOLOGIC FEATURES There is enlargement of the
affected organ or tissue and increase in the number of cells.
This is due to increased rate of DNA synthesis and hence
increased mitoses of the cells.

METAPLASIA

Metaplasia is defined as a reversible change of one type of
epithelial or mesenchymal adult cells to another type of
adult epithelial or mesenchymal cells, usually in response to
abnormal stimuli, and often reverts back to normal on removal
of stimulus. However, if the stimulus persists for a long time,
epithelial metaplasia may progress to dysplasia and further
into cancer (Fig. 2.39).

Metaplasia is broadly divided into 2 types: epithelial and
mesenchymal.

RN A e e G
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Figure 2.38 Nodular hyperplasia of the prostate. There is hyperplasia
of both fibromuscular elements and epithelium seen as areas of
intra-acinar papillary infoldings (convolutions) lined by two layers of
epithelium with basal polarity of nuclei.
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A, NORMAL ENDOCERVICAL
EPITHELIUM

B, SQUAMOUS METAPLASIA

C, DYSPLASIA

D, CARCINOMA IN SITU

Figure 2.39 Schematic diagram showing sequential changes in uterine cervix from normal epithelium to development of carcinoma in situ.
A, Normal mucus-secreting endocervical epithelium. B, Squamous metaplasia. C, Dysplastic change. D, Carcinoma in situ.

A. EPITHELIAL METAPLASIA This is the more common
type. The metaplastic change may be patchy or diffuse and
usually results in replacement by stronger but less well-
specialised epithelium. However, the metaplastic epithelium
being less well-specialised such as squamous type, results in
deprivation of protective mucus secretion and hence more
prone to infection. Depending upon the type of epithelium
transformed, two types of epithelial metaplasia are seen:
squamous and columnar.

1. Squamous metaplasia  This is more common. Various
types of specialised epithelium are capable of undergoing
squamous metaplastic change due to chronicirritation that may
be mechanical, chemical or infective in origin. Some common
examples of squamous metaplasia are seen at following sites:
i) In bronchus (normally lined by pseudostratified columnar
ciliated epithelium) in chronic smokers.

Columnar epithelium
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Figure 2.40 Squamous metaplasia of the uterine cervix. Part of the
endocervical mucosa is lined by normal columnar epithelium while foci
of metaplastic squamous epithelium are seen at other places.

ii) In uterine endocervix (normally lined by simple colum-
nar epithelium) in prolapse of the uterus and in old age
(Fig. 2.40).

iii) In gallbladder (normally lined by simple columnar
epithelium) in chronic cholecystitis with cholelithiasis.

iv) In prostate (ducts normally lined by simple columnar
epithelium) in chronic prostatitis and oestrogen therapy.

v) In renal pelvis and urinary bladder (normally lined by
transitional epithelium) in chronic infection and stones.

vi) In vitamin A deficiency, apart from xerophthalmia, there
is squamous metaplasia in the nose, bronchi, urinary tract,
lacrimal and salivary glands.

2. Columnar metaplasia There are some conditions in
which there is transformation to columnar epithelium. For
example:

i) Intestinal metaplasia in healed chronic gastric ulcer.

Squamous mucosa

Columnar metaplasia

Figure 2.41 Columnar metaplasia oesophagus (Barrett’s oesophagus).
Part of the oesophagus which is normally lined by squamous epithelium
undergoes metaplastic change to columnar epithelium of intestinal

type.



ii) Columnar metaplasia in Barrett’s oesophagus, in which
there is change of normal squamous epithelium to columnar
epithelium (Fig. 2.41).

iii) Conversion of pseudostratified ciliated columnar epithe-
lium in chronic bronchitis and bronchiectasis to columnar
type.

iv) In cervical erosion (congenital and adult type), there is
variable area of endocervical glandular mucosa everted into
the vagina.

B. MESENCHYMAL METAPLASIA Less often, there is
transformation of one adult type of mesenchymal tissue to
another. The examples are as under:

1. Osseous metaplasia Osseous metaplasia is formation of
bone in fibrous tissue, cartilage and myxoid tissue. Examples of
osseous metaplasia are as under:

i) In arterial wall in old age (M6nckeberg’s medial calcific
sclerosis)

ii) In soft tissues in myositis ossificans

iii) In cartilage of larynx and bronchi in elderly people

iv) In scar of chronic inflammation of prolonged duration

v) In the fibrous stroma of tumour e.g. in leiomyoma.

2. Cartilaginous metaplasia In healing of fractures, cartila-
ginous metaplasia may occur where there is undue mobility.

DYSPLASIA

Dysplasia means ‘disordered cellular development, often
preceded or accompanied with metaplasia and hyperplasia; it
is therefore also referred to as atypical hyperplasia. Dysplasia
occurs most often in epithelial cells. Epithelial dysplasia is
characterised by cellular proliferation and cytologic changes as
under:
1. Increased number of layers of epithelial cells
2. Disorderly arrangement of cells from basal layer to the
surface layer
3. Loss of basal polarity i.e. nuclei lying away from basement
membrane
4. Cellular and nuclear pleomorphism
5. Increased nucleocytoplasmic ratio
6. Nuclear hyperchromatism
7. Increased mitotic activity.

The two most common examples of dysplastic changes are
the uterine cervix (Fig. 2.42) and respiratory tract.

IEEPVAN Differences between metaplasia and dysplasia.

Disorderly layers of squamous epithelium

Koilocytosis Mitosis

Figure 2.42 Uterine cervical dysplasia, high grade lesion. It shows
increased number of layers of squamous epithelium having marked
cytologic atypia including mitoses.

Dysplastic changes often occur due to chronic irritation
or prolonged inflammation. On removal of the inciting
stimulus, the changes may disappear. In a proportion of
cases, however, dysplasia may progress into carcinoma in situ
(cancer confined to layers superficial to basement membrane)
or invasive cancer. This concept is further discussed again in
details in Chapters 7, 15, and 22.

The differences between dysplasia and metaplasia are
contrasted in Table 2.7.

¥ B -1 @XM Adaptive Disorders

Atrophy is reduction of the number and size of
parenchymal cells of an organ or its parts which was once
normal.

Hypertrophy is an increase in the size of parenchymal cells
resulting in enlargement of the organ or tissue, without
any change in the number of cells.

FEATURE METAPLASIA DYSPLASIA

i) Definition Change of one type of epithelial or mesenchymal  Disordered cellular development, may be accompanied with
cell to another type of adult epithelial or hyperplasia or metaplasia
mesenchymal cell

i) Types Epithelial (squamous, columnar) and Epithelial only

mesenchymal (osseous, cartilaginous)

i) Tissues affected

Most commonly affects bronchial mucosa, uterine

Uterine cervix, bronchial mucosa

endocervix; others mesenchymal tissues (cartilage,

arteries)

iv)  Cellularchanges  Mature cellular development

v)  Natural history Reversible on withdrawal of stimulus

Disordered cellular development (pleomorphism, nuclear
hyperchromasia, mitosis, loss of polarity)

May regress on removal of inciting stimulus, or may progress to
higher grades of dysplasia or carcinoma in situ
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Hyperplasia is an increase in the number of parenchymal
cells resulting in enlargement of the organ or tissue.
Metaplasia is defined as a reversible change of one type of
epithelial or mesenchymal adult cells to another type of
adult epithelial or mesenchymal cells, usually in response
to abnormal stimuli, and often reverts back to normal on
removal of stimulus.

AGEING

Old age is a concept of longevity in human beings. The
consequences of ageing appear after reproductive life when
evolutionary role of the individual has been accomplished.
However, ageing is distinct from mortality and disease although
aged individuals are more vulnerable to disease. With ageing,
the mechanism of homeostasis is slow; hence the response to
various stresses takes longer to revert back to normal structure
and function.

The average age of death of primitive man was barely 20-25
years. However, currently average life-expectancy in the west
is about 80 years. In India, due to improved health care, it has
gone up from an average of 26 years at the time ofindependence
in 1947 to 64 years at present. In general, survival is longer in
women than men (3: 2). About a century ago, the main causes
of death were accidents and infections. But now with greater
safety and sanitation, the mortality in the middle years has
sufficiently declined. However, the maximum human lifespan
hasremained stable atabout 110years. Higherlife expectancyin
women is not due to difference in the response of somatic cells
of the two sexes but higher mortality rate in men is attributed
to violent causes and greater susceptibility to cardiovascular
disease, cancer, cirrhosis and respiratory diseases, for which
cigarette smoking and alcohol consumption are two most
important contributory factors.

In general, the life expectancy of an individual depends
upon the following factors:

1. Intrinsic genetic process i.e. the genes controlling response
to endogenous and exogenous factors initiating apoptosis in
senility. It has been seen that long life runs in families and high
concordance in lifespan of identical twins has been observed.
Studies in centenarians have shown that they lack carrier of
apolipoprotein E4 allele which is associated with risk for both
heart disease and Alzheimer’ s disease.

2. Environmental factors e.g. consumption and inhalation of
harmful substances, type of diet, role of antioxidants etc.

3. Lifestyle ofthe individual such as diseases due to alcoholism
(e.g. cirrhosis, hepatocellular carcinoma), smoking (e.g.
bronchogenic carcinoma and other respiratory diseases), drug
addiction.

4. Age-related diseases e.g. atherosclerosis and ischaemic
heart disease, diabetes mellitus, hypertension, osteoporosis,
Alzheimer’s disease, Parkinson’s disease etc.

THEORIES OF AGEING

With age, structural and functional changes occur in different
organs and systems of the human body. Although no definitive
biologic basis of ageing is established, most acceptable theory
is the functional decline of non-dividing cells such as neurons
and myocytes. The following hypotheses based on investi-

Normal telomere

Cell replication Cell replication

Shortened
telomere

Normal
telomere

Progressive shortening
of telomere

Figure 2.43 Telomeres on chromosomes. In ageing, these end compo-
nents of chromosome are progressively shortened.

gations mostly in other species explain the cellular basis of
ageing:

1. Experimental cellular senescence By in vitro studies
of tissue culture, it has been observed that cultured human
fibroblasts replicate for up to 50 population doublings and
then the culture dies out. It means that in vitro there is reduced
functional capacity to proliferate with age. Studies have shown
that there is either loss of chromosome 1 or deletion of its long
arm (1q). It has also been observed that with every cell division
there is progressive shortening of telomere present at the tips of
chromosomes, which in normal cell is repaired by the presence
of RNA enzyme, telomerase. However, due to ageing there is
inadequate presence of telomerase enzyme; therefore lost
telomere is not repaired resulting in interference in viability of
cell (Fig. 2.43).

2. Genetic control in invertebrates Clock (clk) genes
responsible for controlling the rate and time of ageing have
been identified in lower invertebrates e.g. clk-1 gene mutation
in the metazoa, Caenorhabditis elegans, results in prolonging
the lifespan of the worm and slowing of some metabolic
functions.

3. Diseases of accelerated ageing A heritable condition
associated with signs of accelerated ageing process, progeria,
seen in children is characterised by baldness, cataracts,
and coronary artery disease. Another example is Werner’s
syndrome, a rare autosomal recessive disease, characterised by
similar features of premature ageing, atherosclerosis and risk
for development of various cancers.

4. Ocxidative stress hypothesis (free radical-mediated
injury)  Ageingis partly caused by progressive and reversible
molecular oxidative damage due to persistent oxidative stress
on the human cells. In normal cells, very small amount (3%)
of total oxygen consumption by the cell is converted into
reactive oxygen species. The rate of generation of reactive



oxygen species is directly correlated with metabolic rate of
the organisms. With ageing, there is low metabolic rate with
generation of toxic oxygen radicals, which fail to get eliminated
causing their accumulation and hence cell damage due to
mitochondrial injury. The role of antioxidants in retarding the
oxidant damage has been reported in some studies.

5. Hormonal decline =~ With age, there is loss of secretion of
some hormones resulting in their functional decline.

6. Defective host defenses Ageing causes impaired
immune function and hence reduced ability to respond to
microbes and environmental agents.

7. Failure to renew Ageing causes accumulation of
senescent cells without corresponding renewal of lost cells.

ORGAN CHANGES IN AGEING

Although all organs start showing deterioration with ageing,
following organs show evident morphologic and functional
decline:

1. Cardiovascular system: Atherosclerosis, arteriosclerosis
with calcification, Mdnckeberg’s medial calcification, brown
atrophy of the heart, loss of elastic tissue from aorta and major
arterial trunks causing their dilatation.

2. Nervous system: Atrophy of gyri and sulci, Alzheimer’s
disease, Parkinson’s disease.

3. Musculoskeletal system: Degenerative bone diseases,
frequent fractures due to loss of bone density, age-related
muscular degeneration.

4. Eyes: Deterioration of vision due to cataract and vascular
changes in retina.

5. Hearing: Disability in hearing due to senility is related to
otosclerosis.

6. Immune system: Reduced IgG response to antigens, frequent
and more severe infections.

7. Skin: Laxity of skin due to loss of elastic tissue.

8. Cancers: As discussed later in Chapter 7, 80% of cancers
occur in the age range of 50-80 years.

Life expectancy of an individual depends upon certain
factors: genetic, environmental, life style and some age-
related diseases.

There are several hypothesis of ageing. These are:
shortening of telomere without replacement of damaged
ends, persistent oxidative stress (accumulation of free
radicals), hormonal decline, defective host defenses and
failure to renew old cells.

Ageing causes decline in morphology and function of
multiple organs: cardiovascular system, nervous system,
muscles, bones, eyes, ears, immune system and skin.
About 80% of cancers are seen in the age range of 50-80
years.
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Amyloidosis

THE IMMUNE SYSTEM

Immunity and immunopathology are proverbial two edges of
‘double-edged sword’ i.e. it is a defense mechanism but it can
be injurious to the human body in a variety of ways.

Broadly speaking, immunity or body defense mechanism
is divided into 2 types, natural (innate) and specific (adaptive),
which are interlinked to each other in their functions:

Natural or innate immunity is non-specific and is considered
as the first line of defense without antigenic specificity. It has 2
major components:

a) Humoral: comprised by complement.

b) Cellular: consists of neutrophils, macrophages, and natural
killer (NK) cells.

Specific or adaptive immunity is specific and is characterised
by antigenic specificity. It too has 2 main components:

a) Humoral: consisting of antibodies formed by B cells.

b) Cellular: mediated by T cells.

The major functions of immune system are as under:
i) Recognition of self from non-self
ii) Mounting a specific response against non-self
iii) Memory of what was earlier recognised as non-self
iv) Antibody formation
v) Cell-mediated reactions

While normal function of immunity is for body defense,
its failure or derangement in any way results in diseases of the
immune system which are broadly classified into the following
4 groups (Fig. 3.1):
1. Immunodeficiency disorders are characterised by
deficient or absent cellular and/or humoral immune functions.
This group is comprised by a list of primary and secondary
immunodeficiency diseases including the dreaded acquired
immunodeficiency syndrome (AIDS).

Body defense

* Recognition
= Antibody production
« Cell-mediated reactions

* Memory
Abnormal
[ T |
_ Absent/ _ Excessive/ Failure of Possibly
inadequate inappropriate self-nonself immune

Immune deficiency| Hypersensitivity
diseases

Autoimmune F
J .. ; Amyloidosis
disorders reactions I y I

Figure 3.1 Pathophysiology of diseases of immune system.

Immunopathology Including

2. Hypersensitivity reactions are characterised by hyper-
function or inappropriate response of the immune system and
cover the various mechanisms of immunologic tissue injury.

3. Autoimmune diseases occur when the immune system
fails to recognise ‘self’ from ‘non-self. A growing number of
autoimmune and collagen diseases are included in this group.

4. Possible immune disorders in which the immunologic
mechanisms are suspected in their etiopathogenesis. Classical
example of this group is amyloidosis.

Before discussing immunopathology of these diseases, it is
important to briefly review the normal structure and function
of the immune system (immunophysiology) discussed below.

In any discussion of immunity, a few terms and definitions
are commonly used as follows:

© An antigen (Ag) is defined as a substance, usually protein
in nature, which when introduced into the tissues stimulates
antibody production.

© Hapten is a non-protein substance which has no antigenic
properties, but on combining with a protein can form a new
antigen capable of forming antibodies.

© An antibody (Ab) is a protein substance produced as a
result of antigenic stimulation. Circulating antibodies are
immunoglobulins (Igs) of which there are 5 classes: IgG, IgA,
IgM, IgE and IgD.

© An antigen may induce specifically sensitised cells having
the capacity to recognise, react and neutralise the injurious
agent or organisms.

© The antigen may combine with antibody to form antigen-
antibody complex. The reaction of Ag with Ab in vitro may
be primary or secondary phenomena; the secondary reaction
induces a number of processes such as agglutination, preci-
pitation, immobilisation, neutralisation, lysis and comple-
ment fixation. In vivo, the Ag-Ab reaction may cause tissue
damage.

ORGANS AND CELLS OF IMMUNE SYSTEM

Although functioning as a system, the organs of immune
system are distributed at different places in the body. These are
as under:

a) Primary lymphoid organs:
i) Thymus
ii) Bone marrow
b) Secondary lymphoid organs:
i) Lymph nodes
ii) Spleen
iii) MALT (Mucosa-Associated Lymphoid Tissue located in the
respiratory tract and GIT).
These organs have been described in the respective
chapters in the book.



CELLS OF IMMUNE SYSTEM

The cells comprising immune system are as follows:
i) Lymphocytes
ii) Monocytes and macrophages
iii) Mast cells and basophils
iv) Neutrophils
v) Eosinophils
While morphologic aspects of these cells are covered
elsewhere in the book, their immune functions are briefly
considered below and summarised in Table 3.1.

Lymphocytes

Lymphocyte is the master of human immune system.
Morphologically, lymphocytes appear as a homogeneous
group but functionally two major lymphocyte populations,
T and B lymphocytes, are identified; while a third type, NK
(natural killer) cells, comprises a small percentage of circulating
lymphocytes having the distinct appearance of large granular
lymphocytes.

Just as other haematopoietic cells, all three subtypes of
lymphocytes are formed from lymphoid precursor cells in the
bone marrow. However, unlike other haematopoietic cells,
lymphocytes undergo maturation and differentiation in the
bone marrow (B cells) and thymus (T cells) and acquire certain
genetic and immune surface characters which determine
their type and function; this is based on cluster of differen-
tiation (CD) molecule on their surface. CD surface protein
molecules belong to immunoglobulin superfamily of cell
adhesion molecules (CAMs). About 350 different surface
CD molecules have been identified so far, which can be
identified by ‘CD markers’ by specific monoclonal antibody
stain employing immunohistochemistry or by flow cytometry.
B and T lymphocytes proliferate into ‘memory cells’ imparting
long lasting immunity against specific antigens. While B cells
differentiate into plasma cells which form specific antibodies,

IECI[SEREN Cells of the immune system and their functions.

CELLS FUNCTIONS

T cells get functionally activated on coming in contact with
appropriate antigen.

Upon coming in contact with antigen, the macrophage
(i.e. specialised antigen-presenting cell such as dendritic
cell) and the major histocompatibilty complex (MHC) in the
macrophage, determine whether the invading antigen is to be
presented to B cells or T cells. Some strong antigens that cannot
be dealt by antibody response from B cells such as certain
microorganisms (e.g. viruses, mycobacteria M. tuberculosis
and M. leprae), cancer cells, tissue transplantation antigen etc,
are presented to T cells.

Features and functions of subtypes of lymphocytes
are summed up below and illustrated diagrammatically in
Fig. 3.2.

B CELLS These cells are involved in humoral immunity by
inciting antibody response. B cells in circulation comprise
about 10-15% of lymphocytes. On coming in contact with
antigen (e.g. invading microorganims), B cells are activated to
proliferate and transform into plasmacytoid lymphocytes and
then into plasma cells. Depending upon the maturation stage of
B cells, specific CD molecules appear on the cell surface which
can be identified by CD markers. Common B cell markers are:
CD 19, 20, 21, 23. These cells also possess B cell receptors (BCR)
for surface immunoglobulins (IgM and IgG) and Fc receptor for
attaching to antibody molecule. T cell help is provided to B cells
by a subset of T helper cells, T 2, by elaborated interleukins
(IL-4, IL-5, IL-10, IL-13).

T CELLS These cells are implicated in inciting cell-mediated
immunity and delayed type of hypersensitivity. T cells in
circulation comprise 75-80% of lymphocytes. Pan T cell
markers are CD3, CD7 and CD2. Besides, T cells also carry
receptor (TCR) for recognition of MHC molecules. Depending
upon functional activity, T cells have two major subtypes: T
helper(or CD4+) cells and T suppressor(or CD8+) cells.

T helper cells Abbreviated as Ty cells, these cells promote
and enhance the immune reaction and are also termed as

1. Lymphocytes (20-50%)

i) B-cells (10-15%)
Plasma cells

ii) T-cells (75-80%)
a) T-helper cells (CD4+) (60%)
b) T-suppressor cells (CD8+) (30%)
c) NK-cells (10-15%)

(ADCC)

2. Monocytes-macrophages (~5%)
Phagocytosis
Secretory function

Antigen recognition

Master of immune system

Antibody-based humoral reactions, transform to plasma cells

Secrete immunoglobulins

Cell-mediated immune reactions

Promote and enhance immune reaction by elaboration of cytokines

Suppress immune reactions but are directly cytotoxic to antigen

Part of natural or innate immunity; cause antibody-dependent cell- mediated cytotoxicity

Antigen presentation

3. Mast cells and basophils (0-1%) Allergic reactions

Wound healing
Neutrophils (40-75%)
Eosinophils (1-6%)

Y

Allergic reactions
Helminthiasis

First line of defense against microorganisms and other small antigens

The figures in brackets denote percentage of cells in circulation.
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T CELL

Pan T cell markers
CD3,7,2

B CELL

Pan B cell markers
CD19, 20, 21, 23

Anlrgen }

Ty cell
Elaborate IL-2, IFN-y

Plasmacytoid cell
Elaborate Igs

[
Ty2 cell
Elaborate IL-4, IL-5, IL-6, IL-10

NK CELL

NK cell markers
CD2,16, 56

Large granular cell

Antibody- dependent cytotoxicity

/ (ADCC)
f ‘ !

Directly cytotoxic

Kill virally-infected cell  Kill tumour cell

Figure 3.2 Schematic representation of functions of B and T lymphocytes and NK cells. (BCR = B cell receptor, TCR =T cell receptor).

T-regulatory cells. They carry CD4 molecule on their surface
and hence are also called CD4+ cells. CD4+ cells in circulation
are about twice the number of CD8+ cells (CD4+/CD8 ratio
2:1). These cells act by elaboration of variety of cytokines.
Depending upon the type of cytokines elaborated, these Ty
cells are further of two subclasses: Ty; 1 and Ty 2.

@ Ty 1 cells elaborate IL-2 and interferon (IFN)-y.

@ Ty 2 cells elaborate IL-4, IL-5, IL-6, and IL-10.

CD4+ cells are predominantly involved in cell-mediated
reactions to viral infections (e.g. in HIV), tissue transplant
reactions and tumour lysis.

T suppressor cells Abbreviated as Tg cells, they suppress
immune reactions but are cytotoxic and actually destroy
the invading antigen; hence are also termed as cytotoxic T
lymphocytes (CTL). These cells carry CD8 molecule on their
surface and hence are also called CD8+ cells. CD8+ cells in
circulation are about half the number of CD4+ cells. Compared
to CD4+ cells which act by elaboration of cytokines, CD8+ cells
are directly cytotoxic to the antigen.

CD8+ cells are particularly involved in destroying cells
infected with viruses, foreign cells and tumour cells.

Contrasting features of B and T cells are given in
Table 3.2.

NATURAL KILLER (NK) CELLS NK cells comprise about
10-15% of circulating lymphocytes. These lymphocytes do not
have B or T cell markers, nor are these cells dependent upon
thymus for development unlike CD4+ and CD8+ T cells. NK
cells carry surface molecules of CD2, CD16 and CD56, but

negative for T cell marker CD3. NK cells are morphologically
distinct from B and T cells in being large granular lymphocytes.

NK cells are part of the natural or innate immunity. These
cells recognise antibody-coated target cells and bring about
killing of the target directly; this process is termed as antibody-
dependent cell-mediated cytotoxicity (ADCC). This mechanism
is particularly operative against viruses and tumour cells.

Monocytes and Macrophages

The role of macrophages in inflammation consisting of
circulating monocytes, organ-specific macrophages and
histiocytes has been described in Chapter 5. Circulating
monocytes are immature macrophages and constitute about
5% of peripheral leucocytes. They remain in circulation for
about 3 days before they enter tissues to become macrophages.
The macrophage subpopulations such as the dendritic cells (in
the lymphoid tissue) and Langerhans’ cells (in the epidermis)
are characterised by the presence of dendritic cytoplasmic
processes and are active in the immune system.

Salient features and important immune functions of
macrophages are as follows:

1. Antigen recognition They possess cell surface receptors
to several extracellular molecules—receptor for cytokines,
component of complement (C3b), selectins, integrins and Fc
(constant fragment) of antibody. These receptors recognise
the organisms and initiate intracellular mechanism in
macrophages. Antigen to become recognisable can also get
coated by antibodies or complement, the process being termed



IE WA Differences between T and B lymphocytes.

FEATURE T CELLS B CELLS
1. Origin Bone marrow — Thymus Bone marrow — Bursa (in fowl); mucosa-
associated lymphoid tissue (MALT)
2. Lifespan Small T cells: months to years Small B cells: less than 1 month
T cell blasts: several days B cell blasts : several days
3. Location
(i) Lymph nodes Perifollicular (paracortical) Germinal centres, medullary cords
(ii) Spleen Periarteriolar Germinal centres, red pulp
(iii) Peyer’s patches Perifollicular Central follicles
Presence in circulation 75-80% 10-15%
5. Surface markers
(i) Ag receptors Present Absent
(ii) Surfacelg Absent Present
(iii) Fc receptor Absent Present
(iv) Complement receptor Absent Present

(v) CD markers Ty cells CD4,3,7,2

T cells CD8, 3,7, 2

6. Functions

B cells and stem cells via

() CMlyvia cytotoxicT cells positive for CD3 and CD4
(i) Delayed hypersensitivity via CD4+ T cells
(iii) Immunoregulation of other T cells,

CD19, 20, 21, 23

(i) Rolein humoral immunity by synthesis of
specific antibodies (Igs)
(ii) Precursors of plasma cells

T helper (CD4+) or T suppressor (CD8+) cells

as opsonisation. Macrophages have capacity to distinguish self
from non-self by presence of human leucocyte antigens (HLA)
or major histocompatibility complex (MHC) discussed below.

2. Phagocytosis Antigen that has been recognised by the
macrophages due to availability of above-mentioned surface
receptors, or the opsonised antigen, is ready to be engulfed by
the process of cell-eating by macrophages explained on page
120.

3. Secretory function Macrophages secrete
substances as follows:

i) Cytokines (IL-1, IL-2, IL-6, IL-8, IL-10, IL-12, tumour necro-
sis factor-o) and prostaglandins (PGE, thromboxane-A,
leukotrienes) which are chemical mediators of inflammation
and activate other leucocytes.

important

ii) Secretion of proteins involved in wound healing e.g.
collagenase, elastase, fibroblast growth factor, angiogenesis
factor.

iii) Acute phase reactants e.g. fibronectin, microglobulin,
complement components.

4. Antigen presentation When macrophages are unable to
lyse an antigen or an organism, the next best course adopted
by them is to act as antigen-presenting cells for presenting to
immunocompetent T cells (subtype CD4+ or CD8+ cells), or
to B cells. Accordingly, the lymphoid cell would then deal with
such antigen.

Basophils and Mast Cells

Basophils are a type of circulating granulocytes (0-1%) while
mast cells are their counterparts seen in tissues, especially in
connective tissue around blood vessels and in submucosal
location. Basophils and mast cells have IgE surface receptor;

thus on coming in contact with antigen binding to IgE (e.g.
allergic reaction to parasites), these cells get activated and
release granules i.e. they degranulate. These granules contain
active substances such as histamine, platelet activating factor,
heparin and certain chemical mediators (e.g. prostaglandins,
leukotrienes).

Mast cells and basophils are thus involved in mediating
inflammation in allergic reactions and have a role in wound
healing.

Neutrophils

Polymorphonuclear neutrophils (PMNs) are normally the
most numerous of the circulating leucocytes (40-75%). The
cytoplasm of PMNs contains lysosomal granules of three types:
primary (azurophilic), secondary, and tertiary.

PMNs have similar function to those of macrophages and
are therefore appropriately referred to as ‘microphages’ owing
to their role as first line of defense against an invading foreign
organism in the body. However, these cells have limitation of
size and type of organisms to be engulfed e.g. while they are
capable of acting against bacteria and small foreign particulate
material but not against viruses and large particles.

Eosinophils

Eosinophils are also circulating granulocytes (1-6%). These cells
play a role in allergic reactions and in intestinal helminthiasis.
The granules of eosinophils contain lysosomal enzymes,
peroxidases, and chemical mediators of inflammation (e.g.
prostaglandins, leukotrienes). On coming in contact with IgE
opsonised antigen (e.g. helminths), eosinophils degranulate
and release the chemicals stored in granules and incite
inflammation.
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CYTOKINES

Cytokines are immunomodulating agents composed of
soluble proteins, peptides and glycoproteins secreted by
haematopoietic and non-haematoopoietic cells in response
to various stimuli. Their main role is in molecular interaction
between various cells of the immune system described above
and are critical in innate as well as in adaptive immune
responses.

Cytokines are named according to their presumed targets
or possible functions e.g. monokines, colony stimulating factor
etc. Presently, about 200 cytokines have been identified. Many
of these cytokines have further subtypes as alpha, beta, or are
identified by numbers.

CLASSIFICATION Based on structural similarity, cytokines
are grouped in following 3 main categories:

i) Haematopoietin family: G-CSF, GM-CSE erythropoietin,
thrombopoietin, Various interleukins (IL) such as IL-2, IL-3,
IL-4, IL-5, IL-6, IL-6, IL-7, IL-9.

ii) IL-1o and IL-1 B, tumour necrosis factor (TNE cachectin),
platelet-derived growth factor (PDGF), transforming growth
factor (TGF)- family.

iii) Chemokine family: These regulate movement of cells and
act through G-protein-derived receptors e.g. IL-8, monocyte
chemokine protein (MCP), eotaxin, platelet factor (PF) 4.

CYTOKINE RECEPTORS There are 5 members of family of
cytokine receptors:

i) Immunoglogulin (Ig) superfamily is the largest group
composed of cell surface receptors and extracellular secreted
proteins e.g. IL-1 receptors type 1, type 2 etc.

ii) Haematopoietic growth factor type 1 receptor familyincludes
receptors or their subunits shared with several interleukins (IL-
3, IL-5, IL-11, IL-12, leukaemia inhibitory factor, granulocyte-
monocyte colony stimulating factor receptor).

iii) IFN type II receptor family includes receptors for IFN-y,
IFN-f.

iv) TNF receptor family members are TNF-R1 and TNF-R2,
CD40 (B cell marker), CD27 and CD30 (found on activated T
and B cells).

v) Trans-membrane helix receptor family is linked to GTP-
binding proteins and includes two important chemokines,
chemokine receptor type 4 (CXCR4) and 3-chemokine receptor
type 5 (CCR5), implicated in binding and entry of HIV into
CD4+ host cells.

MODE OF ACTION OF CYTOKINES Cytokines may act in
one of the following 3 ways:

1) Autocrine when a cytokine acts on the cell which produced
it.

2) Paracrine when it acts on another target cell in the vicinity.

3) Endocrine when the cytokine secreted in circulation acts on
a distant target.
Cytokines are involved in following actions:

1. Regulation of growth The actions of cytokines in
signaling pathways have been studied in detail. They act via
haematopoietins and their receptors, which activate Janus
family of protein tyrosine kinases (JAK). There is binding of 4
JAK kinases: JAK1, JAK2, JAK3, and tyk2, to receptors causing
phosphorylation of target molecules. This promotes mitogen-

activated protein kinase pathway. Besides, a substrate of JAKs,
signal tranducer and activator of transcription (abbreviated
as STAT) family of transcription factors, act on the DNA of the
nucleus and thus regulate gene expression.

2. Inflammatory mediators Some cytokines are potent
mediators of inflammation e.g. lymphokines, monokines, IL-1,
IL-8, TNF-o and {3, IFN-y. This aspect is discussed on page 125.

3. Activation of immune system The immune system
is activated by binding of cytokine to specific cell-surface
receptors after the cell has interacted with the antigen.

4. Cytokine storm Overstimulation of cytokines can trigger
cytokine storm which is a potentially fatal condition.

¥ GISTBOX3.1 RUENLIIGESHEN

Body immunity is divided into 2 types, natural (innate)
and specific (adaptive), both of which are interlinked and
inter-dependent. Each of these has humoral and cellular
components.

The organs of immune system are the thymus, bone
marrow, lymph nodes, spleen, and MALT.

The cells of immune system include lymphocytes,
monocytes and macrophages, basophils and mast cells,
neutrophils and eosinophils.

Lymphocytes are the master of immune system. Their
functional types are B (10-15%), T (75-80%) and NK (10-
15%) cells. T cells have further subpopulations: T helper
(type 1 and 2) (CD4+) and T suppressor (CD8+) cells.

B cells incite antibody response, T cells mediate cellular
immunity (CD8+ in cytotoxicity, CD4+ by elaboration of
various cyokines) and NK cells are part of innate immunity.
Monocytes-macrophages are involved in antigen
recognition, presentation, phagocytosis and elaboration
of certain cytokines.

Cytokines are immunomodulating proteins or peptides
secreted by various cells of the body in response to stimuli.
These include haematopoietins, interleukins, interferon,
colony stimulating factor, tumour necrosis factor, growth
factors, chemokines, and their receptors.

Cytokines are involved in growth regulation by cell
signaling pathways, inflammation and in activation of
immune system.

HLA SYSTEM AND MAJOR
HISTOCOMPATIBILITY COMPLEX

Though not a component of immune system, HLA system is
described here as it is considered important in the regulation
of the immune system and is part of immunoglobulin
superfamily of cell adhesion molecules (CAMs). HLA stands
for Human Leucocyte Antigens because these are antigens or
genetic proteins in the body that determine one’s own tissue
from non-self (histocompatibility) and were first discovered on
the surface of leucocytes. Subsequently, it was found that HLA
are actually gene complexes of proteins on the surface of all
nucleated cells of the body and platelets. Since these complexes
are of immense importance in matching donor and recipient
for organ transplant, they are called major histocompatibility
complex (MHC) or HLA complex.



Out of various genes for histocompatibility, most of the
transplantation antigens or MHC are located on short arm (p)
of chromosome 6; these genes occupy four regions or loci—A,
B, C and D, and exhibit marked variation in allelic genes at
each locus. Therefore, the product of HLA antigens is highly
polymorphic. The letter w in some of the genes (e.g. Dw3,
Cw4, Bwl5 etc) refers to the numbers allocated to them at
international workshops.

Depending upon the characteristics of MHC, they have
been divided into 3 classes (Fig. 3.3):

® Class I MHC antigens have loci as HLA-A, HLA-B and
HLA-C. CD8+ (i.e. T suppressor) lymphocytes carry receptors
for class I MHC; these cells are used to identify class I antigen
on them.

© Class II MHC antigens have single locus as HLA-D. These
antigens have further 3 loci: DR, DQ and DP. Class II MHC is
identified by B cells and CD4+ (i.e. T helper) cells.

© Class III MHC antigens are some components of the
complement system (C2 and C4) coded on HLA complex but
are not associated with HLA expression and are not used in
antigen identification.

In view of high polymorphism of class I and class II genes,
they have a number of alleles on loci numbered serially like
HLA-A 1, HLA-A 2, HLA-A 3 etc.

MHC antigens present on the cell surface help the
macrophage in its function of recognition of bacterial antigen
i.e. they help to identify self from foreign, and accordingly
present the foreign antigen to T cells (CD4+ or CD8+) or to B
cells.

ROLE OF HLA COMPLEX The HLA complex is significant in
a number of ways:

1. Organ transplantation Historically, the major impor-
tance of HLA system is in matching donor and recipient for
tissue transplantation. The recipient’s immune system can
recognise the histocompatibility antigens on the donor organ
and accordingly accept it or reject it. Both humoral as well

HLA-A
Class | {HLA-B
HLA-C
Class IlI{ Complement C2, C4

HLA-DR
Class II{ HLA-DQ

HLA-DP

P P

g q
Figure 3.3 HLA system and loci on short arm of chromosome 6.

as cell-mediated immune responses are involved in case of
genetically non-identical transplants.

2. Regulation of the immune system Class I and II
histocompatibility antigens play a role in regulating both
cellular and humoral immunity:

@ Class I MHC antigens regulate the function of cytotoxic T
cells (CD8+ subpopulation) e.g. in virus infections.

@ Class I MHC antigens regulate the function of helper T cells
(CD4+ subpopulation).

3. Association of diseases with HLA  An increasing number
of diseases have been found to have association with some
specific histocompatibility antigens. These disorders include
the following:
@ Autoimmune disorders e.g. theumatoid arthritis, coeliac
disease, Sjogren’s syndrome, SLE, chronic active hepatitis.
@ Spondyloarthropathies e.g. ankylosing spondylitis, Reiter’s
syndrome.
@ Endocrinopathies e.g. type 1 diabetes mellitus.
@ Neurologic e.g. myasthenia gravis

The mechanism of HLA association with diseases is
complex and heterogeneous involving multiple steps causing
activation of T cells.

Y J GIST BOX 3.2 H_L/\ System and Major Histocompati-
| bility Complex

HLA system or MHC is composed of antigenic proteins
present on all nucleate cells of the body and platelets.
MHC or transplantation antigens are located on short arm
of chromosome 6, and has 4 regions or loci: A, B, Cand D.
There are 3 classes of antigens. Class | antigens are
located on CD8+ cells and have loci as HLA-A, HLA-B and
HLA-C. Class Il antigens have a single locus, HLA-D and is
identified on B cells and CD4+ cells. Class Ill MHC antigens
are components of complement, C 2 and C4, but are not
used for antigen identification.

Main roles of HLA complex are in organ transplantation,
regulation of immune system and its association with
certain diseases.

TRANSPLANT REJECTION

According to the genetic relationship between donor and
recipient, transplantation of tissues is classified into 4 groups:

1. Autografts are grafts in which the donor and recipient is the
same individual.

2. Isografts are grafts between the donor and recipient of the
same genotype.

3. Allografts are those in which the donor is of the same
species but of a different genotype.

4. Xenografts are those in which the donor is of a different
species from that of the recipient.

All types of grafts have been performed in human beings
but xenografts have been found to be rejected invariably due
to genetic disparity. Presently, surgical skills exist for skin
grafts and for organ transplants such as kidney, heart, lungs,
liver, pancreas, cornea and bone marrow. But most commonly
practised are skin grafting, and kidney and bone marrow
transplantation. For any successful tissue transplant without
immunological rejection, matched major histocompatibility
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locus antigens (HLA) between the donor and recipient are of
paramount importance as discussed already. The greater the
genetic disparity between donor and recipient in HLA system,
the stronger and more rapid will be the rejection reaction.

Besides the rejection reaction, a peculiar problem
occurring especially in bone marrow transplantation is
graft-versus-host (GVH) reaction. In humans, GVH reaction
results when immunocompetent cells are transplanted to
an immunodeficient recipient e.g. treating severe combined
immunodeficiency by bone marrow transplantation. The
clinical features of GVH reaction include: fever, weight loss,
anaemia, dermatitis, diarrhoea, intestinal malabsorption,
pneumonia and hepatosplenomegaly. The intensity of GVH
reaction depends upon the extent of genetic disparity between
the donor and recipient.

MECHANISMS OF GRAFT REJECTION

Except for autografts and isografts, an immune response
against allografts is inevitable. The development of immuno-
suppressive drugs has made the survival of allografts in
recipients possible. Rejection of allografts involves both cell-
mediated and humoral immunity.

1. CELL-MEDIATED IMMUNE REACTIONS These are
mainly responsible for graft rejection and are mediated by T
cells. The lymphocytes of the recipient on coming in contact
with HLA antigens of the donor are sensitised in case of
incompatibility. Sensitised T cells in the form of cytotoxic T
cells (CD8+) as well as by hypersensitivity reactions initiated by
T helper cells (CD4+) attack the graft and destroy it.

2. HUMORAL IMMUNE REACTIONS In addition to the
cell-mediated immune reactions, a role for humoral antibodies
in certainrejectionreactions has been suggested. Theseinclude:
preformed circulating antibodies due to pre-sensitisation of the
recipient before transplantation e.g. by blood transfusions
and previous pregnancies, or in non-sensitised individuals by
complement dependent cytotoxicity, antibody-dependent
cell-mediated cytotoxicity (ADCC) and antigen-antibody
complexes.

TYPES OF REJECTION REACTIONS

Based on the underlying mechanism and time period, rejec-
tion reactions are classified into 3 types: hyperacute, acute and
chronic.

1. HYPERACUTE REJECTION Hyperacute rejection
appears within minutes to hours of placing the transplant and
destroys it. It is mediated by preformed humoral antibody
against donor-antigen. Cross-matching of the donor’s lympho-
cytes with those of the recipient before transplantation has
diminished the frequency of hyperacute rejection.

Grossly, hyperacute rejection is recognised by the surgeon
soon after the vascular anastomosis of the graft is performed
to the recipient’s vessels. The organ becomes swollen,
oedematous, haemorrhagic, purple and cyanotic rather
than gaining pink colour.

Histologically, the characteristics of Arthus reaction are
present. There are numerous neutrophils around dilated
and obstructed capillaries which are blocked by fibrin
and platelet thrombi. Small segments of blood vessel wall
may become necrotic and there is necrosis of much of the
transplanted organ. Small haemorrhages are common.

2. ACUTEREJECTION This usually becomes evident within
a few days to a few months of transplantation. Acute graft
rejection may be mediated by cellular or humoral mechanisms.
Acute cellular rejection is more common than acute humoral
rejection.

Microscopically, the features of the two forms are as under:

i) Acute cellular rejection is characterised by extensive
infiltration in the interstitium of the transplant by lympho-
cytes (mainly T cells), a few plasma cells, monocytes and a
few polymorphs. There is damage to the blood vessels and
there are foci of necrosis in the transplanted tissue.

ii) Acute humoral rejection appears due to poor response
to immunosuppressive therapy. It is characterised by
acute rejection vasculitis and foci of necrosis in small
vessels. The mononuclear cell infiltrate is less marked as
compared to acute cellular rejection and consists mostly of
B lymphocytes.

3. CHRONIC REJECTION Chronic rejection may follow
repeated attacks of acute rejection or may develop slowly over a
period of months to ayear or so. The underlying mechanisms of
chronic rejection may be immunologic or ischaemic. Patients
with chronic rejection of renal transplant show progressive
deterioration in renal function as seen by rising serum creati-
nine levels.

Microscopically, in chronic rejection of transplanted
kidney, the changes are intimal fibrosis, interstitial
fibrosis and tubular atrophy. Renal allografts may develop
glomerulonephritis by transmission from the host, or rarely
may develop de novo glomerulonephritis.

¥ GISTBOX3.3 RICHHELIEITNGTY)

Tissue transplants are most often allografts and are done
for skin, bone marrow and various solid organs. HLA
matching between donor and recipient is always done
before tissue transplantation.

Graft versus host (GVH) reaction occurs when bone
marrow cells are transplanted from an immunocompetent
donor to an immunodeficient host.

Graft rejection of other solid organs is mediated mainly
by cell-mediated immune reactions via T cells (cytotoxic
CD8+ cells and by hypersensitivity reaction initiated by
CD4+ cells) and to some extent via humoral immune
responses.

Rejection reactions may be hyperacute appearing within
minutes to hours, acute becoming evident within a few
days to a few months, and chronic rejection occurring after
repeated attacks of acute rejection or developing slowly.

DISEASES OF IMMUNITY

Failure or deficiency of immune system, which normally plays
a protective role against infections, manifests by occurrence of
repeated infections in an individual having immunodeficiency
diseases.

Traditionally, immunodeficiency diseases are classified
into 2 types:




IEL R Immunodeficiency diseases.

DISEASE

DEFECT

A.  PRIMARY IMMUNODEFICIENCY DISEASES

1. Severe combined immunodeficiency diseases
(Combined deficiency of T cells, B cells and Igs):
(i) Reticular dysgenesis
(i) Thymic alymphoplasia
(iii) Agammaglobulinaemia (Swiss type)
(iv) Wiscott-Aldrich syndrome

(v) Ataxia telangiectasia
2. Tcell defect:
DiGeorge’s syndrome (thymic hypoplasia)

3. Bcell defects (antibody deficiency diseases):
(i) Bruton’s X-linked agammaglobulinaemia
(i) Autosomal recessive agammaglobulinaemia
(iii) 1gA deficiency
(iv) Selective deficiency of other Ig types

(v) Immune deficiency with thymoma

4. Common variable immunodeficiencies (characterised by
decreased Igs and serum antibodies and variable CMI):
(i) With predominant B cell defect
(i) With predominant T cell defect
(a) DeficientT helper cells
(b) Presence of activated T suppressor cells
(i) With autoantibodies to Band T cells

B.  SECONDARY IMMUNODEFICIENCY DISEASES

. Infections

. Cancer

. Lymphoid neoplasms (lymphomas, lymphoid leukaemias)
. Malnutrition

. Sarcoidosis

. Autoimmune diseases

N O L AN W N =

. Transplant cases

Failure to develop primitive marrow reticular cells

No lymphoid stem cells

No lymphoid stem cells

Cell membrane defect of haematopoietic stem cells; associated
features are thrombocytopenia and eczema

Defective T cell maturation

Epithelial component of thymus fails to develop

Defective differentiation from pre-B to B cells
Defective differentiation from pre-B to B cells
Defective maturation of IgA synthesising B cells
Defective differentiation from B cells to specific
Ig-synthesising plasma cells

Defective pre-B cell maturation

Defective differentiation of pre-B to mature B cells

Defective differentiation of thymocytes to T helper cells
T cell disorder of unknown origin
Unknown differentiation defect

AIDS (HIV virus); other viral, bacterial and protozoal infections
Chemotherapy by antimetabolites; irradiation

Deficient T and B cell functions

Protein deficiency

Impaired T cell function

Administration of high dose of steroids toxic to lymphocytes
Immunosuppressive therapy

A. Primary immunodeficiencies are usually the result of
genetic or developmental abnormality of the immune system.

B. Secondary immunodeficiencies arise from acquired
suppression of the immune system, the most important
example being acquired immunodeficiency syndrome (AIDS).

Since the first description of a primary immunodeficiency
disease was made by Bruton in 1952, more and more primary
and secondary immunodeficiency syndromes have been
added over the years.

A list of most immunodeficiency diseases with the possible
defect in the immune system is given in Table 3.3, while an
account of AIDS is given here.

ACQUIRED IMMUNODEFICIENCY
SYNDROME (AIDS)

Since the initial recognition of AIDS in the United Statesin 1981,
tremendous advances have taken place in the understanding
of this dreaded disease as regards its epidemiology, etiology,
immunology, pathogenesis, clinical features and morphologic
changes in various tissues and organs of the body. Although
antiretroviral therapy is being widely used all over the world
for such patients, efforts at finding a HIV vaccine have not
succeeded so far.

EPIDEMIOLOGY AIDS is pandemic in distribution and is
seen in all continents. As per UNAIDS Global Report 2013,
an estimated 35 million people are living with AIDS globally
(70% in Sub-Saharan Africa), out of which 50% are women and
3.3 million children under 15 years of age. About 1.5 million
people are dying from AIDS every year and 2 million cases are
being added ever year (about 6000 new cases added per day).
Regionwise, besides Sub-Saharan Africa, other countries in
order of decreasing incidence of AIDS are South and South-
East Asia, Latin America, Eastern Europe, Central Asia, North
America, while Oceania region has the lowest incidence. It has
been seen there is about 33% decline in the number of new
cases in 2012 compared to 2001 and also marginal fall in the
number of deaths from HIV. The burden of AIDS in India is
estimated at 2.4 million cases; epicentre of the epidemic lies
in the states of Maharashtra, Tamil Nadu and Andhra Pradesh
which together comprise about 50% of all HIV positive cases
(mostly contracted heterosexually), while North-East state
of Manipur accounts for 8% of all cases (more often among
intravenous drug abusers).

ETIOLOGIC AGENT AIDS is caused by an RNA (retrovirus)
virus called human immunodeficiency virus (HIV). There are 4
members of human retroviruses in 2 groups:
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Lipid membrane

gp41

gp120

p18

p24

Reverse
transcriptase

Figure 3.4 Schematic representation of HIV virion or virus particle.
The particle has core containing proteins, p24 and p18, two strands of
viral RNA, and enzyme reverse transcriptase. Bilayer lipid membrane is
studded with 2 viral glycoproteins, gp120 and gp 41, in the positions
shown.

@ Transforming viruses: These are human T cell leukaemia-
lymphoma virus (HTLV) I and II and are implicated in
leukaemia and lymphoma (page 221).

@ Cytopathic viruses: This group includes HIV-1 and
HIV-2, causing two forms of AIDS. Most common case of AIDS
in the world including US is HIV-1, while HIV-2 is etiologic
agent for AIDS in cases from West Africa and parts of India.
Both HIV1 and HIV2 are zoonotic infections and their origin
can be traced to a species of chimpanzees who are natural
reservoir of HIV and most likely source of original infection.

HIV-1virion or virus particle is spherical in shape and 100-140
nm in size (Fig. 3.4):

® It contains a core having core proteins, chiefly p24 and
p18, two strands of genomic RNA and the enzyme, reverse
transcriptase.

© The core is covered by a double layer of lipid membrane
derived from the outer membrane of the infected host cell
during budding process of virus. The membrane is studded
with 2 envelope glycoproteins, gp120 and gp41, in the positions
shown.

Besides other genes, three important genes code for the
respective components of virion:

i) gag (group antigen) for core proteins,
ii) pol (polymerase) for reverse transcriptase, and
iii) env (envelope) for the envelope proteins.

These genes and viral components act as markers for
the laboratory diagnosis of HIV infection. Besides, there is
tat (transcription activator) gene for viral functions such as
amplification of viral genes, viral budding and replication.

ROUTES OF TRANSMISSION Transmission of HIV infection
occurs by one of following three routes and it varies in different
populations:

1. Sexual transmission Sexual contact in the main mode
of spread and constitutes 75% of all cases of HIV transmission.

Most cases of AIDS in the industrialised world such as in the
US occur in homosexual or bisexual males while heterosexual
promiscuity seems to be the dominant mode of HIV infection in
Africa and Asia. Other sexually transmitted diseases (STDs) may
act as cofactors for spread of HIV, in particular gonorrhoeal and
chlamydial infection. Transmission from male-to-male and
male-to-female is more potent route than that from female-to-
male.

2. Transmission via blood and blood products This mode
of transmission is the next largest group (25%) and occurs in 3
types of high-risk populations:

i) Intravenous drug abusers by sharing needles, syringes etc
comprise a large group in the US.

ii) Haemophiliacs who have received large amounts of clotting
factor concentrates from pooled blood components from
multiple donors.

iii) Recipients of HIV-infected blood and blood products
who have received multiple transfusions of whole blood or
components like platelets and plasma.

3. Perinatal transmission HIV infection occurs from infec-
ted mother to the newborn during pregnancy transplacentally,
or in immediate post-partum period through contamination
with maternal blood, infected amniotic fluid or breast milk.

4. Occupational transmission There have been a small
number of health care workers (HCW), laboratory workers
and those engaged in disposal of waste of sharps who have
developed HIV infection by occupational exposure to HIV-
infected material, most often by needle-stick injury. It is
imperative that these workers follow the CDC guidelines
for universal precautions which include disinfecting and
sterilising all reusable devices and use of bleaching solution for
disinfecting all blood spillage.

5. Transmission by other body fluids Although besides
blood, HIV has been isolated and identified from a number of
body fluids such as saliva, tears, sweat, urine, semen, vaginal
secretions, cervical secretions, breast milk, CSE synovial,
pleural, peritoneal and pericardial fluid, there is no definite
evidence that HIV transmission can occur by any of these fluids;
isolated cases of such infection reported are in likelihood due
to concomitant contamination with HIV-infected blood.

It may, however, be understood regarding spread of HIV
infection that AIDS cannot be transmitted by casual non-
sexual contact like shaking hands, hugging, sharing household
facilities like beds, toilets, utensils etc.

It should also be appreciated that HIV contaminated
waste products can be sterilised and disinfected by most of
the chemical germicides used in laboratories at a much lower
concentration. These are: sodium hypochlorite (liquid chlorine
bleach) (1-10% depending upon amount of contamination
with organic material such as blood, mucus), formaldehyde
(5%), ethanol (70%), glutaraldehyde (2%), B-propionolactone.
HIV is also heat-sensitive and can be inactivated at 56°C for 30
min.

PATHOGENESIS The pathogenesis of HIV infection is largely
related to the depletion of CD4+ T cells (helper T cells) resulting
in profound immunosuppression.

Various aspects in the sequence of events is shown
schematically in Fig. 3.5 and is outlined below:

1. Selective tropism for CD4 molecule receptor gpl20
envelope glycoprotein of HIV has selective tropism for cells
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CD4 molecule receptor

Internalisation

Uncoating and viral
DNA formation

Viral integration
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Immune attack
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CD4+ T cell
destruction

Viral dissemination

Figure 3.5 Sequence of events in the pathogenesis of HIV infection.

containing CD4 molecule receptor on their surface. These
cells most importantly are CD4+ T cells (T helper cells); other
such cells include monocyte-macrophages, microglial cells,

epithelial cells of the cervix, Langerhans cells of the skin and
follicular dendritic cells. Initially, HIV on entering the body
via any route described above has tropism for macrophages
(M-tropic) while later it becomes either dual tropic or T-tropic
only and thus affects mainly CD4+ T cells which are the main
target of attack by HIV.

2. Internalisation gp120 of the virion combines with CD4
receptor, but for fusion of virion with the host cell membrane,
a chemokine coreceptor (CCR) is necessary. Once HIV has
combined with CD4 receptor and CCR, gp41 glycoprotein of
envelope is internalised in the CD4+ T cell membrane.

3. Uncoating and viral DNA formation Once the virion has
entered the T cell cytoplasm, reverse transcriptase of the viral
RNA forms a single-stranded DNA. Using the single-stranded
DNA as atemplate, DNA polymerase copiesitto make it double-
stranded DNA, while destroying the original RNA strands. Viral
DNA so formed has frequent mutations making the HIV quite
resistant to anti-retroviral therapy.

4. Viral integration The viral DNA so formed may initially
remain unintegrated in the affected cell but later viral integrase
protein inserts the viral DNA into nucleus of the host T cell and
integrates in the host cell DNA. At this stage, viral particle is
termed as HIV provirus.

5.Viral replication HIV provirus having become part of host
cell DNA, host cell DNA transcripts for viral RNA with presence
of tat gene. Multiplication of viral particles is further facilitated
by release of cytokines from T helper cells (CD4+ T cells): T},
1 cells elaborating IL-2 and IFN-y, and T}, 2 cells elaborating
IL-4, IL-5, IL6, IL-10. RNA viral particles thus fill the cytoplasm
of host T cell where they acquire protein coating. Released
cytokines are also responsible for spread of infection to other
body sites, in particular to CNS by TNF-a..

6. Latent period and immune attack In an inactive infected
T cell, the infection may remain in latent phase for a long time,
accounting for the long incubation period. Immune system
does act against the virus by participation of CD4+ and CD8+
T cells, macrophages and by formation of antibodies to mount
attack against the virus. However, this period is short and the
virus soon overpowers the host immune system.

7. CD4+ T cell destruction Viral particles replicated in
the CD4+ T cells start forming buds from the cell wall of the
host cell. As these particles detach from the infected host
cell, they damage part of the cell membrane of the host cell
and cause death of host CD4+ T cells by apoptosis. Other
proposed mechanisms of CD4+ T cell destruction are necrosis
of precursors of CD4+ cells by the virus and by formation of
syncytial giant cells due to attachment of more and more of
gp120 molecules to the surface of CD4+ T cells.

8. Viral dissemination Release of viral particles from
infected host cell spreads the infection to more CD4+ host
cells and produces viraemia. Through circulation, virus gains
entry to the lymphoid tissues (lymph nodes, spleen) where it
multiplies further; thus these tissues become the dominant site
of virus reservoir rather than circulation.

9. Impact of HIV infection on other immune cells HIV
infects other cells of the host immune system and also affects
non-infected lymphoid cells.

i) Other cells of the immune system: These cells are circulating
moncytes, macrophage in tissues and dendritic follicular
cells of lymph nodes. HIV-infected monocytes-macrophages
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do not get destroyed but instead become a reservoir of HIV
infection. Infected dendritic follicular cells of the lymph nodes
causes massive enlargement of follicle centres and account for
persistent generalised lymphadenopathy in AIDS.

ii) Non-infected lymphoid cells: These cells include B cells,
NK cells and CD8+ T cells. B cells do not have receptors for
HIV but the number of B cells slowly declines, their function
of immunoglobulin synthesis is impaired due to lack of their
activation by depleting CD4+ T cells, and there may be non-
specific hypergammaglobulinaemia. NK cells are also reduced
due to lack of cytokines from depleted CD4+ T cells. CD8+ cells
show lymphocytosis but the cells having intact function of
ADCC are reduced, possibly due to quantitative loss of CD4+ T
cell and their qualitative dysfunction (reversal of CD4+ T cells:
CD8+ T cell ratio).

The net result of immunological changes in the host due to
HIV infection lead to profound immunosuppression rendering
the host susceptible to opportunistic infections and tumours,
to which the patient ultimately succumbs.

10. HIV infection of nervous system Out of non-lymphoid
organ involvement, HIV infection of nervous system is the
most serious and 75-90% of AIDS patients may demonstrate
some form of neurological involvement at autopsy. It infects
microglial cells, astrocytes and oligodendrocytes as under:
i) Infection carried to the microglia of the nervous system by
HIV infected CD4+ monocyte-macrophage subpopulation or
endothelial cells.
ii) Direct infection of astrocytes and oligodendrocytes.
iii) Neurons are not invaded by HIV but are affected due to
attachment of gp120 and by release of cytokines by HIV-infected
macrophages.

A summary of major abnormalities in the immune system
in AIDS is given in Table 3.4.

NATURAL HISTORY HIV infection progresses from an early
acute syndrome to a prolonged asymptomatic state to advanced
disease. Thus there are different clinical manifestations at
different stages. Generally, in an immunocompetent host, the
biologic course passes through following 3 phases (Table 3.5):

1. Acute HIV syndrome Entry of HIV into the body is
heralded by the following sequence of events:

i) High levels of plasma viraemia due to replication of the
virus.

ii) Virus-specific immune response by formation of anti-HIV
antibodies (seroconversion) after 3-6 weeks of initial exposure
to HIV.

iii) Initially, sudden marked reduction in CD4+ T cells (helper
T cells) followed by return to normal levels.

iv) Rise in CD8+ T cells (cytotoxic T cells).

v) Appearance of self-limited non-specific acute viral illness
(flu-like or infectious mononucleosis-like) in 50-70% of adults
within 3-6 weeks of initial infection. Manifestations include:
sore throat, fever, myalgia, skin rash, and sometimes, aseptic
meningitis. These symptoms resolve spontaneously in 2-3
weeks.

2. Middle chronic phase The initial acute seroconversion
illness is followed by a phase of competition between HIV and
the host immune response as under:

i) Viraemia due to viral replication in the lymphoid tissue
continues which is initially not as high but with passage of time
viral load increases due to crumbling host defenses.

IEL R Major abnormalities in immune system in AIDS.

1. T CELL ABNORMALITIES

(i) Lymphopenia
) CD4+T cell depletion
) CD8+T cell lymphocytosis
(iv) Reversal of CD4: CD8 cell ratio
) Decreased production of cytokines by CD4+ T cells
) Decreased antibody-dependent cellular cytotoxicity
(ADCC) by CD8+T cells

2. B CELL ABNORMALITIES

(i) Nodirect viral damage
(ii) Decreased Ig production
(iii) Polyclonal activation
iv) Hypergammaglobulinaemia
(v) Circulating immune complexes

3. NK CELL ABNORMALITIES
i)

(i) No direct viral damage
(i) Depressed number
(iii) Decreased cytotoxicity

4. MONOCYTE-MACROPHAGE CELL ABNORMALITIES

(i)  No destruction
(i) Decreased chemotaxis
(iii) Decreased cytotoxicity
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ii) Chronic stage, depending upon host immune system, may
continue as long as 10 years.

iii) Although CD 4+ T cells continue to proliferate but net result
is moderate fall in CD4+ T cell counts.

iv) Cytotoxic CD8+ T cell count remains high.

v) Clinically, it may be a stage of latency and the patient may
remain asymptomatic, or may develop mild constitutional
symptoms and persistent generalised lymphadenopathy.

3. Final crisis phase This phase is characterised by
profound immunosuppression and onset of full-blown AIDS
and has the following features:
i) Marked increase in viraemia.
ii) The time period from HIV infection through chronic phase
into full-blown AIDS may last 7-10 years and culminate in
death.
iii) CD 4+ T cells are markedly reduced (below 200 per pl).

The average survival after the onset of full-blown AIDS is
about 2 years.

Children often have a rapidly progressive disease and full-
blown AIDS occurring at 4 to 8 years of age.

REVISED CDC HIV CLASSIFICATION SYSTEM The Centers
for Disease Control and Prevention (CDC), US in 1993 revised
the classification system for HIV infection in adults and
children based on 2 parameters: clinical manifestations and
CD4+ T cell counts.

According to this system, irrespective of presence of
symptoms, any HIV-infected individual having CD4+ T cell
count of <200/l is labelled as AIDS.

CDC defining criteria divide AIDS into 3 categories: A, B
and C, each of which is further subdivided, based on CD4+ T
cell count, into three subtypes: Al, B1, C1 (CD4+ T cell count
>500/pl), A2, B2, C2 (CD4+ T cell count 200-499/ul), and A3,
B3, C3 (CD4+ T cell count <200/pl) (Table 3.5):



IEIJEER Natural history and revised CDC HIV/AIDS classification.

FINAL, CRISIS

PHASE EARLY, ACUTE MIDDLE, CHRONIC
Period after infection ~ 3-6 weeks 10 to 12 years
CDC clinical category ~ Category A: Category B:
Asymptomatic infection
Acute HIV syndrome
PGL
CD4 + T cell categories
>500/pl Al B1
200-499/ul A2 B2
<200/pl A3 B3

Symptomatic disease (neither A nor C)
Condition secondary to impaired CMI

Any period up to death

Category C:
AIDS indicator defining conditions

C1
c2
a

(CDC = Centers for Disease Control, Atlanta, USA; PGL = Persistent generalised lymphadenopathy; CME= cell mediated immunity).

Clinical category A Includes a variety of conditions:
asymptomatic case, persistent generalised lymphadenopathy
(PGL), and acute HIV syndrome.

Clinical categoryB Includes symptomatic casesandincludes
conditions secondary to impaired cell-mediated immunity
e.g. bacillary dysentery, mucosal candidiasis, fever, oral hairy
leukoplakia, ITP, pelvic inflammatory disease, peripheral
neuropathy, cervical dysplasia and carcinoma in situ cervix etc.

Clinical category C This category includes conditions listed
for AIDS surveillance case definition. These are mucosal
candidiasis, cancer uterine cervix, bacterial infections (e.g.
tuberculosis), fungal infections (e.g. histoplasmosis), parasitic
infections (e.g. Pneumocystis carinii pneumonia), malnutrition
and wasting of muscles etc.

Similarly, there are revised parameters for paediatric HIV
classification in which age-adjusted CD4+ T cell counts are
given that are relatively higher in each corresponding category.

PATHOLOGICAL LESIONS AND CLINICAL MANIFESTA-
TIONS OF HIV/AIDS HIV/AIDS affects all body organs and
systems. In general, clinical manifestations and pathological
lesions in different organs and systems are owing to progressive
deterioration of body’s immune system. Disease progression
occurs in all untreated patients, even if the disease is
apparently latent. Antiretroviral treatment blocks and slows the
progression of the disease.

Pathological lesions and clinical manifestations in HIV
disease can be explained by 4 mechanisms:
i) Due to viral infection directly: The major targets are immune
system, central nervous system and lymph nodes (persistent
generalised lymphadenopathy).
ii) Due to opportunistic infections: Deteriorating immune
system provides the body an opportunity to harbour micro-
organisms. A list of common opportunistic infectious agents
affecting HIV/AIDS is given in Fig. 3.6.
iii) Due to secondary tumours: End-stage of HIV/AIDS is
characterised by development of certain secondary malignant
tumours (Fig. 3.6).
iv) Due to drugtreatment: Drugs used in the treatment produce
toxic effects. These include antiretroviral treatment, aggressive
treatment of opportunistic infections and tumours.

Based on above mechanisms, salient clinical features and
pathological lesions in different organs and systems are briefly
outlined below and illustrated in Fig. 3.6. However, it may be

mentioned here that many of the pathological lesions given
below may not become clinically apparent during life and may
be noted at autopsy alone.

1. Wasting syndrome Most important systemic manifesta-
tion corresponding to body’s declining immune function is
wasting syndrome defined as ‘involuntary loss of body weight
by more than 10%: It occurs due to multiple factors such
as malnutrition, increased metabolic rate, malabsorption,
anorexia, and ill-effects of multiple opportunistic infections.

2. Persistent generalised lymphadenopathy In early
asymptomatic stage during the course of disease, some
patients may develop persistent generalised lymphadeno-
pathy (PGL). PGL is defined as presence of enlarged lymph
nodes >1 cm at two or more extrainguinal sites for >3 months
without an obvious cause. There is marked cortical follicular
hyperplasia, due to proliferation of CD8+ T cells, B cells and
dendritic follicular histiocytes. HIV infected CD4+ T cells are
seen in the mantle zone. In advanced cases of AIDS, lymph
nodes show progressive depletion of lymphoid cells, or there
may be occurrence of opportunistic infection (e.g. M. avium
intracellulare, Histoplasma, Toxoplasma) or appearance
of secondary tumours in the lymphoid tissue (e.g. Kaposi’s
sarcoma, lymphoma).

3. GI lesions and manifestations Almost all patients with
HIV infection develop gastrointestinal manifestations. These
include: chronic watery or bloody diarrhoea, oral, oropharyn-
geal and oesophageal candidiasis, anorexia, nausea, vomiting,
mucosal ulcers, abdominal pain. These features are due to
opportunistic infections (e.g. Candida, Clostridium, Shigella,
Salmonella, Giardia, Entamoeba histolytica, Cryptosporium,
CMV). Advanced cases may develop secondary tumours in GIT
(e.g. Kaposi’s sarcoma, lymphoma).

4. Pulmonary lesions and manifestations Symptoms
pertaining to lungs develop in about 50-75% of cases and are
a major cause of death in HIV/AIDS. These features are largely
due to opportunistic infections causing pneumonia e.g. with
Pneumocystis carinii, M. tuberculosis, CMV, Histoplasma, and
Staphylococci. Lung abscess too may develop. Other pulmonary
manifestations include adult respiratory distress syndrome
and secondary tumours (e.g. Kaposi’s sarcoma, lymphoma).

5. Mucocutaneous lesions and manifestations Symptoms
due to mucocutaneous involvement occur in about 50 to
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SECONDARY OPPORTUNISTIC INFECTIONS

Fungal e.g. candidiasis, cryptococcosis, Pheumo-
cystis jirovecii, coccidioidomycosis, histo-
plasmosis, nocardia.

Viral e.g. cytomegalovirus (CMV), herpes
simplex 1 and 2, herpes zoster, EBV, HPV.
Bacterial e.g. mycobacteriosis, M. tuber-
culosis, M. avium-intraceliulare, nocardio-
sis, salmonellosis.

Protozoal and helminthic e.g.
toxoplasmosis, giardiasis, amoebiaisis,
cryptosporidiosis, strongyloidosis.

SECONDARY NEOPLASMS

Kaposi's sarcoma (multicentric)
Primary CNS lymphoma

NHL and Hodgkin's lymphoma
HPV-associated carcinomas
(ca. cervix, vagina, anus)

« Bacillary angiomatosis

. s s e

MAJOR CLINICAL MANIFESTATIONS

Wasting syndrome

Persistent generalised lymphadenopathy
Gl manifestations

Pulmonary manifestations
Mucocutaneous manifestations
Haematologic manifestations
CNS manifestations
Gynaecologic manifestations
Renal manifestations
Hepatobiliary manifestations
Cardiovascular manifestations
Ophthalmic manifestations
Musculoskeletal manifestations
Endocrine manifestations
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NEUROLOGIC DISEASE

AIDS-dementia complex

Meningoencephalitis (tuberculous, cryptococceal)
Aseptic meningitis

Peripheral neuropathy

Demyelinating lesions of the spinal cord
Lymphoma of the brain

Figure 3.6 Major pathological lesions and clinical manifestations of HIV/AIDS.

75% cases. Mucocutaneous viral exanthem in the form of
erythematous rash is seen at the onset of primary infection
itself. Other mucocutaneous manifestations are allergic
(e.g. drug reaction, seborrhoeic dermatitis), infectious (viral
infections such as herpes, varicella zoster, EB virus, HPV;
bacterial infections such as M. avium, Staph. aureus; fungal
infections such as Candida, Cryptococcus, Histoplasma) and
neoplastic (e.g. Kaposi’'s sarcoma, squamous cell carcinoma,
basal cell carcinoma, cutaneous lymphoma).

6. Haematologic lesions and manifestations Involvement
of haematopoietic system is common during the course of
HIV/AIDS. These include: anaemia, leucopenia, and thrombo-
cytopenia. These changes are due to bone marrow suppression
from several mechanisms: infections such as by HIV,
mycobacteria, fungi, and parvoviruses, or by lymphomatous
involvement.

7. CNS lesions and manifestations Neurological manifesta-
tions occur in almost all cases during the course of disease and
are an important cause of mortality and morbidity. These may
be inflammatory, demyelinating and degenerative conditions.
HIV encephalopathy or AIDS-associated dementia complex,
is an AIDS defining condition and manifests clinically with
deteriorating cognitive symptoms. Other pathological lesions
in HIV/AIDS are meningitis (tuberculous, cryptococcal)
demyelinating lesions of the spinal cord, and peripheral
neuropathy and lymphoma of the brain.

8. Gynaecologic lesions and manifestations Gynaecologic
symptoms are due to monilial (candidal) vaginitis, cervical
dysplasia, carcinoma cervix, and pelvic inflammatory disease.

9. Renal lesions and manifestations Features of renal
impairment may appear due to HIV-associated nephropathy
and genitourinary tract infections including pyelonephritis.

10. Hepatobiliary lesions and manifestations Manifesta-
tions of hepatobiliary tract are due to development of
coinfection with hepatitis B or C, due to occurrence of
other infections and due to drug-induced hepatic injury.
The lesions include steatosis, granulomatous hepatitis and
opportunistic infections (M. tuberculosis, Mycobacterium
avium intracellulare, Histoplasmay).

11. Cardiovascular lesions and manifestations Diseases
affecting the heart are common autopsy findings and include
a form of dilated cardiomyopathy called HIV-associated
cardiomyopathy, pericardial effusion in advanced disease as
a reaction to opportunistic infection, lymphoma and Kaposi'’s
sarcoma.

12. Ophthalmic lesions HIV associated ocular manifes-
tations occur from opportunistic infections (e.g. CMV retinitis),
HIV retinopathy, and secondary tumours.

13. Musculoskeletal lesions These include osteoporosis,
osteopaenia, septic arthritis, osteomyelitis and polymyositis.

14. Endocrine lesions Several metabolic derangements
may occur during the course of disease. Syndrome of lipo-
dystrophy (buffalo hump) due to dyslipidaemia, hyperinsu-
linaemia and hyperglycaemia may occur. Besides, abnormality
of thyroid function, hypogonadism and inappropriate release
of ADH may be associated.

LESIONS AND MANIFESTATIONS IN PAEDIATRIC AIDS
Children develop clinical manifestations of AIDS more rapidly
than adults. Besides development of opportunistic infections
and tumours, neurologic impairment in children cause slowing
of development and growth.

DIAGNOSIS OF HIV/AIDS The investigations of a suspected
case of HIV/AIDS are categorised into 3 groups: tests for



IELERHG  Tests for diagnosis of HIV/AIDS.

1. TESTS FOR ESTABLISHING HIV INFECTION

i) Antibody tests:
a) ELISA
b) Western blot
ii) Direct detection of HIV
a) p24 antigen capture assay
b) HIV RNA assay
c) NA-PCR
d) Culture of HIV

2. TESTS FOR DEFECTS IN IMMUNITY

i) CD4+T cell count: Fall
ii) CD8+ cell count: Increased
iii) Ratio of CD4+T cell/CD8+ T cell count: Reversed
iv) Lymphopenia
v) Hypergammaglobulinaemia
vi) Increased 3-2 microglobulin level
vii) Platelet count: Thrombocytopenia

3. TESTS FOR DETECTION OF OPPORTUNISTIC INFECTION AND
SECONDARY TUMOURS

i) FNAC/exfoliative cytology
ii) Biopsy

establishing HIV infection, tests for defects in immunity, and
tests for detection of opportunistic infections and secondary
tumours. However, usually initial testing for antibodies is done
against HIV by ELISA and confirmation by Western blot or
immunofluorescence test. These tests are as under (Table 3.6):

1. Tests for establishing HIV infection These include
antibody tests and direct detection of HIV.

i) Antibody tests These tests are as under:

a) ELISA Initial screening is done by serologic test for
antibodies by enzyme-linked immunosorbent assay (ELISA)
against gag and env proteins. The term window period is used
for the initial 2 to 4 weeks period when the patient is infectious
but the screening test is negative, while seroconversion is
the term used for appearance of antibodies. Besides, ELISA
may be false positive in autoantibodies, liver disease, recent
vaccination against flu, and other viral infections.

b) Western blot If ELISA is positive, confirmation is done by
Western blot for presence of specific antibodies against all
three HIV antigens: gag, pol and env.

ii) Direct detection of HIV These tests are as follows:

a) p24 antigen capture assay.

b) HIV RNA assay methods by reverse transcriptase (RT) PCR,
branched DNA, nucleic acid sequence-based amplification
(NucliSens).

¢) DNA-PCR by amplification of proviral DNA.

d) Culture of HIV from blood monocytes and CD4+ T cells.

2. Tests for defects in immunity These tests are used for
diagnosis as well as for monitoring treatment of cases.

i) CD4+ T cell counts. Progressive fall in number of CD4+ T
cells is of paramount importance in diagnosis and staging as
CDC categories as described above.

ii) Rise in CD8+ T cells.

iii) Reversal of CD4+ to CD8+ T cell ratio.

iv) Lymphopenia.

v) Polyclonal hypergammaglobulinaemia.
vi) Increased [3-2 microglobulin levels.
vii) Platelet count revealing thrombocytopenia.

3. Tests for detection of opportunistic infections and
secondary tumours Diagnosis of organs involved in
opportunistic infection and specific tumours secondary to
HIV/AIDS is made by aspiration or biopsy methods as for the
corresponding primary disease.

IR0 & X Bl Immunodeficiency Diseases: HIV-AIDS

Immunodeficiency diseases may be primary (usually the
result of genetic or developmental abnormality of the
immune system) or secondary (from acquired suppression
of the immune system), the most important example
being acquired immunodeficiecy syndrome (AIDS).

AIDS has pandemic distribution and is seen in all
continents. As per current estimates, 35 million people are
living with AIDS globally, Sub-Saharan Africa having the
largest number of cases.

It is caused by retrovirus, HIV-1 or HIV-2, the former being
much more common etiologic agent in most parts of the
world.

The routes of spread of infection are: sexual (both
homo- and heterosexual), via blood route and by use of
contaminated blood products, perinatal transmission to
the new born from infected mothers, needle stick injuries,
and rarely from other body fluids.

Mechanism of acquiring disease is by selective tropism of
HIV for CD4 molecule located on CD4+ helper T cells and
other such cells. The virus internalises in the target cell,
uncoats and forms double stranded viral DNA, which then
integrates into the host cell DNA, forming HIV provirus.
Virus replicates inside the cytoplasm and ultimately
destroys the host CD4+T cells. The viral particles then
disseminate to the other lymphoid tissues, creating a
reservoir of organism in the host.

As per CDC, HIV is defined by clinical features and by CD4+
T cell count <200/l Its categories are: A=asymptomatic
case, acute HIV syndrome or with PGL; B=symptomatic
case due to impaired CMI; and C=having AIDS indicator
conditions.

AIDS involves multiple systems and affects almost all
organs. The main pathologic lesions in full-blown case are
due to opportunistic infections, secondary tumours and
CNS manifestations.

Diagnosis of AIDS is made by tests to establish infection
(antibody testing by ELISA, confirmation by Western blot),
and to detect defect in immunity (low CD4 cell counts and
reversal of CD4+:CD8+ cells).

HYPERSENSITIVITY REACTIONS
(IMMUNOLOGIC TISSUE INJURY)

Hypersensitivity is defined as an exaggerated or inappropriate
state of normal immune response with onset of adverse effects on
the body. The lesions of hypersensitivity are a form of antigen-
antibody reaction. These lesions are termed as hypersensitivity
reactions or immunologic tissue injury, of which 4 types are
described: type I, II, III and IV. Depending upon the rapidity,
duration and type of the immune response, these 4 types of
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IEL AN Comparative features of 4 types of hypersensitivity reactions.

FEATURE TYPEI TYPEII TYPE llI TYPE IV
(ANAPHYLACTIC, ATOPIC)  (ANTIBODY-MEDIATED, (IMMUNE-COMPLEX, (DELAYED,
CYTOTOXIC) ARTHUS REACTION) T CELL-MEDIATED)
1. Definition Rapidly developing Reaction of humoral antibodies Results from deposition Cell-mediated slow and

immune response in a
previously sensitised

that attack cell surface antigens
and cause cell lysis

of antigen-antibody
complexes on tissues

prolonged response

person
2. Peakaction time 15-30 minutes 15-30 minutes Within 6 hours After 24 hours
Mediated by IgE antibodies IgG or IgM antibodies 19G, IgM antibodies Cell-mediated
4.  Etiology Genetic basis, pollutants, HLA-linked, exposure to foreign Persistence of low grade CD8+T cells, cutaneous
viral infections tissues/cells infection, environmental antigens
antigens, autoimmune
process
5.  Examples i. Systemic anaphylaxis i. Cytotoxic antibodies to blood i. Immune complex i. Reaction against

(administration of
antisera and drugs,
stings)

ii. Local anaphylaxis (hay

food allergy, cutaneous,
angioedema)

cells (autoimmune haemolytic
anaemia, transfusion reactions,
erythroblastosis foetalis, ITP,
leucopenia, drug-induced)
fever, bronchial asthma, ii. Cytotoxic antibodies to tissue
components (Graves' disease,
myasthenia gravis, male

glomerulonephritis
ii. Goodpasture's
syndrome,
iii. Collagen diseases (SLE, tuberculosis,
rheumatoid arthritis) tuberculoid leprosy)
iv. PAN ii. Reaction against
v. Drug-induced vasculitis virus-infected cells

mycrobacterial
antigen (tuberculin
reaction,

sterility, type | DM, hyperacute iii. Reaction against

reaction against organ

transplant)

tumour cells

hypersensitivity reactions are grouped into either immediate
or delayed type:

1. Immediate type in which on administration of antigen,
the reaction occurs immediately (within seconds to minutes).
Immune response in this type is mediated largely by humoral
antibodies (B cell mediated). Immediate type of hyper-
sensitivity reactions include type I, I and II1.

2. Delayed type inwhich thereaction isslower in onset and
develops within 24-48 hours and the effect is prolonged. It is
mediated by cellular response (T cell mediated) and it includes
Type 1V reaction.

The etiopathogenesis and examples of immunologic tissue
injury by the 4 types of hypersensitivity reactions are discussed
below and are summarised in Table 3.7.

TYPE I: ANAPHYLACTIC (ATOPIC) REACTION

TypelIhypersensitivity is defined as a state of rapidly developing
or anaphylactic type of immune response to an antigen (i.e.
allergen) to which the individual is previously sensitised
(anaphylaxis is the opposite of prophylaxis). The reaction
appears within 15-30 minutes of exposure to antigen.

ETIOLOGY Type I reaction is mediated by humoral anti-
bodies of IgE type or reagin antibodies in response to antigen.
Following hypotheses have been proposed:

1. Geneticbasis There is evidence that ability to respond to
antigen and produce IgE are both linked to genetic basis. For
example, there is a 50% chance that a child born to both parents
allergic to an antigen, may have similar allergy. Further support
to this hypothesis comes from observations of high levels of IgE
in hypersensitive individuals and low level of suppressor T cells
that control the immune response are observed in persons with
certain HLA types (in particular HLA-B8).

2. Environmental pollutants Another proposed hypothesis
is that environmental pollutants increase mucosal permeability
and thus may allow increased entry of allergen into the body,
which in turn leads to raised IgE level.

3. Concomitant factors An alternate hypothesis is that
allergic response in type I reaction may be linked to simulta-
neous occurrence of certain viral infections of upper respiratory
tract in a susceptible individual.

PATHOGENESIS Type I reaction includes participation by
B lymphocytes and plasma cells, mast cells and basophils,
neutrophils and eosinophils. The underlying mechanism is as
follows (Fig. 3.7, A):

i) During first contact of the host with the antigen, sensitisation
takes place. In response to initial contact with antigen,
circulating B lymphocytes get activated and differentiate to
form IgE-secreting plasma cells. IgE antibodies so formed bind
to the Fc receptors present in plenty on the surface of mast
cells and basophils, which are the main effector cells of type I
reaction. Thus, these cells are now fully sensitised for the next
event.

ii) During the second contact with the same antigen, IgE
antibodies on the surface of mast cells-basophils are so firmly
bound to Fc receptors that it sets in cell damage—membrane
lysis, influx of sodium and water and degranulation of mast
cells-basophils.

iii) The released granules contain important chemicals and
enzymes with proinflammatory properties— histamine, sero-
tonin, vasoactive intestinal peptide (VIP), chemotactic factors
of anaphylaxis for neutrophils and eosinophils, leukotrienes
B4 and D4, prostaglandins (thromboxane A2, prostaglandin
D2 and E2) and platelet activating factor. The effects of these
agents are:

i) increased vascular permeability;
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Complement activation Deposition of Ag-Ab complex Ag presented to
on vessel wall CD4+ T cell

Destruction of tissue Tissue destruction by activated
T cells and macrophages

Figure 3.7 Schematic representation of pathogenesis of 4 types of

Mast cell degranulation Phagocytosis immunological tissue injury.
ii) smooth muscle contraction; vi) increased nasal and lacrimal secretions; and
iii) early vasoconstriction followed by vasodilatation; vii) increased migration of eosinophils and neutrophils at the
iv) shock; site of local injury as well as their rise in blood (eosinophilia

v) increased gastric secretion; and neutrophilia).
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EXAMPLES OF TYPE I REACTION The manifestations of
type I reaction may be variable in severity and intensity. It
may manifest as a local irritant (skin, nose, throat, lungs etc),
or sometimes may be severe and life-threatening anaphylaxis.
Common allergens which may incite local or systemic type I
reaction are as under:

Systemic anaphylaxis:

i) Administration of antisera e.g. anti-tetanus serum (ATS).
ii) Administration of drugs e.g. penicillin.

iii) Sting by wasp or bee.

The clinical features of systemic anaphylaxis include
itching, erythema, contraction of respiratory bronchioles,
diarrhoea, pulmonary oedema, pulmonary haemorrhage,
shock and death.

Local anaphylaxis:

i) Hay fever (seasonal allergic rhinitis) due to pollen
sensitisation of conjunctiva and nasal passages.

ii) Bronchial asthma due to allergy to inhaled allergens like
house dust.

iii) Food allergy to ingested allergens like fish, cow’s milk, eggs
etc.

iv) Cutaneous anaphylaxis due to contact of antigen with skin
characterised by urticaria, wheal and flare.

v) Angioedema, an autosomal dominant inherited disorder
characterised by laryngeal oedema, oedema of eyelids, lips,
tongue and trunk.

TYPE 1l: ANTIBODY-MEDIATED (CYTOTOXIC) REACTION

Type II or cytotoxic reaction is defined as reaction by humoral
antibodies that attack cell surface antigens on the specific
cells and tissues and cause lysis of target cells. Type Il reaction
too appears generally within 15-30 minutes after exposure to
antigen but in myasthenia gravis and thyroiditis it may appear
after longer duration.

ETIOLOGY AND PATHOGENESIS In general, type II
reactions have participation by complement system, tissue
macrophages, platelets, natural killer cells, neutrophils and
eosinophils while main antibodies are IgG and IgM class. Type
II hypersensitivity is tissue-specific and reaction occurs after
antibodies bind to tissue specific antigens, most often on blood
cells. The mechanism involved is as under (Fig. 3.7, B):

i) The antigen on the surface of target cell (foreign cell) attracts
and binds Fab portion of the antibody (IgG or IgM) forming
antigen-antibody complex.

ii) The unattached Fc fragment of antibodies (IgG or IgM) forms
a link between the antigen and complement.

iii) The antigen-antibody binding with Fc forming a link causes
activation of classical pathway of serum complement which
generates activated complement component, C3b, by splitting
C4 and C2 by C1.

iv) Activated C3b bound to the target cell acts as an opsonin
and attracts phagocytes to the site of cell injury and initiates
phagocytosis.

v) Antigen-antibody complex also activates complement
system and exposes membrane attack complex (MAC) that
attacks and destroys the target cell.

EXAMPLES OF TYPE II REACTION Examples of type II
reaction are mainly on blood cells and some other body cells
and tissues.

1. Cytotoxic antibodies to blood cells These are more
common. Some examples are as under:

i) Autoimmune haemolytic anaemia in which the red cell
injury is brought about by autoantibodies reacting with
antigens present on red cell membrane. Antiglobulin test
(direct Coombs’ test) is employed to detect the antibody on red
cell surface (page 288).

ii) Transfusion reactions due to incompatible or mismatched
blood transfusion.

iii) Haemolytic disease of the newborn (erythroblastosis
foetalis) in which the foetal red cells are destroyed by maternal
isoantibodies crossing the placenta.

iv) Idiopathic thrombocytopenic purpura (ITP) is the
immunologic destruction of platelets by autoantibodies
reacting with surface components of normal plaletets.

v) Leucopenia with agranulocytosis may be caused by
autoantibodies to leucocytes causing their destruction.

vi) Drug-induced cytotoxic antibodies are formed in response
to administration of certain drugs like penicillin, methyl dopa,
rifampicin etc. The drugs or their metabolites act as haptens
binding to the surface of blood cells to which the antibodies
combine, bringing about destruction of cells.

2. Cytotoxic antibodies to tissue components Cellular
injury may be brought about by autoantibodies reacting with
some components of tissue cells in certain diseases.

i) In Graves’ disease (primary hyperthyroidism), thyroid
autoantibody is formed which reacts with the TSH receptor to
cause hyperfunction and proliferation.

ii) In myasthenia gravis, antibody to acetylcholine receptors
of skeletal muscle is formed which blocks the neuromuscular
transmission at the motor end-plate, resulting in muscle
weakness.

iii) In male sterility, antisperm antibody is formed which reacts
with spermatozoa and causes impaired motility as well as
cellular injury.

iv) In type 1 diabetes mellitus, islet cell autoantibodies are
formed which react against islet cell tissue.

v) In hyperacute rejection reaction, antibodies are formed
against donor antigen.

TYPE Ill: IMMUNE COMPLEX
MEDIATED (ARTHUS) REACTION

Type III reactions result from deposition of antigen-antibody
complexes on tissues, which is followed by activation of the
complement system and inflammatory reaction, resulting in
cell injury. The onset of type III reaction takes place about 6
hours after exposure to the antigen.

ETIOLOGY Type Il reaction is not tissue specific and occurs
when antigen-antibody complexes fail to get removed by the
body’s immune system. There are 3 types of possible etiologic
factors precipitating type III reaction:

1. Persistence of low-grade microbial infection A low-
grade infection with bacteria or viruses stimulates a somewhat
weak antibody response. Persistence of infection (antigen)
and corresponding weak antibody response leads to chronic
antigen-antibody complex formation. Since these complexes
fail to get eliminated from body fluids, they are instead deposi-
ted in tissues e.g. in blood vessel wall, glomeruli, joint tissue etc.

2. Extrinsic environmental antigen Exogenous antigens
may be inhaled into the lungs e.g. antigens derived from



moulds, plants or animals. The inhaled antigen combines with
antibody in the alveolar fluid and forms antigen-antibody
complex which is deposited in the alveolar walls.

3. Autoimmune process Another sequence in type III
reaction can be formation of autoantibodies against own tissue
(self antigen) forming autoantibody-self antigen complex.
Such self antigens can be circulating (e.g. IgA) or tissue derived
(e.g. DNA). Immune complexes containing both components
from body’s own system can thus be deposited in tissues.

PATHOGENESIS It may be mentioned here that both type
II and type III reactions have antigen-antibody complex
formation but the two can be distinguished—antigen in type
II is tissue specific while in type III it is not so. Moreover the
mechanism of cell injury in type II is direct but in type III it
is by deposition of antigen-antibody complex on tissues and
subsequent sequence of cell injury takes place.

Type III reaction has participation by IgG and IgM
antibodies, neutrophils, mast cells and complement. The
sequence of underlying mechanism is as under (Fig. 3.7, C):

i) Immune complexes are formed by interaction of soluble
antibody and soluble or insoluble antigen.

ii) Immune complexes which fail to get removed from body fluid
get deposited into tissues. Generally, small and intermediate
sized antibodies and antigens precipitate out of the body fluid
and get deposited in tissues.

iii) Fc component of antibody links with complement and
activates classical pathway of complement resulting in
formation of C3a, C5a and membrane attack complex.

iv) C3a stimulates release of histamine from mast cells and
its resultant effects of increased vascular permeability and
oedema.

v) C5a releases proinflammatory mediators and chemotactic
agents for neutrophils.

vi) Accumulated neutrophils and macrophages in the tissue
release cytokines and result in tissue destruction.

EXAMPLES OF TYPE III REACTION Common examples of
cell injury by type III injury are as under:

i) Immune complex glomerulonephritis in which the antigen
may be glomerular basement membrane (GBM) or exogenous
agents (e.g. Streptococcal antigen).

ii) Goodpasture syndrome having GBM as antigen.

iii) SLE in which there is nuclear antigen (DNA, RNA) and there
is formation of anti-nuclear and anti-DNA autoantibodjies.

iv) Rheumatoid arthritis in which there is nuclear antigen.

v) Farmer’s lung in which actinomycetes-contaminated hay
acts as antigen.

vi) Polyarteritis nodosa and Wegener’s granulomatosis with
antineutrophil cytoplasmic antigen.

vii) Henoch-Schonlein purpura in which respiratory viruses
act as antigen.

viii) Drug-induced vasculitis in which the drug acts as
antigen.

TYPE IV: DELAYED HYPERSENSITIVITY
(T CELL-MEDIATED) REACTION

Type IV or delayed hypersensitivity reaction is tissue injury
by T cell-mediated immune response without formation of
antibodies (contrary to type I, I and III) but is instead a slow
and prolonged response. The reaction occurs about 24 hours
after exposure to antigen and the effect is prolonged which may
last up to 14 days.

ETIOLOGY AND PATHOGENESIS Type IV reaction involves
role of mast cells and basophils, macrophages and CD8+ T
cells. Briefly, the mechanism of type IV reaction is as under
(Fig. 3.7, D):

i) The antigen is recognised by CD8+ T cells (cytotoxic T cells)
and is processed by antigen presenting cells.

ii) Antigen-presenting cells migrate to lymph node where
antigen is presented to helper T cells (CD4+ T cells).

iii) Helper T cells release cytokines that stimulate T cell
proliferation and activate macrophages.

iv) Activated T cells and macrophages release proinflammatory
mediators and cause cell destruction.

EXAMPLES OF TYPE IV REACTION Type IV reaction can
explain tissue injury in following common examples:

1. Reaction against mycobacterial infection e.g. tuberculin
reaction, granulomatous reaction in tuberculosis, leprosy.

2. Reaction against virally infected cells.

3. Reaction against malignant cells in the body.

4. Reaction against organ transplantation e.g. transplant
rejection, graft versus host reaction.

o Hypersensitivity Reactions
‘r GISTBOX3.5 (Immunologic Tissue Injury)

Depending upon the rapidity, duration and type of the
immune response, there are 4 types of hypersensitivity
reactions grouped into two categories: immediate (type
I, Il and 1) and delayed type (type IV).

Type | (or anaphylactic) hypersensitivity is a state of rapidly
developing or anaphylactic type of immune response
to an antigen (i.e. allergen) to which the individual is
previously sensitised. The reaction appears within 15-30
minutes of exposure to antigen. It is mediated by humoral
antibodies of IgE type for which mast cells and basophils
play a key role.

Type Il or cytotoxic reaction is a reaction by humoral
antibodies that attack cell surface antigens on the specific
cells and tissues and cause lysis of target cells. Type Il
reaction is tissue-specific and occurs after antibodies (IgG
or IgM) bind to tissue specific antigens, most often on
blood cells.

Type il reactions result from deposition of antigen-
antibody complexes on tissues, which is followed by
activation of the complement system and inflammatory
reaction and tissue injury. Antigen in type Il reaction is not
tissue specific.

Type IV or delayed hypersensitivity is tissue injury by T
cell-mediated immune response without formation of
antibodies. The reaction occurs about 24 hours (delayed)
after exposure to antigen and the response is prolonged.

AUTOIMMUNE DISEASES

Autoimmunity is a state in which the body’s immune system
fails to distinguish between ‘self’ and ‘non-self’ and reacts by
formation of autoantibodies against one’s own tissue antigens.
In other words, there is loss of tolerance to one’s own tissues;
autoimmunity is the opposite of immune tolerance.

Immune tolerance is a normal phenomenon present since
foetal life and is defined as the ability of an individual to
recognise self tissues and antigens. Normally, the immune
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system of the body is able to distinguish self from non-self
antigens by the following mechanisms:

1. Clonal elimination According to this theory, during
embryonic development, T cells maturing in the thymus
acquire the ability to distinguish self from non-self. These T cells
are then eliminated by apoptosis for the tolerant individual.

2. Concept of clonal anergy According to this mechanism,
T lymphocytes which have acquired the ability to distinguish
self from non-self are not eliminated but instead become non-
responsive and inactive.

3. Suppressor T cells According to this mechanism, the
tolerance is achieved by a population of specific suppressor
T cells which do not allow the antigen-responsive cells to
proliferate and differentiate.

PATHOGENESIS (THEORIES) OF AUTOIMMUNITY

Normally, the body’s response to self antigens (autoimmunity)
is prevented by three major processes:

1. Sequestration of autoantigens and thus their unavailablity
for autoimmune response.

2. Generation and maintenance of tolerance or anergy by T
and B lymphocytes in the body.

3. Regulatory mechanisms limiting response by the immune
system.

The mechanisms by which the immune tolerance of the
body is broken causes autoimmunity. These mechanisms or
theories of autoimmunity may be exogenous or endogenous,
and include immunological, genetic, and microbial factors,
which may be interacting:

1. Immunological factors Failure of immunological
mechanisms of tolerance initiates autoimmunity as follows:

i) Polyclonal activation of B cells B cells may be directly
activated by stimuli such as infection with microorganisms and
their products leading to bypassing of T cell tolerance.

ii) Generation of self-reacting B cell clones may also lead to
bypassing of T cell tolerance.

iii) Decreased T suppressor and increased T helper cell activity.
Loss of T suppressor cell and increase in T helper cell activities
may lead to high levels of autoantibody production by B cells
contributing to autoimmunity.

iv) Fluctuation of anti-idiotype network control may cause
failure of mechanisms of immune tolerance.

v) Sequestered antigen released from tissues ‘Self-antigen’
which is completely sequestered may act as ‘foreign-antigen’
if introduced into the circulation later. For example, in trauma
to the testis, there is formation of anti-sperm antibodies against
spermatozoa; similar is the formation of autoantibodies against
lens crystallin.

2. Genetic factors There is evidence in support of genetic
factors in the pathogenesis of autoimmunity as under:

i) There is increased expression of Class II HLA antigens on
tissues involved in autoimmunity.

ii) There is increased familial incidence of some forms of the
autoimmune disorders.

iii) There is higher incidence of autoimmune diseases in twins
favouring genetic basis.

3. Microbial factors Infection with microorganisms,
particularly viruses (e.g. EBV infection), and less often bacteria
(e.g. streptococci, Kliebsiella) and mycoplasma, has been

B[R Criteria for diagnosis of autoimmune diseases.

LABORATORY EVIDENCE

1. Presence and documentation of relevant autoantibodies in the
serum

2. Demonstration of T cell reactivity to self antigen

. Lymphocytic infiltrate in the pathologic lesion

4. Production of cytokines by helper T cells e.g. interferon vy,
interleukin 4

5. Evidence to support production of pathologic lesions in the tissues
by transplacental transmission

6. Transfer of an autoimmune disease to an experimental animal by
administration of autoantibodies

CLINICAL EVIDENCE

1. Association of other autoimmune disease
2. Improved therapeutic response to immunosuppressive agents
3. Family history of autoimmune disease

w

implicated in triggering the pathogenesis of autoimmune
diseases. However, a definite evidence in support is lacking.

TYPES AND EXAMPLES OF AUTOIMMUNE DISEASES

Autoimmune diseases are a growing number of such diseases
in which autoimmunity is either mediated by formation
of immune complexes or they are mediated by T cells. In
order to classify a disease as autoimmune, it is necessary to
demonstrate that immune response in the body is elicited by
self antigen and has caused the specific pathologic change. In
general, presumptive evidence of autoimmune disease is made
based on a few criteria, both laboratory and clinical, listed in
Table 3.8.

Depending upon the type of autoantibody formation, the
autoimmune diseases are broadly classified into 2 groups:

1. Organ specific (Localised) diseases In these, the
autoantibodies formed react specifically against an organ or
target tissue component and cause its chronic inflammatory
destruction. The tissues affected are endocrine glands (e.g.
thyroid, pancreatic islets of Langerhans, adrenal cortex),
alimentary tract, blood cells and various other tissues and
organs.

2. Organ non-specific (Systemic) diseases These are
diseases in which a number of autoantibodies are formed
which react with antigens in many tissues and thus cause syste-
mic lesions. The examples of this group are various systemic
collagen diseases.

However, a few autoimmune diseases overlap between
these two main categories.

Based on these 2 main groups, a list of common auto-
immune (or immune-mediated inflammatory) diseases is
presented in Table 3.9 and illustrated in Fig. 3.8. Some of the
systemic autoimmune diseases (marked with asterisk) are
discussed in this chapter while others from both the groups are
described later in the relevant chapters.

Systemic Lupus Erythematosus (SLE)

SLE is the classical example of systemic autoimmune or
collagen diseases. The disease derives its name “Tupus’ from
the Latin word meaning ‘wolf’ since initially this disease
was believed to affect skin only and eat away skin like a wolf.
However, now 2 forms of lupus erythematosus are described:
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* Autoimmune haemolytic anaemia
* Immune thrombocytopenia

» Myasthenia gravis

* Graves' disease

= Hashimoto' thyroiditis

* Goodpasture syndrome

= Autoimmune orchitis

= Autoimmune gastritis

= Systemic lupus erythematosus (SLE)
* Inflammatory myopathies

* Palyarteritis nodosa

= Wegener's granulomatosis
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MEDIATED BY T CELLS

= Type 1 diabetes mellitus
* Multiple sclerosis

MEDIATED BY T CELLS

* Rheumatoid arthritis

+ Scleroderma (Systemic sclerosis)
= Sjogren's syndrome

* Inflammatory bowel disease

Figure 3.8 Organ specific and systemic autoimmune diseases.

JELIERRA Autoimmune diseases.

ORGAN NON-SPECIFIC (SYSTEMIC)

1. Systemic or disseminated form is characterised by
acute and chronic inflammatory lesions widely scattered in the
body and there is presence of various nuclear and cytoplasmic
autoantibodies in the plasma.

1. Systemic lupus erythematosus*

5. Rheumatoid arthritis 2. Discoid form is characterised by chronic and localised
3. Scleroderma (Systemic sclerosis)* skin lesions involving the bridge of nose and adjacent cheeks
4. Inflammatory myopathies (polymyositis, dermatomyositis, without any systemic manifestations. Rarely, discoid form may

inclusion body myositis)* develop into disseminated form.

5. Pf)ulyarteritis nodosa (PAN) ETIOLOGY The exact etiology of SLE is not known. However,
6. Sjogren’s syndrome* . there is role of heredity and certain environmental factors:

7. Wegener’s granulomatosis 2. Genetic factors. Genetic predisposition to develop auto-

ORGAN SPECIFIC (LOCALISED)

1.

ENDOCRINE GLANDS

(i) Hashimoto's (autoimmune) thyroiditis
(i) Graves'disease
(iii) Type 1 diabetes mellitus
(iv) Idiopathic Addison’s disease

antibodies to nuclear and cytoplasmic antigens in SLE is
due to the immunoregulatory function of class II HLA genes
implicated in the pathogenesis of SLE.

3. Environmental factors. Various other factors express the
genetic susceptibility of an individual to develop clinical
disease. These factors are:

i) certain drugs e.g. penicillamine D;

% AR ARG ii) certain viral infections e.g. EBV infection; and
(i) Autoimmune atrophic gastritis in pernicious anaemia iii) certain hormones e.g. oestrogen.
(i) Ulcerative colitis
(iii) Crohn's disease PATHOGENESIS Interaction between susceptibility
3. BLOOD CELLS genes and environmental factors results in abnormal
N . - ) immune responses by formation of various autoantibodies.
9) utoimmune haemolytic anaemia Autoantibodies against nuclear and cytoplasmic components
(i) Autoimmune thrombocytopenia . .
T —" ofthe cells are demonstrable in plasma by immunofluorescence
tests in almost all cases of SLE. Some of the important
4. OTHERS

(i) Myasthenia gravis

(ii) Autoimmune orchitis

(iii) Autoimmune encephalomyelitis
(iv) Goodpasture's syndrome

(v) Primary biliary cirrhosis

(vi) Lupoid hepatitis
(vii) Membranous glomerulonephritis
(viii) Autoimmune skin diseases

*Diseases discussed in this chapter.

antinuclear antibodies (ANAs) or antinuclear factors (ANFs)
against different nuclear antigens are as under:

i) Antinuclear antibodies (ANA) These are the antibodies
against common nuclear antigen that includes DNA as well as
RNA. These are demonstrable in about 98% cases and are used
as screening test.

ii) Antibodies to double-stranded (anti-dsDNA) Thisis the
most specific for SLE, especially in high titres, and is present in
70% cases.
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iii) Anti-Smith antibodies (anti-Sm) These antibodies
appear against Smith antigen which is part of ribonucleo-
proteins. It is also specific for SLE but is seen in about 25%
cases.

iv) Other non-specific antibodies Besides above, there
are several other antibody tests which lack specificity for SLE.
These are as follows:

a) Anti-ribonucleoproteins (anti-RNP) seen in 40% cases of
SLE but seen more often in Sjogren’s syndrome.

b) Anti-histone antibody, which is antibody against histone
associated with DNA in chromatin, is seen particularly in cases
of drug-induced lupus than in SLE.

¢) Antiphospholipid antibodies (APLA) or lupus anticoagulant
are tests for thrombotic complications in cases of SLE.

d) Anti-ribosomal P antibody is antibody against protein in
ribosomes and is seen in CNS lupus.

The source of these autoantibodies as well as hypergamma-
globulinaemia seen in SLE is the polyclonal activation of B
cells brought about by following immunologic derangements:
i) aninherited defect in B cells;

ii) stimulation of B cells by micro-organisms;
iii) T helper cell hyperactivity; and
iv) T suppressor cell defect.
Two types of immunologic tissue injury can occur in SLE:

1. Type II hypersensitivity is characterised by formation of
autoantibodies against blood cells (red blood cells, platelets,
leucocytes) and results in haematologic derangement in SLE.

2. Type III hypersensitivity is characterised by antigen-
antibody complex (commonly DNA-anti-DNA antibody;
sometimes Ig-anti-Ig antibody complex) which is deposited at
sites such as renal glomeruli, walls of small blood vessels etc.

LE CELL PHENOMENON This was the first diagnostic
laboratory test described for SLE. The test is based on the
principle that ANAs cannot penetrate the intact cells and thus
cell nuclei should be exposed to bind them with the ANAs. The
binding of exposed nucleus with ANAs results in homogeneous
mass of nuclear chromatin material which is called LE body or
haematoxylin body.

LE cell is a phagocytic leucocyte, commonly polymorpho-
nuclear neutrophil, and sometimes a monocyte, which engulfs
the homogeneous nuclear material of the injured cell. For
demonstration of LE cell phenomenon in vitro, the blood
sample is traumatised to expose the nuclei of blood leucocytes
to ANAs. This results in binding of denatured and damaged
nucleus with ANAs. The ANA-coated denatured nucleus is
chemotactic for phagocytic cells.

@ If this mass is engulfed by a neutrophil, displacing the
nucleus of neutrophil to the rim of the cell, it is called LE cell
(Fig. 3.9).

@ If the mass, more often an intact lymphocyte, is phago-
cytosed by a monocyte, it is called Tart cell.

LE cell test is positive in 70% cases of SLE while newer and
more sensitive immunofluorescence tests for autoantibodies
listed above are positive in almost all cases of SLE. A few other
conditions may also show positive LE test e.g. rheumatoid
arthritis, lupoid hepatitis, penicillin sensitivity etc.

MORPHOLOGIC FEATURES The manifestations of
SLE are widespread in different visceral organs and as
erythematous cutaneous eruptions. The principal lesions

Figure 3.9 Typical LE cell. There are two LE cells having rounded masses
of amorphous nuclear material (LE body) which has displaced the lobes
of neutrophil to the rim of the cell.

are renal, vascular, cutaneous and cardiac; other organs and
tissues involved are serosal linings (pleuritis, pericarditis),
joints (synovitis), spleen (vasculitis), liver (portal triaditis),
lungs (interstitial pneumonitis, fibrosing alveolitis), CNS
(vasculitis) and in blood (autoimmune haemolytic anaemia,
thrombocytopaenia).
Histologically, the characteristic lesion in SLE is fibrinoid
necrosis which may be seen in the connective tissue,
beneath the endothelium in small blood vessels, under the
mesothelial lining of pleura and pericardium, under the
endothelium in endocardium, or under the synovial lining
cells of joints.

Table 3.10 summarises the morphology of lesions in
different organs and tissues in SLE.

CLINICAL FEATURES SLE, like most other autoimmune
diseases, ismore common in women in their 2nd to 3rd decades
oflife. As obvious from Table 3.10, SLE is a multisystem disease
and thus a wide variety of clinical features may be present. The
severity of disease varies from mild to intermittent to severe
and fulminant. Usually targeted organs are musculoskeletal
system, skin, kidneys, nervous system, lungs, heart and blood
vessels, GI system, and haematopoietic system. Fatigue and
myalgia are present in most cases throughout the course of
disease. Severe form of illness occurs with fever, weight loss,
anaemia and organ related manifestations.

The disease usually runs a long course of flare-ups and
remissions; renal failure is the most frequent cause of death.

Scleroderma (Systemic Sclerosis)

Just like SLE, scleroderma was initially described as a skin
disease characterised by progressive fibrosis. But now, 2 main
types are recognised:

1. Diffuse scleroderma in which the skin shows widespread
involvement and may progress to involve visceral structures.

2. CRESTsyndrome characterised by Calcinosis (C), Raynaud’s

phenomenon (R), Esophageal hypomotility (E), Sclerodactyly
(S) and Telangiectasia (T).



IEJEERTON Morphology of major lesions in SLE.

1. RENAL LESIONS (LUPUS NEPHRITIS)
EM-shows large deposits in mesangium, subepithelium or
subendothelium.
IM-shows granular deposits of immune complex (IgG and C3)
on capillaries, mesangium and tubular basement membranes.
Six WHO classes of lupus nephritis based on patterns:

Class I: Minimal disease lupus nephritis: Seen in <5% cases.
LM shows no change.
IF shows mesangial deposits.

Class Il: Mesangial proliferative lupus nephritis: Seen in 10-25%
cases.

LM shows mesangial expansion; pure mesangial hypercellularity.
IF shows subepithelial or subendothelial deposits.

Class lll: Focal lupus nephritis: Seen in 20-35% cases.

LM shows focal or segmental endothelial and mesangial cell
proliferation in <50% glomeruli.

IF shows focal subendothelial deposits.

Three subclasses:

Class IlIA: Active lesions (focal proliferative).

Class IlIA/C: Active on chronic lesions (focal proliferative and
sclerosing).

Class llIC: Chronic inactive lesions with scars (focal sclerosing).

Class IV: Diffuse lupus nephritis: Seen in 35-60% cases.

LM shows diffuse, segmental or global involvement of >50%
glomeruli; proliferation of endothelial, mesangial and epithelial
cells; epithelial crescents.

IF shows diffuse subendothelial deposits.

Two subclasses:

Class IV-S: 50% of involved glomeruli have segmental lesions.

Class IV-G: 50% of involved glomeruli have global lesions.
Each of these subclasses (IV-S and IV-G) has active, active on
chronic, and chronic lesions.

Class V: Membranous lupus nephritis: Seen in 10-15% cases.
LM shows diffuse basement membrane thickening.

IF shows global or segmental subepithelial deposits.

May be seen in combination with class Ill or IV.

Class VI: Advanced sclerotic lupus nephritis: Seen as end-stage
disease.
LM shows global sclerosis of > 90% of glomeruli.

2o LESIONS OF SMALL BLOOD VESSELS (ACUTE NECROTISING
VASCULITIS)

Affects all tissues; commonly skin and muscles involved.
LM shows fibrinoid deposits in the vessel wall; perivascular
infiltrate of mononuclear cells.

3. CUTANEOUS LESIONS (ERYTHEMATOUS ERUPTIONS)

Butterfly area on nose and cheek.

LM shows liquefactive degeneration of basal layer of epidermis,
oedema at dermoepidermal junction; acute necrotising
vasculitis in dermis.

IF shows immune complex deposits (IgG and C3) at dermo-
epidermal junction.

4. CARDIAC LESIONS (LIBMAN-SACKS ENDOCARDITIS)

Vegetations on mitral and tricuspid valves, may extend to mural
endocardium, chordae tendineae.

LM of vegetations shows fibrinoid material, necrotic debris,
inflammatory cells, haematoxylin bodies may be present;
connective tissue of endocardium and myocardium may show
focal inflammation and necrotising vasculitis.

(LM = Light microscopy; IF = Immunofluorescence microscopy).

ETIOPATHOGENESIS There is role of following 2 factors in
its etiology:

1. Susceptibility genes as seen in occurrence of disease in
families and in twins.

2. Certain environmental factors e.g. CMV infection, and role
of common shared environmental exposure of certain agents
as seen by prevalence of disease in some geographic location.

Antinuclear antibodies are detected in majority of cases of
systemic sclerosis. Thus, immunologic mechanisms have been
implicated in the pathogenesis of lesions in systemic sclerosis
which finally cause activation of fibroblasts. The immune
mechanisms leading to stimulation of fibroblasts act in the
following ways:

i) Elaboration of cytokines such as by fibroblast growth factor
and chemotactic factors by activated T cells and macrophages.

ii) Endothelial cell injury due to cytotoxic damage to endo-
thelium from autoantibodies or antigen-antibody complexes.
This results in aggregation and activation of platelets which
increases vascular permeability and stimulates fibroblastic
proliferation.

MORPHOLOGIC FEATURES Disseminated visceral
involvement as well as cutaneous lesions are seen in
systemic sclerosis.

1. Skin changes Skin is involved diffusely, beginning
distally from fingers and extending proximally to arms,
shoulders, neck and face. In advanced stage, the fingers
become claw-like and face mask-like.

Microscopically, changes are progressive from early to late
stage.

@ Early stage shows oedema and degeneration of collagen.
The small-sized blood vessels are occluded and there is
perivascular infiltrate of mononuclear cells.

@ Late stage reveals thin and flat epidermis. Dermis is
largely replaced by compact collagen and there is hyaline
thickening of walls of dermal blood vessels. In advanced
cases subcutaneous calcification may occur.

2. Kidney changes Involvement of kidneys is seen in
majority of cases of systemic sclerosis. The lesions are
prominent in the walls of interlobular arteries which
develop changes resembling malignant hypertension. There
is thickening of tunica intima due to concentric proliferation
of intimal cells and fibrinoid necrosis of vessel wall.

3. Smooth muscle of GIT Muscularis of the alimentary
tract, particularly oesophagus, is progressively atrophied
and replaced by fibrous tissue.

4. Skeletal muscle The interstitium of skeletal mus-
cle shows progressive fibrosis and degeneration of muscle
fibres with associated inflammatory changes.

5. Cardiac muscle Involvement of interstitium of the
heart may result in heart failure.

6. Lungs Diffuse fibrosis may lead to contraction of the
lung substance. There may be epithelium-lined honey-
combed cysts of bronchioles.

7. Small arteries The lesions in small arteries show
endarteritis due to intimal proliferation and may be the
cause for Raynaud’s phenomenon.
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CLINICAL FEATURES Systemic sclerosis is more common
in middle-aged women. The clinical manifestations include:

i) claw-like flexion deformity of hands;

ii) Raynaud’s phenomenon;

iii) oesophageal fibrosis causing dysphagia and hypomotility;
iv) malabsorption syndrome;

v) respiratory distress;

vi) malignant hypertension;

vii) pulmonary hypertension; and

viii) biliary cirrhosis.

Inflammatory Myopathies

This group includes three conditions having common clinical
feature of progressive skeletal muscle weakness: polymyositis,
dermatomyositis and inclusion body myositis.

ETIOPATHOGENESIS All the three forms of inflammatory
myositis appear to have an autoimmune etiology. This is
supported by following:

1. Association with other autoimmune (collagen) diseases.

2. Presence of various autoantibodies against nuclear and
cytoplasmic antigens in 20% cases.

3. Presence of humoral immune mechanism in dermato-
myositis as observed by B cell infiltration in the lesions.

4. In polymyositis and inclusion body myositis, T-cell
mediated cytotoxicity is implicated as seen by CD8+ T cells
along with macrophages in the lesions.

5. Some non-immune factors such as viral infection with
coxsackie B, influenza, Epstein-Barr, CMV etc in triggering
autoimmune mechanism has been suggested.

MORPHOLOGIC FEATURES There is symmetric involve-
ment of skeletal muscles such as those of pelvis, shoulders,
neck, chest and diaphragm.

Histologically, vacuolisation and fragmentation of muscle
fibres and numerous inflammatory cells are present. In late
stage, muscle fibres are replaced by fat and fibrous tissue.

CLINICALFEATURES Itisamulti-system disease characteri-
sed by:

i) progressive muscle weakness, mainly proximal;

if) skin rash, typically with heliotropic erythema and peri-
orbital oedema;

iii) dysphagia due to involvement of pharyngeal muscles;

iv) respiratory dysfunction; and

v) association with deep-seated malignancies.

Sjogren’s Syndrome

Sjogren’s syndrome is characterised by the triad of dry eyes
(keratoconjunctivitis sicca), dry mouth (xerostomia), and
rheumatoid arthritis. The combination of the former two
symptoms is called sicca syndrome.

ETIOPATHOGENESIS Both humoral and cellular immune
mechanisms have been implicated in the etiopathogenesis of
lesions in Sjogren’s syndrome:

i) There is B lymphocyte hyperactivity as seen by rise of
monoclonal immunoglobulins in 255 cases.

ii) Presence of antinuclear antibodies in about 90% of cases.
iii) Positive rheumatoid factor in 25% of cases.

iv) Infiltration by T lymphocytes in exocrine glands.

v) Association of disease with certain HLA class II genes.
vi) Association with other autoimmune diseases.

MORPHOLOGIC FEATURES In early stage, the
lacrimal and salivary glands show periductal infiltration
by lymphocytes and plasma cells, which at times may
form lymphoid follicles (pseudolymphoma). In late stage,
glandular parenchyma is replaced by fat and fibrous tissue.
The ducts are also fibrosed and hyalinised.

CLINICAL FEATURES The disease is common in women in
4th to 6th decades of life. It is clinically characterised by the
following:

i) Symptoms referable to eyes such as blurred vision, burning
and itching.

ii) Symptoms referable to xerostomia such as fissured oral
mucosa, dryness, and difficulty in swallowing.

iii) Symptoms due to glandular involvement such as enlar-
ged and inflamed lacrimal gland (Mikulicz’s syndrome is
involvement of parotid alongwith lacrimal gland).

iv) Symptoms due to systemic involvement referable to lungs,
CNS and skin.

Depending upon the type of autoantibody formation,
the autoimmune diseases are broadly classified into 2
groups: organ specific (localised) and organ non-specific
(or systemic).

SLE is the classical example of systemic autoimmune
or collagen diseases. Autoantibodies against nuclear
(ANAs) and cytoplasmic components of the cells are
demonstrable in plasma by immunofluorescence tests in
almost all cases of SLE e.g. ANA, anti-ds-DNA, antiSm etc.
LE cell test is positive in 70% cases. SLE is a multisystem
disease and affects chiefly kidneys (lupus nephritis), skin,
small blood vessels, and heart.

Scleroderma or systemic sclerosis may occur as diffuse form
or as CREST syndrome. The disease involves skin, kidneys,
GIT, skeletal muscle, heart and lungs.

Inflammatory myopathies are a group of 3 diseases having
common clinical feature of progressive skeletal muscle
weakness: polymyositis, dermatomyositis and inclusion
body myositis.

Sjégren’s syndrome is characterised by the triad of dry eyes
(keratoconjunctivitis sicca), dry mouth (xerostomia), and
rheumatoid arthritis.

AMYLOIDOSIS

Amyloidosis is the term used for a group of diseases charac-
terised by extracellular deposition offibrillarinsoluble proteina-
ceous substance called amyloid having common morpho-
logical appearance, staining properties and physical structure
but with variable protein (or biochemical) composition.

First described by Rokitansky in 1842, the substance
was subsequently named by Virchow as ‘amyloid’ under the
mistaken belief that the material was starch-like (amylon =
starch). This property was demonstrable grossly on the cut
surface of an organ containing amyloid which stained brown
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Figure 3.10 Diagrammatic representation of the ultrastructure of amyloid. A, Electron microscopy shows major part consisting of amyloid fibrils
(95%) randomly oriented, while the minor part is essentially P-component (5%) B, Each fibril is further composed of double helix of two pleated
sheets in the form of twin filaments separated by a clear space. P-component has a pentagonal or doughnut profile. C, X-ray crystallography and
infra-red spectroscopy shows fibrils having cross-p-pleated sheet configuration which produces periodicity that gives the characteristic staining
properties of amyloid with Congo red and birefringence under polarising microscopy.

with iodine and turned violet on addition of dilute sulfuric
acid. By H&E staining under light microscopy, amyloid appears
as extracellular, homogeneous, structureless and eosinophilic
hyaline material; it stains positive with Congo red staining and
shows apple-green birefringence on polarising microscopy.

The nomenclature of different forms of amyloid is done by
putting the alphabet A (A for amyloid), followed by the suffix
derived from the name of specific protein constituting amyloid
of that type e.g. AL (A for amyloid, L for light chain-derived),
AA, ATTR etc.

PHYSICAL AND CHEMICAL NATURE OF AMYLOID

Ultrastructural examination and chemical analysis reveal
the complex nature of amyloid. It emerges that on the basis of
morphology and physical characteristics, all forms ofamyloid are
similar in appearance, but they are chemically heterogeneous.
Based on analysis, amyloid is composed of 2 main types of
complex proteins (Fig. 3.10):

1. Fibril proteins comprise about 95% of amyloid.

II. Non-fibrillar components which include P-component
predominantly; and there are several other different proteins
which together constitute the remaining 5% of amyloid.

I. Fibril Proteins

By electron microscopy, it became apparent that major
component of all forms of amyloid (about 95%) consists of
meshwork of fibril proteins. These consist of delicate, randomly
dispersed, non-branching amyloid fibres having 4-6 fibrils,
each measuring 7.5-10 nm in diameter and having indefinite
length. These fibrils are wound on each other and are separated
by a clear space which contains regularly placed binding sites

for Congo red dye. By X-ray crystallography and infra-red
spectroscopy, the fibrils are shown to have cross-B-pleated
sheet configuration which produces 1000 A° periodicity. These
properties give amyloid its characteristic staining properties
with Congo red dye and birefringence under polarising
microscopy. Based on these features amyloid is given an
alternate name of B-fibrillosis.

Chemical analysis of fibril proteins of amyloid reveals
heterogeneous nature of amyloid. Chemically, following two
major forms of amyloid fibril proteins were first identified
in 1970s while currently there are 20 other biochemically
different proteins which form amyloid fibrils in humans in
different clinicopathologic settings. Thus, these proteins can be
categorised as under:

i) AL (amyloid light chain) protein
ii) AA (amyloid associated) protein
iii) Other proteins

AL PROTEIN AL amyloid fibril protein is derived from
immunoglobulin light chain, which may be complete light
chain, or may include amino-terminal segment and part of C
region of the immunoglobulin light chain. AL fibril protein is
more frequently derived from the lambda (A) light chain (twice
more common) than kappa (k). However, in any given case,
there is amino acid sequence homology.

AL type of fibril protein is produced by immunoglobulin-
secreting cells and is therefore seen in association with plasma
cell dyscrasias and is included in primary systemic amyloidosis.

AA PROTEIN AA fibril protein is composed of protein with
molecular weight of 8.5-kD which is derived from larger
precursor protein in the serum called SAA (serum amyloid-
associated protein) with a molecular weight of 12.5-kD. Unlike
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Figure 3.11 Mechanism of amyloid deposits in Alzheimer’s disease.

AL amyloid, the deposits of AA amyloid do not have sequence
homology. In the plasma, SAA circulates in association with
HDL3 (high-density lipoprotein). SAA is an acute phase
reactant protein synthesised in the liver, in response to chronic
inflammatory and traumatic conditions, and thus the level of
SAA is high in these conditions.

AA fibril protein is found in secondary amyloidosis which is
seen in association with several examples of chronic infectious
and autoimmune inflammatory diseases and disseminated
malignancies.

OTHER PROTEINS Apart from the two major forms of
amyloid fibril proteins, a few other forms of proteins are found
in different clinical states:

1. Transthyretin (TTR) It is a serum protein synthesised
in the liver and normally transports thyroxine and retinol
(trans-thy-retin). Single amino acid substitution mutations in
the structure of TTR results in variant form of protein which is
responsible for this form of amyloidosis termed as ATTR.
ATTR is the most common form of heredofamilial
amyloidosis seen in familial amyloid polyneuropathies.
However, the deposits of ATTR in the elderly in the heart (senile
cardiac amyloidosis) consists of normal TTR without any
mutation. Another interesting aspect in ATTR is that despite
being inherited, the disease appears in middle age or elderly.
2. AP2-microglobulin (Af2M) This form of amyloid is
seen in cases of long-term haemodialysis (for 10-12 years). As
the name suggests, B2M is a small protein which is a normal
component of major histocompatibility complex (MHC) class
I and has -pleated sheet structure. 32M is 11.8 kDa protein
that is not filtered by the haemodialysis membrane and thus
there is high serum concentration of 32M protein in these
patients. Although the deposit due to AB2M may be systemic in
distribution, it has predilection for bones and joints.
3. Amyloid B-peptide (Af) AP is distinct from AB2M and is
deposited in cerebral amyloid angiopathy and neurofibrillary

P Partial proteolysis

» A-p peptide

tangles in Alzheimer’s disease. Af is derived from amyloid beta
precursor protein (ABPP). The latter is a cell surface protein
having a single transmembranous domain that functions as a
receptor. The AP portion of this protein is seen extending into
extracellular region. Out of three intramembranous cleavage
sites—secretase o, 3 and vy, partial protelolysis of ABPP due to
cleavage of -secretase and y-secretase sites generates Ap i.e.
amylyoidogenic protein in Alzheimer’s disease (Fig. 3.11).

4. Endocrine amyloid from hormone precursor proteins.
It includes examples such as amyloid derived from pro-
calcitonin (ACal), islet amyloid polypeptide (AIAPP, amylin),
pro-insulin (Alns), prolactin (APro) etc.

5. Amyloid of prion protein (APrP) It is derived from
precursor prion protein which is a plasma membrane glyco-
protein. Prion proteins are proteinaceous infectious particles
lacking in RNA or DNA.. Amyloid in prionosis occurs due to
abnormally folded isoform of the PrP.

Il. Non-fibrillar Components

Non-fibrillar components comprise about 5% of the amyloid
material. These components include the following:

1. Amyloid P (AP)-component It is synthesised in the
liver and is present in all types of amyloid. It is derived from
circulating serum amyloid P-component, a glycoprotein
resembling the normal serum ol-glycoprotein and is PAS-
positive. It is structurally related to C-reactive protein, an acute
phase reactant, but is not similar to it. By electron microscopy,
it has a pentagonal profile (P-component) or doughnut-shape
with an external diameter of 9 nm and internal diameter of
4 nm.

2. Apolipoprotein-E (apoE) It is a regulator of lipoprotein
metabolism and is found in all types of amyloid. One allele,
apoE4, increases the risk of Alzheimer precursor protein (APP)
deposition in Alzheimer’s disease but not in all other types of
amyloid deposits.
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Figure 3.12 Pathogenesis of two main forms of amyloid deposition (AL = Amyloid light chain; AA = Amyloid-associated protein; GAG =
Glycosaminoglycan; AP = Amyloid P component). The sequence on left shows general schematic representation common to both major forms of

amyloidogenesis.

3. Sulfated glycosaminoglycans (GAGs) These are consti-
tuents of matrix proteins, particularly associated is heparan
sulfate in all types of tissue amyloid.

4. Other components Besides above, other components
such as «-1 anti-chymotrypsin, protein X, components of
complement, proteases, and membrane constituents may be
seen in the amyloid deposits.

PATHOGENESIS OF AMYLOIDOSIS

The earliest observation that amyloidosis developed in
experimental animals who were injected repeatedly with
antigen to raise antisera for human use led to the concept that
amyloidogenesis was the result of immunologic mechanisms.
Thus, AL variety of amyloid protein was isolated first. It is now
appreciated that amyloidosis or fibrillogenesis is multifactorial
and that different mechanisms are involved in various types of
amyloid.

Irrespective of the type of amyloid, amyloidogenesis in
general in vivo, occurs in the following sequence (Fig. 3.12):

1. Pool of amyloidogenic precursor protein is present in
circulation in different clinical settings and in response
to stimuli e.g. increased hepatic synthesis of AA or ATTR,
increased synthesis of AL etc.

2. A nidus for fibrillogenesis, meaning thereby an alteration in
microenvironment, to stimulate deposition of amyloid protein
is formed. This alteration involves changes and interaction
between basement membrane proteins and amyloidogenic
protein.

3. Partial degradation or proteolysis occurs prior to deposi-
tion of fibrillar protein which may occur in macrophages or
reticuloendothelial cells. However, there are exceptions to this
generalisation when there is no degradation of proteins such
as in ATTR (heredofamilial type in which there are amino acid
mutations in most cases), AB2M (in which there are elevated
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levels of normal f2M protein which remain unfiltered during
haemodialysis) and prionosis (in which B-pleated sheet is
formed de novo).

4. The role of non-fibrillar components (e.g. AP, apoE
and GAGs) in amyloidosis is fibril stabilisation by protein
aggregation and protein folding in a way that it is protected
from solublisation or degradation.

Based on this general pathogenesis, deposition of AL and
AA amyloid is briefly outlined below:

Deposition of AL Amyloid

1. The stimulus for production of AL amyloid is some disorder
of immunoglobulin synthesis e.g. multiple myeloma, B cell
lymphoma, other plasma cell dyscrasias.

2. Excessive immunoglobulin production is in the form of
monoclonal gammopathy i.e. there is production of either
intact immunoglobulin, or A light chain, or « light chain, or
rarely heavy chains. This takes place by monoclonal prolife-
ration of plasma cells, B lymphocytes, or their precursors.

3. Partial degradation in the form of limited proteolysis
of larger protein molecules occurs in macrophages that are
anatomically closely associated with AL amyloid.

4. Non-fibrillar components like AP and GAGs play role in
folding and aggregation of fibril proteins.

Deposition of AA Amyloid

1. AA amyloid is directly related to SAA levels, a high-density
lipoprotein. SAA is synthesised by the liver in response to cyto-
kines, notably interleukin 1 and 6, released from activated
macrophages.

2. The levels of SAA are elevated in long-standing tissue
destruction e.g. in chronic inflammation, cancers. However,
SAA levels in isolation do not always lead to AA amyloid.

IEEERRN Classification of amyloidosis.

3. Asin AL amyloid, partial degradation in the form of limited
proteolysis takes place in reticuloendothelial cells.

4. In AA amyloid, a significant role is played by another
glycoprotein, amyloid enhancing factor (AEF). AEF is
elaborated in chronic inflammation, cancer and familial
Mediterranean fever. AEF acts as a nidus and accelerates AA
amyloid deposition.

5. As in AL amyloid, there is a role of AP component and
glycosaminoglycans in the fibril protein aggregation and its
protection from disaggregation again.

CLASSIFICATION OF AMYLOIDOSIS

Over the years, amyloidosis has been classified in a number of
ways:

© Based on cause, into primary (with unknown cause and
the deposition is in the disease itself) and secondary (as a
complication of some underlying known disease) amyloidosis.
© Based on extent of amyloid deposition, into systemic
(generalised) involving multiple organs and localised
amyloidosis involving one or two organs or sites.

© Based on clinical location, into pattern I (involving tongue,
heart, bowel, skeletal and smooth muscle, skin and nerves),
pattern II (principally involving liver, spleen, kidney and
adrenals) and mixed pattern (involving sites of both pattern I
and II).

© Based on precursor biochemical proteins, into specific
type of serum amyloid proteins.

With availability of biochemical composition of various
forms of amyloid and diverse clinical settings in which these
specific biochemical forms of amyloid are deposited, a
clinicopathologic classification has been proposed which is
widely accepted (Table 3.11). According to this classification,
amyloidosis can be divided into 2 major categories and their
subtypes depending upon clinical settings:

CATEGORY ASSOCIATED DISEASE BIOCHEMICALTYPE ORGANS COMMONLY INVOLVED
A.  SYSTEMIC (GENERALISED) AMYLOIDOSIS
1. Primary Plasma cell dyscrasias AL type Heart, bowel, skin, nerves, kidney
2 Secondary (Reactive) Chronic inflammation, cancers AA type Liver, spleen, kidneys, adrenals
3. Haemodialysis-associated Chronic renal failure AB,M Synovium, joints, tendon sheaths
4 Heredofamilial
i. Hereditary polyneuropathies — ATTR Peripheral and autonomic nerves,
heart
ii. Familial Mediterranean fever —— AA type Liver, spleen, kidneys, adrenals
ii. Rare hereditary forms — AApoAl, AGel Systemic amyloidosis

B.  LOCALISED AMYLOIDOSIS

Alys, AFib, ACys

1. Senile cardiac Senility ATTR Heart

2. Senile cerebral Alzheimer’s, transmissible AB, APrP Cerebral vessels, plaques,
encephalopathy neurofibrillary tangles

3. Endocrine Medullary carcinoma Procalcitonin Thyroid
Type 2 diabetes mellitus Proinsulin Islets of Langerhans

4. Tumour-forming Lungs, larynx, skin, urinary bladder, AL Respective anatomic location

tongue, eye

(AL= Amyloid light chain; AA= Amyloid-associated protein; AB,M= Amyloid 3,-microglobulin; ATTR= Amyloid transthyretin; APrP=Amyloid of prion proteins,
ApB= B-amyloid protein).



Systemic (generalised) amyloidosis:
Primary (AL)

Secondary/reactive/ inflammatory (AA)
Haemodialysis-associated (AB2M)
Heredofamilial (ATTR, AA, Others)

Localised amyloidosis:

Senile cardiac (ATTR)

Senile cerebral (AP, APrP)
Endocrine (Hormone precursors)
Tumour-forming (AL)

L R O O e

A. SYSTEMIC AMYLOIDOSIS

1. Primary Systemic (AL) Amyloidosis

Primary amyloidosis consisting of AL fibril proteins is systemic
or generalised in distribution. About 30% cases of AL amyloid
have some form of plasma cell dyscrasias, most commonly
multiple myeloma (in about 15-20% cases), and less often
other monoclonal gammopathies such as Waldenstrom’s
macroglobulinaemia, heavy chain disease, solitary plasma-
cytoma and B cell lymphoma. The neoplastic plasma cells
usually are a single clone and, therefore, produce the same type
of immunoglobulin light chain or part of light chain. Almost
all cases of multiple myeloma have either A or x light chains
(Bence Jones proteins) in the serum and are excreted in the
urine. However, in contrast to normal or myeloma light chains,
AL is twice more frequently derived from A light chains.

The remaining 70% cases of AL amyloid do not have
evident B-cell proliferative disorder or any other associated
diseases and thus are cases of true ‘primary’ (idiopathic)
amyloidosis. However, by more sensitive methods, some
plasma cell dyscrasias are detectable in virtually all patients
with AL. Majority of these cases too have a single type of abnor-
mal immunoglobulin in their serum (monoclonal) and that
these patients have some degree of plasmacytosis in the bone
marrow, suggesting the origin of AL amyloid from precursor
plasma cells.

AL amyloid is most prevalent type of systemic amyloidosis
in North America and Europe and is seen in individuals past the

age of 40 years and is rapidly progressive disease if not treated.
Primary amyloidosis is often severe in the heart, kidney, bowel,
skin, peripheral nerves, respiratory tract, skeletal muscle and
tongue (macroglossia).

Treatment of AL amyloid is targetted at reducing the
underlying clonal expansion of plasma cells. Median survival
with no treatment after diagnosis is about one year.

2, Secondary/Reactive (AA) Systemic Amyloidosis

The second form of systemic or generalised amyloidosis is
reactive or inflammatory or secondary in which the fibril
proteins contain AA amyloid. Secondary or reactive amyloidosis
occurs typically as a complication of chronic infectious (e.g.
tuberculosis, bronchiectasis, chronic osteomyelitis, chronic
pyelonephritis, leprosy, chronic skin infections), non-infec-
tious chronic inflammatory conditions associated with tissue
destruction (e.g. autoimmune disorders such as rheumatoid
arthritis, lupus, inflammatory bowel disease), some tumours
(e.g. renal cell carcinoma, Hodgkin’s disease) and in familial
Mediterranean fever, an inherited disorder (discussed below).

Secondary amyloidosis is typically distributed in solid
abdominal viscera like the kidney, liver, spleen and adrenals.
Secondary reactive amyloidosis is seen less frequently in
developed countries due to containment of infections before
they become chronic but this is the more common type of
amyloidosis in underdeveloped and developing countries of
the world.

Secondary systemic amyloidosis can occur at any age
and is the only form of amyloid which can occur in children.
Treatment lies in treating the underlying infectious or
inflammatory disorder resulting in lowering of SAA protein in
blood.

The contrasting features of the two main forms of systemic
amyloidosis are given in Table 3.12.

3. Haemodialysis-Associated (AB2M) Amyloidosis

Patients onlong-term dialysis for more than 10 years for chronic
renal failure may develop systemic amyloidosis derived from

11 JERPAE Contrasting features of primary and secondary amyloidosis.

FEATURE PRIMARY AMYLOID

SECONDARY AMYLOID

1. Biochemical composition

2. Associated diseases
lymphomas, others

3. Pathogenesis

AL fibril

4. Incidence

5. Age >40 years

6. Course and prognosis Rapidly progressive, dismal

7. Organ distribution Kidney, heart, bowel, nerves

8. Stains to distinguish Congophilia persists after permanganate treatment of

section; specific immunostains anti-A, anti-k

AL (Light chain proteins); lambda chains more common
than kappa; sequence homology of chains

Plasma cell dyscrasias e.g. multiple myeloma, B cell

Stimulus — Monoclonal B cell proliferation — Excess of Igs
and light chains — Partial degradation — Insoluble

Most common in US and other developed countries

AA (Amyloid associated proteins);
derived from larger precursor protein SAA;
no sequence homology of polypeptide chain

Chronic inflammation e.g. infections (TB, leprosy,
osteomyelitis, bronchiectasis), autoimmune
diseases (rheumatoid arthritis, IBD), cancers (RCC,
Hodgkin’s disease), FMF

Stimulus — Chronic inflammation — Activation
of macrophages — Cytokines (IL1,6) — Partial
degradation — AEF — Insoluble AA fibril

Most common worldwide, particularly in
developing countries

Any age including children
Better, treat the underlying cause
Kidney, liver, spleen, adrenals

Congophilia disappears after permanganate
treatment of section; specific immunostain anti-AA
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B2-microglobulin which is normal component of MHC.
The amyloid deposits are preferentially found in the vessel
walls at the synovium, joints, tendon sheaths and subchondral
bones. Carpal tunnel syndrome is common presentation.
However, systemic distribution has also been observed in
these cases showing bulky visceral deposits of amyloid.
Cessation of dialysis after renal transplant causes symptomatic
improvement.

4. Heredofamilial Amyloidosis

A few rare examples of genetically-determined amyloidosis
having familial occurrence and seen in certain geographic
regions have been described. These are as under:

i) Hereditary polyneuropathic (ATTR) amyloidosis This
is an autosomal dominant disorder in which amyloid is
deposited in the peripheral and autonomic nerves resulting
in muscular weakness, pain and paraesthesia, or may
have cardiomyopathy. This type of amyloid is derived from
transthyretin (ATTR) with single amino acid substitution in the
structure of TTR; about 60 types of such mutations have been
described. Though hereditary, the condition appears well past
middle life.

ii) Amyloid in familial Mediterranean fever (AA) Thisisan
autosomal recessive disease and is seen in the Mediterranean
region (i.e. people residing in the countries surrounding the
Mediterranean sea e.g. Sephardic Jews, Armenians, Arabs and
Turks). The condition is characterised by periodic attacks of
fever and polyserositis i.e. inflammatory involvement of the
pleura, peritoneum, and synovium causing pain in the chest,
abdomen and joints respectively. Amyloidosis occurring
in these cases is AA type, suggesting relationship to
secondary amyloidosis due to chronic inflammation. The
distribution of this form of heredofamilial amyloidosis is
similar to that of secondary amyloidosis.

iii) Rare hereditary forms Heredofamilial mutations of
severalnormal proteinshave beenreportede.g. apolipoproteinI
(AApoAl), gelsolin (AGel), lysozyme (ALys), fibrinogen o.-chain
(AFib), cystatin C (ACys) and amyloid of familial dementia etc.
These types may also result in systemic amyloidosis.

B. LOCALISED AMYLOIDOSIS

1. Senile cardiac amyloidosis (ATTR) Senile cardiac amy-
loidosis is seen in 50% of people above the age of 70 years. The
deposits are seen in the heart and aorta. The type of amyloid
in these cases is ATTR but without any change in the protein
structure of TTR.

2. Senile cerebral amyloidosis (A3, APrP) Senile cerebral
amyloidosis is heterogeneous group of amyloid deposition of
varying etiologies that includes sporadic, familial, hereditary
and infectious. Some of the important diseases associated with
cerebral amyloidosis and the corresponding amyloid proteins
are: Alzheimer’s disease (Af), Down’s syndrome (Af) and
transmissible spongiform encephalopathies (APrP) such as
in Creutzfeldt-Jakob disease, fatal familial insomnia, mad cow
disease, kuru.

In Alzheimer’s disease, deposit of amyloid is seen as Congo-
philic angiopathy (amyloid material in the walls of cerebral
blood vessels), neurofibrillary tangles and in senile plaques.

3. Endocrine amyloidosis (Hormone precursors) Some
endocrine lesions are associated with microscopic deposits of
amyloid. The examples are as follows:

i) Medullary carcinoma of the thyroid (from procalcitonin i.e.
ACal).

ii) Islet cell tumour of the pancreas (from islet amyloid
polypeptide i.e. AIAPP or amylin).

iii) Type 2 diabetes mellitus (from pro-insulin, i.e. Alns).
iv) Pituitary amyloid (from prolactin i.e. APro).

v) Isolated atrial amyloid deposits (from atrial natriuretic factor
i.e. AANF).

vi) Familial corneal amyloidosis (from lactoferrin i.e. ALac).

4. Localised tumour forming amyloid (AL) Sometimes,
isolated tumour like formation of amyloid deposits are seen
e.g. in lungs, larynx, skin, urinary bladder, tongue, eye, isolated
atrial amyloid. In most of these cases, the amyloid type is AL.

STAINING CHARACTERISTICS OF AMYLOID

1. STAIN ON GROSS The oldest method since the time of
Virchow for demonstrating amyloid on cut surface of a gross
specimen, or on the frozen/paraffin section is iodine stain.
Lugol’s iodine imparts mahogany brown colour to the amyloid-
containing area which on addition of dilute sulfuric acid
turns blue. This starch-like property of amyloid is due to AP
component, a glycoprotein, present in all forms of amyloid.
Various stains and techniques employed to distinguish and
confirm amyloid deposits in sections are given in Table 3.13.

2. H & E Amyloid by light microscopy with haematoxylin
and eosin staining appears as extracellular, homogeneous,
structureless and eosinophilic hyaline material, especially in
relation to blood vessels. However, if the deposits are small,
they are difficult to detect by routine H and E stains. Besides, a
few other hyaline deposits may also take pink colour (page 17).

3. METACHROMATIC STAINS (ROSANILINE DYES)
Amyloid has the property of metachromasia i.e. the dye reacts
with amyloid and undergoes a colour change. Metachromatic
stains employed are rosaniline dyes such as methyl violet
and crystal violet which impart rose-pink colouration to
amyloid deposits. However, small amounts of amyloid are
missed, mucins also have metachromasia; moreover, aqueous
mountants are required for seeing the preparation. Therefore,
this method has low sensitivity and lacks specificity.

4. CONGO RED AND POLARISED LIGHT All types of
amyloid have affinity for Congo red stain; therefore this
method is used for confirmation of amyloid of all types. The
stain may be used on both gross specimens and microscopic
sections; amyloid of all types stains pink red colour. If the
stained section is viewed in polarised light, the amyloid
characteristically shows apple-green birefringence due to
cross-B-pleated sheet configuration of amyloid fibrils. The
stain can also be used to distinguish between AL and AA
amyloid (primary and secondary amyloid respectively). After
prior treatment with permanganate or trypsin on the section,
Congo red stain is repeated—in the case of primary amyloid
(AL amyloid), the Congo red positivity (congophilia) persists,*
while it turns negative for Congo red in secondary amyloid (AA
amyloid). Congo red dye can also be used as an in vivo test
(described below).

5. FLUORESCENT STAINS Fluorescent stain thioflavin-T
binds to amyloid and fluoresces yellow under ultraviolet light

*Easy way to remember: Three ps i.e. there is persistence of congophilia
y way p p gop
after permanganate treatment in primary amyloid



IEJEEREN Staining characteristics of amyloid.

STAIN APPEARANCE
1. H&E Pink, hyaline, homogeneous
2. Methyl violet/Crystal violet

Metachromasia: rose-pink

3. Congored Light microscopy: pink-red
Polarising light: red-green

birefringence
4. Thioflavin-T/Thioflavin-S

5. Immunohistochemistry
(antibody against fibril protein)

Ultraviolet light: fluorescence

Immunoreactivity: Positive

i.e. amyloid emits secondary fluorescence. Thioflavin-S is less
specific.

6. IMMUNOHISTOCHEMISTRY Type of amyloid can be
classified by immunohistochemical stains in which corres-
ponding antibody stain is used against the specific amyloid
protein acting as antigen. However, for mere confirmation
of any type of amyloid, most useful stain is anti-AP stain
since P component is present in all forms of amyloid. But for
determining the biochemical type of amyloid, various antibody
stains against the specific antigenic protein types of amyloid
are commercially available such as anti-AA, anti-lambda (M),
anti- kappa (x,) transthyretin antibody stains etc.

DIAGNOSIS OF AMYLOIDOSIS

Amyloidosis may be detected as an unsuspected morphologic
finding in a case, or the changes may be severe so as to produce
symptoms and may even cause death. The diagnosis of amyloid
disease can be made from the following investigations:

1. TISSUE DIAGNOSIS Routine examination of biopsy
or fine needle aspiration, followed by Congo red staining
and examination under polarizing microscopy, are the two
confirmatory methods of tissue diagnosis of amyloidosis:

© Histologic examination of biopsy material is the
commonest and confirmatory method for diagnosis in a
suspected case of amyloidosis. Biopsy of an obviously affected
organ is likely to offer the best results e.g. kidney biopsy in a case
on dialysis, sural nerve biopsy in familial polyneuropathy. In
systemic amyloidosis, renal biopsy provides the best detection
rate, but rectal biopsy also has a good pick up rate. However,
gingiva and skin biopsy have poor result.

© Fine needle aspiration of abdominal subcutaneous fat
followed by Congo red staining and polarising microscopic
examination for confirmation has become an acceptable
simple and useful technique with excellent result (Fig. 3.13).

2. IN VIVO CONGO RED TEST A known quantity of Congo
red dye may be injected intravenously in living patient. If
amyloidosis is present, the dye gets bound to amyloid deposits
and its levels in blood rapidly decline. The test is, however, not
popular due to the risk of anaphylaxis to the injected dye.

3. OTHERTESTS Besides tissue diagnosis, a few other tests
which are supportive but not confirmatory of amyloidosis
include protein electrophoresis, immunoelectrophoresis of
urine and serum, and bone marrow aspiration.

Fat cells

Circular positivity

Jeo
R g

Congo red, X400

Figure 3.13 Abdominal fat aspirate smear stained with Congo red.

MORPHOLOGIC FEATURES OF
AMYLOIDOSIS OF ORGANS

Although amyloidosis of different organs shows variation in
morphologic pattern, some features are applicable in general
to most of the involved organs.

Locations of amyloid deposit In general, amyloid proteins
get filtered from blood across the basement membrane of
vascular capillaries into extravascular spaces. Thus, most
commonly amyloid deposits appear at the contacts between
the vascular spaces and parenchymal cells, in the extracellular
matrix and within the basement membranes of blood vessels.

Grossly, the affected organ is usually enlarged, pale and
rubbery. Cut surface shows firm, waxy and translucent
parenchyma which takes positive staining with the iodine
test.

Microscopically, the deposits of amyloid are found in the
extracellular locations, initially in the walls of small blood
vessels producing microscopic changes and effects, while
later the deposits are in large amounts causing pressure
atrophy of parenchymal cells.

Based on these general features of amyloidosis, the salient
pathologic findings of major organ involvements are described
here.

AMYLOIDOSIS OF KIDNEYS

Amyloidosis of the kidneys is most common and most serious
because of ill-effects on renal function. The deposits in the
kidneys are found in most cases of secondary amyloidosis and
in aboutone-third cases of primary amyloidosis. Amyloidosis of
the kidney accounts for about 20% of deaths from amyloidosis.
Even small quantities of amyloid deposits in the glomeruli can
cause proteinuria and nephrotic syndrome.

Grossly, the kidneys may be normal-sized, enlarged or
terminally contracted due to ischaemic effect of narrowing
of vascular lumina. Cut surface is pale, waxy and translucent
(Fig. 3.14).
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Figure 3.14 Amyloidosis of kidney. The kidney is small and pale in
colour. Sectioned surface shows loss of cortico-medullary distinction
(arrow) and pale, waxy translucency.

Microscaopically, amyloid deposition occurs primarily in
the glomeruli, though it may involve peritubular interstitial
tissue and the walls of arterioles as well (Fig. 3.15):

@ In the glomeruli, the deposits initially appear on the
basement membrane of the glomerular capillaries, but
later extend to produce luminal narrowing and distortion
of the glomerular capillary tuft. This results in abnormal
increase in permeability of the glomerular capillaries
to macromolecules with consequent proteinuria and
nephrotic syndrome.

@ In the tubules, the amyloid deposits likewise begin close
to the tubular epithelial basement membrane. Subse-
quently, the deposits may extend further outwards into
the intertubular connective tissue, and inwards to produce
degenerative changes in the tubular epithelial cells and
amyloid casts in the tubular lumina.

Glomerular

| Deposit Amyloid
deposit

in interstitial vessel ~ cast

@ Vascular involvement affects chiefly the walls of small
arterioles and venules, producing narrowing of their lumina
and consequent ischaemic effects.

® Congo red staining imparts red pink colour and
polarising microscopy shows apple-green birefringence
which confirms the presence of amyloid (Fig. 3.16).

AMYLOIDOSIS OF SPLEEN

Amyloid deposition in the spleen, for some unknown reasons,
may have one of the following two patterns (Fig. 3.17):

1. SAGO SPLEEN Grossly, splenic enlargement is not
marked and cut surface shows characteristic translucent
pale and waxy nodules resembling sago grains and hence
the name.

Microscaopically, the amyloid deposits begin in the walls
of the arterioles of the white pulp and may subsequently
extend out and replace the follicles.

2. LARDACEOUS SPLEEN Grossly, there is generally
moderate to marked splenomegaly (weight up to 1 kg).
Cut surface of the spleen shows map-like areas of amyloid
(lardaceous-lard-like; lard means fat of pigs) (Fig. 3.18).
Microscopically, the deposits involve the red pulp in the
walls of splenic sinuses and the small arteries and in the
connective tissue (Fig. 3.19). Confirmation is by observing
Congophilia in Congo red staining and demonstration of
apple-green birefringence under polarising microscopy in
the corresponding positive areas.

AMYLOIDOSIS OF LIVER

In about half the cases of systemic amyloidosis, liver is involved
by amyloidosis.

Grossly, the liver is often enlarged, pale, waxy and firm.
Histologically, the features are as under (Fig. 3.20):

© The amyloid initially appears in the space of Disse (the
space between the hepatocytes and sinusoidal endothelial
cells).

Protein cast

Deposit of amyloid in glomerulus
Deposit in interstitial vessel
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Figure 3.15 Amyloidosis of kidney. The amyloid deposits are seen mainly in the glomerular capillary tuft. The deposits are also present in peritubular
connective tissue producing atrophic tubules and amyloid casts in the tubular lumina, and in the arterial wall producing luminal narrowing.



Figure 3.16 Amyloidosis kidney, Congo red stain. A, The amyloid
deposits are seen mainly in the glomerular capillary tuft stained red-
pink (Congophilia). B, Viewing the same under polarising microscopy,
the congophilic areas show apple-green birefringence.

@ Later, as the deposits increases, they compress the cords
of hepatocytes so that eventually the liver cells are shrunken
and atrophic and replaced by amyloid. However, hepatic
function remains normal even at an advanced stage of the
disease.

@ To a lesser extent, portal tracts and Kupffer cells are
involved in amyloidosis.

AMYLOIDOSIS OF HEART

Heart is involved in systemic amyloidosis quite commonly,
more so in the primary than in secondary systemic amyloidosis.
It may also be involved in localised form of amyloidosis (senile
cardiac). In advanced cases, there may be a pressure atrophy
of the myocardial fibres and impaired ventricular function
which may produce restrictive cardiomyopathy. Amyloidosis
of the heart may produce arrhythmias due to deposition in the
conduction system.

A, SAGO SPLEEN

Figure 3.17 Gross patterns of amyloidosis of the spleen.

B, LARDACEOUS SPLEEN

Figure 3.18 Lardaceous amyloidosis of the spleen. The sectioned
surface shows presence of plae waxy translucency in a map-like pattern.

Grossly, the heart may be enlarged. The external surface is
pale, translucent and waxy. The epicardium, endocardium
and valves show tiny nodular deposits or raised plaques of
amyloid.

Microscopically, the changes are as under:

© Amyloid deposits are seen in and around the coronaries
and their small branches.

© In cases of primary amyloidosis of the heart, the deposits
of AL amyloid are seen around the myocardial fibres in ring-
like formations (ring fibres).

© Inlocalised form of amyloid of the heart, the deposits are
seen in the left atrium and in the interatrial septum.

AMYLOIDOSIS OF ALIMENTARY TRACT

Involvement of the gastrointestinal tract by amyloidosis may
occur at any level from the oral cavity to the anus. Rectal and
gingival biopsies are the common sites for diagnosis of systemic
amyloidosis. The deposits are initially located around the small
blood vessels but later may involve adjacent layers of the bowel
wall. Tongue may be the site for tumour-forming amyloid,
producing macroglossia.

OTHER ORGANS

The deposits of amyloid may also occur in various other
tissues such as pituitary, thyroid, adrenals, skin, lymph nodes,
respiratory tract and peripheral and autonomic nerves.

PROGNOSIS OF AMYLOIDOSIS

Amyloidosis may be an incidental finding at autopsy, or
in symptomatic cases diagnosis can be made from the
methods given above, biopsy examination being the most
important method. The prognosis of patients with generalised
amyloidosis is generally poor. Primary amyloidosis, if left
untreated, is rapidly progressive and fatal. Therapy in these
cases is directed at reducing the clonal marrow plasma cells
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Pink acellular material
Atrophied white pulp

7 a5 NG

H&E, X200 Faai.ae

Polarising microscopy, X200

Figure 3.19 Amyloidosis spleen. A, The pink acellular amyloid material is seen in the red pulp causing atrophy of while pulp. B, Congo red
staining shows Congophilia as seen by red-pink colour. C, When viewed under polarising microscopy the corresponding area shows apple-green

birefringence.

as is done for treatment of multiple myeloma. For secondary
reactive amyloidosis, control of inflammation or infection is the
mainstay of treatment. Secondary amyloidosis has somewhat
better outcome due to controllable underlying condition.

Renal failure and cardiac arrhythmias are the most common
causes of death in most cases of systemic amyloidosis.

By H&E staining under light microscopy, all forms of amyloid
appear as extracellular, homogeneous, structureless and
eosinophilic hyaline material; it stains positive with Congo
red staining and shows apple-green birefringence on
polarising microscopy.

Biochemically, fibril proteins comprise about 95% of
amyloid while non-fibrillar components constitute the
remaining 5% of amyloid.

Fibrils proteins are predominantly are of two types: AL
(primary amyloid in association with plasma cell and B cell
proliferative disorders) and AA (secondary amyoid seen
in chronic infections and chronic inflammatory diseases);
others are transthyretin or ATTR (in heredofamilial forms),
AB2-microglobulin or AB2M (seen in patients on long-
term haemodialysis), amyloid (-peptide or AP (seen in
Alzheimer’s disease), endocrine amyloid from hormone
precursor proteins (seen in type 2 diabetes, medullary
carcinoma thyroid etc) and amyloid of prion protein or
APrP.

Atrophied ;
hepa|t0cy195 Portaxl:rlad

Central vein Amyloid deposit

4 Bl Polarising microscopy, X200

Figure 3.20 Amyloidosis of the liver. A, The deposition is extensive in the space of Disse causing compression and pressure atrophy of hepatocytes.
B, Congo red staining shows congophilia which under polarising microscopy shows apple-green birefringence.



Non-fibrillar components consist mainly of P component
seen in all forms of amyloid; others are apolipoprotein-E,
sulfated glycosaminoglycans etc.

Pathogenesis of amyloid includes rise in level of pre-
cursor of fibrillary protein (AL in primary and SAA in
secondary form) followed by its partial degradation by
reticuloendothelial cells. Non-fibrillary components
facilitate protein aggregation and protection against
solubilisation.

Amyloid deposition causes morphologic and functional
disturbance of the affected organ. The affected organ is
enlarged, waxy and translucent.

Primary amyloidosis is rapidly progressive with poor
prognosis. Secondary form can occur at any age including
children and has better outlook by control of the
underlying chronic infection or autoimmune disease.

8k CLINICAL CASE 1

A 46 years old male is admitted to medical ward with history
of shortness of breath, loss of weight and appetite, and low-
grade fever, all for the last one month. He has been smoking
bidis for 25 years, and gives history of having productive cough
with foul smelling expectoration for 15 years, interspersed with
haemoptysis off and on. During these years, he had two episodes
of bronchopneumonia.

On examination, he is poorly built and poorly nourished. His
pulse rate is 90 per minute, respiratory rate 45 per minute, and
blood pressure 130/90 mmHg. He has pallor ++, icterus +, pedal
oedema +, and grade Il clubbing of fingers. On auscultation of
chest, rhonchi and crepts are heard.

1. Discuss the clinical correlation with pathogenesis of the
features.

2. What is the probable diagnosis?
3. How will you investigate and confirm the diagnosis?

Answers on page 906 (Appendix Il)
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HOMEOSTASIS

Many workers have pointed out thatlife on earth probably arose
in the sea, and that the body water which is the environment
of the cells, consisting of “salt water” is similar to the ancient
ocean. The sea within us flows through blood and lymph
vessels, bathes the cells as well as lies within the cells. However,
water within body contains several salts that include sodium,
chloride, potassium, calcium, magnesium, phosphate, and
other electrolytes. Although it appears quite tempting to draw
comparison between environment of the cell and the ancient
oceans, it would be rather an oversimplification in considering
the cellular environment to be wholly fluid ignoring the
presence of cells, fibres and ground substance.

Claude Bernarde (1949) first coined the term internal
environment or milieu interieur for the state in the body in
which the interstitial fluid that bathes the cells and the plasma,
together maintain the normal morphology and function of
the cells and tissues of the body. The mechanism by which
the constancy of the internal environment is maintained and
ensured is called the homeostasis. For this purpose, living
membranes with varying permeabilities such as vascular
endothelium and the cell wall play important role in exchange
of fluids, electrolytes, nutrients and metabolites across the
compartments of body fluids.

The normal composition of internal environment consists
of the following components (Fig. 4.1):

1. WATER Water is the principal and essential consti-
tuent of the body. The total body water in a normal adult male
comprises 50-70% (average 60%) of the body weight and about
10% less in a normal adult female (average 50%). Thus, the
body of a normal male weighing 65 kg contains approximately
40 litres of water. The total body water (assuming average of
60%) is distributed into 2 main compartments of body fluids
separated from each other by membranes freely permeable to
water. These are as under (Fig. 4.2):

MINERALS, FAT, PROTEIN (40%)

Plasma (5%)

@ :
%, o
5 S
Others (10%) @.-\((C/ O

Interstitial fluid (12%)

Figure 4.1 Distribution of body fluid compartments.

Derangements of Homeostasis and
Haemodynamics

ICF (33%)
(27%)
- - -
Blood plasma
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HCO 4 Proteins
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Mesenchyme (9%)

Figure 4.2 Body fluid compartments (ICF = intracellular fluid
compartment; ECF = extracellular fluid compartment).

i) Intracellular fluid compartment This comprises about
33% of the body weight, the bulk of which is contained in the
muscles.

ii) Extracellular fluid compartment This constitutes the
remaining 27% of body weight containing water. Included in
this are the following 4 subdivisions of extracellular fluid (ECF):
a) Interstitial fluid including lymph fluid constitutes the major
proportion of ECF (12% of body weight).

b) Intravascular fluid or blood plasma comprises about 5% of
the body weight. Plasma content is about 3 litres of fluid out of
5 litres of total blood volume.

¢) Mesenchymal tissues such as dense connective tissue,
cartilage and bone contain body water that comprises about
9% of the body weight.

d) Transcellular fluid constitutes 1% of body weight. This is the
fluid contained in the secretions of secretory cells of the body
e.g. skin, salivary glands, mucous membranes of alimentary
and respiratory tracts, pancreas, liver and biliary tract, kidneys,
gonads, thyroid, lacrimal gland and CSE

2. ELECTROLYTES The concentration of cations (positively
charged) and anions (negatively charged) is different in
intracellular and extracellular fluids:

@ In the intracellular fluid, the main cations are potassium
and magnesium and the main anions are phosphates and
proteins. It has low concentration of sodium and chloride.

@ In the extracellular fluid, the predominant cation is sodium
and the principal anions are chloride and bicarbonate. Besides
these, a small proportion of non-diffusible proteins and some



diffusible nutrients and metabolites such as glucose and urea
are present in the ECFE.

The essential difference between the two main subdivisions
of ECF is the higher protein content in the plasma than in the
interstitial fluid which plays an important role in maintaining
fluid balance.

The major functions of electrolytes are as follows:
i) Electrolytes are the main solutes in the body fluids for
maintenance of acid-base equilibrium.
ii) Electrolytes maintain the proper osmolality and volume of
body fluids (Osmolality is the solute concentration per kg water,
compared from osmolarity which is the solute concentration
per litre solution).
iii) The concentration of certain electrolytes determines their
specific physiologic functions e.g. the effect of calcium ions
on neuromuscular excitability. The concentration of the major
electrolytes is expressed in milliequivalent (mEq) per litre so
as to compare the values directly with each other. In order to
convert mg per dl into mEq per litre the following formula is
used:

mg/dl

Eq weight of element

mEq/L=

NORMAL WATER AND ELECTROLYTE BALANCE
(GIBBS-DONNAN EQUILIBRIUM)

Normally, a state of balance exists between the amount of
water absorbed into the body and the amount eliminated from
the body. The water and electrolytes are distributed nearly
constantly in different body fluid compartments:
1. Water is normally absorbed into the body from the bowel
or is introduced parenterally; average intake being 2800 ml per
day.
2. Water is eliminated from the body via:
i) kidneys in the urine (average 1500 ml per day);
ii) via the skin as insensible loss in perspiration or as sweat
(average 800 ml per day), though there is wide variation in loss
via sweat depending upon weather, temperature, fever and
exercise;
iii) via the lungs in exhaled air (average 400 ml per day); and
iv) minor losses via the faeces (average 100 ml per day) and
lacrimal, nasal, oral, sexual and mammary (milk) secretions.
The cell wall as well as capillary endothelium are entirely
permeable to water but they differ in their permeability
to electrolytes. Capillary wall is completely permeable to
electrolytes while the cell membrane is somewhat imperme-
able. As mentioned earlier, concentration of potassium and
phosphate are high in the intracellular fluid whereas concen-
tration of sodium and chloride are high in the ECE The osmotic
equilibrium between the two major body fluid compartments is
maintained by the passage of water from or into the intracellular
compartment. The 2 main subdivisions of ECF—blood plasma
and interstitial fluid, are separated from each other by capillary
wall which is freely permeable to water but does not allow free
passage of macro-molecules of plasma proteins resulting in
higher protein content in the plasma.

ACID-BASE BALANCE

Besides changes in the volume of fluids in the compartments,
changes in ionic equilibrium affecting the acid-base balance of
fluids occur. In terms of body fluids,

® an acid is a molecule or ion which is capable of giving off a
hydrogen ion (H+ ion donor); and

© a base is a molecule or ion which is capable of taking up
hydrogen ion (H+ ion acceptor).

A number of acids such as carbonic, phosphoric, sulfuric,
lactic, hydrochloric and ketoacids are formed during normal
metabolic activity. However, carbonic acid is produced in
largest amount as it is the end-product of aerobic tissue activity.
In spite of these acids, the pH of the blood is kept constant at 7.4
+ 0.05 in health.

The pH of blood and acid-base balance are regulated in the
body as follows:

1. BUFFER SYSTEM Buffers are substances which have
weak acids and strong bases and limit the change in H+ ion
concentration to the normal range. They are the first line of
defense for maintaining acid-base balance and do so by taking
up H+ions when the pH rises. The most important buffer which
regulates the pH of blood is bicarbonate-carbonic acid system
followed by intracellular buffering action of haemoglobin and
carbonic anhydrase in the red cells.

2. PULMONARY MECHANISM During respiration, CO,
is removed by the lungs depending upon the partial pressure
of CO, in the arterial blood. With ingestion of high quantity of
acid-forming salts, ventilation is increased as seen in acidosis
in diabetic ketosis and uraemia.

3. RENAL MECHANISM The other route by which H+
ions can be excreted from the body is in the urine. Here, H+
ions secreted by the renal tubular cells are buffered in the
glomerular filtrate by:
i) combining with phosphates to form phosphoric acid;
ii) combining with ammonia to form ammonium ions; and
iii) combining with filtered bicarbonate ions to form carbonic
acid.

However, carbonic acid formed is dissociated to form CO,
which diffuses back into the blood to reform bicarbonate ions.

PRESSURE GRADIENTS AND FLUID EXCHANGES

Besides water and electrolytes (or crystalloids), both of
which are freely interchanged between the interstitial fluid
and plasma, the ECF contains colloids (i.e. proteins) which
minimally cross the capillary wall. These substances exert
pressures responsible for exchange between the interstitial
fluid and plasma.

Normal Fluid Pressures

1. OSMOTIC PRESSURE This is the pressure exerted by the
chemical constituents of the body fluids. Accordingly, osmotic
pressure may be of the following types (Fig. 4.3,A):

© Crystalloid osmotic pressure exerted by electrolytes
present in the ECF and comprises the major portion of the total
osmotic pressure.

© Colloid osmotic pressure (Oncotic pressure) exerted by
proteins present in the ECF and constitutes a small part of the
total osmotic pressure but is more significant physiologically.
Since the protein content of the plasma is higher than that of
interstitial fluid, oncotic pressure of plasma is higher (average
25 mmHg) than that of interstitial fluid (average 8 mmHg).

© Effective oncotic pressure is the difference between
the higher oncotic pressure of plasma and the lower oncotic
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pressure of interstitial fluid and is the force that tends to draw
fluid into the vessels.

2. HYDROSTATIC PRESSURE This is the capillary blood
pressure.

There is considerable pressure gradient at the two ends of
capillary loop—being higher at the arteriolar end (average 32
mmHg) than at the venular end (average 12 mmHg).

© Tissue tension is the hydrostatic pressure of interstitial
fluid and is lower than the hydrostatic pressure in the capillary
at either end (average 4 mmHg).

© Effective hydrostatic pressure is the difference between
the higher hydrostatic pressure in the capillary and the lower
tissue tension; it is the force that drives fluid through the
capillary wall into the interstitial space.

Normal Fluid Exchanges

Normally, the fluid exchanges between the body compartments
take place as under:

@ At the arteriolar end of the capillary, the balance between
the hydrostatic pressure (32 mmHg) and plasma oncotic
pressure (25 mmHg) is the hydrostatic pressure of 7 mmHg
which is the outward-driving force so that a small quantity of
fluid and solutes leave the vessel to enter the interstitial space.

@ At the venular end of the capillary, the balance between the
hydrostatic pressure (12 mmHg) and plasma oncotic pressure
(25 mmHg) is the oncotic pressure of 13 mmHg which is the
inward-driving force so that the fluid and solutes re-enter the
plasma.

@ Tissue fluid left after exchanges across the capillary wall
escapes into the lymphatics from where it is finally drained into
venous circulation.

@ Tissue factors (i.e. oncotic pressure of interstitial fluid and
tissue tension) are normally small and insignificant forces
opposing the plasma hydrostatic pressure and -capillary
hydrostatic pressure, respectively.

The mechanism by which constancy of the internal
environment is maintained and ensured is called the
homeostasis. Living membranes such as cell wall and
vascular endothelium play important role in exchanges of
fluid, electrolytes, nutrients and metabolites.

Total body water is about 60% of the body weight and
is divided into intracellular (33%) and extracellular
compartments (27%). Intracellular fluid has low concen-
tration of sodium and chloride while extracellular
compartment has high sodium, chloride and bicarbonate;
plasma has high protein content compared from
interstitial fluid.

Effective oncotic pressure is the difference between the
higher oncotic pressure of plasma and the lower oncotic
pressure of interstitial fluid and is the force that tends to
draw fluid into the vessels.

Effective hydrostatic pressure is the difference between
the higher hydrostatic pressure in the capillary and the
lower tissue tension; it is the force that drives fluid through
the capillary wall into the interstitial space.

DISTURBANCES OF BODY WATER

The common derangements of body water are as follows:
1. Oedema
2. Dehydration
3. Overhydration
These are discussed below.

OEDEMA

DEFINITION AND TYPES

The Greek word oidema means swelling. Oedema is defined
as abnormal and excessive accumulation of “free fluid” in the
interstitial tissue spaces and serous cavities. The presence of
abnormal collection of fluid within the cell is sometimes called
intracellular oedema but should more appropriately be called
hydropic degeneration (page 17).
@ Free fluid in body cavities: Commonly called as effusion,
it is named according to the body cavity in which the fluid
accumulates. For example, ascites (if in the peritoneal cavity),
hydrothorax or pleural effusion (if in the pleural cavity), and
hydropericardium or pericardial effusion (if in the pericardial
cavity).
@ Free fluid in interstitial space: Commonly termed as
oedema, the fluid lies free in the interstitial space between the
cellsand can be displaced from one place to another. In the case
of oedema in the subcutaneous tissues, momentary pressure
of finger produces a depression known as pitting oedema. The
other variety is non-pitting or solid oedema in which no pitting
is produced on pressure e.g. in myxoedema, elephantiasis.
Oedema may be of 2 main types:
1. Localised when limited to an organ or limb e.g. lymphatic
oedema, inflammatory oedema, allergic oedema, pulmonary
oedema, cerebral oedema etc.
2. Generalised (anasarca or dropsy) when it is systemic in
distribution, particularly noticeable in the subcutaneous
tissues e.g. renal oedema, cardiac oedema, nutritional oedema.
Depending upon fluid composition, oedema fluid may be:
@ transudate which is more often the case, such as in oedema
of cardiac and renal disease; or
@ exudate such as in inflammatory oedema.
The differences between transudate and exudate are
tabulated in Table 4.1.

PATHOGENESIS OF OEDEMA

Oedema is caused by mechanisms that interfere with normal
fluid balance of plasma, interstitial fluid and lymph flow.
The following mechanisms may be operating singly or in
combination to produce oedema:
1. Decreased plasma oncotic pressure
2. Increased capillary hydrostatic pressure
3. Lymphatic obstruction
4. Tissue factors (increased oncotic pressure of interstitial
fluid, and decreased tissue tension)
5. Increased capillary permeability
6. Sodium and water retention.

These mechanisms are discussed below and illustrated in
Fig. 4.3:

1. DECREASED PLASMA ONCOTIC PRESSURE The
plasma oncotic pressure exerted by the total amount of plasma



IEL XN Differences between transudate and exudate.

FEATURE TRANSUDATE

EXUDATE

1. Definition Filtrate of blood plasma without
changes in endothelial permeability

Oedema of inflamed tissue associated with
increased vascular permeability

Character Non-inflammatory oedema Inflammatory oedema
3. Protein content Low (less than 1 gm/dl); mainly albumin, low High (2.5-3.5 gm/dl), readily coagulates due to high
fibrinogen; hence no tendency to coagulate content of fibrinogen and other coagulation factors
4. Glucose content Same as in plasma Low (less than 60 mg/dl)
5. Specific gravity Low (less than 1.015) High (more than 1.018)
6. pH >73 <73
7. LDH Low High
8. Effusion LDH/ <06 > 0.6
Serum LDH ratio
9. Cells Few cells, mainly mesothelial cells and cellular debris  Many cells, inflammatory as well as parenchymal

10.  Examples Oedema in congestive cardiac failure

Purulent exudate such as pus

proteins tends to draw fluid into the vessels normally. A fall in
the total plasma protein level (hypoproteinaemia of less than
5 g/dl, mainly hypoalbuminaemia), results in lowering
of plasma oncotic pressure in a way that it can no longer
counteract the effect of hydrostatic pressure of blood. This
results in increased outward movement of fluid from the
capillary wall and decreased inward movement of fluid from
the interstitial space causing oedema (Fig. 4.3,B). Hypoprotei-
anemia usually produces generalised oedema (anasarca). Out
of the various plasma proteins, albumin has four times higher
plasma oncotic pressure than globulin; thus it is mainly hypo-
albuminaemia (albumin below 2.5 g/dl) that generally results
in oedema.

The examples of oedema by this mechanism are seen in
the following conditions:
i) Oedema of renal disease e.g. in nephrotic and nephritic
syndrome.
ii) Ascites of liver disease e.g. in cirrhosis of the liver.
iii) Oedema due to other causes of hypoproteinaemia e.g. in
protein-losing enteropathy.

2. INCREASED CAPILLARY HYDROSTATIC PRESSURE
The hydrostatic pressure of the capillary is the force that
normally tends to drive fluid through the capillary wall into the
interstitial space by counteracting the force of plasma oncotic
pressure. A rise in the hydrostatic pressure at the venular end
of the capillary which is normally low (average 12 mmHg) to a
level more than the plasma oncotic pressure results in minimal
or no reabsorption of fluid at the venular end, consequently
leading to oedema (Fig. 4.3,C).

The examples of oedema by this mechanism are seen in
the following disorders:
i) Oedema of cardiac disease e.g. in congestive cardiac failure,
constrictive pericarditis.
ii) Ascites of liver disease e.g. in cirrhosis of the liver.
iii) Passive congestion e.g. in mechanical obstruction due to
thrombosis of veins of the lower legs, varicosities, pressure by
pregnant uterus, tumours etc.
iv) Postural oedema e.g. transient oedema of feet and ankles
due to increased venous pressure seen in individuals whose

job involves standing for long hours such as traffic constables
and nurses.

3. LYMPHATIC OBSTRUCTION Normally, the inter-
stitial fluid in the tissue spaces escapes by way of lymphatics.
Obstruction to outflow of these channels causes localised
oedema, known as lymphoedema (Fig. 4.3,D).

The examples of lymphoedema include the following:
i) Removal of axillary lymph nodes in radical mastectomy for
carcinoma of the breast causing lymphoedema of the affected
arm.
ii) Pressure from outside on the main abdominal or thoracic
duct such as due to tumours, effusions in serous cavities etc
may produce lymphoedema. At times, the main lymphatic
channel may rupture and discharge chyle into the pleural
cavity (chylothorax) or into peritoneal cavity (chylous ascites).
iii) Inflammation of the lymphatics as seen in filariasis
(infection with Wuchereria bancrofti) results in chronic
lymphoedema of scrotum and legs known as elephantiasis, a
form of non-pitting oedema.
iv) Occlusion of lymphatic channels by malignant cells may
result in lymphoedema.
v) Milroy’s disease or hereditary lymphoedema is due to
abnormal development of lymphatic channels. It is seen in
families and the oedema is mainly confined to one or both the
lower limbs (page 391).

4. TISSUE FACTORS The two forces acting in the inter-
stitial space—oncotic pressure of the interstitial space and
tissue tension, are normally quite small and insignificant
to counteract the effects of plasma oncotic pressure and
capillary hydrostatic pressure respectively. However, in
some situations, the tissue factors in combination with other
mechanisms play a role in causation of oedema (Fig. 4.3,E).
These are as under:

i) Elevation of oncotic pressure of interstitial fluid as occurs due
to increased vascular permeability and inadequate removal of
proteins by lymphatics.

ii) Lowered tissue tension as seen in loose subcutaneous tissues
of eyelids and external genitalia.
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Figure 4.3 Diagrammatic representation of pathogenesis of oedema (OP = oncotic pressure; HP = hydrostatic pressure). A, Normal pressure
gradients and fluid exchanges between plasma, interstitial space and lymphatics. B, Mechanism of oedema by decreased plasma oncotic pressure
and hypoproteinaemia. C, Mechanism of oedema by increased hydrostatic pressure in the capillary. D, Mechanism of lymphoedema. E, Mechanism
by tissue factors (increased oncotic pressure of interstitial fluid and lowered tissue tension). F, Mechanism of oedema by increased capillary

permeability.

5. INCREASED CAPILLARY PERMEABILITY An intact
capillary endothelium is a semipermeable membrane which
permits the free flow of water and crystalloids but allows
minimal passage of plasma proteins normally. However,
when the capillary endothelium is injured by various
‘capillary poisons’ such as toxins and their products (e.g.
histamine, anoxia, venoms, certain drugs and chemicals), the
capillary permeability to plasma proteins is enhanced due to
development of gaps between the endothelial cells, causing
leakage of plasma proteins into interstitial fluid. This, in turn,
causes reduced plasma oncotic pressure and elevated oncotic
pressure of interstitial fluid, consequently producing oedema
(Fig. 4.3,F).

The examples of oedema due to increased vascular perme-
ability are seen in the following conditions:
i) Generalised oedema occurring in systemic infections,
poisonings, certain drugs and chemicals, anaphylactic
reactions and anoxia.
ii) Localised oedema A few examples are as under:
@ Inflammatory oedema as seen in infections, allergic
reactions, insect-bite, irritant drugs and chemicals. It is
generally exudate in nature.

@ Angioneurotic oedemais an acute attack oflocalised oedema
occurring on the skin of face and trunk and may involve lips,
larynx, pharynx and lungs. It is possibly neurogenic or allergic
in origin.
6. SODIUM AND WATER RETENTION The mechanism
of oedema by sodium and water retention in extravascular
compartment is best described in relation to derangement in
normal regulatory mechanism of sodium and water balance.
Natrium (Na) is the Latin term for sodium. Normally,
about 80% of sodium is reabsorbed by the proximal convoluted
tubule under the influence of either intrinsic renal mechanism
or extra-renal mechanism while retention of water is affected
by release of antidiuretic hormone (Fig. 4.4):
© Intrinsic renal mechanism is activated in response
to sudden reduction in the effective arterial blood volume
(hypovolaemia) e.g. in severe haemorrhage. Hypovolaemia
stimulates the arterial baroreceptors present in the carotid
sinus and aortic arch which, in turn, send the sympathetic
outflow via the vasomotor centre in the brain. As a result of
this, renal ischaemia occurs which causes reduction in the glo-
merular filtration rate, decreased excretion of sodium in the
urine and consequent retention of sodium.
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Figure 4.4 Mechanisms involved in oedema by sodium and water retention.

© Extra-renal mechanism involves the secretion of
aldosterone, a sodium-retaining hormone, by the renin-
angiotensin-aldosterone system. Renin is an enzyme secreted by
the granular cells in the juxta-glomerular apparatus. Its release
is stimulated in response to low concentration of sodium in the
tubules. Its main action is stimulation of the angiotensinogen
which is o,-globulin or renin substrate present in the plasma.
On stimulation, angiotensin I, a decapeptide, is formed in
the plasma which is subsequently converted into angiotensin
II, an octapeptide, in the lungs and kidneys by angiotension
converting enzyme (ACE). Angiotensin II stimulates the
adrenal cortex to secrete aldosterone hormone. Aldosterone
increases sodium reabsorption in the renal tubules and
sometimes causes a rise in the blood pressure.

© ADH mechanism Retention of sodium leads to retention
of water secondarily under the influence of anti-diuretic
hormone (ADH) or vasopressin. This hormone is secreted by
the cells of the supraoptic and paraventricular nuclei in the
hypothalamus and is stored in the neurohypophysis (posterior
pituitary). The release of ADH is stimulated by increased
concentration of sodium in the plasma and hypovolaemia.
Large amounts of ADH produce highly concentrated urine.

Thus, the possible factors responsible for causating oedema
by excessive retention of sodium and water in the extravascular
compartment via stimulation of intrinsic renal and extra-renal
mechanisms as well as via release of ADH are as under:

i) Reduced glomerular filtration rate in response to
hypovolaemia.

ii) Enhanced tubular reabsorption of
consequently its decreased renal excretion.
iii) Increased filtration factor i.e. increased filtration of plasma
from the glomerulus.

iv) Decreased capillary hydrostatic pressure associated with
increased renal vascular resistance.

The examples of oedema by these mechanisms are as
under:

i) Oedema of cardiac disease e.g. in congestive cardiac failure.
ii) Ascites of liver disease e.g. in cirrhosis of liver.

iii) Oedema of renal disease e.g. in nephrotic and nephritic
syndrome.

sodium and

IMPORTANT TYPES OF OEDEMA

As observed from the pathogenesis of oedema just described,
more than one mechanism may be involved in many examples
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of localised and generalised oedema. Some of the important
examples are described below.

Renal Oedema

Generalised oedema occurs in certain diseases of renal origin
such as in nephrotic syndrome, nephritic syndrome, and in
renal failure due to acute tubular injury.

1. Oedemainnephroticsyndrome Since there is persistent
and heavy proteinuria (albuminuria) in nephrotic syndrome,
there is hypoalbuminaemia causing decreased plasma oncotic
pressure resulting in severe generalised oedema (nephrotic
oedema). The hypoalbuminaemia also causes fall in the plasma
volume activating renin-angiotensin-aldosterone mechanism
which results in retention of sodium and water, thus setting in
a vicious cycle which persists till the albuminuria continues.
Similar type of mechanism operates in the pathogenesis of
oedema in protein-losing enteropathy, adding further support
to the role of protein loss in the causation of oedema.

The nephrotic oedemais classically more severe, generalised
and marked and is present in the subcutaneous tissues as well
as in the visceral organs.

Grossly, the affected organ is enlarged and heavy with tense
capsule.

Microscopically, the oedema fluid separates the connective
tissue fibres of subcutaneous tissues. Depending upon
the protein content, the oedema fluid may appear homo-
geneous, pale, eosinophilic, or may be deeply eosinophilic
and granular.

2. Oedema in nephritic syndrome Oedema occuring
in conditions with diffuse glomerular disease such as in
acute diffuse glomerulonephritis and rapidly progressive
glomerulonephritis is termed nephritic oedema. In contrast to
nephrotic oedema, nephritic oedema is primarily not due to
hypoproteinaemia because of low albuminuria but is largely
due to excessive reabsorption of sodium and water in the renal
tubules via renin-angiotensin-aldosterone mechanism. The
protein content of oedema fluid in glomerulonephritis is quite
low (less than 0.5 g/dl).

The nephritic oedema is usually mild as compared to
nephrotic oedema and begins in the loose tissues such as on
the face around eyes, ankles and genitalia. Oedema in these
conditions is usually not affected by gravity (unlike cardiac
oedema).

The salient differences between the nephrotic and nephritic
oedema are outlined in Table 4.2.

3. Oedema in acute tubular injury Acute tubular injury
following shock or toxic chemicals results in gross oedema of

1E X WA Differences between nephrotic and nephritic oedema.

the body. The damaged tubules lose their capacity for selective
reabsorption and concentration of the glomerular filtrate,
resulting in excessive retention of water and electrolytes, and
consequent oliguria. Besides, there is rise in blood urea.

Cardiac Oedema

Generalised oedema develops in right-sided and congestive
cardiac failure. Pathogenesis of cardiac oedema is explained
on the basis of the following mechanisms (Fig. 4.5):

1. Reduced cardiac output causes hypovolaemia which
stimulates intrinsic-renal and extra-renal hormonal (renin-
angiotensin-aldosterone) mechanisms as well as ADH
secretion resulting in sodium and water retention (as discussed
above) and consequent oedema.

2. Due to heart failure, there is elevated central venous
pressure which is transmitted backward to the venous end
of the capillaries, raising the capillary hydrostatic pressure
and consequent transudation; this is known as back pressure
hypothesis.

3. Chronic hypoxia may injure the capillary endothelium
causing increased capillary permeability and result in oedema;
this is called forward pressure hypothesis. However, this theory
lacks support since the oedema by this mechanism is exudate
whereas the cardiac oedema is typically transudate.

In left heart failure, the changes are, however, different.
There is venous congestion, particularly in the lungs, causing
pulmonary oedema rather than generalised oedema.

Cardiac oedema is influenced by gravity and is thus charac-
teristically dependent oedema i.e. in an ambulatory patient it is
on the lower extremities, while in a bed-ridden patient oedema
appears on the sacral and genital areas. The accumulation of
fluid may also occur in serous cavities.

Pulmonary Oedema

Acute pulmonary oedema is the most important form of local
oedema as it causes serious functional impairment. However, it
has special features and differs from oedema elsewhere in that
the fluid accumulation is not only in the tissue space but also in
the pulmonary alveoli.

ETIOPATHOGENESIS The hydrostatic pressure in the
pulmonary capillaries is much lower (average 10 mmHg).
Normally the plasma oncotic pressure is adequate to prevent
the escape of fluid into the interstitial space and hence lungs
are normally free of oedema. Pulmonary oedema can result
from either the elevation of pulmonary hydrostatic pressure or
the increased capillary permeability (Fig. 4.6).

1. Elevation in pulmonary hydrostatic pressure (Haemo-
dynamic oedema) In heart failure, there is increase in the

FEATURE NEPHROTIC OEDEMA NEPHRITIC OEDEMA
1. Cause Nephrotic syndrome Glomerulonephritis (acute, rapidly progressive)
2. Proteinuria Heavy Moderate
3. Protein content High (>1 g/dl) Low (<0.5 g/dl)
4. Mechanism 1 Plasma oncotic pressure, Nat and water retention Nat and water retention
5. Degree of oedema Severe, generalised Mild
6. Distribution Subcutaneous tissues as well as visceral organs Loose tissues mainly (face, eyes, ankles, genitalia)
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Figure 4.5 Mechanisms involved in the pathogenesis of cardiac oedema.

pressure in pulmonary veins which is transmitted to pulmonary
capillaries. This results in imbalance between pulmonary
hydrostatic pressure and the plasma oncotic pressure so that
excessive fluid moves out of pulmonary capillaries into the
interstitium of the lungs. Simultaneously, the endothelium of
the pulmonary capillaries develops fenestrations permitting
passage of plasma proteins and fluid into the interstitium.
The interstitial fluid so collected is cleared by the lymphatics
present around the bronchioles, small muscular arteries and
veins. As the capacity of the lymphatics to drain the fluid is
exceeded (about ten-fold increase in fluid), the excess fluid

starts accumulating in the interstitium (interstitial oedema)
i.e. in the loose tissues around bronchioles, arteries and in the
lobular septa. This causes thickening of the alveolar walls. Up
to this stage, no significant impairment of gaseous exchange
occurs. However, prolonged elevation of hydrostatic pressure
and due to high pressure of interstitial oedema, the alveolar
lining cells break and the alveolar air spaces are flooded with
fluid (alveolar oedema) driving the air out of alveoli, thus
seriously hampering the lung function.

Examples of pulmonary oedema by this mechanism
are seen in left heart failure, mitral stenosis, pulmonary
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Alveolar oedema
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¥
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Figure 4.6 Mechanisms involved in the pathogenesis of pulmonary oedema. A, Normal fluid exchange at the alveolocapillary membrane (capillary
endothelium and alveolar epithelium). B, Pulmonary oedema via elevated pulmonary hydrostatic pressure. C, Pulmonary oedema via increased

vascular permeability.

O
I
>
U
_{
m
P
I

SolWweUApOWaRH pue SISeISOBWOH JO siuawabuelaqg



86

z
O
|_
O
i
%)

General Pathology

vein obstruction, thyrotoxicosis, cardiac surgery, nephrotic
syndrome and obstruction to the lymphatic outflow by tumour
or inflammation.

2. Increased vascular permeability (Irritant oedema) The
vascular endothelium as well as the alveolar epithelial cells
(alveolo-capillary membrane) may be damaged causing
increased vascular permeability so that excessive fluid and
plasma proteins leak out, initially into the interstitium and
subsequently into the alveoli.

This mechanism explains pulmonary oedema in conditions
such as in fulminant pulmonary and extrapulmonary
infections, inhalation of toxic substances, aspiration, shock,
radiation injury, hypersensitivity to drugs or antisera, uraemia
and adult respiratory distress syndrome (ARDS).

3. Acute high altitude oedema Individuals climbing to
high altitude suddenly without halts and without waiting
for acclimatisation to set in, suffer from serious circulatory
and respiratory ill-effects. Commonly, the deleterious effects
begin to appear after an altitude of 2500 metres is reached.
These changes include appearance of oedema fluid in the
lungs, congestion and widespread minute haemorrhages.
These changes can cause death within a few days. The under-
lying mechanism is due to anoxic damage to the pulmonary
vessels. However, if acclimatisation to high altitude is allowed
to take place, the individual develops polycythaemia, raised
pulmonary arterial pressure, increased pulmonary ventilation
and arise in heart rate and increased cardiac output, and thus
the ill-effects do not appear.

MORPHOLOGIC FEATURES Irrespective of the under-
lying mechanism in the pathogenesis of pulmonary
oedema, the fluid accumulates more in the basal regions
of lungs. The thickened interlobular septa along with their
dilated lymphatics may be seen in chest X-ray as linear lines
perpendicular to the pleura and are known as Kerley'’s lines.
Grossly, the lungs in pulmonary oedema are heavy, moist
and subcrepitant. Cut surface exudes frothy fluid (mixture
of air and fluid).

Microscopically, the alveolar capillaries are congested.
Initially, the excess fluid collects in the interstitial lung

QOedema fluid

Congested vessels

H&E X 200

spaces in the septal walls (interstitial oedema). Later, the
fluid fills the alveolar spaces (alveolar oedema). Oedema
fluid in the interstitium as well as the alveolar spaces appears
as eosinophilic, granular and pink proteinaceous material,
often admixed with some RBCs and alveolar macrophages,
also called heart failure cells (Fig. 4.7). Organisation of
alveolar oedema may be seen as brightly eosinophilic pink
lines along the alveolar margin called hyaline membrane.

Long-standing pulmonary oedema is prone to get infected
by bacteria producing hypostatic pneumonia which may be
fatal.

Cerebral Oedema

Cerebral oedema or swelling of the brain is the most life-
threatening example of oedema. The mechanism of fluid
exchange in the brain differs from elsewhere in the body since
there are no draining lymphatics in the brain but instead,
the function of fluid-electrolyte exchange is performed by
the blood-brain barrier located at the endothelial cells of the
capillaries.

Cerebral oedema can be of 3 types: vasogenic, cytotoxic
and interstitial.

1. VASOGENIC OEDEMA This is the most common type
and its mechanism is similar to oedema in other body sites
from increased filtration pressure or increased -capillary
permeability. Vasogenic oedema is prominent around cerebral
contusions, infarcts, brain abscess and some tumours.

Grossly, the white matter is swollen, soft, with flattened gyri
and narrowed sulci. Sectioned surface is soft and gelatinous.
Microscopically, there is separation of tissue elements by
the oedema fluid and swelling of astrocytes. The perivascular
(Virchow-Robin) space is widened and clear halos are seen
around the small blood vessels.

2. CYTOTOXIC OEDEMA In this type, the blood-brain
barrier is intact and the fluid accumulation is intracellular.
The underlying mechanism is disturbance in the cellular
osmoregulation as occurs in some metabolic derangements,
acute hypoxia and with some toxic chemicals.

\m.

Figure 4.7 Pulmonary oedema. The alveolar capillaries are congested. The alveolar spaces as well as interstitium contain eosinophilic, granular,
homogeneous and pink proteinaceous oedema fluid alongwith some RBCs and inflammatory cells.
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Microscopically, the cells are swollen and vacuolated. In
some situations, both vasogenic as well as cytotoxic cerebral
oedema results e.g. in purulent meningitis.

3. INTERSTITIAL OEDEMA This type of cerebral oedema
occurs when the excessive fluid crosses the ependymal lining
of the ventricles and accumulates in the periventricular white
matter. This mechanism is responsible for oedema in non-
communicating hydrocephalus.

Hepatic Oedema

While oedema in chronic liver disease is discussed in detail
in Chapter 19 (page 616), briefly the mechanisms involved in
causation of oedema of the legs and ascites in cirrhosis of the
liver is as under:

i) There is hypoproteinaemia due to impaired synthesis of
proteins by the diseased liver.

ii) Due to portal hypertension, there is increased venous
pressure in the abdomen, and hence raised hydrostatic pressure.
iii) Failure of inactivation of aldosterone in the diseased liver
and hence hyperaldosteronism.

iv) Secondary stimulation of renin-angiotensin mechanism
promoting sodium and water retention.

Nutritional Oedema

Oedema due to nutritional deficiency of proteins (kwashiorkor,
prolonged starvation, famine, fasting), vitamins (beri-beri
due to vitamin B, deficiency) and chronic alcoholism occurs
on legs but sometimes may be more generalised. The main
contributing factors are hypoproteinaemia and sodium-water
retention related to metabolic abnormalities. In kwashiorkor
occurring in children in economically deprived communities
in Africa and Asia, oedema is associated with characteristic
mucocutaneous ulceration and depigmentation of the hair, all
of which reverts back to normal on adequate nutrition.

Myxoedema

Myxoedema from hypothyroidism (page 794) is a form of
non-pitting oedema occurring on skin of face and other parts
of the body as also in the internal organs due to excessive
deposition of glycosaminoglycans in the interstitium. Micro-
scopically, it appears as basophilic mucopolysaccharides.

DEHYDRATION

Dehydration is a state of pure deprivation of water leading
to sodium retention and hence a state of hypernatraemia. In
other words, there is only loss of water without loss of sodium.
Clinically, the patients present with intense thirst, mental
confusion, fever, and oliguria.

ETIOLOGY Pure water deficiency is less common than salt
depletion but can occur in the following conditions:

1. GIexcretion:

i) Severe vomitings

ii) Diarrhoea

iii) Cholera

2. Renal excretion:

i) Acute renal failure in diuretic phase

ii) Extensive use of diuretics

iii) Endocrine diseases e.g. diabetes insipidus, Addison’s
disease

3. Loss of blood and plasma:

i) Severe injuries, severe burns

ii) During childbirth

4. Loss through skin:

i) Excessive perspiration

ii) Hyperthermia

5. Accumulation in third space:

i) Sudden development of ascites

ii) Acute intestinal obstruction with accumulation of fluid in
the bowel.

MORPHOLOGICAL FEATURES There are no particular
pathological changes in organs, except in advanced cases
when the organs are dark and shrunken. However, there are
haematological and biochemical changes.

© There is haemoconcentration as seen by increased PCV
and raised haemoglobin.

@ In late stage, there is rise in blood urea and serum
sodium.

© Renal shutdown and a state of shock may develop.

OVERHYDRATION

Overhydration is increased extracellular fluid volume due to
pure water excess or water intoxication. Clinically, the patients
presentwith disordered cerebral function e.g. nausea, vomiting,
headache, confusion and in severe cases convulsions, coma,
and even death.

ETIOLOGY Overhydration is generally an induced condition
and is encountered in the following situations:

1. Excessive unmonitored intravascular infusion:
i) Normal saline (0.9% sodium chloride)
ii) Ringer lactate

2. Renal retention of sodium and water:
i) Congestive heart failure

ii) Acute glomerulonephritis

iii) Cirrhosis

iv) Cushing’s syndrome

v) Chronic renal failure

MORPHOLOGICAL FEATURES Sudden weight gain is
a significant parameter of excess of fluid accumulation.
Haematological and biochemical changes include the
following:

® Reduced PCV.

© Reduced plasma electrolytes and lowered plasma
proteins.

%W (c| Y N:10) @ Wl Disturbances of Body Water

Oedema is abnormal and excessive accumulation of “free
fluid”in the interstitial tissue spaces and serous cavities.
Oedema may be localised when limited to an organ or
limb, and generalised (anasarca or dropsy) when it is
systemic in distribution, particularly noticeable in the
subcutaneous tissues.

Depending upon fluid composition, oedema fluid may
be transudate which is more often the case, such as in
oedema of cardiac and renal disease; or exudate such as
in inflammatory oedema.
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Various mechanisms operating singly orin combination to
produce oedema are: decreased plasma oncotic pressure,
increased capillary hydrostatic pressure, lymphatic
obstruction, tissue factors (increased oncotic pressure of
interstitial fluid, and decreased tissue tension), increased
capillary permeability, and sodium and water retention.
Generalised oedema of renal origin occurs in nephrotic
syndrome, nephritic syndrome, and in renal failure due to
acute tubular injury.

Cardiac oedema is generalised and dependent type and
develops in right-sided and congestive cardiac failure.
Acute pulmonary oedema results from either the elevation
of pulmonary hydrostatic pressure or the increased
capillary permeability from various causes.

In cerebral oedema, fluid-electrolyte exchange occurs at
the blood-brain barrier because there are no lymphatics.
Cerebral oedema can be vasogenic, cytotoxic and
interstitial.

Dehydration is pure deprivation of water leading to
sodium retention and a state of hypernatraemia.
Overhydration is increased extracellular fluid volume due
to pure water excess or water intoxication.

DISTURBANCES OF ELECTROLYTES
AND pH OF BLOOD

ELECTROLYTE IMBALANCE

It may be recalled here that normally the concentration of
electrolytes within the cell and in the plasma is different. Intra-
cellular compartment has higher concentration of potassium,
calcium, magnesium and phosphate ions than the blood, while
extracellular fluid (including serum) has higher concentration
of sodium, chloride, and bicarbonate ions. In health, for
electrolyte homeostasis, the concentration of electrolytes in
both these compartments should be within normal limits.
Normal serum levels of electrolytes are maintained in
the body by a careful balance of 4 processes: their intake,
absorption, distribution and excretion. Disturbance in any of
these processes in diverse pathophysiologic states may cause
electrolyte imbalance.

Among the important components in electrolyte
imbalance, abnormalities in serum levels of sodium (hypo-
and hypernatraemia), potassium (hypo- and hyperkalaemia),
calcium (hypo- and hypercalcaemia) and magnesium (hypo-
and hypermagnesaemia) are clinically more important. A list
of important clinical conditions producing abnormalities in
sodium and potassium are given in Table 4.3, while calcium
and phosphate imbalances are discussed in Chapter 26.

While it is beyond the scope of this book to delve into
the subject of electrolyte imbalances in detail, a few general
principles are as under:

i) Electrolyte imbalance in a given case may result from one
or more conditions.

ii) Resultantabnormalserumlevel of more than oneelectrolyte
may be linked to each other e.g. abnormality in serum levels of
sodium and potassium; calcium and phosphate.

iii) Generally, the reflection of biochemical serum electrolyte
levels is in the form of metabolic syndrome and clinical features
rather than morphological findings in organs.

IE %M Electrolyte imbalances of sodium and potassium.

HYPONATRAEMIA
A. Gain of Relatively More Water Than Loss of Sodium
i. Excessive use of diuretics
ii. Hypotonic irrigating fluid administration
iii. Excessive IV infusion of 5% dextrose
iv. Psychogenic polydipsia
v. Large volume of beer consumption
vi. Addison’s disease
B. Loss of Relatively More Salt Than Water

i. Excessive use of diuretics

ii. Renal failure (ARF, CRF)

iii. Replacement of water without simultaneous salt replacement

in conditions causing combined salt and water deficiency
HYPERNATRAEMIA
A. Gain of Relatively More Salt Than Loss Of Water
i. IVinfusion of hypertonic solution

ii. Survivors from sea-drowning

iii. Difficulty in swallowing e.g. oesophageal obstruction

iv. Excessive sweating (in deserts, heat stroke)
B. Loss of Relatively More Water Than Salt

i. Diabetes insipidus

ii. Induced water deprivation (non-availability of water, total
fasting)

iii. Replacement of salt without simultaneous water replacement
in conditions causing combined salt and water deficiency

HYPOKALAEMIA
A. Decreased Potassium Intake

i. Anorexia

ii. IVinfusions without potassium

iii. Fasting

iv. Dietlow in potassium

B. Excessive Potassium Excretion

i. Loss from Gl tract (e.g. vomitings, diarrhoea, laxatives)

ii. Lossfrom kidneys (e.g. excessive use of diuretics,
corticosteroid therapy, hyperaldosteronism, Cushing’s
syndrome)

iii. Loss through skin (e.g. profuse perspiration)

iv. Loss from abnormal routes (e.g. mucinous tumours, drainage
of fistula, gastric suction)

C. Excessive Mobilisation from Extracellular into Intracellular

Compartment

i. Excess insulin therapy

ii. Alkalosis

HYPERKALAEMIA
A. Excessive Potassium Intake
i. Excessive or rapid infusion containing potassium
ii. Large volume of transfusion of stored blood
B. Decreased Potassium Excretion
i. Oliguric phase of acute renal failure
ii. Adrenal cortical insufficiency (e.g. Addison’s disease)
iii. Drugs such as ACE (angiotensin-converting enzyme)
inhibitors
iv. Renal tubular disorders
C. Excessive Mobilisation from Intracellular into Extracellular
Compartment
i. Muscle necrosis (e.g. in crush injuries, haemolysis)
ii. Diabetic acidosis
ii. Use of drugs such as beta-blockers, cytotoxic drugs
iv. Insufficient insulin




iv) Clinical manifestations of a particular electrolyte
imbalance are related to its pathophysiologic role in that
organ or tissue.

pH OF BLOOD

During metabolism of cells, carbon dioxide and metabolic
acids are produced. CO, combines with water to form
carbonic acid. The role of bicarbonate buffering system in the
extracelluar compartment has already been stated above. In
order to have acid-base homeostasis to maintain blood pH of
7.4, both carbonic acid and metabolic acids must be excreted
from the body via lungs (for CO,) and kidneys (for metabolic
acids). Thus, the pH of blood depends upon 2 principal factors:
@ serum concentration of bicarbonate; and

@ partial pressure of CO, that determines the concentration
of carbonic acid.

Accordingly, the disorders of the pH of the blood, termed
as acidosis (blood pH below 7.4) and alkalosis (blood pH above
7.4), can be of 2 types:

1. Alterations in the blood bicarbonate levels: These are
metabolic acidosis and alkalosis.

2. Alteration in Pco, (which depends upon the ventilatory
function of the lungs): These are respiratory acidosis and
alkalosis.

ACID BASE IMBALANCE

Abnormalities in acid-base homeostasis produce following
4 principal metabolic states which have diverse clinical
manifestations due to pathophysiologic derangements:

Metabolic Acidosis

A fall in the blood pH due to metabolic component is brought
about by fall of bicarbonate level and excess of H* ions in the
blood. This occurs in the following situations:

i) Production of large amounts of lactic acid (lactic acidosis)
e.g. in vigorous exercise, shock.

ii) Uncontrolled diabetes mellitus (diabetic ketoacidosis).

iii) Starvation.

iv) Chronic renal failure.

v) Therapeutic administration of ammonium chloride or
acetazolamide (diamox).

High blood levels of H* ions in metabolic acidosis stimulate
the respiratory centre so that the breathing is deep and rapid
(air hunger or Kussmaul's respiration). There is fall in the
plasma bicarbonate levels.

Metabolic Alkalosis

A rise in the blood pH due to rise in the bicarbonate levels of
plasma and loss of H* ions is called metabolic alkalosis. This is
seen in the following conditions:

i) Severe and prolonged vomitings.

ii) Administration of alkaline salts like sodium bicarbonate.
iii) Hypokalaemia such as in Cushing’s syndrome, increased
secretion of aldosterone.

Clinically, metabolic alkalosis is characterised by
depression of respiration, depressed renal function with
uraemia and increased bicarbonate excretion in the urine. The
blood level of bicarbonate is elevated.

Respiratory Acidosis

A fall in the blood pH occurring due to raised Pco, consequent
to hypoventilation of lungs (CO, retention) causes respiratory
acidosis. This can occur in the following circumstances:

i) Air obstruction as occurs in chronic bronchitis, emphy-
sema, asthma.

ii) Restricted thoracic movement e.g. in pleural effusion,
ascites, pregnancy, kyphoscoliosis.

iii) Impaired neuromuscular function e.g. in poliomyelitis,
polyneuritis.

Clinically, there is peripheral vasodilatation and raised
intracranial pressure. If there is severe CO, retention, patients
may develop confusion, drowsiness and coma. The arterial
Pco, level is raised.

Respiratory Alkalosis

A rise in the blood pH occurring due to lowered Pco,
consequent to hyperventilation of the lungs (excess removal of
CO,) is called respiratory alkalosis. This occurs in the following
conditions:

i) Hysterical overbreathing.

ii) Working at high temperature.

iii) Athigh altitude.

iv) Meningitis, encephalitis.

v) Salicylate intoxication.

Clinically, the patients with respiratory alkalosis are
characterised by peripheral vasoconstriction and consequent
pallor, lightheadedness and tetany. The arterial Pco, is
lowered.

= GIST BOX 4.3 Disturbances of Electrolytes and pH
: of Blood

Normal serum levels of electrolytes are maintained in
the body by a careful balance of 4 processes: their intake,
absorption, distribution and excretion.

The pH of blood depends upon serum concentration of
bicarbonate and partial pressure of CO,.

Metabolic acidosis is a fall in the blood pH due to fall of
bicarbonate level and excess of H* ions in the blood, while
a rise in the blood pH due to rise in bicarbonate levels of
plasma and loss of H* ions is called metabolic alkalosis.
Raised Pco, consequent to hypoventilation of lungs (CO,
retention) causes respiratory acidosis, while a lowered
Pco, consequent to hyperventilation of the lungs (excess
removal of CO,) is called respiratory alkalosis.

HAEMODYNAMIC DERANGEMENTS

The principles of blood flow are called haemodynamics.
Normal circulatory function requires uninterrupted flow of
blood from the left ventricle to the farthest capillaries in the
body; return of blood from systemic capillary network into
the right ventricle; and from the right ventricle to the farthest
pulmonary capillaries and back to the left atrium (Fig. 4.8).
There are three essential requirements to maintain normal
blood flow and perfusion of tissues: normal anatomic features,
normal physiologic controls for blood flow, and normal
biochemical composition of the blood.
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SYSTEMIC CIRCULATION
(HEAD AND NECK)

g

SYSTEMIC CIRCULATION
(LOWER BODY)

Figure 4.8 Normal haemodynamic flow of blood in the body.

Derangements of blood flow or haemodynamic distur-
bances are considered under 2 broad headings:
1. Disturbances in the volume of the circulating blood These
include: hyperaemia and congestion, haemorrhage and shock.
II. Circulatory disturbances of obstructive nature These are:
thrombosis, embolism, ischaemia and infarction.

DISTURBANCES IN THE VOLUME OF
CIRCULATING BLOOD

HYPERAEMIA AND CONGESTION

Hyperaemia and congestion are the terms used for localised
increase in the volume of blood within dilated vessels of an
organ or tissue.
@ Increased volume of blood from arterial and arteriolar
dilatation (i.e. increased inflow) is referred to as hyperaemia or
active hyperaemia.
® Impaired venous drainage (i.e. diminished outflow) is
called venous congestion or passive hyperaemia (Fig. 4.9).

If the condition develops rapidly it is called acute, while
more prolonged and gradual response is known as chronic.

Active Hyperaemia

The dilatation of arteries, arterioles and capillaries is effected
either through sympathetic neurogenic mechanism or via the
release of vasoactive substances. The affected tissue or organ is
pink or red in appearance (erythema).

The examples of active hyperaemia are seen in the following
conditions:
i) Inflammation e.g. congested vessels in the walls of alveoli
in pneumonia
ii) Blushing i.e. flushing of the skin of face in response to
emotions
iii) Menopausal flush
iv) Muscular exercise

v) High grade fever
vi) Goitre
vii) Arteriovenous malformations

Clinically, hyperaemia is characterised by redness and
raised temperature in the affected part.

Passive Hyperaemia (Venous Congestion)

The dilatation of veins and capillaries due to impaired venous
drainage results in passive hyperaemia or venous congestion,
commonly referred to as passive congestion. Congestion may
be acute or chronic, the latter being more common and is
called chronic venous congestion (CVC). The affected tissue or
organ is bluish in colour due to accumulation of venous blood
(cyanosis). Obstruction to the venous outflow may be local or
systemic. Accordingly, venous congestion is of 2 types:

@ Local venous congestion results from obstruction to the
venous outflow from an organ or part of the body e.g. portal
venous obstruction in cirrhosis of the liver, outside pressure on
the vessel wall as occurs in tight bandage, plasters, tumours,
pregnancy, hernia etc, or intraluminal occlusion by thrombosis.

@ Systemic (General) venous congestion is engorgement
of veins e.g. in left-sided and right-sided heart failure and
diseases of the lungs which interfere with pulmonary blood
flow like pulmonary fibrosis, emphysema etc. Usually the
fluid accumulates upstream to the specific chamber of the
heart which is initially affected (page 399). For example, in
left-sided heart failure (such as due to mechanical overload
in aortic stenosis, or due to weakened left ventricular wall

Increased arterial inflow  Normal arterial inflow

Normal arterial inflow

Normal venous Normal or increased Decreased venous

outflow venous outflow outflow
T T PASSIVE
NORMAL HYPERAEMIA | CONGESTION

Figure 4.9 Schematic representation of abnormal accumulation of
blood in the arteriovenous capillary bed causing hyperaemia and
passive congestion.
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Figure 4.10 Schematic representation of mechanisms involved in chronic venous congestion (CVC) of different organs.

as in myocardial infarction) pulmonary congestion (or CVC
lungs) results, whereas in right-sided heart failure (such as
due to pulmonary stenosis or pulmonary hypertension) syste-
mic venous congestion (i.e. CVC of systemic organs) results.
Fig. 4.10 illustrates the mechanisms involved in passive or
venous congestion of different organs.

up by alveolar macrophages, called as heart failure cells,
seen in the alveolar lumina. The brown induration observed
on the cut surface of the lungs is due to the pigmentation
and fibrosis (Fig. 4.11).
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CVC Liver

MORPHOLOGY OF CVC OF ORGANS
Chronic venous congestion of the liver occurs in right heart

CVC Lung failure and sometimes due to occlusion of inferior vena cava
and hepatic vein.

Chronic venous congestion of the lung occurs in left heart

failure (Chapter 14) (e.g. in rheumatic mitral stenosis) resulting

R Grossly, the liver is enlarged and tender and the capsule is
in rise in pulmonary venous pressure.

tense. Cut surface shows characteristic nutmeg* appearance
due to red and yellow mottled appearance, corresponding

Grossly, the lungs are heavy and firm in consistency. The to congested centre of lobules and fatty peripheral zone
sectioned surface is dark and rusty brown in colour, referred respectively (Fig. 4.12).

D £ br own induration of the lungs. Microscopically, the changes of passive congestion are
Histologically, the features are as under: more marked in the centrilobular zone (zone 3) which is

i) The alveolar septa are widened due to presence of
interstitial oedema and dilated and congested capillaries
in the septal wall. There is also slight increase in fibrous
connective tissue in the alveolar septa.

ii) Rupture of dilated and congested capillaries may result
in minute intra-alveolar haemorrhages. The breakdown of
erythrocytes liberates haemosiderin pigment which is taken

farthest from blood supply (periportal zone, zone 1) and
thus bears the brunt of hypoxia the most.

*Nutmeg (vernacular name jaiphal) is the seed of a spice tree that
grows in India, and is used in cooking as spice for giving flavours.
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Thickened alveolar septa  Heart failure cells  Intra-alveolar RBCs

Figure 4.11 CVC lung. The alveolar septa are widened and thickened due to congestion, oedema and mild fibrosis. The alveolar lumina contain
heart failure cells (alveolar macrophages containing haemosiderin pigment).

i) The central veins as well as the adjacent sinusoids
are distended and filled with blood. The centrilobular
hepatocytes undergo degenerative changes, and eventually
centrilobular haemorrhagic necrosis occurs.

ii) Long-standing cases may show fine centrilobular fibrosis
and regeneration of hepatocytes, resulting in cardiac
cirrhosis (Chapter 19).

iii) The peripheral zone of the lobule is less severely affected
by chronic hypoxia and shows some fatty change in the
hepatocytes (Fig. 4.13).

CVC Spleen

Chronic venous congestion of the spleen occurs in right heart

failure and in portal hypertension from cirrhosis of liver.

Mottling

Figure 4.12 Nutmeg liver.The cut surface shows mottled appearance—

alternate pattern of dark congestion and pale fatty change.

Grossly, the spleen in early stage is slightly to moderately
enlarged (up to 250 g as compared to normal 150 g), while
in long-standing cases there is progressive enlargement
and may weigh up to 500 to 1000 g. The organ is deeply
congested, tense and cyanotic. Sectioned surface is gray tan
(Fig. 4.14).

Microscopically, the features are as under (Fig. 4.15):

i) Red pulp is enlarged due to congestion and marked
sinusoidal dilatation and there are areas of recent and old
haemorrhages. Sinusoids may get converted into capillaries
(capillarisation of sinusoids).

ii) There is hyperplasia of reticuloendothelial cells in the red
pulp of the spleen (splenic macrophages).

iii) There is fibrous thickening of the capsule and of the
trabeculae.
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Figure 4.13 CVC liver. The centrilobular zone shows marked degeneration and necrosis of hepatocytes accompanied by haemorrhage while the

peripheral zone shows mild fatty change of liver cells.

iv) Some of haemorrhages overlying fibrous tissue get
deposits of haemosiderin pigment and calcium salts; these
organised structures are termed as Gamna-Gandy bodies or
siderofibrotic nodules.

v) Firmness of the spleen in advanced stage is seen more
commonly in hepatic cirrhosis (congestive splenomegaly)
and is the commonest cause of hypersplenism (Chapter 12).

CVCKidney

Grossly, the kidneys are slightly enlarged and the medulla
is congested.
Microscopically, the changes are rather mild. The tubules
may show degenerative changes like cloudy swelling
and fatty change. The glomeruli may show mesangial
proliferation.

HAEMORRHAGE

Haemorrhage is the escape of blood from a blood vessel. The
bleeding may occur externally, or internally into the serous
cavities (e.g. haemothorax, haemoperitoneum, haemoperi-
cardium), or into a hollow viscus. Extravasation of blood into
the tissues with resultant swelling is known as haematoma.
Large extravasations of blood into the skin and mucous
membranes are called ecchymoses. Purpuras are small areas
of haemorrhages (upto 1 cm) into the skin and mucous
membrane, whereas pefechiae are minute pinhead-sized
haemorrhages. Microscopic escape of erythrocytes into loose
tissues may occur following marked congestion and is known
as diapedesis.

ETIOLOGY The blood loss may be large and sudden (acute),
or small repeated bleeds may occur over a period of time
(chronic). The various causes of haemorrhage are as under:

1. Trauma to the vessel wall e.g. penetrating wound in the
heart or great vessels, during labour etc.

2. Spontaneous haemorrhage e.g. rupture of an aneurysm,
septicaemia, bleeding diathesis (such as purpura), acute
leukaemias, pernicious anaemia, scurvy.

3. Inflammatory lesions of the vessel wall e.g. bleeding from
chronic peptic ulcer, typhoid ulcers, blood vessels traversing
a tuberculous cavity in the lung, syphilitic involvement of the
aorta, polyarteritis nodosa.

4. Neoplastic invasion e.g. haemorrhage following vascular
invasion in carcinoma of the tongue.

5. Vascular diseases e.g. atherosclerosis.

6. Elevated pressure within the vessels e.g. cerebral and retinal
haemorrhage in systemic hypertension, severe haemorrhage
from varicose veins due to high pressure in the veins of legs or
oesophagus.

Figure 4.14 CVC spleen (Congestive splenomegaly). Sectioned surface
shows that the spleen is heavy and enlarged in size. The colour of
sectioned surface is grey-tan.
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Thickened capsule

Congested sinusoids

Gamna-Gandy body

Figure 4.15 CVC spleen. The sinuses are dilated and congested. There is increased fibrosis in the red pulp, capsule and the trabeculae. A Gamna-

Gandy body is 