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Preface to the fourth edition

Another five years has flown by and more than
enough has happened in the world of dermato-
logy to warrant this, the fourth, edition of Clinical
Dermatology.

The original editorial team felt that our book would
be refreshed and energised by a younger co-editor!
Richard Weller was approached, as his background
bridges clinical and academic dermatology; happily,
he agreed to join and even lead the team. We have
always felt that our book was a little different from
our competitors in that we try to provide more
science behind diseases and their treatment than
is usual in such short primers. We also make no
apologies that we aim to enthuse family doctors (for
whom we are primarily writing) to enjoy the chal-
lenge of diagnosing and treating skin conditions that
they see only too often. At the same time we hope
that there is more than enough in the following pages
to whet the appetite of budding dermatologists,
bright undergraduate students and even physicians
looking beyond their own specialty.

2006 was an especially sad year for us. John Savin,
our colleague, co-editor and, above all, friend died
in August. As usual, he was ahead of the game
in rewriting ‘his” chapters and editing ‘ours’! His
name, of course, remains on the front cover of this
edition. We miss him enormously but still feel him
looking over our shoulders when we struggle to
describe some complex problem in simple plain
English; we hope that this edition will continue to
reflect his way with words.

We have introduced three new chapters into this
edition. That on racial skin differences reflects the
cosmopolitan world in which we live and should
make interpretation of skin disorders in different
ethnic groups easier. In chapter 15 we bring together
the skin conditions encountered in different age
groups, and add two more to Shakespeare’s seven
ages — those of the foetus and the pregnant woman.
Our third newcomer is that on cosmetic dermatology.
We hope that this chapter will allow family doctors
to keep one step ahead of their patients who, aided
by a myriad of TV programmes, seem to know much
about keeping ten years younger.

We have also updated every chapter on its own
merit and have tried to include important recent
advances. The role of the new ‘biologicals’ in the
treatment of psoriasis and their side effects, fillagrin
gene mutations in atopic eczema, recently recognized
drug eruptions, the science behind the different types
of phototherapy and new lasers, the prevention of and
protection against infections after dermatological
surgery, are but a few.

Finally, we acknowledge that the quickest way
that most family doctors can now learn more about
a topic is by electronic communication. The first
references under ‘Further reading’ at the end of each
chapter therefore provide directions to guidelines,
reviews and treatments that can be easily accessed
on the internet.

We welcome you to our fourth edition.

RPJBW. J.A.AAH. and M.V.D.
Edinburgh and Scottsdale, 2007
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Preface to the first edition

Some 10% of those who go to their family doctors do
so with skin problems. We have seen an improve-
ment in the way these have been managed over the
last few years, but the subject still baffles many med-
ical students—on both sides of the Atlantic. They
find it hard to get a grip on the soggy mass of facts
served up by some textbooks. For them we have
tried to create an easily-read text with enough detail
to clarify the subject but not enough to obscure it.

There are many doctors too who are puzzled by
dermatology, even after years in practice. They have
still to learn how to look at the skin with a trained
eye. Anyone who denies that clinical dermatology is
a visual specialty can never have practised it. In this
book we have marked out the route to diagnostic suc-
cess with a simple scheme for recognizing primary
skin lesions using many diagrams and coloured
plates.

We hope that this book will help both groups—
students and doctors, including some in general
medicine and some starting to train as dermatologists

—and of course their patients. We make no apolo-
gies for our emphasis on diagnosis and manage-
ment, and accept that we cannot include every
remedy. Here, we mention only those preparations
we have found to be useful and, to avoid too many
trade names, we have tabulated those used in the
UK and the USA in a Formulary at the back of the
book.

We have decided not to break up the text by quot-
ing lists of references. For those who want to know
more there are many large and excellent textbooks
on the shelves of all medical libraries.

While every effort has been made to ensure that
the doses mentioned here are correct, the authors
and publishers cannot accept responsibility for any
errors in dosage which may have inadvertently
entered this book. The reader is advised to check
dosages, adverse effects, drug interactions, and
contraindications in the latest edition of the British
National Formulary or Drug Information (American
Society of Hospital Pharmacists).
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Introduction

Our overall aim in this book has been to make
dermatology easy to understand by the many busy
doctors who glimpsed it only briefly, if at all, during
their medical training. All too often the subject has
been squeezed out of its proper place in the under-
graduate curriculum, leaving growing numbers who
quail before the skin and its reputed 2000 conditions,
each with its own diverse presentations. They can
see the eruptions clearly enough, but cannot describe
or identify them. There are few machines to help
them. Even official ‘clinical guidelines’ for treatment
are no use if a diagnosis has not been made. Their
patients quickly sense weakness and lose faith. We
hope that this book will give them confidence in
their ability to make the right diagnosis and then to
prescribe safe and effective treatment.

An understanding of the anatomy, physiology
and immunology of the skin (Chapter 2) is the
bedrock on which all diagnostic efforts must be
based. Remembering Osler’s aphorism that ‘We
miss more by not seeing than by not knowing’, the
identification and description of primary skin lesions
and the patterns these have taken up on the skin sur-
face follow (Chapter 3) and will lead to a sensible
working diagnosis. After this has been achieved,
investigations can be directed along sensible lines
(Chapter 3) until a firm diagnosis is reached. Then,
and only then, will the correct line of treatment snap
into place.

General rules for the choice of topical treat-
ments are dealt with in Chapter 26, while more
specific information on topical and systemic drugs
is covered in the chapters on individual conditions.
Correct choices here will be repaid by good results.
Patients may be quick to complain if they are
not doing well; equally they are delighted if their
eruptions can be seen to melt rapidly away. Many
of them are now joining in the quest for cosmetic
perfection that is already well advanced in the USA

and becoming more fashionable in the UK. Family
doctors who are asked about this topic can find their
answers in our new chapter on cosmetic dermatology
(Chapter 22).

We do not pretend that all of the problems in
the classification of skin diseases have been solved
in this book. Far from it; some will remain as long
as their causes are still unknown, but we make
no apology for trying to keep our terminology as
simple as possible. Many doctors are put off by
the cumbersome Latin names left behind by earlier

Describe the primary lesion. What is your diagnosis?
Turn over the page to find the answer.
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2 Introduction

pseudo-botanical classifications. Names like painful
nodule of the ear or ear corn must now be allowed
to take over from more traditional ones such as
chondrodermatitis nodularis helicis chronica.

As well as simplifying the terminology, we have
concentrated mainly on common conditions, which
make up the bulk of dermatology in developed
countries, although we do mention some others
which may be rare but which illustrate important
general principles. We have also tried to cut out as
many synonyms and eponyms as possible. We have
included some further reading at the end of each
chapter for those wanting more information and,
for the connoisseur, the names of some reference
books at the end of this section.

We have, wherever possible, grouped together
conditions that have the same cause, e.g. fungal
infections (Chapter 16) and drug reactions (Chap-
ter 25). Failing this, some chapters are based on a
shared physiology, e.g. disorders of keratinization
(Chapter 4), or on a shared anatomy, e.g. disorders
of hair and nails (Chapter 13), of blood vessels
(Chapter 11) or of the sweat glands (Chapter 12).
In some chapters we have, reluctantly, been forced
to group together conditions that share physical
characteristics, e.g. the bullous diseases (Chapter 9)
and the papulosquamous disorders (Chapter 6),
but this is unsound and brings together some
strange bedfellows. Modern research will surely
soon reallocate their positions in the dormitory

Araspberry! ‘see and, then reason,
but see first.” (W. Osler)

of dermatology. Finally, we must mention, sooner
rather than later, electronic communication and
the help that it can offer both patients and doctors.
Websites are proliferating almost as rapidly as the
epidermal cells in psoriasis; this section deserves
its own heading.

Dermatology on the Internet

Websites come and go, but we hope that the ones
we suggest here will last at least as long as this
book. The best are packed with useful information;
others are less trustworthy. We rely heavily on
those of the British Association of Dermatologists
(www.bad.org.uk) and the American Academy of
Dermatology (www.aad.org) for current guide-
lines on how to manage a variety of individual
skin conditions. They also provide excellent patient
information leaflets, and the addresses of patient
support groups.

Two other favourite sites are those of the New Zea-
land Dermatological Society (http://dermnetnz.org
which provides both patient information) and
a useful pictorial quiz for the budding dermato-
logist, and DermAtlas (www.dermatlas.com), an
online dermatology atlas hosted at Johns Hopkins
University.

We are gradually writing our own questions
related to this text, and publishing them online
at www.derm.med.ed.ac.uk. We hope that this will



evolve into a useful addition to Clinical Dermatology,
allowing readers to check on how much they have
learnt from each chapter.

For medical searches, the two main engines we use
are the long-standing Pubmed (www.pubmed.gov)
which ranks publications by date, and the newer
Google Scholar (http://scholar.google.com) which
attempts to sort them by relevance. We watch the
debate on open access to medical journals with
interest. The Public Library of Science (www.plos.org)
publishes occasional dermatology papers, and a
growing number of journals are allowing free
access to their content 12 months after publication.
The full text of over half of the world’s 200 most
cited journals is now available on a website (http://
highwire.stanford.edu) that includes the famous
“Topic map’: few pleasures exceed that of ‘exploding’
clinical medicine into its subcategories by a process
of simple clicking and dragging.
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1 Skin disease in perspective

This chapter presents an overview of the causes,
prevalence and impact of skin disease.

The many roles of the skin

The skin is the largest organ in the body. It is the
boundary between ourselves and the world around
us, and its primary role is that of a barrier, prevent-
ing the entry of noxious chemicals and infectious
organisms, and preventing the exit of water and
other chemicals. It is a sort of ‘space suit’, nicely
evolved to house all the other organs and chemicals
in our bodies.

Skin has other roles too. It is an important sense
organ, and controls heat and water loss. It reflects
internal changes (Chapter 21) and reacts to external

Allergens Irritants
Sunshine — Chemicals  Infections
and cold

\

Internal
disease

Genetic
factors

Psychological

Drugs
factors 9

ones. It can sweat, grow hair, erect its hairs, change
colour, smell, grow nails, and secrete sebum. When
confronted with insults from outside, it usually adapts
easily and returns to a normal state, but sometimes
it fails to do so and a skin disorder appears. Some
of the internal and external factors that are import-
ant causes of skin disease are shown in Fig. 1.1.
Often several will be operating at the same time.
Just as often, however, no obvious cause for a skin
abnormality can be found, and here lies much of the
difficulty of dermatology. When a cause is obvious
— for example, when the washing of dishes leads
to an irritant hand dermatitis, or when episodes of
severe sunburn are followed by the development
of a melanoma — education and prevention are just
as important as treatment.

Trauma
Friction

VS

7T

Infections

Fig. 1.1 Some internal and external
factors causing skin diseases.

4 Clinical Dermatology, Fourth Edition By Richard P.J.B. Weller, John A.A. Hunter, John A. Savin and Mark V. Dahl
© 2008 Richard Weller, John Hunter, John Savin, Mark Dahl. ISBN: 978-1-405-14663-0



Prevalence of skin disorders

Skin diseases are very common. Probably everyone
has experienced a skin disorder, such as sunburn,
irritation, dry skin, acne, warts or pigment changes.
The most important skin disorders in the UK are given
in Table 1.1. People in other countries and in other
environments may also develop skin diseases peculiar
to their surroundings, or common skin diseases at
different rates. For example, people living in tropical
areas develop infectious diseases, such as leishma-
niasis, not seen in more temperate climates. Different
age groups experience different skin conditions. In
the USA, for example, diseases of the sebaceous glands
(mainly acne) peak at the age of about 18 years and
then decline, while the prevalence of skin tumours
steadily mounts with age (Fig. 1.3).

The idea that ‘common things occur commonly’
is well known to surgeons as an aid to diagnosis. Itis
equally true of dermatology — an immense subject
embracing more than 2000 different conditions. In
the UK, some 70% of a dermatologist’s work is caused
by only nine types of skin disorder (Table 1.1). In
the USA, nearly half of all visits to dermatologists
are for one of three diagnoses: acne, warts and skin
tumours.

Currently, skin disorders account for about 15%
of all consultations in general practice in the UK,
but this is only the tip of an iceberg of skin disease,
the sunken part of which consists of problems that
never get to doctors, being dealt with or ignored in
the community.

How large is this problem? No one quite knows,
as those who are not keen to see their doctors seldom
star in the medical literature. People tend to be
shy about skin diseases, and many of them settle

Table 1.1 The most common categories of skin disorder
in the UK.

Skin cancer

Acne

Atopic eczema

Psoriasis

Viral warts

Other infective skin disorders

Benign tumours and vascular lesions
Leg ulcers

Contact dermatitis and other eczemas

Skin disease in perspective 5

25% of population with a skin problem*

15% of population consult GP with a
skin problem (making up 19% of all
consultations)

1.2% of population are referred
to a dermatologist (8% of
those who see GP with a skin
problem)

0.025% of population
admitted to hospital
with a skin problem
(2% of new
referrals)

0.0001% of
population
die of skin
disease

*About a third of
these self-treat only

Fig. 1.2 Skin problems in the UK and how they are dealt
within 1 year (derived from Williams 1997). Patients in the
USA usually refer themselves to dermatologists.

300

200

100+

Rate per 1000 population

Z

0 T T
0 20 40 60 80
Age (years)

- Diseases of sebaceous
glands (mainly acne)

—— Skin tumours

Fungal infections

Fig. 1.3 The age-dependent prevalence of some skin
conditions.



6 Chapter 1

Table 1.2 Responses to minor ailments.

Did not use anything 45%
Used a home remedy 9%
Used an over-the-counter remedy 24%
Used a prescription remedy already in the house 13%
Saw a doctor 13%

-—3% are referred to
a dermatologist

- 17% see a general
practitioner only

___80% see no doctor

Fig. 1.4 The ‘iceberg’ of psoriasis in the UK during a
single year.

spontaneously, often before patients seek help. The
results of a study of the responses to minor ail-
ments of all types are shown in Table 1.2; clearly, a
few patients took more than one course of action.
These responses apply to skin disorders too, and
form the basis for the ‘iceberg’ of psoriasis in the
UK shown in Fig. 1.4. In the course of a single year
most of those with psoriasis do not see a doctor,
and only a few will see a dermatologist. Some may
have fallen victim to fraudulent practices, such as
‘herbal” preparations laced with steroids, and base-
less advice on “allergies’.

Several large studies have confirmed that this is
the case with other skin diseases too.
e Of a large representative sample of the US popu-
lation, 31.2% were found to have significant skin
disease that deserved medical attention. Scaled up,
these figures suggest that some 80 million of the
US population may have significant skin diseases.
e A community study of adults in the UK found
22.5% to have a skin disease needing medical atten-
tion: only one in five of these had seen a doctor

within the preceding 6 months. Self-medication was
far more common than any treatment prescribed
by doctors.

e In another UK study, 14% of adults and 19% of
children had used a skin medication during the
previous 2 weeks; only one-tenth of these were pre-
scribed by doctors. In a study of several tons of
unused medicinal preparations, 7% by weight had
been manufactured for topical use on the skin.

e Preparations used to treat skin disease can be
found in about half of all homes in the UK; the ratio
of non-prescribed to prescribed remedies is about
6 : 1. Skin treatments come second only to painkillers
in the list of non-prescription medicines. Even so,
in the list of the most commonly prescribed groups
of drugs in the UK, those for topical use in skin
conditions still come second — behind diuretics.

No one who has worked in any branch of medicine
can doubt the importance of diseases of the skin.
A neurologist, for example, will know all about the
Sturge-Weber syndrome (p. 314), a gastroentero-
logist about the Peutz-Jeghers syndrome (p. 199)
and a cardiologist about the LEOPARD syndrome
(lentigines, electrocardiographic conduction abnor-
malities, ocular hypertelorism, pulmonary stenosis,
abnormal genitalia, retardation of growth, and deaf-
ness; p. 286); yet paradoxically, even in their own
wards, they will see far more of other, more common
skin conditions, such as drug eruptions, asteatotic
eczema and scabies. They should know about these
too. In primary care, skin problems are even more
important, and the prevalence of some common skin
conditions, such as skin cancer and atopic eczema,
is undoubtedly rising.

The pattern of skin disease in a community
depends on many other factors, both genetic and
environmental; some are listed in Table 1.3. In

Table 1.3 Some factors influencing the prevalence of skin
diseases in a community.

High level of High incidence of

Ultraviolet radiation Skin malignancy in Caucasians
Heat and humidity Fungal and bacterial infections
Industrialization Contact dermatitis
Underdevelopment Infestations

Bacterial and fungal infections




developing countries, for example, overcrowding and
poor sanitation play a major part. Skin disorders
there are common, particularly in the young, and
are dominated by infections and infestations — the
so-called ‘dermatoses of poverty’ — amplified by
the presence of HIV infection.

Impact of skin disorders

Much of this book is taken up with ways in which
skin diseases can do harm. Most fit into the five D’s
shown in Fig. 1.5; others are more subtle. Topical
treatment, for example, can seem illogical to those
who think that their skin disease is emotional in

Disfigurement

Disablement Discomfort
~£ Q-
Dermatological

Disease

gt

Death Depression

Fig. 1.5 The five D’s of dermatological disease.

Fig. 1.6 (a) This patient has a
port-wine stain. (b) Her life is
transformed by her clever use of
modern camouflage cosmetics, which
take her less than a minute to apply. (a)
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origin; it has been shown recently that psoriatics
with great disability comply especially poorly with
topical treatment.

In addition, the problems created by skin disease
do not necessarily tally with the extent and severity
of the eruption as judged by an outside observer.
Quality-of-life studies give a different, patient-based,
view of skin conditions. Questionnaires have been
designed to compare the impact of skin diseases
with those of other conditions; patients with bad
psoriasis, for example, have at least as great a dis-
ability as those with angina. However, it has recently
been shown that surprisingly little information
about quality of life is gathered during standard
dermatology outpatient consultations. In the back-
ground lurk problems brought about by the cost of
treatment and time lost from work.

Disfigurement

The possible reactions to disfiguring skin disease
are described in Chapter 23. They range from a leper
complex (e.g. some patients with psoriasis; p. 54)
to embarrassment (e.g. port-wine stains; Fig. 1.6:
or androgenetic alopecia in both men and women;
p- 181). Disorders of body image can lead those
who have no skin disease to think that they have,
and even to commit suicide in this mistaken belief
(dermatological non-disease; p. 343).

(b)



8 Chapter 1

Discomfort

Some people prefer pain to itch; skin diseases can
provide both. Itchy skin disorders include eczema
(p- 79), lichen planus (p. 72), scabies (p. 262) and
dermatitis herpetiformis (p. 125). Pain is marked
in shingles (p. 240), leg ulcers (p. 152) and glomus
tumours (p. 316).

Disability

Skin conditions are capable of ruining the quality of
anyone’s life and each carries its own set of problems.
At the most obvious level, dermatitis of the hands can
quickly destroy a manual worker’s earning capacity,
as many hairdressers, nurses, cooks and mechanics
know to their cost. In the USA, skin diseases account
for almost half of all cases of occupational illness
and cause more than 50 million days to be lost from
work each year.

Disability and disfigurement can blend in a more
subtle way, so that, for example, in times of unem-
ployment people with acne find it hard to get jobs.
Psoriatics in the USA, already plagued by tactless
hairdressers and messy treatments, have been shown
to lose thousands of dollars in earnings by virtue
of time taken off work. Even trivial psoriasis, if it is
on the fingertips of a blind person, can have a huge
effect by making it impossible to read Braille.

Table 1.4 The consequences of skin failure.

Depression

The physical, sensory and functional problems listed
above often lead to depression and anxiety, even
in the most stable people. Depression also seems to
modulate the perception of itching, which becomes
much worse. Feelings of stigmatization and rejec-
tion are common in patients with chronic skin
diseases; up to 10% of patients with psoriasis that
they think is bad have had suicidal thoughts. The
risk of suicide in patients with severe acne is dis-
cussed on p. 169.

Death

Deaths from skin disease are fortunately rare, but
they do occur (e.g. in pemphigus, toxic epidermal
necrolysis and cutaneous malignancies). In addition,
the stresses generated by a chronic skin disorder
such as psoriasis predispose to heavy smoking and
drinking, which carry their own risks.

In this context, the concept of skin failure is an
important one. It may occur when any inflammatory
skin disease becomes so widespread that it pre-
vents normal functioning of the skin, with the results
listed in Table 1.4. Its causes include erythroderma
(p. 78), toxic epidermal necrolysis (p. 127), severe
erythema multiforme (p. 110), pustular psoriasis
(p-59) and pemphigus (p. 120).

Function Skin failure Treatment
Temperature ~ Cannot sweat when too hot: cannot vasoconstrict when too cold.  Controlled environmental
control Hence temperature swings dangerously up and down temperature
Barrier Raw skin surfaces lose much fluid and electrolytes Monitor and replace
function Heavy protein loss High protein diet
Bacterial pathogens multiply on damaged skin Antibiotic. Bathing /wet compresses
Cutaneous Shunt through skin may lead to high output cardiac failure in Aggressively treat skin
blood flow those with poor cardiac reserve Support vital signs
Others Erythroderma may lead to malabsorption Usually none needed

Hair and nail loss later

Nursing problems handling patients particularly with toxic

Regrow spontaneously
Nurse as for burns

epidermal necrolysis (p. 127) and pemphigus (p. 120)




Learning points

1 ‘Prevalence’ and ‘incidence’ are not the same thing.

Learn the difference and join a small select band.

® The prevalence of a disease is the proportion of
a defined population affected by it at a particular
pointin time.

@ The incidence rate is the proportion of a defined
population developing the disease within a specified
period of time.

2 A skin disease that seems trivial to a doctor can still
wreck a patient’s life.

3 Remember that many patients, by the time they see
you, will have tried many home remedies.
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2 The function and structure of the skin

The skin — the interface between humans and their
environment — is the largest organ in the body. It
weighs an average of 4 kg and covers an area of
2m? It acts as a barrier, protecting the body from
harsh external conditions and preventing the loss
of important body constituents, especially water. A
death from destruction of skin, as in a burn or in
toxic epidermal necrolysis (p. 127), and the misery
of unpleasant acne, remind us of its many important
functions, which range from the vital to the cosmetic

(Table 2.1).

The skin has three layers. The outer one is the
epidermis, which is firmly attached to, and supported
by connective tissue in the underlying dermis. Beneath

Table 2.1 Functions of the skin.

Function Structure/cell involved
Protection against:
chemicals, particles Horny layer
ultraviolet radiation Melanocytes
antigens, haptens Langerhans cells
microbes Langerhans cells
Preservation of abalanced Horny layer
internal environment
Prevents loss of water, Horny layer

electrolytes and
macromolecules
Shock absorber
Strong, yet elastic and
compliant
Temperature regulation

Insulation

Sensation

Lubrication

Protection and prising
Calorie reserve

Vitamin D synthesis
Body odour/pheromones
Psychosocial, display

Dermis and subcutaneous fat

Blood vessels

Eccrine sweat glands
Subcutaneous fat
Specialized nerve endings
Sebaceous glands

Nails

Subcutaneous fat
Keratinocytes

Apocrine sweat glands
Skin, lips, hair and nails

the dermis is loose connective tissue, the subcutis/
hypodermis, which usually contains abundant fat
(Fig. 2.1).

Epidermis

The epidermis consists of many layers of closely
packed cells, the most superficial of which are
flattened and filled with keratins; it is therefore
a stratified squamous epithelium. It adheres to the
dermis partly by the interlocking of its downward
projections (epidermal ridges or pegs) with upward
projections of the dermis (dermal papillae) (Fig. 2.1).

The epidermis contains no blood vessels. It varies
in thickness from less than 0.1 mm on the eyelids to
nearly 1 mm on the palms and soles. As dead sur-
face squames are shed (accounting for some of the
dust in our houses), the thickness is kept constant
by cells dividing in the deepest (basal or germinative)
layer. A generated cell moves, or is pushed by under-
lying mitotic activity, to the surface, passing through
the prickle and granular cell layers before dying in the
horny layer. The journey from the basal layer to the
surface (epidermal turnover or transit time) takes
30 to 60 days. During this time the appearance of the
cell changes. A vertical section through the epidermis
summarizes the life history of a single epidermal cell
(Fig.2.2).

The basal layer, the deepest layer, rests on a base-
ment membrane, which attaches it to the dermis.
It is a single layer of columnar cells, whose basal
surfaces sprout many fine processes and hemi-
desmosomes, anchoring them to the lamina densa of
the basement membrane.

In normal skin some 30% of basal cells are pre-
paring for division (growth fraction). Following
mitosis, a cell enters the G; phase, synthesizes RNA
and protein, and grows in size (Fig. 2.3). Later, when
the cell is triggered to divide, DNA is synthesized
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Fig. 2.1 Three-dimensional diagram of the skin, including a hair follicle.

(S phase) and chromosomal DNA is replicated. A
short post-synthetic (G,) phase of further growth
occurs before mitosis (M). DNA synthesis con-
tinues through the S and G, phases, but not during
mitosis. The G, phase is then repeated, and one
of the daughter cells moves into the suprabasal
layer. It then differentiates (Fig. 2.2), having lost
the capacity to divide, and synthesizes keratins.
Some basal cells remain inactive in a so-called G,
phase but may re-enter the cycle and resume pro-
liferation. The cell cycle time in normal human skin
is controversial; estimates of 50-200 h reflect differ-
ing views on the duration of the G, phase. Stem cells
reside amongst these interfollicular basal cells and
also amongst the cells of the external root sheath at
the bulge in the hair follicle at the level of attach-

ment of the arrector pili muscle. Stem cells cannot
be identified by histology but experimentally can
be identified by their ability to retain radioactive
thymidine incorporated into their DNA for long
periods of time. These cells divide infrequently, but
can generate new proliferative cells in the epidermis
and hair follicle in response to damage.

Keratinocytes

The spinous or prickle cell layer (Fig. 2.4) is composed
of keratinocytes. These differentiating cells, which
synthesize keratins, are larger than basal cells.
Keratinocytes are firmly attached to each other by
small interlocking cytoplasmic processes, by abund-
ant desmosomes and by other cadherins p. 26 and
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Fig. 2.2 Changes during
keratinization.

these proteins are found in pemphigus (p. 120),
when they are responsible for the detachment of
keratinocytes from one another and so for intra-
epidermal blister formation. Cytoplasmic continuity
between keratinocytes occurs at gap junctions, spe-
cialized areas on opposing cell walls. Tonofilaments
are small fibres running from the cytoplasm to the
desmosomes. They are more numerous in cells
of the spinous layer than of the basal layer, and are
packed into bundles called tonofibrils. Many lamellar
granules (otherwise known as membrane-coating
granules, Odland bodies or keratinosomes), derived

Major
Layer keratin Organelle
pairs
Keratins
Horny K1 + K10 ~é Desmosomal remnants
= _ = Horny envelope
s e_ - Lipid layer
0.0 - .t\ p y
Lamellar granule
Granular . .
; = Keratohyalin granule
K1+ K10 — Degenerating nucleus
T egenerating
K5 + K14 N Desmosome
orick] ’;:_-:‘_-_\Golgi apparatus
neee //"\ Ribosomes
s P _
N Tonofibrils
e ] Rough endoplasmic reticulum
% Mitochondrion
/ — Nucleus
Basal  K5+K14 m
e Scattered tonofilaments
=
st Hemidesmosome
—— Lamina densa
Resting, G, Differentiation
G,
S
M

Fig. 2.3 The cell cycle.

table 2.5 separated by an intercellular layer of glyco-
proteins and lipoproteins. Under the light micro-
scope, the desmosomes look like ‘prickles’. They are
specialized attachment plaques that have been charac-
terized biochemically. They contain desmoplakins,
desmogleins and desmocollins. Autoantibodies to

from the Golgi apparatus, appear in the super-
ficial keratinocytes of this layer. They contain poly-
saccharides, hydrolytic enzymes and stacks of lipid
lamellae composed of phospholipids, cholesterol and
glucosylceramides. Their contents are discharged
into the intercellular space of the granular cell layer
to become precursors of the lipids in the intercellular
space of the horny layer (p. 13).

Cellular differentiation continues in the granular
layer, which normally consists of two or three layers
of cells that are flatter than those in the spinous
layer, and have more tonofibrils. As the name of



Horny layer

Granular layer

| Prickle cell layer

| Basal layer

the layer implies, these cells contain large irregu-
lar basophilic granules of keratohyalin, which merge
with tonofibrils. These keratohyalin granules con-
tain proteins, including involucrin, loricrin and pro-
filaggrin, which is cleaved into filaggrin by specific
phosphatases as the granular cells move into the
horny layer.

As keratinocytes migrate out through the outer-
most layers, their keratohyalin granules break up
and their contents are dispersed throughout the
cytoplasm. Filaggrin peptides aggregate the keratin
cytoskeleton, collapsing it, and thus converting the
granular cells to flattened squames. These make up
the thick and tough peripheral protein coating of the
horny envelope. Its structural proteins include loricrin
and involucrin, the latter binding to ceramides in
the surrounding intercellular space under the influ-
ence of transglutaminase. Filaggrin, involucrin and
loricrin can all be detected histochemically and are
useful as markers of epidermal differentiation.

The horny layer (stratum corneum) is made of
piled-up layers of flattened dead cells (corneocytes)
— the bricks — separated by lipids — the mortar — in
the intercellular space. Together these provide an
effective barrier to water loss and to invasion by
infectious agents and toxic chemicals. The corneo-
cyte cytoplasm is packed with keratin filaments,
embedded in a matrix and enclosed by an envel-
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(b)
Fig. 2.4 Layers of the epidermis. (a) Light microscopy and (b) electron micrograph.

ope derived from the keratohyalin granules. This
envelope, along with the aggregated keratins that it
encloses, gives the corneocyte its toughness, allow-
ing the skin to withstand all sorts of chemical and
mechanical insults. Horny cells normally have no
nuclei or intracytoplasmic organelles, these having
been destroyed by hydrolytic and degrading enzymes
found in lamellar granules and the lysosomes of
granular cells.

Keratinization

All cells have an internal skeleton made up of
microfilaments (7 nm diameter; actin), microtubules
(20-35 nm diameter; tubulin) and intermediate fila-
ments (10 nm diameter). Keratins (from the Greek
keras meaning ‘horn’) are the main intermediate
filaments in epithelial cells and are comparable to
vimentin in mesenchymal cells, neurofilaments in
neurones and desmin in muscle cells. Keratins are
notjust a biochemical curiosity, as mutations in their
genes cause a number of skin diseases including
simple epidermolysis bullosa (p. 128) and bullous
ichthyosiform erythroderma (p. 49).

The keratins are a family of more than 30 proteins,
each produced by different genes. These separate
into two gene families: one responsible for basic and
the other for acidic keratins. The keratin polypeptide
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has a central helical portion with a non-helical N-
terminal head and C-terminal tail. Individual keratins
exist in pairs so that their double filament always
consists of one acidic and one basic keratin poly-
peptide. The intertwining of adjacent filaments forms
larger fibrils.

Different keratins are found at different levels of
the epidermis depending on the stage of differenti-
ation and disease; normal basal cells make keratins 5
and 14, but terminally differentiated suprabasal cells
make keratins 1 and 10 (Fig. 2.2). Keratins 6 and 16
become prominent in hyperproliferative states such
as psoriasis.

During differentiation, the keratin fibrils in the
cells of the horny layer align and aggregate, under
the influence of filaggrin. Cysteine, found in keratins
of the horny layer, allows cross-linking of fibrils to
give the epidermis strength to withstand injury.

Cell cohesion and desquamation

Firm cohesion in the spinous layer is ensured by
‘stick and grip” mechanisms. A glycoprotein inter-
cellular substance acts as a cement, sticking the cells
together, and the intertwining of the small cytoplasmic
processes of the prickle cells, together with their
desmosomal attachments, accounts for the grip. The
cytoskeleton of tonofibrils also maintains the cell
shape rigidly.

The typical ‘basket weave” appearance of the horny
layer in routine histological sections is artefactual
and deceptive. In fact, cells deep in the horny layer
stick tightly together and only those at the surface
flake off; this is in part caused by the activity of
cholesterol sulphatase. This enzyme is deficient in
X-linked recessive ichthyosis (p. 48), in which poor
shedding leads to the piling up of corneocytes in the
horny layer. Desquamation is normally responsible
for the removal of harmful exogenous substances
from the skin surface. The cells lost are replaced by
newly formed corneocytes; regeneration and turn-
over of the horny layer are therefore continuous.

Epidermal barrier

The horny layer prevents the loss of interstitial
fluid from within, and acts as a barrier to the
penetration of potentially harmful substances from

outside. Solvent extraction of the epidermis leads to
an increased permeability to water, and it has been
known for years that essential fatty acid deficiency
causes poor cutaneous barrier function. These facts
implicate ceramides, cholesterol, free fatty acids (from
lamellar granules; p. 12), and smaller quantities of
other lipids, in cutaneous barrier formation. Natural
moisturizing factor (NMF), predominantly made up
of amino acids and their metabolites, also helps
maintain the properties of the stratum corneum.
Barrier function is impaired when the horny layer is
removed — experimentally, by successive strippings
with adhesive tape, or clinically, by injury or skin
disease. It is also decreased by excessive hydration or
dehydration of the horny layer and by detergents.

The relative impermeability of the stratum corneum
and ‘moving staircase’ effect of continually shedding
the outer corneocytes provide a passive barrier to
infective organisms. In addition to this, protection is
given by the various antimicrobial peptides (AMPs)
found on epithelial surfaces. The two major families
of AMPs are the defensins and the cathelicidins
which have a broad range of antimicrobial activity
and form the first line of immune defence of the body.

The speed at which a substance penetrates
through the epidermis is directly proportional to its
concentration difference across the barrier layer, and
indirectly proportional to the thickness of the horny
layer. A rise in skin temperature aids penetration.
A normal horny layer is slightly permeable to water,
but relatively impermeable to ions such as sodium
and potassium. Some other substances (e.g. glucose
and urea) also penetrate poorly, whereas some ali-
phatic alcohols pass through easily. The penetration
of a solute dissolved in an organic liquid depends
mainly on the qualities of the solvent.

Epidermopoiesis and its regulation

Both the thickness of the normal epidermis and the
number of cells in it remain constant, as cell loss at the
surface is balanced by cell production in the basal
layer. Locally produced polypeptides (cytokines),
growth factors and hormones stimulate or inhibit
epidermal proliferation, interacting in complex ways
to ensure homoeostasis. Nitric oxide, a gaseous free
radical produced on the skin surface by nitrate reduc-
tion and also by constitutive enzymes within the



Table 2.2 Some cytokines produced by keratinocytes.
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Designation Cytokine Function

Interleukins

IL-1 Interleukin 1 Lymphocyte activation
Langerhans cell activation
Acute phase reactions

IL-3 Interleukin 3 Colony-stimulating factor

IL-6 Interleukin 6 B-cell differentiation

IL-8 Interleukin 8 Chemotaxis
Angiogenesis

IL-10 Interleukin 10 Inhibition of Th1 T cells

IL-12 Interleukin 12 Induction of Th1 T cells

Colony-stimulating factors

GM-CSF Granulocyte-macrophage colony-stimulating factor
G-CSF Granulocyte colony-stimulating factor

M-CSF Macrophage colony-stimulating factor

Others

TGF Transforming growth factors

TNF-o Tumour necrosis factor o

IFN-o o-Interferon

IEN-y v-Interferon

Proliferation of granulocytes and macrophages
Proliferation of granulocytes

Proliferation of macrophages

Inhibit inflammation

Induces inflammatory response and
amplifies Th1 response
Induces apoptosis

Antiviral state
Amplification of type IV reactions

epidermis, affects the balance between keratinocyte
differentiation and proliferation. This is dose depend-
ent and involves direct interactions with enzymes
containing transition elements such as zinc and iron.
Cytokines and growth factors (Table 2.2) are pro-
duced by keratinocytes, Langerhans cells, fibroblasts
and lymphocytes within the skin. After these bind
to high affinity cell surface receptors, DNA synthesis
is controlled by signal transduction, involving pro-
tein kinase C or inositol phosphate. Catecholamines,
which do not penetrate the surface of cells, influ-
ence cell division via the adenosine 3’,5-cyclic
monophosphate (cAMP) second messenger system.
Steroid hormones bind to receptor proteins within
the cytoplasm, and then pass to the nucleus where
they influence transcription.

Vitamin D synthesis

The steroid 7-dehydrocholesterol, found in keratino-

cytes, is converted by sunlight to cholecalciferol.
The vitamin becomes active after 25-hydroxylation
in the kidney. Kidney disease and lack of sun, par-
ticularly in dark-skinned peoples, can both cause
vitamin D deficiency and rickets. A few authors
have recently raised concerns that low vitamin D
levels may be associated with some internal cancers
and suggested that we should encourage more sun
exposure. However, the link between sun protection,
low vitamin D and cancer remains unproven, and
if it were found to be true dietary supplementation
raises serum levels of vitamin D without the risks of
skin cancer and ageing associated with sunbathing.

Other cells in the epidermis

Keratinocytes make up about 85% of cells in the epi-
dermis, but three other types of cell are also found
there: melanocytes, Langerhans cells and Merkel cells
(Fig.2.5).
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Langerhans cell

e Dendritic
e Suprabasal
* No desmosomes

e Contains characteristic
cytoplasmic organelles

Melancocyte

e Dendritic

® Mostly basal

* No desmosomes

e Contains melanosomes

Fig. 2.5 Melanocyte, Langerhans cell and Merkel cell.

Melanocytes

Melanocytes are the only cells that can synthesize
melanin. They migrate from the neural crest into the
basal layer of the ectoderm where, in human embryos,
they are seen as early as 8 weeks’ gestation. They are
also found in hair bulbs, the retina and pia arachnoid.
Each dendritic melanocyte associates with a num-
ber of keratinocytes, forming an ‘epidermal melanin
unit’” (Fig. 2.5). The dendritic processes of melano-
cytes wind between the epidermal cells and end as
discs in contact with them. Their cytoplasm contains
discrete organelles, the melanosomes, containing vary-
ing amounts of the pigment melanin (Fig. 2.6). This

Keratinocytes - Epidermis

——Lamina densa

+Dermis

Merkel cell

* No dendrites

e Basal

® Desmosomes

e Contains neuro-
secretory granules

is ‘injected” into surrounding keratinocytes to pro-
vide them with pigmentation to help protect the
skin against damaging ultraviolet radiation.

Melanogenesis is described at the beginning of
Chapter 19 on disorders of pigmentation.

Langerhans cells

The Langerhans cell is a dendritic cell (Figs 2.5 and
2.7) like the melanocyte. It also lacks desmosomes
and tonofibrils, but has a lobulated nucleus. The
specific granules within the cell look like a tennis
racket when seen in two dimensions in an elec-
tron micrograph (Fig. 2.8), or like a sycamore seed



Fig. 2.6 Melanocyte (electron
micrograph), with melanosomes
(inset).

Fig. 2.7 Adenosine triphosphatase-positive Langerhans
cells in an epidermal sheet: the network provides a
reticulo-epithelial trap for contact allergens.

when reconstructed in three dimensions. They are
plate-like, with a rounded bleb protruding from
the surface.

Langerhans cells come from a mobile pool of
precursors originating in the bone marrow. There
are approximately 800 Langerhans cells per mm?
in human skin and their dendritic processes fan out
to form a striking network seen best in epidermal
sheets (Fig. 2.7). Langerhans cells are alone among
epidermal cells in possessing surface receptors for
C3b and the Fc portions of immunoglobulin G (IgG)
and IgE, and in bearing major histocompatibility
complex (MHC) class IT antigens (HLA-DR, -DP and
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-DQ). They are best thought of as highly specialized
macrophages.

Langerhans cells have a key role in many immune
reactions. They take up exogenous antigen, process
it and present it to T lymphocytes either in the skin
or in the local lymph nodes (p. 31). They probably
play a part in immunosurveillance for viral and
tumour antigens. In this way, ultraviolet radiation can
induce skin tumours both by causing mutations in
the epidermal cells, and by decreasing the number
of epidermal Langerhans cells, so that cells bearing
altered antigens are not recognized or destroyed
by the immune system. Topical or systemic gluco-
corticoids also reduce the density of epidermal
Langerhans cells. The Langerhans cell is the principal
cell in skin allografts to which the T lymphocytes
of the host react during rejection; allograft survival
can be prolonged by depleting Langerhans cells.

Merkel cells

Merkel cells are found in normal epidermis (Fig. 2.5)
and act as transducers for fine touch. They are non-
dendritic cells, lying in or near the basal layer, and
are of the same size as keratinocytes. They are con-
centrated in localized thickenings of the epidermis
near hair follicles (hair discs), and contain membrane-
bound spherical granules, 80-100 nm in diameter,
which have a core of varying density, separated from
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the membrane by a clear halo. Sparse desmosomes
connect these cells to neighbouring keratinocytes.
Fine unmyelinated nerve endings are often associated
with Merkel cells, which express immunoreactivity
for various neuropeptides.

Epidermal appendages

The skin appendages are derived from epithelial
germs during embryogenesis and, except for the nails,
lie in the dermis. They include hair, nails and sweat
and sebaceous glands. They are described, along
with the diseases that affect them, in Chapters 12
and 13, respectively.

Fig. 2.8 Langerhans cell (electron
micrograph), with characteristic
granule (inset).

Dermo-epidermal junction

The basement membrane lies at the interface between
the epidermis and dermis. With light microscopy
it can be highlighted using a periodic acid-Schiff
(PAS) stain, because of its abundance of neutral
mucopolysaccharides. Electron microscopy (Fig. 2.9)
shows that the lamina densa (rich in type IV collagen)
is separated from the basal cells by an electron-lucent
area, the lamina lucida. The plasma membrane of
basal cells has hemidesmosomes (containing bullous
pemphigoid antigens, collagen XVII and o6 B4
integrin). The lamina lucida contains the adhesive
macromolecules, laminin-1, laminin-5 and entactin.

Basal keratinocyte
(keratins 5 + 14)

Basal cell
membrane

Lamina lucida

Lamina densa
(type IV collagen)

Sub-lamina densa

(laminin-1) —— T

Epidermis

bibaasa

0110)(0)(0/1(8) e
NI~

Desmosome
(desmoglein-1 and -3,
desmoplakin)

( . ) Hemidesmosome
(BPAg, collagen
XVII, 06 B4 integrin)

T Anchoring filament
\ (laminin-5)
———Anchoring fibril
(collagen VII)

Dermis

Fig. 2.9 Structure and molecular composition of the dermo-epidermal junction.
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Fibroblast

Mononuclear phagocyte
Secretes cytokines

Synthesis of collagen, reticulin, elastin, fibronectin, glycosaminoglycans, collagenase

Mobile: phagocytoses and destroys bacteria

Stimulated by antigens, complement components, and other substances to release many

inflammatory mediators including histamine, heparin, prostaglandins, leukotrienes,
tryptase and chemotactic factors for eosinophils and neutrophils

Lymphocyte Immunosurveillance

Langerhans cell and dermal In transit between local lymph node and epidermis
dendritic cell Antigen presentation

Mast cell

Merkel cell Acts as transducer for fine touch

Fine anchoring filaments (of laminin-5) cross the
lamina lucida and connect the lamina densa to the
plasma membrane of the basal cells. Anchoring fibrils
(of type VII collagen), dermal microfibril bundles
and single small collagen fibres (types I and III),
extend from the papillary dermis to the deep part
of the lamina densa.

Laminins, large non-collagen glycoproteins pro-
duced by keratinocytes, aided by entactin, promote
adhesion between the basal cells above the lamina
lucida and type IV collagen, the main constituent
of the lamina densa, below it. The laminins act as a
glue, helping to hold the epidermis onto the dermis.
Bullous pemphigoid antigens (of molecular weights
230 and 180 kDa) are synthesized by basal cells and
are found in close association with the hemidesmo-
somes and laminin. Their function is unknown but
antibodies to them are found in pemphigoid (p. 123),
a subcutaneous blistering condition.

The structures within the dermo-epidermal junc-
tion provide mechanical support, encouraging the
adhesion, growth, differentiation and migration of
the overlying basal cells, and also act as a semi-
permeable filter that regulates the transfer of nutrients
and cells from dermis to epidermis.

Dermis

The dermis lies between the epidermis and the
subcutaneous fat. It supports the epidermis struc-
turally and nutritionally. Its thickness varies, being
greatest in the palms and soles and least in the
eyelids and penis. In old age, the dermis thins and
loses its elasticity.

The dermis interdigitates with the epidermis
(Fig. 2.1) so that upward projections of the dermis,
the dermal papillae, interlock with downward ridges
of the epidermis, the rete pegs. This interdigita-
tion is responsible for the ridges seen most readily
on the fingertips (as fingerprints). It is important in
the adhesion between epidermis and dermis as it
increases the area of contact between them.

Like all connective tissues the dermis has three
components: cells, fibres and amorphous ground
substance.

Cells of the dermis

The main cells of the dermis are fibroblasts, but
there are also small numbers of resident and
transitory mononuclear phagocytes, lymphocytes,
Langerhans cells and mast cells. Other blood cells
(e.g. polymorphs) are seen during inflammation.
The main functions of the resident dermal cells are
listed in Table 2.3 and their role in immunological
reactions is discussed later in this chapter.

Fibres of the dermis

The dermis is largely made up of interwoven fibres,
principally of collagen, packed in bundles. Those
in the papillary dermis are finer than those in the
deeper reticular dermis. When the skin is stretched,
collagen, with its high tensile strength, prevents
tearing, and the elastic fibres, intermingled with the
collagen, later return it to the unstretched state.
Collagen makes up 70-80% of the dry weight
of the dermis. Its fibres are composed of thinner
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Collagen type  Tissue distribution

Table 2.4 Distribution of some types

of collagen.

I Most connective tissues including tendon and bone

Accounts for approximately 85% of skin collagen
I Cartilage
I Accounts for about 15% of skin collagen

Blood vessels
v Skin (lamina densa) and basement membranes of other tissues
\% Ubiquitous, including placenta
Vil Skin (anchoring fibrils)

Foetal membranes

fibrils, which are in turn made up of microfibrils
built from individual collagen molecules. These mole-
cules consist of three polypeptide chains (molecular
weight 150 kDa) forming a triple helix with a non-
helical segment at both ends. The alignment of the
chains is stabilized by covalent cross-links involving
lysine and hydroxylysine. Collagen is an unusual
protein as it contains a high proportion of proline
and hydroxyproline and many glycine residues; the
spacing of glycine as every third amino acid is a pre-
requisite for the formation of a triple helix. Defects
in the enzymes needed for collagen synthesis are
responsible for some skin diseases, including the
Ehlers-Danlos syndrome (Chapter 24), and condi-
tions involving other systems, including lathyrism
(fragility of skin and other connective tissues) and
osteogenesis imperfecta (fragility of bones).

There are many, genetically distinct, collagen pro-
teins, all with triple helical molecules, and all rich in
hydroxyproline and hydroxylysine. The distribution
of some of them is summarized in Table 2.4.

Reticulin fibres are fine collagen fibres, seen in
foetal skin and around the blood vessels and
appendages of adult skin.

Elastic fibres account for about 2% of the dry
weight of adult dermis. They have two distinct pro-
tein components: an amorphous elastin core and a
surrounding “elastic tissue microfibrillar component’.
Elastin (molecular weight 72 kDa) is made up of
polypeptides (rich in glycine, desmosine and valine)
linked to the microfibrillar component through their
desmosine residues. Abnormalities in the elastic
tissue cause cutis laxa (sagging inelastic skin) and
pseudoxanthoma elasticum (Chapter 24).

Ground substance of the dermis

The amorphous ground substance of the dermis con-
sists largely of two glycosaminoglycans (hyaluronic
acid and dermatan sulphate) with smaller amounts
of heparan sulphate and chondroitin sulphate. The
glycosaminoglycans are complexed to core protein
and exist as proteoglycans.

The ground substance has several important
functions:
e it binds water, allowing nutrients, hormones and
waste products to pass through the dermis;
e it acts as a lubricant between the collagen and
elastic fibre networks during skin movement; and
e it provides bulk, allowing the dermis to act as a
shock absorber.

Muscles

Both smooth and striated muscle are found in the
skin. The smooth arrector pili muscles (see Fig. 13.1)
are used by animals to raise their fur and so protect
them from the cold. They are vestigial in humans,
but may help to express sebum. Smooth muscle is
also responsible for ‘goose pimples’ (bumps) from
cold, nipple erection, and the raising of the scrotum
by the dartos muscle. Striated fibres (e.g. the platysma)
and some of the muscles of facial expression are also
found in the dermis.

Blood vessels

Although the skin consumes little oxygen, its abund-
ant blood supply regulates body temperature. The



Fig. 2.10 Blood vessels of the skin (carmine stain).

blood vessels lie in two main horizontal layers
(Fig. 2.10). The deep plexus is just above the sub-
cutaneous fat, and its arterioles supply the sweat
glands and hair papillae. The superficial plexus is in
the papillary dermis and arterioles from it become
capillary loops in the dermal papillae. An arteriole
arising in the deep dermis supplies an inverted cone
of tissue, with its base at the epidermis.

The blood vessels in the skin are important in
thermoregulation. Under sympathetic nervous con-
trol, arteriovenous anastomoses at the level of the
deep plexus can shunt blood to the venous plexus at
the expense of the capillary loops, thereby reducing
surface heat loss by convection.

Cutaneous lymphatics

Afferent lymphatics begin as blind-ended capillar-
ies in the dermal papilla and pass to a superficial
lymphatic plexus in the papillary dermis. There are
also two deeper horizontal plexuses, and collecting
lymphatics from the deeper one run with the veins
in the superficial fascia.

Nerves

The skin is liberally supplied with an estimated
1 million nerve fibres. Most are found in the face
and extremities. Their cell bodies lie in the dorsal
root ganglia. Both myelinated and non-myelinated
fibres exist, with the latter making up an increasing
proportion peripherally. Most free sensory nerves
end in the dermis; however, a few non-myelinated
nerve endings penetrate into the epidermis. Some
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of these are associated with Merkel cells (p. 17).
Free nerve endings detect the potentially damag-
ing stimuli of heat and pain (nocioceptors), while
specialized end organs in the dermis, Pacinian and
Meissner corpuscles, register deformation of the skin
caused by pressure (mechanoreceptors) as well as
vibration and touch. Autonomic nerves supply the
blood vessels, sweat glands and arrector pili muscles.

Itching is an important feature of many skin dis-
eases. It follows the stimulation of fine free nerve
endings lying close to the dermo-epidermal junction.
Areas with a high density of such endings (itch spots)
are especially sensitive to itch-provoking stimuli.
Impulses from these free endings pass centrally in two
ways: quickly along myelinated A fibres, and more
slowly along non-myelinated C fibres. As aresult, itch
has two components: a quick localized pricking sensa-
tion followed by a slow burning diffuse itching.

Many stimuli can induce itching (electrical, chem-
ical and mechanical). In itchy skin diseases, prurito-
genic chemicals such as histamine and proteolytic
enzymes are liberated close to the dermo-epidermal
junction. The detailed pharmacology of individual
diseases is still poorly understood but prostaglandins
potentiate chemically induced itching in inflammat-
ory skin diseases.

s B

Learning points

1 More diseases are now being classified by abnormal-
ities of function and structure rather than by their
appearance.

2 Today's patients are inquisitive and knowledgeable.
If you understand the structure and function of the
skin, your explanations to them will be easier and more

convincing.
- J

The skin immune system

The skin acts as a barrier to prevent injury of under-
lying tissues and to prevent infections from entering
the body. Simply put, it keeps the inside in and the
outside out. The horny layer is a physical barrier
that minimizes the loss of fluid and electrolytes, and
also stops the penetration of harmful substances
and trauma (p. 10). It is a dry mechanical barrier
from which contaminating organisms and chem-
icals are continually being removed by washing and
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desquamation. Only when these breach the horny
layer do the cellular components, described below,
come into play.

The skin is involved in so many immunological
reactions seen regularly in the clinic (e.g. urticaria,
allergic contact dermatitis, psoriasis, vasculitis) that
special mention has to be made of the peripheral
arm of the immune system based in the skin - the
skin immune system (SIS). It includes the cutaneous
blood vessels and lymphatics with their local lymph
nodes and contains circulating lymphocytes and
resident immune cells. Although it is beyond the
scope of this book to cover general immunology,
this section outlines some of the intricate ways in
which the skin defends itself and the body, and how
antigens are recognized by specialized skin cells,
mainly the Langerhans cells. It also reviews the ways
in which antibodies, lymphocytes, macrophages and
polymorphs elicit inflammation in skin.

Injury

Epidermis

Keratinocyte 5

Activated
keratinocyte
Other cytokines
e.g. GM-CSF
TNF-o
TGF-o
Amphiregulin 2

Dermis

Migration

/ Fibroblast

{ Secrete
extracellular

Proliferation matrix

Blood vessel

Some cellular components of the skin
immune system

Keratinocytes (p.11)

Their prime role is to make the protective horny
layer (p. 10) and to support the outermost epithe-
lium of the body, but they also have immuno-
logical functions in their own right. Keratinocytes
produce large numbers of cytokines (Table 2.2), and
can be induced by Yy-interferon to express HLA-DR.
They release large amounts of interleukin-1 (IL-1)
after injury, and this initiates various immune and
inflammatory cascades (Fig. 2.11). Keratinocytes
play a central part in healing after epidermal injury
by self-regulating epidermal proliferation and dif-
ferentiation (Fig. 2.11). They can also produce o-
melanocyte-stimulating hormone (p. 278), which is
immunosuppressive.

Proliferation

Fig. 2.11 The keratinocyte and
wound healing. The injured
keratinocyte turns on wound healing
responses. When a keratinocyte is
injured (1), it releases interleukin-1
(IL-1) (2). IL-1 activates endothelial
cells causing them to express
selectins that slow down
lymphocytes passing over them.
Once lymphocytes stop on the
endothelial cells lining the vessels,
IL-1 acts as a chemotactic factor to
draw lymphocytes into the epidermis

Migration

More
cytokines

/ (4). At the same time, IL-1 activates

keratinocytes by binding to their IL-1
receptors. Activated keratinocytes
produce other cytokines (3). Among
these is tumour necrosis factor o.
(TNF-0) that additionally activates
keratinocytes and keeps them in an
activated state (5). Activation of
keratinocytes causes them to
proliferate, migrate and secrete
additional cytokines.



Langerhans cells (p. 16)

These dendritic cells come from the bone marrow
and move into the epidermis where they remain.
Their dendrites intercalate between keratinocytes.
They can be identified in tissue sections by demon-
strating their characteristic surface markers (e.g.
CD1a antigen, MHC class II antigens, adenosine
triphosphatase) or S-100 protein in their cytoplasm
(also found in melanocytes). Langerhans cells have
a key role in antigen presentation.

Dermal dendritic cells

These poorly characterized cells are found around
the tiny blood vessels of the papillary dermis. They
bear MHC class II antigens on their surface and,
like Langerhans cells, probably function as antigen-
presenting cells.

T lymphocytes

Like T cells elsewhere, these develop and acquire
their antigen receptors (T-cell receptors; TCR) in
the thymus. They differentiate into subpopulations,
recognizable by their different surface molecules
(CD meaning cluster of differentiation markers),
which are functionally distinct. T lymphocytes that
express CD4 on their surfaces work to induce
immune reactions and elicit inflammation. T cells
that express CD8 are cytotoxic and can lyse infected,
grafted and cancerous cells.

Thelper (Th) cells, CD4 (helper) cells are subdivided
into Th1 cells that produce IL-2 (T-cell growth factor),
Y-interferon, and other cytokines not produced by
Th2 cells. Th2 cells produce other interleukins such
as IL-4, IL-5, IL-9 and IL-13. The amounts of IL-12
and IL-4 secreted by antigen-processing cells seem
important in determining exactly which path of dif-
ferentiation is followed. A third subset of CD-4 cells
has recently been called, somewhat confusingly, Th17
cells. IL-23 directs these to release IL-17 and IL-22.

Thl cells induce cell-mediated immune reac-
tions in the skin (e.g. allergic contact dermatitis and
delayed hypersensitivity reactions) and are involved
in elicitation reactions as well. Th2 cells help B
cells produce antibody. Th17 cells are involved in
the clearance of infectious agents, and also mediate
autoimmune inflammation and psoriasis. Th cells
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recognize antigen in association with MHC class II
molecules (Fig. 2.12) and, when triggered by antigen,
release cytokines that attract and activate other
inflammatory cells (Fig. 2.13).

Some skin diseases display a predominantly
Th1 response (e.g. psoriasis), others a mainly Th2
response (e.g. lepromatous leprosy).

T-cytotoxic (Tc) cells

These lymphocytes are capable of destroying allo-
geneic, tumour and virally infected cells, which they
recognize by the MHC class I molecules on their
surface. They express CD8.

T-cell receptor (TCR) and T-cell gene receptor
rearrangements

Most TCRs are composed of an o.and a  chain, each
with a variable (antigen binding) and a constant
domain, which are associated with the CD3 cell sur-
face molecules (Fig. 2.12). The amino acid sequence
of the variable portion determines its antigen-binding
specificity — different sequences bind different anti-
gens. To provide diversity and the ability to bind
almost any antigen, the genes coding for the amino
acid sequence undergo rearrangement. Antigenic
stimulation results in expansion of appropriate clones
carrying TCRs capable of binding to the antigen. Most
inflammatory responses are polyclonal. However,
malignant transformation is associated with pro-
liferation of a unique clone. In fact, an analysis of the
degree of clonality of rearrangements of the gene for
the receptor can be used to determine whether a T-cell
infiltrate in skin is likely to be malignant or reactive.

Other (non-T, non-B) lymphocytes

Some lymphocytes express neither CD4 nor CD8.
These leucocytes have some properties of T lympho-
cytes and some properties of myelomonocytic cells.
Most have receptors for FcIgG. This subpopulation
contains natural killer (NK) and killer (K) cells.

Natural killer cells

These are large granular leucocytes that can kill
virally infected cells, or tumour cells that have
not previously been sensitized with antibody. They
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Fig. 2.12 T-lymphocyte activation by (a) antigen and (b) superantigen. When antigen has been processed it is presented
on the surface of the Langerhans cell in association with major histocompatibility complex (MHC) class II. The complex
formation that takes place between the antigen, MHC class Il and T-cell receptor (TCR) provides signal 1, which is
enhanced by the coupling of CD4 with the MHC molecule. A second signal for T-cell activation is provided by the
interaction between the co-stimulatory molecules CD28 (T cell) and B7 (Langerhans cell). CD2-LFA-3 and LFA-1-ICAM-1
adhesion augment the response to signals 1 and 2. Superantigen interacts with the TCR VB and MHC class I without
processing, binding outside the normal antigen binding site. Activated T cells secrete many cytokines, including IL-1, IL-8

and y-interferon, which promote inflammation (Fig. 2.13).
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and Th17 responses.



develop in the bone marrow, but have no antigen-
specific receptors, reacting instead with self antigens.
They especially kill tumour and virally infected cells.
These cells can sometimes recognize glycolipid
antigens using CD1 surface molecules that do not
require presentation by antigen-presenting cells.

Killer cells

These are cytotoxic T cells, NK cells or monocytic
leucocytes that can kill target cells sensitized with
antibody. In antibody-mediated cellular cytotoxicity,
antibody binds to antigen on the surface of the target
cell; the K cell binds to the antibody at its other (Fc)
end by its Fc receptor and the target cell is then lysed.

Mast cells

These are present in most connective tissues, pre-
dominantly around blood vessels. Their numer-
ous granules contain inflammatory mediators (see
Fig. 8.1). In rodents — and probably in humans -
there are two distinct populations of mast cells:
connective tissue and mucosal, which differ in their
staining properties, content of inflammatory media-
tors and proteolytic enzymes. Skin mast cells play a
central part in the pathogenesis of urticaria (p. 104).

Molecular components of the skin immune
system

Antigens

Antigens are molecules that are recognized by the
immune system thereby provoking an immune
reaction, usually in the form of a humoral or cell-
mediated immune response. The immune system can
usually identify its own molecules, so that it does not
direct a reaction against them. If it does, ‘autoimmune
reactions’ occur. Otherwise the skin immune system
readily responds to ‘non-self” antigens, such as chem-
icals, proteins, allografted cells and infectious agents.
The process of recognizing antigens and developing
immunity is called induction or sensitization.

Superantigens

Some bacterial toxins (e.g. those released by
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Staphylococcus aureus) are prototypic superantigens.
They align with MHC class II molecules of antigen-
presenting cells outside their antigen presentation
groove and, without any cellular processing, may
directly induce massive T-cell proliferation and
cytokine production leading to disorders such as the
toxic shock syndrome (p. 225). Streptococcal toxins
act as superantigens to activate T cells in the patho-
genesis of guttate psoriasis.

Antibodies (immunoglobulins)

Antibodies are immunoglobulins (Ig) that react
with antigens.

e IgG is responsible for long-lasting humoral
immunity. It can cross the placenta, and binds com-
plement to activate the classic complement pathway.
IgG can coat neutrophils and macrophages (by their
FclgG receptors), and acts as an opsonin by cross-
bridging antigen. IgG can also sensitize target cells
for destruction by K cells.

e IgM is the largest immunoglobulin molecule. It
is the first antibody to appear after immunization
or infection. Like IgG it can fix complement, but
unlike IgG it cannot cross the placenta.

e IgA is the most common immunoglobulin in secre-
tions. It acts as a protective paint in the gastrointestinal
and respiratory tracts. It does not bind complement
but can activate it via the alternative pathway.

e IgE binds to Fc receptors on mast cells and baso-
phils, where it sensitizes them to release inflammatory
mediators in type I immediate hypersensitivity
reactions (Fig. 2.14).

Cytokines

Cytokines are small proteins secreted by cells such
as lymphocytes and macrophages, and also by ker-
atinocytes (Table 2.2). They regulate the amplitude
and duration of inflammation by acting locally on
nearby cells (paracrine action), on those cells that
secreted them (autocrine) and occasionally on
distant target cells (endocrine) via the circulation.
The term cytokine covers interleukins, interferons,
colony-stimulating factors, cytotoxins and growth
factors. Interleukins are produced predominantly
by leucocytes, have a known amino acid sequence
and are active in inflammation or immunity.
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Fig. 2.14 Urticaria: an immediate (type I) hypersensitivity reaction.

There are many cytokines (Table 2.2), and each
may act on more than one type of cell, causing many
different effects. Cytokines frequently have over-
lapping actions. In any inflammatory reaction some
cytokines are acting synergistically while others
will antagonize these effects. This network of potent
chemicals, each acting alone and in concert, moves
the inflammatory response along in a controlled
way. Cytokines bind to high-affinity (but not usu-
ally specific) cell surface receptors, and elicit a
biological response by regulating the transcription
of genes in the target cell via signal transduction
pathways involving, for example, the Janus pro-
tein tyrosine kinase or calcium influx systems.
The biological response is a balance between the
production of the cytokine, the expression of its
receptors on the target cells and the presence of
inhibitors.

Adhesion molecules

Cellular adhesion molecules (CAMs) are surface
glycoproteins that are expressed on many differ-
ent types of cell; they are involved in cell-cell and
cell-matrix adhesion and interactions. CAMs are
fundamental in the interaction of lymphocytes with
antigen-presenting cells (Fig. 2.12), keratinocytes
and endothelial cells, and are important in lympho-

cyte trafficking in the skin during inflammation
(Fig. 2.11). CAMs have been classified into three
families: immunoglobulin superfamily, integrins
and selectins.

CAMs of special relevance in the skin are listed
in Table 2.5.

Histocompatibility antigens

Like other cells, those in the skin express surface
antigens directed by genes. The human leuco-
cyte antigen (HLA) region lies within the major
histocompatability (MHC) locus on chromosome 6.
In particular, HLA-A, -B and -C antigens (the class I
antigens) are expressed on all nucleated cells includ-
ing keratinocytes, Langerhans cells and cells of the
dermis. HLA-DR, -DP, -DQ and -DZ antigens (the
class II antigens) are expressed only on some cells
(e.g. Langerhans cells and B cells). They are usually
not found on keratinocytes except during certain
reactions (e.g. allergic contact dermatitis) or diseases
(e.g. lichen planus). Helper T cells recognize antigens
only in the presence of cells bearing class IT antigens.
Class II antigens are also important for certain cell-
cell interactions. Class I antigens mark target cells
for cell-mediated cytotoxic reactions, such as the
rejection of skin allografts and the destruction of
cells infected by viruses.



Table 2.5 Cellular adhesion molecules important in the skin.
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Family Nature Example Site Ligand
Cadherins Glycoproteins Desmoglein Desmosomes Other cadherins
Adherence dependent in epidermis
on calcium
Immunoglobulin Numerous molecules that ICAM-1 Endothelial cells LFA-1
are structurally similar to CD2 Keratinocytes LFA-3
immunoglobulins VCAM-1 Langerhans cells
T lymphocytes
Some NK cells
Endothelial cells
Integrins Surface proteins comprising Very late activation T lymphocyte VCAM
two non-covalently bound proteins (B1-VLA)
oand B chains LFA-1 T lymphocyte ICAM-1
Mac-1 Macrophages C3b component
Monocytes of complement
Granulocytes
Selectins Adhesion molecules with E selectin Endothelial cells CD15

lectin-like domain which
binds carbohydrate

CD2, cluster of differentiation antigen 2; ICAM-1, intercellular adhesion molecule 1; LFA, leucocyte function antigen; Mac-1, macrophage

activation 1; VCAM-1, vascular cell adhesion molecule 1.

Types of immune reactions in the skin

Innate immune system

The epidermal barrier is the major defence against
infection in human skin. When it is breached, cells
in the dermis and epidermis can telegraph the
danger and engage the innate immunity and inflam-
matory systems. Innate immunity allows reaction
to infectious agents and noxious chemicals, with-
out the need to activate specific lymphocytes or use
antibodies. This is fortunate. If an infected person
had to wait for immunity to develop, the onset of the
reaction might take a week or two, and by then the
infection might be widespread or lethal.

For example, defensins in the epidermis inhibit
bacterial replication there. Complement can be act-
ivated by many infectious agents via the alternative
pathway without the need for antigen-antibody
interaction. Complement activation generates Cba,
which attracts neutrophils, and C3b and C5b, which
opsonize the agents so they can be more readily
engulfed and killed by the phagocytes when these

arrive. Chemicals such as detergents can activate
keratinocytes to produce cytokines, leading to epi-
dermal proliferation and eventual shedding of the
toxic agent. After infection or stimulation, certain cells
can non-specifically secrete chemokines that bring
inflammatory cells to the area. The main effector
cells of the innate immune system are neutrophils,
monocytes and macrophages.

The antigen-presenting cells have a role in both
innate and acquired immunity. They can recognize
certain patterns of molecules or chemicals common
to many infectious agents. The lipopolysaccharide
of Gram-negative bacteria is an example of such a
‘pathogen-associated molecular pattern’. The recep-
tors for these reside on cell membranes and are
genetically derived.

Toll-like receptors are expressed on Langerhans
cells, macrophages and regulatory T cells in the
skin and provide the innate immune system with a
certain specificity. They are transmembrane pro-
teins, which recognize patterns, and different Toll
receptors recognize different patterns and chem-
icals. For example, Toll-like receptor 2 recognizes
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lipoproteins, while Toll-like receptor 3 recognizes
double-stranded RNA. Toll-like receptors also up-
regulate the expression of co-stimulatory molecules
that allow appropriate recognition and response of
the adaptive immune system.

Adaptive immune system

Adaptive immunity is not only more specific, but is
also long-lasting. It generates cells that can persist in
a relatively dormant state. These are ready to react
quickly and powerfully when they encounter their
antigen again — even years later.

Specific immune responses allow a targeted and
amplified inflammatory response. To induce such a
response, an antigen must be processed by an antigen-
presenting cell such as a Langerhans cell, and then
be presented to a T cell, with unique receptor mole-
cules on its surface, that can bind the antigen pre-
sented to it. To elicit an inflammatory response, this
antigen processing, presentation and binding pro-
cess is repeated but, this time, with the purpose of
bringing in inflammatory, phagocytic and cytotoxic
cells to control the inflammation within the area.

It is still helpful, if rather artificial, to separate these
elicited specific immune responses into four main
types using the original classification of Coombs and
Gell. All of these types cause reactions in the skin.

Type I: immediate hypersensitivity reactions

These are characterized by vasodilatation and an
outpouring of fluid from blood vessels. Such reac-
tions can be mimicked by drugs or toxins, which act
directly, but immunological reactions are mediated
by antibodies, and are manifestations of allergy. IgE
and IgG4 antibodies, produced by plasma cells in
organs other than the skin, attach themselves to
mast cells in the dermis. These contain inflammatory
mediators, both in granules and in their cytoplasm.
The IgE antibody is attached to the mast cell by its
Fc end, so that the antigen-combining site dangles
from the mast cell like a hand on an arm (Fig. 2.14).
When specific antigen combines with the hand parts
of the immunoglobulin (the antigen-binding site or
Fab end), the mast cell liberates its mediators into the
surrounding tissue. Of these mediators, histamine
(from the granules) and leukotrienes (from the cell

membrane) induce vasodilatation, and endothelial
cells retract, allowing transudation into the extravas-
cular space. The vasodilatation causes a pink colour,
and the transudation causes swelling. Urticaria and
angioedema (p. 104) are examples of immediate
hypersensitivity reactions occurring in the skin.

Antigen may be delivered to the skin from the
outside (as in a bee sting). This will induce a
swelling in everyone by a direct pharmacological
action. However, some people, with IgE antibodies
against antigens in the venom, swell even more at
the site of the sting as the result of a specific immuno-
logical reaction. If they are extremely sensitive, they
may develop wheezing, wheals and anaphylactic
shock (see Fig. 25.5), because of a massive release of
histamine into the circulation.

Antigens can also reach mast cells from inside
the body. Those who are allergic to shellfish, for
example, may develop urticaria within seconds,
minutes or hours of eating one. Antigenic material,
absorbed from the gut, passes to tissue mast cells via
the circulation, and elicits an urticarial reaction after
binding to specific IgE on mast cells in the skin.

Type 11: humoral cytotoxic reactions

In the main, these involve IgG and IgM antibodies,
which, like IgE, are produced by plasma cells
and are present in the interstitial fluid of the skin.
When they meet an antigen, they fix and activate
complement through a series of enzymatic reac-
tions that generate mediator and cytotoxic proteins.
If bacteria enter the skin, IgG and IgM antibodies
bind to antigens on them. Complement is activ-
ated through the classic pathway, and a number
of mediators are generated. Amongst these are
the chemotactic factor, C5a, which attracts poly-
morphs to the area of bacterial invasion, and the
opsonin, C3b, which coats the bacteria so that they
can be ingested and killed by polymorphs when
these arrive (Fig. 2.15). Under certain circumstances,
activation of complement can kill cells or organisms
directly by the ‘membrane attack complex” (C5b6789)
in the terminal complement pathway. Complement
can also be activated by bacteria directly through
the alternative pathway; antibody is not required.
The bacterial cell wall causes more C3b to be pro-
duced by the alternative pathway factors B, D and P
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(properdin). Aggregated IgA can also activate the
alternative pathway.

Activation of either pathway produces C3b,
the pivotal component of the complement system.
Through the amplification loop, a single reaction can
flood the area with C3b, C5a and other amplification
loop and terminal pathway components. Comple-
ment is the mediator of humoral reactions.

Humoral cytotoxic reactions are typical of defence
against infectious agents such as bacteria. However,
they are also involved in certain autoimmune dis-
eases such as pemphigoid (Chapter 9).

Occasionally, antibodies bind to the surface of
a cell and activate it without causing its death or
activating complement. Instead, the cell is stimu-
lated to produce a hormone-like substance that may
mediate disease. Pemphigus (Chapter 9) is a blister-
ing disease of skin in which this type of reaction
may be important.

Type 111: immune complex-mediated reactions

Antigen may combine with antibodies near vital
tissues so that the ensuing inflammatory response
damages them. When an antigen arrives in the dermis
(e.g. after a bite or an injection) it may combine
with appropriate antibodies on the walls of blood
vessels. Complement is activated, and polymorpho-
nuclear leucocytes are brought to the area (an Arthus
reaction). Degranulation of polymorphs liberates
lysosomal enzymes that damage the vessel walls.

Antigen-antibody complexes can also be formed
in the circulation, move to the small vessels in the
skin and lodge there (Fig. 2.16). Complement will
then be activated and inflammatory cells will injure
the vessels as in the Arthus reaction. This causes
oedema and the extravasation of red blood cells (e.g.
the palpable purpura that characterizes vasculitis;
Chapter 8).
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Type 1V: cell-mediated immune reactions

As the name implies, these are mediated by lym-
phocytes rather than by antibodies. Cell-mediated
immune reactions are important in granulomas,
delayed hypersensitivity reactions and allergic con-
tact dermatitis. They probably also play a partin some
photosensitive disorders, in protecting against cancer
and in mediating delayed reactions to insect bites.
During the elicitation phase, most protein and
chemical antigens entering the skin are processed
by antigen-presenting cells such as macrophages and
Langerhans cells (Fig. 2.17) and then interact with
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Fig. 2.16 Immune complex-
mediated vasculitis (type III
reaction). RBC, red blood cell.

sensitized lymphocytes. The lymphocytes are stimul-
ated to enlarge, divide and to secrete cytokines that
can injure tissues directly and kill cells or microbes.

Allergic contact dermatitis

Induction (sensitization) phase (Fig.2.17)

When the epidermal barrier is breached, the immune
system provides the second line of defence. Among
the keratinocytes are Langerhans cells, highly spe-
cialized intra-epidermal macrophages with tentacles
that intertwine amongst the keratinocytes, providing
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Fig. 2.17 Induction phase of allergic thoracic duct

contact dermatitis (type IV) reaction.

a net (Fig. 2.7) to ‘catch’ antigens falling down on
them from the surface, such as chemicals or the
antigens of microbes or tumours. During the ini-
tial induction phase, the antigen is trapped by a
Langerhans cell which then leaves the epidermis and
migrates to the regional lymph node. To do this, it
must retract its dendrites and ‘swim upstream’ from
the prickle cell layer of the epidermis towards the
basement membrane, against the ‘flow” of keratino-
cytes generated by the epidermal basal cells. Once in
the dermis, the Langerhans cell enters the lymphatic
system, and by the time it reaches the regional lymph
node it will have processed the antigen, which is
re-expressed on its surface in conjunction with MHC
class I molecules. In the node, the Langerhans cell
mingles with crowds of lymphocytes, where it is
quite likely to find a T cell with just the right TCR
to bind its now processed antigen. Helper (CD4*) T
lymphocytes recognize antigen only in the presence

\ Circulation

of cells bearing MHC class II antigens, such as the
Langerhans cell. The interactions between surface
molecules on a CD4* T cell and a Langerhans cell
are shown in Fig. 2.12. To become activated the T
lymphocyte must also bind itself tightly to certain
“accessory molecules’, also called co-stimulatory
molecules. If these are not engaged, then the immune
response does not occur.

When a T cell interacts with an antigen-presenting
cell carrying an antigen to which it can react, the
T lymphocyte divides many times. This continuing
division depends upon the persistence of antigen
(and the antigen-presenting cells that contain it) and
the T-cell growth factor IL-2. Eventually, a whole
cadre of memory T cells is available to return to
the skin to attack the antigen that stimulated their
proliferation.

CD4*, CD45" memory T lymphocytes then leave
the node and circulate via lymphatic vessels, the
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thoracic duct and blood. They return to the skin
aided by ‘homing molecules’ (cutaneous lymphocyte
antigen; CLA) on their surfaces that guide their
trip so that they preferentially enter the dermis. In
the absence of antigen, they merely pass through it,
and again enter the lymphatic vessels to return and
recirculate. These cells are sentinel cells (Fig. 2.18),
alert for their own special antigens. They accumulate
in the skin if the host again encounters the antigen
that initially stimulated their production. This pre-
ferential circulation of lymphocytes into the skin is a
special part of the “skin immune system” and reflects a
selective advantage for the body to circulate lym-
phocytes that react to skin and skin surface-derived
antigens.

o <0

On further exposure to same
antigen e, antigen is trapped
by epidermal Langerhans cells
and dermal dendritic cells,
processed intracellularly and
re-expressed on their surface

Antigen is recognized by Sentinel
sentinel (memory) lympho- lymphocyte
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dendritic cells and T lympho-
cytes leads to cytokine release
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lymphocytes in blood vessel.
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Elicitation (challenge) phase (Fig.2.18)

When a T lymphocyte again encounters the antigen
to which it is sensitized, it is ready to react. If the
antigen is extracellular, as on an invading bacterium,
toxin or chemical allergen, the CD4" T-helper cells
do the work. The sequence of antigen processing
by the Langerhans cell in the elicitation reaction
is similar to the sequence of antigen processing
during the induction phase, described above, that
leads to the induction of immunity. The antigens get
trapped by epidermal Langerhans cells or dermal
dendritic cells, which process them intracellularly
before re-expressing the modified antigenic deter-
minant on their surfaces. In the elicitation reaction,
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Fig. 2.18 Elicitation phase of allergic
contact dermatitis (type IV) reaction.



the Langerhans cells find appropriate T lymphocytes
trafficking through the dermis. In the elicitiation
phase, most antigen presentation occurs here. The
antigen is presented to CD4* T cells, which are activ-
ated and produce cytokines that cause lymphocytes,
polymorphonuclear leucocytes and monocytes in
blood vessels to slow as they pass through the der-
mal blood vessels, then to stop and emigrate into the
dermis causing inflammation (Fig. 2.18). Helper or
cytotoxic lymphocytes help to stem the infection or
eliminate antigen, and polymorphonuclear leuco-
cytes engulf antigens and destroy them. The traffic
of inflammatory cells in the epidermis and dermis is
determined not only by cytokines produced by lym-
phocytes, but also by cytokines produced by injured
keratinocytes (Fig. 2.11). For example, keratinocyte-
derived chemokines bring lymphocytes into the
epidermis, and IL-8, also produced by keratinocytes,
bring in polymorphonuclear leukocytes, is a potent
chemotactic factor for lymphocytes and polymorphs,
and brings these up into the epidermis.

Response to intracellular antigens

Antigens coming from inside a cell, such as intra-
cellular fungi or viruses and tumour antigens, are
presented to cytotoxic T cells (CD8*) by the MHC
class I molecule. Presentation in this manner makes
the infected cell liable to destruction by cytotoxic
T lymphocytes or K cells. NK cells can also kill such
cells, even though they have not been sensitized
with antibody.

Granulomas

Granulomas form when cell-mediated immunity
fails to eliminate antigen. Foreign body granulomas
occur because material remains undigested. Immuno-
logical granulomas require the persistence of antigen,
but the response is augmented by a cell-mediated
immune reaction. Lymphokines, released by lym-
phocytes sensitized to the antigen, cause macro-
phages to differentiate into epithelioid cells and giant
cells. These secrete other cytokines, which influence
inflammatory events. Immunological granulomas

Function and structure of the skin 33

of the skin are characterized by Langhans giant
cells (not to be confused with Langerhans cells;
p- 16), epithelioid cells, and a surrounding mantle
of lymphocytes.

Granulomatous reactions also occur when organ-
isms cannot be destroyed (e.g. in tuberculosis, leprosy,
leishmaniasis), or when a chemical cannot be elimin-
ated (e.g. zirconium or beryllium). Similar reactions
are seen in some persisting inflammations of un-
determined cause (e.g. rosacea, granuloma annulare,
sarcoidosis and certain forms of panniculitis).

Learning points

1 Many skin disorders are good examples of an immune
reaction at work. The more you know about the mech-
anisms, the more interesting the rashes become.

2 However, the immune system may not be the only
culprit. If Treponema pallidum had not been dis-
covered, syphilis might still be listed as an autoimmune
disorder.

3 Because skin protects against infections, it has its own
unique immune system to cope quickly with infectious
agents breaching its barrier.
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3 Diagnosis of skin disorders

The key to successful treatment is an accurate
diagnosis. You can look up treatments, but you can-
not look up diagnoses. Without a proper diagnosis,
you will be asking ‘“What’s a good treatment for
scaling feet?’ instead of ‘What’s good for tinea pedis?”.
Would you ever ask yourself “What’s a good treat-
ment for chest pain?’. Luckily, dermatology differs
from other specialties as its diseases can easily be
seen. Keen eyes and a magnifying glass are all
that are needed for a complete examination of the
skin. Sometimes it is best to examine the patient
briefly before obtaining a full history; a quick look
will often prompt the right questions. However, a
careful history is important in every case, as is the
intelligent use of the laboratory.

History

The key points to be covered in the history are listed
in Table 3.1 and should include descriptions of the
events surrounding the onset of the skin lesions,
the progression of individual lesions and the dis-
ease in general, including any responses to treat-
ment. Many patients try a few salves before seeing
a physician. Some try all the medications in their
medicine cabinets, many of which can aggravate
the problem. A careful inquiry into drugs taken for
other conditions is often useful. Ask also about
previous skin disorders, occupation, hobbies and
disorders in the family.

Examination

To examine the skin properly, the lighting must be
uniform and bright. Daylight is best. The patient
should usually undress so that the whole skin can
be examined, although sometimes this is neither
desirable (e.g. hand warts) nor possible. Do not be
put off this too easily by the elderly, the stubborn,

Table 3.1 Outline of dermatological history.

History of present skin condition
Duration

Site at onset, details of spread
Itch

Burning

Pain

Wet, dry, blisters
Exacerbating factors

Gowth

Bleeding

General health at present
Ask about fever

Past history of skin disorders

Past general medical history
Inquire specifically about asthma and hay fever

Family history of skin disorders

If positive, the disorder or the tendency to have it may be
inherited. Sometimes family members may be exposed to
a common infectious agent or scabies or to a injurious
chemical

Family history of other medical disorders

Social and occupational history

Hobbies

Outdoor versus indoor

Travels abroad

Relationship of rash to work and holidays
Alcohol intake

Drugs used to treat present skin condition
Topical

Systemic

Physician prescribed

Patient initiated

Drugs prescribed for other disorders (including those taken
before onset of skin disorder)

34 Clinical Dermatology, Fourth Edition By Richard P.J.B. Weller, John A.A. Hunter, John A. Savin and Mark V. Dahl
© 2008 Richard Weller, John Hunter, John Savin, Mark Dahl. ISBN: 978-1-405-14663-0



the shy, or the surroundings. The presence of a
chaperone, who should be a healthcare professional,
and essential if examination of the genitalia is neces-
sary. Sometimes make-up must be washed off or wigs
removed. There is nothing more embarrassing than
missing the right diagnosis because an important
sign has been hidden.

Distribution

A dermatological diagnosis is based both on the
distribution of lesions and on their morphology and
configuration. For example, an area of seborrhoeic
dermatitis may look very like an area of atopic der-
matitis, but the key to diagnosis lies in the location.
Seborrhoeic dermatitis affects the scalp, forehead,
eyebrows, nasolabial folds and central chest; atopic
dermatitis typically affects the antecubital and pop-
liteal fossae.

See if the skin disease is localized, universal or
symmetrical. Symmetry implies a systemic origin,
whereas unilaterality or asymmetry implies an
external cause. Depending on the disease sug-
gested by the morphology, you may want to check
special areas, such as the feet in a patient with
hand eczema, or the gluteal cleft in a patient who
might have psoriasis. Examine as much of the skin
as possible. Look in the mouth and remember to
check the hair and the nails (Chapter 13). Note
negative as well as positive findings (e.g. the way
the shielded areas are spared in a photosensitive
dermatitis; see Fig. 18.7). Always keep your eyes
open for incidental skin cancers which the patient
may have ignored.

Table 3.2 Terminology of primary lesions.
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Morphology

After the distribution has been noted, next define
the morphology of the primary lesions. Many skin
diseases have a characteristic morphology, but
scratching, ulceration and other events can change
this. The rule is to find an early or ‘primary” lesion
and to inspect it closely. What is its shape? What
is its size? What is its colour? What are its margins
like? What are the surface characteristics? What
does it feel like? Most types of primary lesion have
one name if small and a different one if large. The
scheme is summarized in Table 3.2.

There are many reasons why you should describe
skin diseases properly.
e Skin disorders are often grouped by their mor-
phology. Once the morphology is clear, a differential
diagnosis comes easily to mind.
e If you have to describe a condition accurately,
you will have to look at it carefully.
e You can paint a verbal picture if you have to refer
the patient for another opinion.
e You will sound like a physician and not a
homoeopath.
e You will be able to understand the terminology of
this book.

Terminology of lesions (Fig.3.1)

Primary lesions

The size in many of the definitions given below (e.g.
papule, nodule, macule, patch) is arbitrary and it is
often helpful to record the actual measurement.

Small (<0.5 cm)

Large (>0.5 cm)

Elevated solid lesion Papule Nodule (>0.5 cm in both width and depth)
Plaque (>2 cm in width but without
substantial depth)

Flat area of altered colour or texture Macule Large macule (patch)

Fluid-filled blister Vesicle Bulla

Pus-filled lesion Pustule Abscess
Furuncle

Extravasation of blood into skin Petechia (pinhead size) Ecchymosis

Purpura (up to 2 mm in diameter) Haematoma

Accumulation of dermal oedema Wheal (can be any size) Angioedema
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Macule

Exophytic nodule

Endophytic nodule

Fissure
Erosion

Papule

Vesicles

Fig. 3.1 Terminology of skin lesions.

Erythema is redness caused by vascular dilatation.

A papule is a small solid elevation of skin, less than
0.5 cm in diameter.

A plague is an elevated area of skin greater than 2 cm
in diameter but without substantial depth.

A macule is a small flat area, less than 5 mm in dia-
meter, of altered colour or texture.

A patch is a large macule.

A vesicle is a circumscribed elevation of skin, less
than 0.5 cm in diameter, and containing fluid.

A bulla is a circumscribed elevation of skin over
0.5 cm in diameter and containing fluid.

A pustule is a visible accumulation of pus in the skin.
An abscess is a localized collection of pus in a cavity,
more than 1 cm in diameter. Abscesses are usually
nodules, and the term ‘purulent bulla’ is sometimes
used to describe a pus-filled blister that is situated
on top of the skin rather than within it.

A wheal is an elevated white compressible evanes-
cent area produced by dermal oedema. It is often



surrounded by a red axon-mediated flare. Although
usually less than 2 cm in diameter, some wheals are
huge.

Angioedema is a diffuse swelling caused by oedema
extending to the subcutaneous tissue.

A nodule is a solid mass in the skin, usually greater
than 0.5 cm in diameter, in both width and depth,
which can be seen to be elevated (exophytic) or can
be palpated (endophytic).

A tumour is harder to define as the term is based
more correctly on microscopic pathology than on
clinical morphology. We keep it here as a conveni-
ent term to describe an enlargement of the tissues by
normal or pathological material or cells that form a
mass, usually more than 1 cm in diameter. Because
the word ‘tumour’ can scare patients, tumours may
courteously be called ‘large nodules’, especially if
they are not malignant.

A papilloma is a nipple-like projection from the skin.
Petechiae are pinhead-sized macules of blood in the
skin.

The term purpura describes a larger macule or
papule of blood in the skin. Such blood-filled lesions
do not blanch if a glass lens is pushed against them
(Diascopy, p. 39)

An ecchymosis (bruise) is a larger extravasation of
blood into the skin and deeper structures.

A haematoma is a swelling from gross bleeding.

A burrow is a linear or curvilinear papule, with some
scaling, caused by a scabies mite.

A comedo is a plug of greasy keratin wedged in a
dilated pilosebaceous orifice. Open comedones are
‘blackheads’. The follicle opening of a closed comedo
is nearly covered over by skin so that it looks like a
pinhead-sized, ivory-coloured papule.
Telangiectasia is the visible dilatation of small cuta-
neous blood vessels.

Poikiloderma is a combination of atrophy, reticulate
hyperpigmentation and telangiectasia.

Horn is a keratin projection that is taller than it is
broad.

Erthyroderma is a generalized redness of skin
that may be scaling (exfoliative erythroderma) or
smooth.

Secondary lesions

These evolve from primary lesions.
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A scale is a flake arising from the horny layer. Scales
may be seen on the surface of many primary lesions
(e.g. macules, patches, nodules, plaques).

A keratosis is a horn-like thickening of the stratum
corneum.

A crust may look like a scale, but is composed of
dried blood or tissue fluid.

An ulcer is an area of skin from which the whole
of the epidermis and at least the upper part of the
dermis has been lost. Ulcers may extend into sub-
cutaneous fat, and heal with scarring.

An erosion is an area of skin denuded by a complete
or partial loss of only the epidermis. Erosions heal
without scarring.

An excoriation is an ulcer or erosion produced by
scratching.

A fissure is a slit in the skin.

A sinus is a cavity or channel that permits the escape
of pus or fluid.

A scar is a result of healing, where normal structures
are permanently replaced by fibrous tissue.

Atrophy is a thinning of skin caused by diminution
of the epidermis, dermis or subcutaneous fat. When
the epidermis is atrophic it may crinkle like cigarette
paper, appear thin and translucent, and lose normal
surface markings. Blood vessels may be easy to see
in both epidermal and dermal atrophy.
Lichenification is an area of thickened skin with
increased markings.

A stria (stretch mark) is a streak-like linear atrophic
pink, purple or white lesion of the skin caused by
changes in the connective tissue.

Pigmentation, either more or less than surrounding
skin, can develop after lesions heal.

Having identified the lesions as primary or second-
ary, adjectives can be used to describe them in terms
of their other features.

e Colour (e.g. salmon-pink, lilac, violet).

e Sharpness of edge (e.g. well-defined, ill-defined).
e Surface contour (e.g. dome-shaped, umbilicated,
spire-like; Fig. 3.2).

o Geometric shape (e.g. nummular, oval, irregular,
like the coast of Maine).

e Texture (e.g. rough, silky, smooth, hard).

e Smell (e.g. foul-smelling).

e Temperature (e.g. hot, warm).

Dermatologists also use a few special adjectives
which warrant definition.
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Dome-shaped

Pedunculated

Verrucous

Umbilicated

Flat-topped

Acuminate (spire-like)

Fig. 3.2 Surface contours of papules.

e Nummular means round or coin-like.

e Annular means ring-like.

e Circinate means circular.

Arcuate means curved.

Discoid means disc-like.

Gyrate means wave-like.

Retiform and reticulate mean net-like.

Targetoid means target-like or ‘bull’s eye’.
Polycyclic means formed from coalescing circles,
or incomplete rings.

To describe a skin lesion, use the term for the
primary lesion as the noun, and the adjectives
mentioned above to define it. For example, the
lesions of psoriasis may appear as ‘salmon-pink
sharply demarcated nummular plaques covered
by large silver polygonal scales’. Try not to use
the term ‘erythema’ as it means a shade of red and
therefore is less specific than for example ‘fire
enginered’.

Try also not to use the terms ‘lesion’” or ‘area’.
Why say ‘papular lesion’ when you can say papule?
It is almost as bad as the ubiquitous term ‘skin
rash’. By the way, there are very few diseases that
are truly ‘maculopapular’. The term is best avoided
except to describe some drug eruptions and viral
exanthems. Even then, the terms ‘scarlatiniform’
(like scarlet fever — punctate, slightly elevated
papules) or ‘morbilliform” (like measles — a net-like
blotchy slightly elevated pink exanthem) are more
helpful.

Grouped

Linear

Serpiginous
Arcuate
Nummular

Annular

Fig. 3.3 Configuration of lesions.

Configuration

After unravelling the primary and secondary lesions,
look for arrangements and configurations that can
be, for example, discrete, confluent, grouped, annular,
arcuate, segmental or dermatomal (Fig. 3.3). Note
that while individual lesions may be annular, several
individual lesions may arrange themselves into an
annular or polycyclic configuration. Other adject-
ives, discussed under the morphology of individual
lesions, can apply to their groupings too. The Kébner
or isomorphic phenomenon is the induction of skin
lesions by, and at the site of, trauma such as scratch
marks or operative incisions.

Special tools and techniques

A magnifying lens is a helpful aid to diagnosis
because subtle changes in the skin become more
apparent when enlarged. One attached to spectacles
will leave your hand free.

A Wood’s light, emitting long wavelength ultra-
violet radiation, will help with the examination of
some skin conditions. Fluorescence is seen in some
fungal infections (Chapter 16), erythrasma (p. 221)
and Pseudomonas infections. Some subtle disorders of
pigmentation can be seen more clearly under Wood'’s
light (e.g. the pale patches of tuberous sclerosis,
low-grade vitiligo and pityriasis versicolor, and
the darker café au lait patches of neurofibromatosis).
The urine in hepatic cutaneous porphyria (p. 328)



often fluoresces coral pink, even without solvent
extraction of the porphyrins (see Fig. 21.10).

Diascopy is the name given to the technique in
which a glass slide or clear plastic spoon is pressed
on vascular lesions to blanch them and verify that
their redness is caused by vasodilatation and to
unmask their underlying colour. Diascopy is also
used to confirm the presence of extravasated blood
in the dermis (i.e. petechia and purpura, the appear-
ance of which do not change on pressure).

Photography, mostly digital nowadays, helps to
record the baseline appearance of a lesion or rash,
so that change can be assessed objectively at later
visits. Small changes in pigmented lesions can be
detected by analysing sequential digital images stored
in computerized systems.

Dermatoscopy (also known as dermoscopy,
epiluminescence microscopy, skin surface
microscopy)

This non-invasive technique for distinguishing
pigmented lesions in vivo has come of age in the last
few years. It provides a link between macroscopic
clinical dermatology and microscopic histology.
Many structures can be identified that are not visible
to the naked eye. The lesion is covered with ultra-
sound gel, mineral oil, alcohol or water and then
illuminated and observed at 10x magnification with
ahand-held dermatoscope (Fig. 3.4). The gel or fluid
eliminates surface reflection and makes the horny
layer translucent so that pigmented structures in the

Irregular
dots/globules
=1 point

Fig. 3.5 Dermatoscopic appearance
of a malignant melanoma.
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Fig. 3.4 A dermatoscope.

epidermis and superficial dermis, and the superficial
vascular plexus (p. 20), can be assessed. The glass
plate of the dermatoscope should be regularly cleaned
and disinfected to prevent nosocomial infection.

The first (and easiest) step is to distinguish non-
melanocytic lesions, including seborrhoeic warts,
haemangiomas, angiokeratomas and pigmented basal
cell carcinomas, from melanocytic ones — primarily
melanocytic naevi and malignant melanomas. Set
criteria exist for each diagnosis although distin-
guishing some suspicious melanocytic naevi from
melanomas (Fig. 3.5) by dermatoscopy alone may be
beyond the reach of even the most experienced expert.
Images can be recorded digitally and sequential
changes assessed. With formal training and practice,
the use of dermatoscopy improves the accuracy
with which pigmented lesions are diagnosed.

' Irregular pigmentation = 1 point

Irregular streaks
=1 point

Blue-whitish veil
= 2 points

| Atypical pigment network
= 2 points
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A dermatoscope can also be used to identify
scabies mites in their burrows (p. 262) and, used
without oil, it is handy for diagnosing abnormalities
of hair shafts.

Assessment

Next try to put the disease into a general class; the
titles of the chapters in this book are representative.
Once classified, a differential diagnosis is usually
forthcoming. Each diagnosis can then be considered
on its merits, and laboratory tests may be used to
confirm or refute diagnoses in the differential list.
At this stage you must make a working diagnosis or
formulate a plan to do so.

Learning points

1 As Osler said: ‘See and then reason, but see first'.

2 A correct diagnosis is the key to correct treatment.

3 The term ‘skin rash’ is as bad as ‘gastric stomach’.

4 Avoid using too many long Latin descriptive names as a
cloak for ignorance.

5 The history is especially important when the diagnosis
is difficult.

6 Undress the patient and use a lens, even if it only gives
you more time to think.

7 A modern dermatologist without a dermatoscope is
like a cardiologist without a stethoscope.

8 Remember the old adage that if you do not look in the
mouth you will put your foot in it.

Side-room and office tests

A number of tests can be performed in the prac-
tice office so that their results will be available
immediately.

Potassium hydroxide preparations for
fungal infections

If a fungal infection is suspected, scales or plucked
hairs can be dissolved in an aqueous solution of
20% potassium hydroxide (KOH) containing 40%
dimethyl sulphoxide (DMSO). The scale from the
edge of a scaling lesion is vigorously scraped on to a
glass slide with a No. 15 scalpel blade or the edge of
a second glass slide. Other samples can include nail

Fig. 3.6 Preparing a skin scraping for microscopy by
adding potassium hydroxide (KOH) from a pipette.

preparation. The polygonal shadows in the background
are horny layer cells.

clippings, the roofs of blisters, hair pluckings and
the contents of pustules when a candidal infection is
suspected. A drop or two of the KOH solution is
run under the cover slip (Fig. 3.6). After 5-10 min
the mount is examined under a microscope with
the condenser lens lowered to increase contrast.
Nail clippings take longer to clear — up to a couple
of hours. With experience, fungal and candidal
hyphae can be readily detected (Fig. 3.7). No heat is
required if DMSQO is included in the KOH solution.

Detection of a scabies mite

Burrows in an itchy patient are diagnostic of scabies.
Retrieving a mite from the skin will confirm the
diagnosis and convince a sceptical patient of the



infestation. The burrow should be examined under
a magnifying glass or dermatoscope; the acarus is
seen as a tiny black or grey dot at the most recent,
least scaly end (see Fig. 17.5. It can be removed by a
sterile needle and placed on a slide within a marked
circle. Alternatively, if mites are not seen, possible
burrows can be vigorously scraped with a No. 15
scalpel blade, moistened with liquid paraffin or
vegetable oil, and the scrapings transferred to a
slide. Patients never argue the toss when confronted
by a magnified mobile mite.

Cytology (Tzanck smear)

Cytology can aid the diagnosis of viral infections
such as herpes simplex and zoster, and of bullous
diseases such as pemphigus. A blister roof is removed
and the cells from the base of the blister are scraped
off with a No. 10 or 15 surgical blade. These cells are
smeared on to a microscope slide, air-dried and fixed
with methanol. They are then stained with Giemsa,
toluidine blue or Wright’s stain. Acantholytic cells
(Chapter 9) are seen in pemphigus, and multinucleate
giant cells are diagnostic of herpes simplex or varicella
zoster infections (Chapter 16). Practice is needed to
obtain good preparations. The technique has fallen
out of favour as histology, virological culture and
PCR have become more accessible.

Patch tests

Patch tests are invaluable in detecting the allergens
responsible for allergic contact dermatitis (Chapter 7).
A patch test involves applying a chemical to the
skin and then watching for dermatitis to develop
48-96 h later.

Either suspected individual antigens or a battery
of antigens which are common culprits can be tested.
Standard dilutions of the common antigens in appro-
priate bases are available commercially (Fig. 3.8).
The test materials are applied to the back under
aluminium discs or patches; the occlusion encour-
ages penetration of the allergen. The patches are
left in place for 48 h and then, after careful marking,
are removed. The sites are inspected 10 min later,
again 2 days later and sometimes even later if doubt-
ful reactions require further assessment. The test
detects type IV delayed hypersensitivity reactions
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Fig. 3.8 Patch testing equipment. Syringes contain
commercially prepared antigens, to be applied in
aluminium cups.

(Chapter 2). The readings are scored according to
the reaction seen:

NT Not tested.

— Noreaction.

* Doubtful reaction (minimal erythema).

+ Weak positive reaction (erythema and maybe
papules).

++ Strong reaction (palpable erythema and/or
vesicles; Fig. 3.9).

+++ Extreme reaction (intense palpable erythema,
coalescing vesicles and/or bullae).

IR Irritant reaction (variable, but often sharply cir-
cumscribed, with a glazed appearance and increased
skin markings).

Fig. 3.9 A strong positive reaction to a rubber additive.
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A positive patch test does not prove that the
allergen in question has caused the current episode
of contact dermatitis; the results must be interpreted
in the light of the history and possible previous
exposure to the allergen.

Patch testing requires attention to detail in apply-
ing the patches properly and skill and experience in
interpreting the results. The concentration of allergen
must be sufficient to penetrate the thick skin of the
back and yet not so high as to create a false positive
irritation reaction.

Prick testing

Prick testing is much less helpful in dermatology.
It detects immediate (type I) hypersensitivity
(Chapter 2) and patients should not have taken
systemic antihistamines for at least 48 h before the
test. Commercially prepared diluted antigens and a
control are placed as single drops on marked areas
of the forearm. The skin is gently pricked through
the drops using separate sterile fine (e.g. 25 gauge,
or smaller) needles. The prick should not cause
bleeding. The drops are then removed with a tissue
wipe. After 10 min the sites are inspected and the
diameter of any wheal measured and recorded. A
result is considered positive if the test antigen causes
a wheal of 4 mm or greater (Fig. 3.10) and the con-
trol elicits a negligible reaction.

Fig. 3.10 Prick testing: many positive results in an atopic
individual.

Like patch testing, prick testing should not be
undertaken by those without formal training in
the procedure. Although the risk of anaphylaxis is
small, resuscitation facilities including adrenaline
(epinephrine) and oxygen must be available. The
relevance of positive results to the cause of the
condition under investigation — usually urticaria or
atopic dermatitis — is often debatable. Positive results
should correlate with positive radio-allergosorbent
tests (RAST; p. 84) used to measure total and
specific immunoglobulin E (IgE) levels to inhaled
and ingested allergens. RAST tests, although more
expensive, pose no risk of anaphylaxis and take up
less of the patient’s time in the clinic. They are now
used more often than prick tests.

Skin biopsy

Biopsy (from the Greek bios meaning ‘life’ and
opsis ‘sight’) of skin lesions is useful to establish
or confirm a clinical diagnosis. A piece of tissue is
removed surgically for histological examination and
sometimes for other tests (e.g. culture for organisms).
When used selectively, a skin biopsy can solve the
most perplexing problem but, conversely, will be
unhelpful in conditions without a specific histology
(e.g. most drug eruptions, pityriasis rosea, reactive
erythemas).

Skin biopsies may be incisional, when just part
of a lesion is removed for laboratory examination,
or excisional, when the whole lesion is cut out.
Excisional biopsy is preferable for most small
lesions (up to 0.5cm diameter) but incisional
biopsy is chosen when the partial removal of a
larger lesion is adequate for diagnosis, and com-
plete removal might leave an unnecessary and
unsightly scar. Ideally, an incisional biopsy should
include a piece of the surrounding normal skin
(Fig. 3.11), although this may not be possible if a
small punch is used.

The main steps in skin biopsy are:

1 Obtain written and informed consent from the
patient before starting the procedure;

2 Administration of local anaesthesia; and

3 Removal of all (excision) or part (incision) of the
lesion and repair of the defect made by a scalpel or
punch.
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Fig. 3.11 Incision biopsy. This should include adjacent
normal skin.

Local anaesthetic

Lidocaine (lignocaine) 1-2% is used. Sometimes
adrenaline (epinephrine) 1:200 000 is added. This
causes vasoconstriction, reduced clearance of the local
anaesthetic and prolongation of the local anaesthetic
effect. Plain lidocaine should be used on the fingers,
toes and the penis as the prolonged vasoconstric-
tion produced by adrenaline can be dangerous here.
Adprenaline is also best avoided in diabetics with
small vessel disease, in those with a history of heart
disease (including dysrhythmias), in patients taking
non-selective o-blockers and tricyclic antidepressants
(because of potential interactions) and in uncon-
trolled hyperthyroidism. There are exceptions to
these general rules and, undoubtedly, the total dose
of local anaesthetic and/or adrenaline is important.
Nevertheless, the rules should not be broken unless
the surgeon is quite sure that the procedure that he
or she is about to embark on is safe.

It is wise to avoid local anaesthesia during early
pregnancy and to delay non-urgent procedures
until after the first trimester.

As ‘B’ follows ‘A’ in the alphabet, get into the
habit of checking the precise concentration of the
lidocaine + added adrenaline on the label before
withdrawing it into the syringe and then, before
injecting it, confirm that the patient has not had any
previous allergic reactions to local anaesthetic.
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Infiltration of the local anaesthetic into the skin
under and around the area to be biopsied is the
most widely used method. If the local anaesthetic
is injected into the subcutaneous fat, it will be
relatively pain-free, will produce a diffuse swell-
ing of the skin and will take several minutes to
induce anaesthesia. Intradermal injections are pain-
ful and produce a discrete wheal associated with
rapid anaesthesia. The application of EMLA cream
(eutectic mixture of local anaesthesia) to the oper-
ation site 2 h before giving a local anaesthetic to
children helps to numb the initial prick.

Scalpel biopsy

This provides more tissue than a punch biopsy.
It can be used routinely, but is especially useful
for biopsying disorders of the subcutaneous fat,
for obtaining specimens with both normal and
abnormal skin for comparison (Fig. 3.11) and for
removing small lesions in toto (excision biopsy;
p- 371). After selecting the lesion for biopsy, an
elliptical piece of skin is excised. The specimen
should include the subcutaneous fat. Removing
the specimen with forceps may cause crush artefact,
which can be avoided by lifting the specimen with
either a Gillies hook or a syringe needle. The wound
is then sutured; firm compression for 5 min stops
oozing. Non-absorbable 3/0 sutures are used for
biopsies on the legs and back, 5/0 for the face
and 4/0 for elsewhere. Stitches are usually removed
from the face in 4 days, from the anterior trunk
and arms in 7 days, and from the back and legs in
10 days. Some guidelines for skin biopsies are listed
in Table 3.3.

Punch biopsy

The skin is sampled with a small (3—4 mm diameter)
tissue punch. Lidocaine 1% is injected intraderm-
ally first, and a cylinder of skin is incised with the
punch by rotating it back and forth (Fig. 3.12). The
skin is lifted up carefully with a needle or forceps
and the base is cut off at the level of subcutaneous
fat. Be careful not to crush the specimen as this
will render interpretation difficult. The defect is
cauterized or repaired with a single suture.
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Table 3.3 Guidelines for skin biopsies.

Sample a fresh lesion

Obtain your specimen from near the lesion’s edge

Avoid sites where a scar would be conspicuous

Avoid the upper trunk or jaw line where keloids are most
likely to form

Avoid the legs, where healing is slow

Avoid lesions over bony prominences, where infection is
more likely

Use the scalpel technique for scalp disorders and diseases
of the subcutaneous fat or vessels

Do not crush the tissue

Place in appropriate fixative*, usually 10% formalin for
routine histology

If two lesions are sampled, be sure they do not get mixed
up or mislabelled. Label specimen containers before the
biopsy is placed in them

Make sure that the patient’s name, age and sex are clearly
indicated on the pathology form

Provide the pathologist with a legible summary of the
history (including laboratory numbers of previous
relevant biopsies), the site of the biopsy and a
differential diagnosis

Discuss the results with the pathologist

* Specimens for immunofluorescence should be immediately
frozen or placed in special transport medium. Transport of
specimens for microbiology should be discussed with the
laboratory. Preservative-free lidocaine may be indicated to
prevent the local anaesthesic from killing organisms during the
process of biopsy.

If a lesion is superficial, a shave biopsy may be
preferred (p. 372).

The tissue can be sent to the pathologist with a
summary of the history, a differential diagnosis and
the patient’s age. Close liaison with the pathologist
is essential, because the diagnosis may only become

(a) (b)

Fig. 3.12 Stepsin taking a punch biopsy.

apparent with knowledge of both the clinical and
histological features.

Learning points

1 Abiopsy is the refuge of a bankrupt mind when dealing
with conditions that do not have a specific histology.
Here, a return to the history and examination is more
likely to reveal diagnostic clues than a pathologist.

2 If you do not remember the three essential checks before
injecting local anaesthetic then read p. 43 again.

Laboratory tests

The laboratory is vital for the accurate diagnosis of
many skin disorders. Tests include various assays of
blood, serum and urine, bacterial, fungal and viral
culture from skin and other specimens, immuno-
fluorescent and immunohistological examinations
(Figs 3.13 and 3.14), radiography, ultrasonography
and other methods of image intensification. Specific
details are discussed as each disease is presented.

Conclusions

Clinical dermatology is a visual specialty. You must
see the disease, and understand what you are seeing.
Look closely and thoroughly. Take time. Examine
the whole body. Locate primary lesions and check
configuration and distribution. Ask appropriate ques-
tions, especially if the diagnosis is difficult. Classify
the disorder and list the differential diagnoses. Use
the history, examination and laboratory tests to
make a diagnosis if this cannot be made by clinical



Fig. 3.13 Direct
immunofluorescence detects
antibodies in a patient’s skin. Here
immunoglobulin G (IgG) antibodies
are detected by staining with a
fluorescent dye attached to
antihuman IgG.
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(>—Fluorescent dye attached
to antibody raised against
human immunoglobulin

//Section of patient’s skin

Microscope slide

Ultraviolet source
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1 Antibody in patient’s serum

Fig. 3.14 Indirect
immunofluorescence detects
antibodies in a patient’s serum.
There are two steps. (1) Antibodies
in this serum are made to bind to
antigens in a section of normal skin.
(2) Antibody raised against human
immunoglobulin, conjugated with a
fluorescent dye can then be used to
stain these bound antibodies (as in
the direct immunofluorescence test).

features alone. Then treat. Refer the patient to a
dermatologist if:

e You cannot make a diagnosis;

e The disorder does not respond to treatment;

o The disorder is unusual or severe; or

e You arejustnot sure.
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4 Disorders of keratinization

The complex but orderly processes of keratiniza-
tion, and of cell cohesion and proliferation within
the epidermis, have been described in Chapter 2.
As they proceed, the living keratinocytes of the
deeper epidermis change into the dead corneocytes
of the horny layer, where they are stuck together
by intercellular lipids. They are then shed in such
a way that the surface of the normal skin does not
seem scaly to the naked eye. Shedding balances pro-
duction, so that the thickness of the horny layer does
not alter. However, if keratinization or cell cohesion
is abnormal, the horny layer may become thick or
the skin surface may become dry and scaly. Such
changes can be localized or generalized.

In this chapter we describe a variety of skin disorders
that have as their basis a disorder of keratinization.
During the last few years the molecular mechan-
isms underlying many of these have become clearer,
including abnormal genetic coding for keratins, the
enzymes involved in cell cohesion in the horny layer,
and the molecules that are critical in the signalling
pathway governing cell cohesion in the spinous layer.

The ichthyoses

The word ichthyosis comes from the Greek word for
a fish. It is applied to disorders that share, as their
main feature, a dry rough skin with marked scaling
but no inflammation. Strictly speaking, the scales
lack the regular overlapping pattern of fish scales,
but the term is usefully descriptive and too well
entrenched to be discarded. There are several types.

Ichthyosis vulgaris

Cause

Inherited as an autosomal semi-dominant disorder,
this condition is common and affects about 1 person

in 250. Mutations in the filaggrin gene lead to loss
or reduction of profilaggrin. This is the major com-
ponent of the keratohyalin granules and when
cleaved to filaggrin is responsible for aggregating
keratin filaments in the cornified cell envelope.
Mutant alleles have a frequency of 4% in European
populations, which accounts for this being such
a common disorder. Heterozygotes have milder
disease than homozygotes.

Presentation

The dryness is usually mild and symptoms are few.
The scales are small and branny, being most obvious
on the limbs and least obvious in the major flexures.
The skin creases of the palm may be accentuated.
Keratosis pilaris (p. 50) is often present on the limbs.

Clinical course

The skin changes are not usually present at birth but
develop over the first few years of life. Some pati-
ents improve in adult life, particularly during warm
weather, but the condition seldom clears completely.

Complications

The already dry skin chaps in the winter and is
easily irritated by degreasing agents. This should
be taken into account in the choice of a career.
Ichthyosis of this type is apt to appear in a stubborn
combination with atopic eczema, as mutations in
the filaggrin gene are strong predisposing factors
for atopic eczema (p. 91).

Differential diagnosis

It can usually be distinguished from less common
types of ichthyosis on the basis of the pattern of
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inheritance and of the type and distribution of the
scaling.

Investigations

None are usually needed.

Treatment

This is palliative. The dryness can be helped by
the regular use of emollients, which are best applied
after a shower or bath. Emulsifying ointment, soft
white paraffin, E45 and Unguentum Merck are all
quite suitable (Formulary 1, p. 381) and the selec-
tion depends on the patient’s preference. Many find
proprietary bath oils and creams containing humect-
ants such as glycerin, urea or lactic acid helpful also
(Formulary 1, p. 381).

X-linked recessive ichthyosis

Cause

This less common type of ichthyosis is inherited as an
X-linked recessive trait and therefore, in its complete
form, is seen only in males, although some female
carriers show mild scaling. The condition affects about
1 in 6000 males in the UK and is associated with a
deficiency of the enzyme steroid sulphatase, which
hydrolyses cholesterol sulphate. The responsible
gene has been localized to the end of the short arm
of the X chromosome, at Xp 22.3 (Chapter 24).

Presentation and course

In contrast to the delayed onset of the dominantly
inherited ichthyosis vulgaris, scaling appears early,
often soon after birth, and always by the first birth-
day. The scales are larger and browner (Fig. 4.1),
involve the neck, and to a lesser extent the popliteal
and antecubital areas, as well as the skin generally.
The palms and soles are normal. There is no associ-
ation with atopy or keratosis pilaris. The condition
persists throughout life.

Complications

Affected babies may be born after a prolonged

Fig. 4.1 Ichthyosis: large rather dark scales suggest the
less common type inherited as a sex-linked recessive trait.

labour. Corneal opacities may appear in adult life.
Kallmann’s syndrome is caused by the deletion of
a part of the X chromosome that includes the gene
for X-linked recessive ichthyosis, which is therefore
one of its features. Other features of this contiguous
gene disorder are hypogonadism, anosmia and neuro-
logical defects.

Differential diagnosis

This is as for ichthyosis vulgaris. It is helpful
to remember that only males are affected. Bear
Kallmann’s syndrome in mind if there are other
congenital abnormalities.

Investigations

None are usually needed. A few centres can meas-
ure steroid sulphatase in fibroblasts cultured from a
skin biopsy.

Treatment

Oral aromatic retinoids are probably best avoided.
Topical measures are as for ichthyosis vulgaris.
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Fig. 4.2 A collodion baby who had an underlying non-
bullous ichthyosiform erythroderma.

Collodion baby (Fig. 4.2)

This is a description and not a diagnosis. The bizarre
skin charges are seen at birth. At first the stratum
corneum is smooth and shiny, and the skin looks
as though it has been covered with cellophane
or collodion. Its tightness may cause ectropion and
feeding difficulties. The shiny outer surface is shed
within a few days leaving behind red scaly skin. This
is most often caused by non-bullous ichthyosiform
erythroderma, and less often lamellar ichthyosis
— both being caused by mutations in the trans-
glutaminase-1 gene. Problems with temperature
regulation and high water loss through the skin in
the early days of life are best dealt with by the use
of a high-humidity incubator. Regular applications
of a greasy emollient also limit fluid loss and make
the skin supple. The much rarer ‘harlequin fetus’
(resulting from loss of function mutations in the
ABCA12 gene that normally has a role in forming
the skin lipid barrier) is covered with thick fissured
hyperkeratosis. Ectropion is extreme and most
affected infants die early.

Lamellar ichthyosis and non-bullous
ichthyosiform erythroderma

These rare conditions have often been confused
in the past, because they look so similar. Both may
be inherited as an autosomal recessive trait, and
in both the skin changes at birth are those of a
collodion baby (see above). Later the two condi-
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tions can be distinguished by the finer scaling and
more obvious redness of non-bullous ichthyosiform
erythroderma and the plate-like scales of lamellar
ichthyosis. Both last for life and are sufficiently
disfiguring for the long-term use of acitretin to be
justifiable (Formulary 2, p. 401). Lamellar ichthyosis
shows genetic heterogeneity: the most severe type
is caused by mutations in the gene for keratinocyte
transglutaminase-1, an enzyme that cross-links the
cornified cell envelope, lying on chromosome 14q11.2.

Epidermolytic hyperkeratosis (bullous
ichthyosiform erythroderma)

This rare condition is inherited as an autosomal
dominant disorder. Shortly after birth the baby’s
skin becomes generally red and shows numerous
blisters. The redness fades over a few months, and
the tendency to blister also lessens, but during
childhood a gross brownish warty hyperkeratosis
appears, sometimes in a roughly linear form and
usually worst in the flexures. The diseased skin
often becomes secondarily infected and painful,
and develops a foul odour. For many patients this
is as socially disabling as the skin disease. The
histology is distinctive: a thickened granular cell
layer contains large granules, and clefts may be seen
in the upper epidermis. The condition is caused by
mutations in the genes (on chromosomes 12q13 and
17q21) controlling the production of keratins 1 and
10. A few patients with localized areas of hyper-
keratosis with the same histological features have
gonadal mosaicism, and so their children are at risk
of developing the generalized form of the disorder.
Treatment is symptomatic. Antibacterial washes and
masking fragrances are helpful. Antibiotics may be
needed from time to time but should not be used for
prolonged periods. Acitretin (Formulary 2, p. 401)
has helped in severe cases.

Other ichthyosiform disorders

Sometimes, ichthyotic skin changes are a minor
part of a multisystem disease, but such associ-
ations are very rare. Refsum'’s syndrome, an autosomal
recessive trait, is caused by deficiency of a single
enzyme concerned in the breakdown of phytanic
acid, which then accumulates in the tissues. The
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other features (retinal degeneration, peripheral neuro-
pathy and ataxia) overshadow the minor dryness of
the skin.

Rud’s syndrome is an ichthyosiform erythroderma
in association with mental retardation and epilepsy.
In Netherton’s syndrome, brittle hairs, with a so-called
‘bamboo deformity’, are present as well as a curious
gyrate and erythematous hyperkeratotic eruption
(ichthyosis linearis circumflexa). Other conditions
are identified by confusing acronyms: IBIDS (also
known as trichothiodystrophy) stands for ichthyosis,
brittle hair, impaired intelligence, decreased fertility
and short stature; the KID syndrome consists of
keratitis, ichthyosis and deafness.

Acquired ichthyosis

It is unusual for ichthyosis to appear for the first
time in adult life but, if it does, an underlying dis-
ease should be suspected. The most frequent is
Hodgkin’s disease. Other recorded causes include
other lymphomas, leprosy, sarcoidosis, malabsorp-
tion and a poor diet. The skin may also appear dry in
hypothyroidism.

Other disorders of keratinization
Keratosis pilaris

Cause

This common condition is inherited as an autosomal
dominant trait, and is possibly caused by mutations
in a gene lying on the short arm of chromosome 18.
Heterozygote carriers of an abnormal profilaggrin
gene often have keratosis pilaris. The abnormality
lies in the keratinization of hair follicles, which
become filled with horny plugs.

Presentation and course

The changes begin in childhood and tend to become
less obvious in adult life. In the most common type,
the greyish horny follicular plugs, sometimes with
red areolae, are confined to the outer aspects of the
thighs and upper arms, where the skin feels rough.
Less often, the plugs affect the sides of the face; peri-
follicular erythema and loss of eyebrow hairs may

then occur. There is an association with ichthyosis
vulgaris.

Complications

Involvement of the cheeks may lead to an ugly pitted
scarring. Rarely, the follicles in the eyebrows may be
damaged with subsequent loss of hair there.

Differential diagnosis

A rather similar pattern of widespread follicular
keratosis (phrynoderma) can occur in severe vitamin
deficiency. The lack is probably not just of vitamin A,
as was once thought, but of several vitamins.

Investigations

None are needed.

Treatment

Treatment is not usually needed, although keratolytics
such as salicylic acid or urea in a cream base may
smooth the skin temporarily (Formulary 1, p. 386).
Ultraviolet radiation also provides temporary benefit.
A move to a more humid climate is helpful.

Keratosis follicularis (Darier’s disease)

Cause

This rare condition is inherited as an autosomal
dominant trait. Fertility tends to be low and many
cases represent new mutations. The abnormal gene
(on chromosome 12q24.1) encodes for a molecule
important in a pump that keeps a high concentra-
tion of calcium in the endoplasmic reticulum.

Presentation

The first signs usually appear in the mid-teens,
sometimes after overexposure to sunlight. The
characteristic lesions are small pink or brownish
papules with a greasy scale (Fig. 4.3). These coalesce
into warty plaques in a ‘seborrhoeic” distribution
(Fig. 4.4). Early lesions are often seen on the sternal
and interscapular areas, and behind the ears. The



Fig. 4.3 The typical yellow-brown greasy papules of
Darier’s disease.

Fig. 4.4 Extensive Darier’s disease, in this case made
worse by sun exposure.

severity of the condition varies greatly from person
to person; sometimes the skin is widely affected.
The abnormalities remain for life, often causing
much embarrassment and discomfort.

Other changes include lesions looking like plane
warts on the backs of the hands, punctate keratoses
or pits on the palms and soles, cobblestone-like
irregularities of the mucous membranes in the mouth,
and a distinctive nail dystrophy. White or pinkish
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Fig. 4.5 The nail in Darier’s disease. One or more
longitudinal pale or pink stripes run over the lunule to
the free margin where they end in a triangular nick.

lines or ridges run longitudinally to the free edge of
the nail where they end in triangular nicks (Fig. 4.5).

Complications

Some patients are stunted. In some families, Darier’s
disease runs with bipolar mood disorder. Personal-
ity disorders, including antisocial behaviour, are
seen more often than would be expected by chance.
An impairment of delayed hypersensitivity may
be the basis for a tendency to develop widespread
herpes simplex and bacterial infections. Bacterial
overgrowth is responsible for the unpleasant smell
of some severely affected patients.

Differential diagnosis

The distribution of the lesions may be similar to
that of seborrhoeic eczema, but this lacks the warty
papules of Darier’s disease. The distribution differs
from that of acanthosis nigricans (mainly flexural)
and of keratosis pilaris (favours the outer upper arms
and thighs). Other forms of folliculitis and Grover’s
disease (p. 123) can also cause confusion.

Investigations

The diagnosis should be confirmed by a skin biopsy,
which will show characteristic clefts in the epidermis,
and dyskeratotic cells.
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Treatment

Severe and disabling disease can be dramatic-
ally alleviated by long-term acitretin (Formulary 2,
p- 401). Milder cases need only topical keratolytics,
such as salicylic acid, and the control of local infec-
tion (Formulary 1, p. 384).

Keratoderma of the palms and soles

Inherited types

Many genodermatoses share keratoderma of the
palms and soles as their main feature; they are not
described in detail here. The clinical patterns and
modes of inheritance vary from family to family.
Punctate, striate, diffuse and mutilating varieties
have been documented, sometimes in association
with metabolic disorders such as tyrosinaemia,
or with changes elsewhere. The punctate type is
caused by mutations in the keratin 16 gene on
chromosome 17q12-q21; the epidermolytic type by
mutations in the gene for keratin 9, found only on
palms and soles.

The most common pattern is a diffuse one, known
also as tylosis (Fig. 4.6), which is inherited as an
autosomal dominant trait linked to changes in
chromosome region 12ql11-q13, which harbours
the type 11 keratin gene cluster. In a few families
these changes have been associated with carcinoma
of the oesophagus, but in most families this is not
the case.

Fig. 4.6 Tylosis.

Treatment tends to be unsatisfactory, but kera-
tolytics such as salicylic acid and urea can be used in
higher concentrations on the palms and soles than
elsewhere (Formulary 1, p. 384).

Acquired types

It is not uncommon for normal people to have
a few inconspicuous punctate keratoses on their
palms, and it is no longer thought that these relate
to internal malignancy, although palmar keratoses
caused by arsenic may have this association. Black
patients are prone to keratotic papules along their
palmar creases.

Keratoderma of the palms and soles may be part
of the picture of some generalized skin diseases such
as pityriasis rubra pilaris (p. 75) and lichen planus
(p-72).

A distinctive pattern (keratoderma climactericum)
is sometimes seen in middle-aged women at about
the time of the menopause. It is most marked around
the borders of the heels where painful fissures form
and interfere with walking (Fig. 4.7). Regular paring
and the use of keratolytic ointments are often more
helpful than attempts at hormone replacement. Many
improve with applications of 40% urea in cream
or ointment bases. Acitretin in low doses may be
worth a trial, especially when the disorder interferes
with walking. The condition tends to settle over a
few years.

Fig. 4.7 Keratoderma climactericum — thickly keratotic
skin, especially around the heels. Painful fissures are a
problem.



Knuckle pads

Cause

Sometimes these are familial; usually they are not.
Trauma seems not to be important.

Presentation

Fibromatous and hyperkeratotic areas appear on
the backs of many finger joints, usually beginning in
late childhood and persisting thereafter. There may
be an association with Dupuytren’s contracture.

Differential diagnosis

Occupational callosities (e.g. in carpet layers),
granuloma annulare and viral warts should be
considered.

Investigations

A biopsy may be helpful in the few cases of genuine
clinical difficulty.

Treatment

None, including surgery, is satisfactory.

Callosities and corns

Both are responses to pressure. A callosity is a
more diffuse type of thickening of the keratin layer,
which seems to be a protective response to widely
applied repeated friction or pressure. Callosities are
often occupational (e.g. they are seen on the hands
of manual workers). Usually painless, they need no
therapy.

Corns have a central core of hard keratin, which
can hurt if forced inwards. They appear where there
is high local pressure, often between bony promin-
ences and shoes. Favourite areas include the under
surface of the toe joints, and the soles under pro-
minent metatarsals. ‘Soft corns’ arise in the third or
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fourth toe clefts when the toes are squeezed together
by tight shoes; such corns are often macerated and
may present as eroded nodules, causing diagnostic
confusion.

The main differential is from hyperkeratotic warts,
but these will show tiny bleeding points when pared
down, whereas a corn has only its hard compacted
avascular core surrounded by a more diffuse thick-
ening of opalescent keratin.

The right treatment for corns is to eliminate the
pressure that caused them, but patients may be slow
to accept this. While regular paring reduces the symp-
toms temporarily, well-fitting shoes are essential.
Corns under the metatarsals can be helped by soft
spongy soles, but sometimes need orthopaedic sur-
gery to alter weight bearing. Special care is needed
with corns on ischaemic or diabetic feet, which are
at greater risk of infection and ulceration.
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5 Psoriasis

Psoriasis is a chronic, non-infectious, inflammatory
skin disorder, characterized by well-defined salmon-
pink plaques bearing large adherent silvery cen-
trally attached scales. One to three per cent of most
populations have psoriasis, which is most prevalent
in European and North American white people,
uncommon in American black people and almost
non-existent in American Indians. It can start at any
age but is rare under 10 years, and appears most
often between 15 and 40 years. Its course is unpre-
dictable but is usually chronic with exacerbations
and remissions.

Cause and pathogenesis

The precise cause of psoriasis is still unknown.
However, there is often a genetic predisposition,
and sometimes an obvious environmental trigger.

There are two key abnormalities in a psoriatic
plaque: hyperproliferation of keratinocytes; and an
inflammatory cell infiltrate in which neutrophils,
tumour necrosis factor and probably Th17 type T
lymphocytes predominate. Both of these abnormal-
ities can induce the other, leading to a vicious cycle
of keratinocyte proliferation and inflammatory reac-
tion, but it is still not clear which is the primary
defect. Perhaps the genetic abnormality leads first
to keratinocyte hyperproliferation that, in turn, pro-
duces a defective skin barrier (p. 14) allowing the
penetration by, or unmasking of, hidden antigens to
which an immune response is mounted. Alternat-
ively, the psoriatic plaque might reflect a genetically
determined reaction to different types of trauma
(e.g. physical wounds, environmental irritants and
drugs) in which the healing response is exaggerated
and uncontrolled.

To prove the primary role of an immune reaction,
putative antigens (e.g. bacteria, viruses or auto-
antigens) that initiate the immune response will

have to be identified. This theory postulates that the
increase in keratinocyte proliferation is caused by
inflammatory cell mediators or signalling. Theories
about the pathogenesis of psoriasis tend to tag
along behind fashions in cell biology, and this idea
is currently in vogue.

Genetics

There are two inheritance modes. One type has
onset in youth and a more common family history of
psoriasis, and the other has onset in late adulthood
in patients without obvious family history. Psoriasis
does not usually follow a simple Mendelian pattern
of inheritance. The mode of inheritance is genetically
complex, implying a polygenic inheritance. A child
with one affected parent has a 16% chance of develop-
ing the disease, and this rises to 50% if both parents
are affected. Genomic imprinting (p. 349) may explain
why psoriatic fathers are more likely to pass on the
disease to their children than are psoriatic mothers.
If non-psoriatic parents have a child with psoriasis,
the risk for subsequent children is about 10%. In one
study, the disorder was concordant in 70% of mono-
zygotic twins but in only 20% of dizygotic ones.

Early-onset psoriasis shows a genetic linkage
(p. 348) with a psoriasis susceptibility locus (PSOR-1)
located on 6p21 within the major histocompatibil-
ity complex class I (MHC-I) region, very near the
HLA-C locus, and possibly HLA-Cw6 itself. The
risk of those with the HLA-Cwé6 genotype develop-
ing psoriasis is 20 times that of those without it;
10% of Cwoé6+ individuals will develop psoriasis.
The hereditary element and the HLA associations
are much weaker in late-onset psoriasis.

While PSORS-1 is the most important locus
in psoriasis, accounting for up to 50% of genetic
susceptibility to the disease, at least eight other loci
(PSORS-2 to 9) have been identified. At present
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perhaps it is best to consider psoriasis as a multi-
factorial disease with a complex genetic trait. An
individual’s predisposition to it is determined by
a large number of genes, each of which has only a
low penetrance. Clinical expression of the disease
may result from environmental stimuli including
antigen exposure.

Epidermal cell kinetics

The epidermis of psoriasis replicates too quickly.
Keratinocytes proliferate out of control, and an
excessive number of germinative cells enter the
cell cycle. This ‘out of control” proliferation is rather
like a car going too fast because the accelerator is
stuck, and cannot be stopped by putting a foot on
the brake. The growth fraction (p. 10) of epidermal
basal cells is greatly increased to almost 100%
compared with 30% in normal skin. The epidermal
turnover time (p. 11) is greatly shortened, to less
than 10 days compared with 30 to 60 days in normal
skin. This epidermal hyperproliferation accounts
for many of the metabolic abnormalities associated
with psoriasis. It is not confined to obvious plaques:
similar but less marked changes also occur in the
apparently normal skin of psoriatics.

The exact mechanism underlying this increased
epidermal proliferation is uncertain, but the skin
behaves as though it were trying to repair a wound.
Cyclic guanosine monophosphate (cGMP), inducible
nitric oxide synthase, arachidonic acid metabolites,
polyamines, calmodulin and plasminogen activator
are all increased in psoriatic plaques, but theories
based on their prime involvement have neither
stood the test of time nor provided useful targets
for therapeutic intervention. Perhaps the underly-
ing abnormality is a genetic defect in the control
of keratinocyte growth, such that the skin defaults
to a wound-healing phenotype. y-Interferon (IFN-y)
inhibits growth and promotes the differentiation
of normal keratinocytes by the phosphorylation
and activation of the transcription factor STAT-1o
but IEN-y fails to activate STAT-1a in psoriatic
keratinocytes. Subnormal activation of another trans-
cription factor, NFkB, may also be important for
the formation of psoriatic plaques, as the absence
of NFxB activity in gene knock-out mice leads to
epidermal hyperproliferation.
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Some people think that psoriasis is caused by a
genetic defect of retinoid signalling and that is why
itimproves with retinoid treatment. Receptor-specific
retinoids are now available that bind to retinoic acid
A receptors (RARs), reduce keratinocyte proliferation,
normalize differentiation and reduce infiltration by
inflammatory cells.

Inflammation

Psoriasis differs from the ichthyoses (p. 47) in its
accumulation of inflammatory cells, and this could
be an immunological response to as yet unknown
antigens. Certain interleukins and growth factors
are elevated, and adhesion molecules are expressed
or up-regulated in the lesions. Immune events may
well have a primary role in the pathogenesis of the
disease of psoriasis and a hypothetical model might
run as follows.

Keratinocytes are stimulated by various insults
(e.g. trauma, infections, drugs, ultraviolet radiation)
to release interleukin-1 (IL-1), IL-8 and IL-18. IL-1
up-regulates the expression of intercellular adhe-
sion molecule-1 (ICAM-1) and E selectin on vascular
endothelium in the dermal papillae. CLA posit-
ive memory T lymphocytes accumulate in these
papillary vessels because their lymphocyte function-
associated antigen (LFA-1) sticks to adhesion mole-
cules that are expressed on the vascular endothelium
(p. 26).

IL-8 and chemokines from keratinocytes attract
T lymphocytes into the epidermis where they are
held by adhesion of their LFA-1 to ICAM-1 on
keratinocytes. T cells are further activated by their
interactions with Langerhans cells or other antigen-
presenting cells (possibly presenting unmasked
retroviral or mycobacterial antigens or antigens
shared by streptococci and keratinocytes; p. 25).
Activated T cells release type I and 17 cytokines
including IL-2, IL-17, IL-22, IFN-y and tumour
necrosis factor-ot (TNF-at). IL-2 ensures prolifera-
tion of the local T cells.

IFN-Y and TNF-0 induce keratinocytes to express
HLA-DR, to up-regulate their ICAM-1 expression
and to produce further IL-6, IL-8, transforming
growth factor-ol (TGF-0l) and TNF-..

Inflammation results. Chemical mediators include
polyamines and leukotrienes. TNF-o is important.
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Genes controlling types of TNF-. are located near
the psoriais gene PSOR-1 at Cw6, and treatment with
biological agents targeting TNF quietens the inflam-
mation dramatically. TGF-0t acts as an autocrine
mediator and attaches to epidermal growth factor
(EGF) receptors inducing keratinocyte proliferation.
IL-6 and TGF-o also have keratinocyte mitogenic
properties.

Neutrophils have also attracted attention. Some
believe that psoriasis is a neutrophil-driven disease.
They postulate that infiltrating neutrophils cause
microinjuries that shift the skin into a wound-
healing mode of hyperproliferation. In this model,
IL-8 and chemokines also attract neutrophils from
the papillary dermis to move into the epidermis
where they create microinjuries, perpetuating the
healing response phenotype. Circulating neutro-
phils are activated, particularly in acute flares. They
accumulate in the skin after sticking to endothelial
cells ICAM-1-MAC-1 family interaction). They then
migrate through the layers of the epidermis up to
the horny layer forming (Munro’s) microabscesses,
under the influence of chemotactic factors produced
by activated keratinocytes, including IL-8, Gro-ou
and leukotriene-B4. Scales of psoriasis also con-
tain chemotactic factors and these provoke visible
collections of subcorneal neutrophils as seen in
pustular psoriasis (p. 59).

The dermis

The dermis is abnormal in psoriasis. If psoriatic skin
is grafted on to athymic mice, both epidermis and
dermis must be present for the graft to sustain its
psoriasis. The dermal capillary loops in psoriatic
plaques are abnormally dilated and tortuous, and
these changes come before epidermal hyperplasia
in the development of a new plaque. Fibroblasts
from psoriatics replicate more rapidly in vitro and
produce more glycosaminoglycans than do those
from non-psoriatics.

Precipitating factors

1 Trauma If the psoriasis is active, lesions can appear
in skin damaged by scratches or surgical wounds
(the Kobner phenomenon; Fig. 5.1).

Fig. 5.1 The Kébner phenomenon seen after a recent
thoracotomy operation.

2 Infection Tonsillitis caused by B-haemolytic strep-
tococci often triggers guttate psoriasis. Bacterial
exotoxins produced by Staphylococcus aureus and
certain streptococci can act as superantigens (p. 25)
and promote polyclonal T-cell proliferation. AIDS
depresses cell-mediated immunity, so one might
expect HIV infection to ameliorate psoriasis. Actually,
HIV infection often worsens psoriasis, or precipitates
explosive forms. For now this paradox challenges
current assumptions related to pathogenesis.

3 Hormonal Psoriasis frequently improves in preg-
nancy only to relapse postpartum. Hypocalcaemia
secondary to hypoparathyroidism is a rare pre-
cipitating cause.

4 Sunlight Improves most psoriatics but 10%
become worse.

5 Drugs Antimalarials, beta-blockers, IFN-o. and
lithium may worsen psoriasis. Psoriasis may ‘rebound’
after withdrawal of treatment with efalizumab,
systemic steroids or potent topical steroids. The
case against non-steroidal anti-inflammatory drugs
(NSAIDs) remains unproven.

6 Cigarette smoking and alcohol Psoriasis is more
common in smokers and ex-smokers but cause and
effect relationships are uncertain.

7 Emotion Emotional upsets seem to cause some
exacerbations.

Histology (Fig. 5.2)

The main changes are the following.
1 Parakeratosis (nuclei retained in the horny layer).
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Fig. 5.2 Histology of psoriasis (right) compared with normal skin (left).

2 Irregular thickening of the epidermis over the rete
ridges, but thinning over dermal papillae. Bleeding
may occur when scale is scratched off (Auspitz’s sign).
3 Epidermal polymorphonuclear leucocyte infiltrates
and micro-abscesses (described originally by Munro).
4 Dilated and tortuous capillary loops in the dermal
papillae.

5 T-lymphocyte infiltrate in upper dermis.

Presentation
Common patterns

Plaque pattern

This is the most common type. Lesions are well
demarcated and range from a few millimetres to
many centimetres in diameter (Fig. 5.3). The lesions
are pink or red with large, centrally adherent, silvery-
white, polygonal scales. Symmetrical sites on the
elbows, knees, lower back and scalp are sites of
predilection (Fig. 5.4).

Guttate pattern

This is usually seen in children and adolescents and
may be the first sign of the disease, often triggered
by streptococcal tonsillitis. The word ‘guttate’ means
‘drop-shaped’. Numerous small round red macules
come up suddenly on the trunk and soon become
scaly (Fig. 5.5). The rash often clears in a few months
but plaque psoriasis may develop later.

Fig. 5.3 Psoriasis: extensive plaque psoriasis.

Scalp

The scalp is often involved. Areas of scaling are
interspersed with normal skin; their lumpiness is
sometimes more easily felt than seen (Fig. 5.6).
Frequently, the psoriasis overflows just beyond the
scalp margin. Significant hair loss is rare.
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Fig. 5.4 Psoriasis favours the extensor aspects of the
knees and elbows.

Fig. 5.5 Guttate psoriasis.

Nails

Involvement of the nails is common, with ‘thimble
pitting” (Fig. 5.7), onycholysis (separation of the nail
from the nail bed; Fig. 5.8) and sometimes sub-
ungual hyperkeratosis.

Flexures

Psoriasis of the submammary, axillary and anogenital
folds is not scaly although the glistening sharply
demarcated red plaques (Fig. 5.9), often with fissuring

Fig. 5.6 Untreated severe and extensive scalp psoriasis.

Fig. 5.7 Thimble-like pitting of nails with onycholysis.

in the depth of the fold, are still readily recognizable.
Flexural psoriasis is most common in women and
in the elderly, and is more common among HIV-
infected individuals than uninfected ones. Many
patients with plaque psoriasis harbour psoriasis in
their gluteal fold. Sometimes, when the diagnosis is
in doubt, it pays to check for this and for relatively
scaleless red papules on the penis.

Palms and soles

Palmar psoriasis may be hard to recognize, as its
lesions are often poorly demarcated and barely ery-
thematous. The fingers may develop painful fissures.
At other times lesions are inflamed and studded
with 1-2mm pustules (palmoplantar pustulosis)



Fig. 5.8 Onycholysis.

Fig. 5.9 Sharply defined glistening erythematous patches
of flexural psoriasis.

(Figs 5.10 and 5.11). The pustulosis are followed by
brown macules or scales. Some consider this recalci-
trant, often painful, condition an entity separate
from psoriasis. Psoriasis of the palms and soles may
be disabling.

Less common patterns

Napkin psoriasis

A psoriasiform spread outside the napkin (nappy/
diaper) area may give the first clue to a psoriatic
tendency in an infant (Fig. 5.12). Usually it clears
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Fig. 5.10 Pustular psoriasis of the sole.

Fig. 5.11 A closer view of pustules on the sole.

quickly but there is an increased risk of ordinary
psoriasis developing in later life.

Acute generalized pustular psoriasis

This is a rare but serious condition, with fever and
recurrent episodes of pustulation within areas of
erythema.

Erythrodermic psoriasis

This is also rare and can be sparked off by the
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Fig. 5.12 Anirritant napkin rash now turning into napkin
psoriasis.

irritant effect of tar or dithranol, by a drug eruption
or by the withdrawal of potent topical or systemic
steroids. The skin becomes universally and uni-
formly red with variable scaling (Fig. 5.13). Malaise
is accompanied by shivering and the skin feels hot
and uncomfortable.

Fig. 5.13 Erythrodermic psoriasis.

Fig. 5.14 Fixed flexion deformity of distal interphalangeal
joints following arthropathy.

Fig. 5.15 Rheumatoid-like changes associated with
severe psoriasis of hands.

Complications

Psoriatic arthropathy

Arthritis occurs in about 5-20% of psoriatics. Several
patterns are recognized. Distal arthritis involves
the terminal interphalangeal joints of the toes and
fingers, especially those with marked nail changes
(Fig. 5.14). Other patterns include involvement of
a single large joint; one that mimics rheumatoid
arthritis and may become mutilating (Fig. 5.15); and
one where the brunt is borne by the sacroiliac joints
and spine. Tests for rheumatoid factor are negative
and nodules are absent. In patients with spondylitis



and sacroiliitis there is a strong correlation with
the presence of HLA-B27. Other patients develop
painful inflammation where tendons meet bones
(enthetitis).

Differential diagnosis

Discoid eczema (p.99)

Lesions are less well defined and may be exudative
or crusted, lack thick scales and may be extremely
itchy. Lesions do not favour the scalp or extensor
aspects of elbows and knees but rather the trunk
and proximal parts of the extremities.

Seborrhoeic eczema (p.97)

Scalp involvement is more diffuse and less lumpy.
Intervening areas of normal scalp skin are unusual.
Plaques are not so sharply marginated.

Flexural plaques are also less well defined and
more exudative. There may be signs of seborrhoeic
eczema elsewhere, such as in the eyebrows, naso-
labial folds or on the chest.

Pityriasis rosea (p.71)

This may be confused with guttate psoriasis but the
lesions, which are oval rather than round, tend to
run along rib lines. Scaling is of collarette type and
a herald plaque may precede the rash. Lesions are
mostly confined to the upper trunk.

Secondary syphilis (p. 226)

There is usually a history of a primary chancre. The
scaly lesions are brownish and characteristically the
palms and soles are involved. Oral changes, patchy
alopecia, condylomata lata and lymphadenopathy
complete the picture.

Cutaneous T-cell lymphoma (p.319)

The lesions, which tend to persist, are not in typical
locations and are often annular, arcuate, kidney-
shaped or show bizarre outlines. Atrophy or poikilo-
derma may be present and individual lesions may
vary in their thickness. About half of patients report
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that somebody wrongly diagnosed psoriasis, so tread
carefully here. Erythrodermic psoriasis mimics the
erythroderma of Sézary syndrome

Tinea unguium (p. 248)

The distal subungual form is often confused with
nail psoriasis but is more asymmetrical and there may
be obvious tinea of neighbouring skin. Uninvolved
nails are common. Pitting is not seen and nails tend
to be crumbly and discoloured at their free edge.

Investigations

1 Biopsy is seldom necessary. Usually, the diagnosis
of common plaque psoriasis is obvious from its clin-
ical appearance. Treated psoriasis and variant forms
may pose diagnostic problems, made worse because
atypical clinical forms are also frequently atypical
histologically.

2 Throat swabbing for B-haemolytic streptococci is
needed in guttate psoriasis.

3 Skin scrapings and nail clippings may be required
to exclude tinea.

4 Radiology and tests for rheumatoid factor are
helpful in assessing arthritis.

Treatment

The need for this depends both on the patient’s
own perception of his or her disability, and on the
doctor’s objective assessment of how severe the skin
disease is. The two do not always tally. The cosmetic
disfigurement and psychological disability may be
severe. Who is worse and needs treatment more —a
woman with localized plaque psoriasis who will not
go out and who becomes reclusive, or a man with
generalized psoriasis who would rather wear shorts
than cover up his more numerous plaques?

The effect of psoriasis on the quality of life as
perceived by the patient can be scored with such
measures as the Dermatology Life Quality Instrument
(DLQI). The questionnaire asks questions such as
‘Over the past week, how itc