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Dermatopathology, in company with all other branches of medicine,
is undergoing a unique revolution as a result of the advances brought
about by the molecular era in our understanding of the etiology and
pathogenesis of discase. Newer classifications and treatment regimens
have a solid scientific basis rather than mere gestalt or idiosyncratic
views. Having said that, the basis for all therapeutic measures and
clinically directed research programs remains completely dependent
upon diagnostic accuracy.

Dermatopathology is a unique branch of pathology, since it enables
the clinician to directly view the patient’s gross pathology and, as a
result, the success of the specialty often depends as much upon careful
clinicopathological correlation as it does upon histological features
particularly, for example, in the context of the inflammatory dermatoses.
The third edition has been completely re-written and re-organized while
at the same time retaining clinicopathological correlation as its basis.
Innumerable new entities have been included and, in recognition of their
particular importance, new chapters discussing diseases of the hair
follicle, nail, external genitalia and oral mucosa have been added. In

Preface

addition a chapter has been devoted to the cutaneous manifestations of
adverse drug reactions. The illustrations, which now number in excess of
5000, are mostly new, largely representing replacement photographs or
pictures of new entities. With the passing of each year new variants of
well recognized conditions are described with astounding frequency and
the number of newly described entities expands exponentially. As a
result, increasing numbers of pictures have been necessary to ensure that
the reader has as wide a spectrum of illustrations as possible to facilitate
accurate histological diagnosis.

Writing the third edition has been an enormous challenge to all
involved. We, the authors, have learnt much from the literature and from
our peers, fellows and residents and sincerely hope that you, the readers,
gain as much from reading this text as we have gained from writing it.

PH McKee
E Calonje
SR Granter
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The skin or integument is a double-layered membrane covering the
exterior of the body and is continuous with the mucous membranes
lining the body’s orifices. It shows a marked variation in thickness,
measuring from less than 1 mm (on the eyelid) to more than 4 mm (on
the back). The wide range of properties of the skin is summarized in
Table 1.1.'7

The skin can be divided into two parts:

an outer layer, the epidermis (Gr. epi, on; derma, skin)

an inner layer, the dermis, which rests on and is attached to the

subcutaneous fat (hypodermis, panniculus adiposus).

There are two further subdivisions:
e glabrous (smooth) skin, which is typified by a thick keratin layer

and is found on the palms and soles
e hair-bearing (thin) skin, which covers the rest of the body.

There is considerable regional variation in structure, making knowledge
of the normal anatomy of the skin at its varying sites essential for the
accurate diagnosis of skin biopsies (Figs 1.1-1.15).

References

1. Goldsmith, L.A. (ed.) (1991) Physiology, biochemistry and molecular biology of the skin, 2nd edn.
New York: Oxford University Press.
2. Freinkel, R.K., Woodley, D.T. (eds) (2001) The biology of the skin. New York: Parthenon Publishing.

Epidermis

The epidermis, derived from ectoderm, is a keratinizing stratified
squamous epithelium from which arises the cutaneous appendages,
namely the pilosebaceous follicles, nails, and apocrine, eccrine and
apoeccrine sweat glands. In addition to keratinocytes there is a ‘clear’ cell
population, which includes melanocytes and Langerhans’ cells. Merkel
cells are also present although these are difficult to identify in hematoxylin
and eosin stained sections. The epidermis comprises four clearly defined
layers or strata:

e basal cell (stratum basale, stratum germinativum)

o prickle cell (stratum spinosum)

e granular cell (stratum granulosum)

e keratin (stratum corneum) (Fig. 1.16).

Table 1.1
Properties of the skin

Maintains integrity of the body

Protects from injurious stimuli

Absorbs and excretes liquids

Regulates temperature

Waterproofs

Absorbs ultraviolet light

Metabolizes vitamin D

Detects sensory stimuli

Provides cosmetic functions

Acts as a barrier against microorganisms




The structure and function of skin

The epidermis continuously renews itself. It is divided functionally
into four compartments: stem cell, transit amplifying cell, differentiating
cell and functional cell.!

The site and source of the epidermal stem cells has long been a cause
of controversy. Although in hair-bearing skin, the follicular bulge is
thought to represent a major source of the epidermal stem cells,
particularly in regenerating skin following trauma, there is considerable
evidence to support the concept of an epidermis-based subpopulation of
stem cells especially in glabrous skin where, by definition, hairs are
absent. Thus cell kinetic studies demonstrate that the basal cells of the
epidermis include three populations: stem cells, transit-amplifying cells
(which remain in the basal layer until they become committed) and
committed cells (which following cell division rapidly ascend into the
suprabasal epithelium to undergo terminal differentiation).?

Fig. 1.1

Skin from forearm
showing a fairly thin
epidermis. Compare the
thickness of the dermis
with that from the back.
Two eccrine sweat
glands are present.

Fig. 1.3

Skin of the nose showing conspicuous sebaceous glands: at this site, they often
drain directly onto the skin surface. These appearances should not be confused
with sebaceous hyperplasia.

o Stem cells, by definition, are relatively undifferentiated, are physically
protected and have unlimited capacity for cell division but do so very
slowly (slow-cycling stem cells).” They may be identified in vivo by
their long-term retention of tritiated thymidine, high level of expression
of B1 and 06 integrins, and diminished expression of transferrin
receptor.* Stem cells have tremendous proliferative potential, the
epidermis being renewed every 2 weeks throughout life.’

o Transit-amplifying cells have only a limited capacity for mitosis
(four or five divisions) before becoming committed to terminal
differentiation.

o Committed cells have irreversibly lost the capacity to divide and
inevitably progress along keratinization pathways. Loss of 0634
integrin and expression of keratin 1 are characteristics of
committed cells.*

Fig. 1.2

Skin from the lower
back: at this site the
dermis is very thick and
is characterized by broad
parallel fascicles of
collagen.
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Fig. 1.4

Skin from the sole of the foot is typified by a thickened stratum corneum and
prominent epidermal ridge pattern. The dermis is relatively dense at this site.
Similar features are seen on the palms and ventral aspects of the fingers and toes.



The follicular bulge is discussed in Chapter 20.

Basal cells are cuboidal or columnar with a large nucleus typically
containing a conspicuous nucleolus. Small numbers of mitoses may be
evident. Clear cells are also present in the basal layer of the epidermis.
These represent melanocytes. Very occasional Merkel cells may also be
present but these are not easily identified in hematoxylin and eosin
stained sections.

Histologically, prickle cells are polygonal in outline, have abundant
eosinophilic cytoplasm and oval vesicular nuclei, often with conspicuous
nucleoli.

Fig. 1.5

Skin from the scalp
characterized by
numerous terminal hair
follicles with many

of the bulbs in the
subcutaneous fat.

Eig: 1.7

Skin from the outer
aspect of the lip: note
the keratinizing stratified
squamous epithelium
and skeletal muscle
fibers.

Epidermis

Keratohyalin granules typify the granular cell layer (Fig. 1.17). Further
maturation leads to loss of nuclei and flattening of the keratinocytes to
form the plates of the keratin layer (stratum corneum).

Adjacent cells are united at their free borders by intercellular bridges
(prickles or desmosomes), which are most clearly identifiable in the
prickle cell layer and in disease states of the skin where there is marked
intercellular edema (spongiosis) (Fig. 1.18). Uniting the epidermis with
the dermis is the basement membrane region, easily identified by periodic
acid-Schiff (PAS) staining and type IV collagen immunohistochemistry
(Figs 1.19, 1.20).

Fig. 1.6

Skin of areola showing
abundant smooth muscle
fibers: lactiferous ducts
may also sometimes be

present (not shown).

Fig. 1.8

Mucosal aspect of lip: at
this site the squamous
epithelium does not
normally keratinize.
Minor salivary glands as
shown in this field are
not uncommonly
present.



n The structure and function of skin

Toker cells represent an additional clear cell population, which
may be found in nipple epidermis of both sexes in up to 10% of the
population.® The cells are large, polygonal or oval and have abundant
pale staining or clear cytoplasm with vesicular nuclei often containing
prominent, albeit small, nucleoli. The cytoplasm is mucicarmine and PAS
negative.” The cells may be distributed singly but more often they are
found as small clusters, not uncommonly forming single layered
ductules.® They are located along the basal layer of the epidermis or
suprabasally and are also sometimes seen within the epithelium of the
terminal lactiferous duct.

Toker cells are of particular importance as they may be mistaken by
the unwary as Paget cells. They are thought to be the source of mammary

Paget’s disease in those exceptional cases where an underlying ductal
carcinoma is absent.” Toker cells express CK7, AE1, CAM 5.2, epithelial
membrane antigen (EMA) and cerbB2 and occasionally estrogen
receptor.” Carcinoembryonic antigen (CEA) may also be present albeit
weakly.® They are thus indistinguishable from Paget cells by immuno-
histochemistry.

Ultrastructure and composition

By electron microscopy, the basement membrane region (Fig. 1.21) con-
veniently divides into four zones,”!"

namely:

Fig. 1.10

Skin from the ear showing vellus hairs, and a fairly
thin dermis overlying the auricular cartilage.

acid-Schiff reaction.

(a, b) Vulval vestibule: at this site the stratum corneum is absent and there is no granular cell layer. The
suprabasal keratinocytes have clear cytoplasm due to abundant glycogen and revealed by the periodic



o the cell membrane and the hemidesmosomes of the basal

keratinocyte

the lamina lucida (approximately 35-40 nm wide)

the lamina densa (approximately 30-50 nm wide)

the sub-basal lamina fibrillar zone (fibroreticular network).

At a molecular level, an interconnecting network of intermediate
(keratin) filaments extends from the nuclear membrane and via
connecting fibrils establishes contact with both desmosomes and hemi-
desmosomes (Fig. 1.22). From the former, cadherins establish contact
with adjacent keratinocytes while from the latter, transmembranous
integrin fibrils extend through the lamina lucida to the lamina densa.
Intermediate filaments also interact with microfilaments and micro-
tubules.'® In addition to providing mechanical stability to the cell and the
epidermis, there is evidence to suggest that the filament network is

12-16

Epidermis

important in signal transduction and possibly intracytoplasmic transport
mechanisms.'” The following description places the molecular structure
of the basement membrane into an anatomical and functional context
(Table 1.2).

Situated at regular intervals along the plasma membrane of the basal
keratinocytes are the hemidesmosomes, so-called because of their
morphological resemblance to desmosomes (Fig. 1.23). It should be
noted, however, that at a molecular level they are quite different.
Hemidesmosomes anchor the epidermis through anchoring filaments to
the underlying lamina densa, which is itself attached to the immediately
adjacent dermis by means of the anchoring fibrils (Fig. 1.24)."' The
hemidesmosomes are approximately 500-1000 nm in diameter and
provide a site of attachment for the basal keratin filaments. They are
constant in number (1.8/nm of basal keratinocyte cell membrane)

Fig. 1.13

Variation of skin: (a)
sample of skin from the
forearm of a 92-year-old
female. Note the
epidermal thinning and
dermal atrophy; (b) high
power view.

Fig. 1.14

Stasis change: (a) skin
from the lower leg.
Although abnormal, the
presence of stasis
change characterized in
this example by papillary
dermal lobular capillary
proliferation is a very
common feature at this
site; (b) high power view.




‘ The structure and function of skin

irrespective of site, sex and age.?’ They are composed of an intracellular

inner plaque to which keratin filaments are associated, an intracellular

outer plaque which is attached to the cell membrane of the basal
keratinocyte and an extracellular sub-basal dense plate which is of
importance in anchoring filament adhesion.

Hemidesmosomal constituents consist of:

e transmembranous proteins mediating cell-matrix adhesion including
o, integrin, o3B, integrin, o,f; integrin and bullous pemphigoid
180 kD antigen (BPAG2)

e plaque proteins involved in intermediate filament anchorage
including bullous pemphigoid 230 kD antigen (BPAG1) and plectin'®

e additional components of the hemidesmosomal region include
IFAP300 and p200.
o4B, integrin is a transmembrane protein that mediates cell-matrix

adhesion, hemidesmosomal stability and epidermal signal transduction.”'**

Integrins are surface proteins, which bind to extracellular matrix

proteins including laminin, collagen, fibronectin and vitronectin.>* They

are also of importance in signaling mechanisms via tyrosine kinases,
initiating and regulating cytoskeleton organization, keratinocyte

proliferation, apoptosis and differentiation pathways.”*** The B,

component of o,f4 integrin has a long intracytoplasmic tail (of approxi-

e

W

Fig. 1.15
Variation of normal skin: in dark-skinned races, the presence of intense basal cell
melanin pigmentation is a normal histological finding.

-~

Fig. 1.16
Normal skin from the fingertip showing the clearly defined layers of the epidermis.

mately 1000 amino acids) by which it is linked to the keratin intermediate
filaments through the intermediate filament associated protein IFAP300,'**
The extracellular components bind to laminin-5 and laminin-1 within
the lamina lucida.'® o, integrin is also of paramount importance in
hemidesmosome assembly. Antibodies to o B, integrin added to epithelial
cells in tissue culture result in impaired assembly of hemidesmosomes. ™
Mutation of the B, integrin gene results in defective hemidesmosomes
and is found in the pyloric atresia-associated variant of hemidesmosomal
epidermolysis bullosa.*® o;B, integrin is expressed on the cell surface at
focal adhesion sites around basal and suprabasal cells in addition to

Fig. 1.17

Normal epidermis:
prickle cells have
abundant eosinophilic
cytoplasm and contain
vesicular nuclei with
conspicuous nucleoli.
Note the conspicuous
basophilic keratohyalin
of the granular cell layer

Fig. 1.18

Spongiotic epidermis
showing distinct
intercellular bridges
(prickles, desmosomes)




being present along the base of the cell, indicating that it is of importance
in both cell—cell and cell matrix adhesion.* It is however linked to the
actin cytoskeleton and is believed to play a role in extracellular matrix
organization.’

Bullous pemphigoid 180 kD antigen (BP180, BPAG2, type XVII
collagen) is a 155 kD transmembrane protein with a collagenous carboxyl
terminal extracytoplasmic domain (hence its alternative designation type
XVII collagen) and a non-collagenous intracytoplasmic amino-terminal
cytoplasmic domain.?” It is thought to associate with o, integrin via its
intracytoplasmic tail.”® The extracellular domain lies within the lamina

Fig. 1.19

Palmar skin showing
a well-defined pink-
staining basement
membrane. Periodic
acid-Schiff reaction.

Fig. 1.20

The basement
membrane of the
epidermis and
vasculature is outlined
with type IV collagen
immunohistochemistry.

Epidernis

lucida and it is likely that this component forms part of the anchoring
filament.'® The gene for BP180 has been localized to 10g24.3.%%-3°
Mutation of the BP180 gene results in defective or absent hemidesmo-
somes and is the molecular basis for hemidesmosomal generalized
atrophic benign epidermolysis bullosa (GABEB).*! Antibodies against this
same antigen are responsible for the autoimmune dermatoses, bullous
pemphigoid, pemphigoid gestationis, lichen planus pemphigoides, one
variant of linear IgA disease, and some cases of cicatricial pemphigoid.***

Bullous pemphigoid 230 kD antigen (BP230, BPAG1) is a member of
the plakin family, which also includes plectin, envoplakin, periplakin and
desmoplakin.’® These are all characterized by a dumbbell-like structure
with a central parallel helical coiled-coil rod flanked by globular N- and

Eig. 1.2

Basement membrane
region of normal
epidermis: electron
micrograph showing
epidermodermal
junction. Note the
conspicuous basal
keratinocyte
hemidesmosomes, the
lamina lucida and lamina
densa. (D, dermis;

K, keratinocyte;

N, nucleus;

T, tonofilament; arrows,
anchoring fibrils.)
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Fig- 1.22
Basement membrane antigens. By courtesy of J.A. McGrath, MD, St John's
Institute of Dermatology, London, UK.
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C-domains. It is wholly intracytoplasmic and localizes to the innermost
aspect of the hemidesmosomal plaque and thereby functions in keratin
intermediate filament anchorage.’® Antibodies to BP230 are regularly
present in bullous pemphigoid although they do not appear to play a
pathogenic role.”” BPAG1 has been localized to chromosome 6p11-12.%

Plectin is an intracytoplasmic protein present in many tissues. As with
BP230, it also localizes to the innermost aspect of the hemidesmosome
and is of major importance in keratin intermediate filament anchorage.
It is a dumbbell-shaped homodimer, which comprises a central o-helical
coiled-coil rod domain flanked by globular domains.”” The C-terminal
domain interacts with intermediate (keratin) filaments and can bind to B,

integrin; the N-terminal domain interacts with actin and offers an

Table 1.2
Basement membrane antigens
Autoimmune
bullous
Constituent Location Genodermatosis disease
Keratins 5 Basal keratinocyte EB simplex None
and 14
Keratins 1 Suprabasal Epidermolytic None
and 10 keratinocytes hyperkeratosis
Keratin 9 Nails and hair Pachyonychia None
congenita
06B4 integrin Epidermal-dermal JEB-pyloric None
junction atresia
BP180 Epidermal-dermal GABEB BP, CP, HG,
junction LPP
Plectin Hemidesmosome EBS-MD BP
BP230 Hemidesmosome BP
Laminin 5 Lamina lucida Junctional EB CP
Type VII Sub-lamina densa Dystrophic EB EBA, BSLE,
collagen LAD

BP, bullous pemphigoid; BSLE, bullous systemic lupus erythematosus, CP, cicatricial
pemphigoid; EB, epidermolysis bullosa; EBA, epidermolysis bullosa acquisita;
EBS-MD, epidermolytic EB with muscular dystrophy; GABEB, generalized atrophic
benign epidermolysis bullosa; HG, herpes gestationis; JEB, junctional EB; LAD, linear
IgA disease; LPP, lichen planus pemphigoides.

Fig. 1.23
Basement membrane region showing conspicuous hemidesmosomes (arrowed).

alternative binding site for B4 integrin.’”*" The gene has been localized to
8q24.13.*" Intermediate filament associated protein (IFAP300) is a
related if not identical protein. Some patients with bullous pemphigoid
have antibodies to plectin.** Mutation of the plectin gene presents as
epidermolysis bullosa associated with muscular dystrophy.*’ The
association results from the additional role of plectin anchoring the actin
filaments to the cell membrane of muscle cells.

Anchoring filaments (24 nm in diameter) pass through the sub-basal
dense plaque in the lamina lucida before entering the lamina densa.”'®
The lamina lucida constituents include the extracellular domain of
BP180 and laminins-1, -5 and -6.'°

Laminin-1 i1s a non-collagenous glycoprotein, which mediates
keratinocyte attachment and binds with type IV collagen, entactin
(nidogen) and basement membrane heparin sulfate proteoglycan.'®

Laminin-5 (epiligrin, kalinin, nicein), a non-collagenous glycoprotein,
is a major constituent of the anchoring filaments and is therefore of
particular importance in basement membrane adhesion.'®** It is
composed of three chains known as o3, B3, and y,: 03 has been mapped
to 18q11.2, Byto 1g32 and y, to 1¢g25-31.** Mutations in any of the
three laminin-5 genes results in absence of hemidesmosomes and presents
as junctional epidermolysis bullosa.*® Antibodies against laminin-5 also
account for some cases of cicatricial pemphigoid.*’

Laminin-6 is an additional component of the anchoring filament.'®

The lamina densa is 30-50 nm thick and consists of fine filamentous
material. Its constituents include type IV collagen, entactin (nidogen) and
heparin sulfate proteoglycan.'®

Type IV collagen is present in all basement membranes as a lattice
structure and provides structural stability.'®

Entactin is a sulfated non-collagenous glycoprotein.”** Its suggested
function is to bind laminin-1, heparin sulfate proteoglycan and type IV
collagen.'®

Heparin sulfate proteoglycan is predominantly a lamina densa
constituent, although it may also be present within the lamina lucida and
sub-lamina densa connective tissue.”*” It is responsible for the negative
charge of the basement membrane and is thought to be at least in part
responsible for the'selective permeability of the basement membrane.'®

Chondroitin-6-sulfate proteoglycan represents an epidermal lamina
densa constituent.” It is also present within the lamina densa of the
adnexae and the vasculature.

Deep to the lamina densa is the fibrillar zone, composed of individual
collagen fibers, microthread-like fibrils, elastic microfibrils (oxytalin

Fig. 1.24
Epidermodermal junction showing anchoring filaments (arrowed) extending from
the hemidesmosome to the lamina densa.



