THE ULTRASTRUCTURE OF
CONJUNCTIVAL MELANOCYTIC TUMORS

BY Frederick A. Jakobiec, MD

INTRODUCTION

THE PAST DECADE WITNESSED A REMARKABLE GROWTH IN OUR UNDERSTANDING OF
the biologic features of cutaneous melanomas and related conditions. In
addition to an exponentially expanding literature of original scientific
articles, seven monographs published in English during the past 8 years
summarize these new developments.!” Because of the apparent relation-
ship of mucosal melanomas to cutaneous melanomas,%!3 ophthalmic pa-
thologists have attempted to apply some of the insights derived from
cutaneous pathology to the diagnosis and prognosis of conjunctival mela-
nomas. The transference of diagnostic and prognostic categories from the
skin to the conjunctiva, however, has not been notably successful.!4-22
This failure may in part be due to differences in the anatomic soil, differ-
ences in the intrinsic biologic behavior of cutaneous and conjunctival
tumors, sampling errors, or the small size of ophthalmic series. The
comparative rarity of conjunctival melanomas (they develop about one-
fortieth as often as uveal melanomas?*2%) prevents the accumulation in
most laboratories of large numbers of cases for statistically significant
retrospective and prospective studies of the different diagnostic classes of
lesions.

To date, the ultrastructural characteristics of conjunctival melanotic
tumors have not been adequately studied. Surprisingly, there is only a
single—and not a very detailed—ultrastructural report on a conjunctival
melanoma.? Morphology remains the most important method for analy-
sis and interpretation of cutaneous and conjunctival melanocytic disor-
ders; it would seem logical and scientifically sound to expand our appreci-
ation of the morphologic aspects of conjunctival melanotic tumors by
means of electron microscopy. This thesis, which is based on an examina-
tion of almost 50 benign and malignant lesions, is the first systematic
ultrastructural study aimed at clarifying the biologic features and improv-
ing the diagnosis of common conjunctival melanotic tumors.
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The main purpose of this study is to refine diagnostic precision in the
therapeutically problematic area of primary acquired melanosis of the
conjunctiva—a flat, pigmentary condition occurring in middle-aged or
elderly persons, which may be static for many years, regress, slowly
spread, or rapidly culminate in invasive nodules of melanoma. Many, but
not all, lesions of primary acquired melanosis represent the earliest pre-
cursor phase (radial or horizontal growth phase) of melanomas, analogous
to the intraepidermal phase (“in situ melanoma”) of cutaneous lentigo
maligna, superficial spreading, and acral lentiginous melanomas. The
ability to better judge the malignant potential of conjunctival primary
acquired melanosis, whether or not the latter condition(s) can be success-
fully categorized according to the cutaneous scheme, might well be
served by electron microscopy. To appreciate the full spectrum of atypical
or aberrant cells participating in primary acquired melanosis, a baseline is
needed for comparison; therefore, lesions of benign epithelial melanosis
and ordinary melanocytic nevi of the conjunctiva have also been studied
to establish the morphologic features of benign melanocytes and nevus
cells.

BACKGROUND

Because conjunctival melanocytic lesions are generally believed to bear
a striking similarity to related conditions of the skin and other mucous
membranes (in contrast to choroidal melanocytic disorders??), it is neces-
sary to review the salient features of the normal intraepidermal melano-
cyte, analogous cutaneous tumors, and the ultrastructure of cutaneous
neoplasms. The last item is particularly important in view of the dearth of
published electron microscopic studies on conjunctival melanocytic dis-
orders. Not all published studies can be cited in this summary; many
review articles have been utilized, which direct the reader to the litera-
ture for complicated and extensive topics.

THE MELANOCYTE

The melanocyte is defined in terms of its ability to produce the pigment
melanin, which accumulates within specific cytoplasmic inclusions or
granules referred to as melanosomes.?®3! Within the melanosome is
incorporated the enzyme tyrosinase; it converts tyrosine to dopa, which
in turn is converted to dopa-quinone. Dopa-quinone, through several
intermediate oxidative steps, forms a variety of indoles and quinones that
polymerize and deposit as granules on the lamellar-filamentary substruc-
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ture of the melanosome. This is the common type of melanin and is
referred to as eumelanin; it confers a brown or black appearance, and it is
responsible for most human pigmentation. Phaeomelanin, by contrast,
involves the covalent linkage of cysteine to dopa-quinone, to confer a
yellow or auburn clinical pigmentation; it is responsible for red hair.

The melanosome derives from vesicles associated with the Golgi com-
plex; tyrosinase is incorporated as a moiety, perhaps contributed by the
rough-surfaced endoplasmic reticullum. The formation of the melanosome
has been divided into four stages in the skin: Stage I melanosomes are
spherical or oval membrane-limited vesicles containing only a few melano-
filaments. Stage II melanosomes are elliptic or rod-shaped organelles and
contain many more filaments producing cross-linkages and displaying a
distinct periodicity. Stage III melanosomes demonstrate the early deposi-
tion of electron-dense homogeneous melanin granules that partially ob-
scure the internal filamentous substructure. Stage IV melanosomes are
those in which melaninization is complete and a uniform electron density
totally obliterates the internal filamentous architecture. In the case of
melaninization of phaeomelanin, the melanosomal substructure differs
from that previously described, in that the melanosomes of phaeomelanin
are round and the protein-filamentary substructure has a more tangled
appearance, resulting in scroll-like filaments or flocculogranular material
with electron density that rarely totally obliterates the melanosomal sub-
structure. Teleologically, melanin is protective against the absorption of
damaging ultraviolet irradiation; another hypothesis, which is less secure,
is that the degree of cutaneous pigmentation may modulate in different
latitudes the conversion of 7-dehydrocholesterol to vitamin D3, thereby
preventing vitamin D toxicity and disease-inducing hypercalcemic
states. 28

The melanocyte originates from the neural crest®'3® and undergoes
extensive migrations before lodging among the basal epithelial cells of the
epidermis or mucosal membranes. Melanocytes make their appearance
within the dermis of the skin of black persons around the tenth week of
gestation, and during the ensuing 3 to 4 weeks they complete their
migration into the epidermis.3* By the 20th week this migration is virtual-
ly complete, and, except for formation of a sacral mongolian spot or
various hamartomatous persistences, at the time of birth few dermal
melanocytes can be identified. Ultrastructurally, intraepidermal melano-
cytes rest upon the basement membrane of the epidermis nestled among
the basal germinal cells of this structure.?¢-2” The melanocytes are den-
dritic in appearance, extending long cellular processes from the perikary-
on to arborize and insinuate among a group of keratinocytes (epidermal-
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melanin unit) to which they transfer their pigment. This phenomenon is
accomplished by means of a poorly understood cannibalistic mechanism
that is generally felt to be due to the nibbling off of the tips of the
dendrites by the keratinocytes. The melanocyte appears as a clear cell on
light microscopy and as relatively electron-lucent on electron microscopy,
owing to the absence in the cytoplasm of tonofilaments possessed by the
surrounding keratinocytes, although intermediate-type filaments (now
known to be vimentin®*3) can be detected in the cytoplasm. S-100
protein also has been histochemically detected in melanocytes and nevus
cells.’” The melanosomes in the perikaryon arise in the Golgi zone and
associated smooth vesicles of the endoplasmic reticulum (GERL), but
melaninization is completed in the dendritic processes. Desmosomes are
not made between melanocytes and keratinocytes, although hemidesmo-
somes without inserting cytoplasmic filaments are manifested along the
basal plasmalemma of the melanocytes where they abut the epidermal
basement membrane.

For many years there was considerable debate about the relationship of
the intraepithelial dendritic melanocyte to the more rounded nevus cell
that participates in the formation of garden-variety melanocytic nevi or
moles. Based on ultrastructural and embryologic considerations, Mish-
ima®-3 forcefully championed the concept that, from the earliest stages
of the breakup of the neural crest, even before phenotypic expression of
melanogenesis can be demonstrated, a dichotomy exists between cells
destined to become nevus cells (nevoblasts) and those destined to become
dendritic melanocytes (melanoblasts). Postembryonically, nevoblasts
were alleged to be responsible for the formation of nevus cells and nevo-
cytic nevi, whereas melanoblasts were destined to become dendritic
melanocytes of the epithelium and to participate in the formation of the
mongolian spot, blue nevus, and cellular blue nevus. This concept was
carried one step further: Mishima®® also postulated that cutaneous mela-
nomas could be divided into those which arose from nevus cells (nevocyt-
ic melanomas) and those that arose from dendritic melanocytes (melano-
cytic melanomas), each displaying different ultrastructural and clinical
features.

Because of its simplicity and symmetry, Mishima’s hypothesis regard-
ing the dual origin of cutaneous melanomas held sway for about a decade;
its critical examination is therefore central to some of the objectives of the
present work. Regarding the distinction between dendritic melanocytes
and nevocytes, Mishima was in the august company of the famous pathol-
ogist, Pierre Masson, %’ who felt that the deepest cells in a dermal nevus,
which frequently assumed spindled or neuroid characteristics, were de-
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rived from Schwann cells, also neural crest progeny. Cells of this charac-
ter are referred to as type C nevus cells; on light microscopy they are
devoid of a melanin granule content, fail to stain by the dopa-oxidase
histochemical reaction, and display nonspecific cholinesterase reaction.*!
In failing to demonstrate dopa reaction within type C cells, Mishima*?
had utilized formalin-fixed tissue, whereas Thorne and co-workers,* us-
ing glutaraldehyde as a fixative, were able to demonstrate dopa-oxidase
activity even in type C cells. Electron microscopic studies of neuroid
structures deep in dermal nevi have also revealed ultrastructural features
more in keeping with spindle nevus cells rather than Schwann cells,
including the identification of extremely small melanosomes.** Finally,
myelin-basic protein, which is regularly present in Schwann cells, has not
been found in any of the cell types, and in particular type C cells, that
participate in the formation of melanocytic nevi.*> Present opinion in
dermatopathology, ¢ with which the morphologic findings in this particu-
lar study are essentially in agreement, would seem to indicate that the
nevus cell is merely a modified form of the dendritic melanocyte. The
dendritic melanocyte, therefore, is the paradigmatic melanogenic cell,
which is responsible for the vast majority of cutaneous lesions as well as
for all of the lesions investigated in this study.

The elaborate dendritic system of the intraepithelial melanocyte, which
certainly signifies a neural origin for this cell, can be best brought out by
silver stains or in dopa-reacted split-skin preparations of epidermis.*®
Racial pigmentary differences are felt to be due not so much to a differen-
tial distributional intensity of dendritic melanocytes among the races, but
rather to the degree of melanogenic activity within the cells and to the
manner in which the melanin is transferred to the neighboring keratino-
cytes.?” In black persons the melanin granules are particularly large and
heavily melaninized (predominantly type IV melanosomes), and upon
transfer to surrounding keratinocytes, the melanosomes are singly dis-
persed within the cytoplasm. In Caucasians and Orientals the melano-
somes are smaller and less uniformly melaninized, and upon transfer to
the surrounding keratinocytes, they are frequently packaged in phagoly-
sosomal complexes. In the latter site partial degradation of the melano-
protein filamentous complex is accomplished, although melanin itself is
indigestible by keratinocytic lysosomal enzymes. Suntanning brings
about an increased synthesis of melanin, but not immediately an in-
creased density of melanocytes.*” Chronic exposure to sunlight in Cauca-
sians, however, does bring about an enlargement of the dendritic pro-
cesses and approximately a twofold increase in the number of melano-
cytes.*®49 In albinism, the absence of the enzyme tyrosinase prevents the
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deposition of melanin upon the matrix of the melanosomes, which none-
theless are identifiable and retain their intact substructure. In vitiligo,
melanocytes within the involved zones disappear.®

The dendritic melanocyte must be distinguished from other clear cells
that inhabit the epidermis. The most important of these is the Langer-
hans’ cell, which is referred to as a high-level clear cell within the epi-
dermis because it tends to reside in the middle of the malpighian layer in
a suprabasilar position.2® Rather than exhibiting melanin granules within
its cytoplasm, it possesses an intracytoplasmic granule referred to as
Langerhans’ granule (also called Birbeck granule or racquet body).% Its
distinctive cytoplasmic organelle has been variously attributed to modifi-
cations of the Golgi vesicular system versus invagination and application
of apposed leaves of the cell surface membrane. Once believed to be an
effete or worn-out melanocyte, the Langerhans’ cell is now well recog-
nized to be a species of histiocyte.?">2 It has also been hypothesized that
it plays a role in allergic reactions by fixing and processing antigen, which
is subsequently presented to lymphocytes.>>5* Histiocytic proliferations
within the histiocytosis X spectrum of diseases are constituted by Langer-
hans’-type cells, which frequently exhibit an invasive epidermotropism.
The Merkel cell has also been identified as a clear cell within the epider-
mis; its distinctive subcellular marker is the neurosecretory-type dense-
core granule. Merkel cells are consequently a component of the neuro-
secretory cellular diaspora described by Pearse®® as the APUD system.
This cell is believed to have a role in sensation and has been incriminated
as the cell of origin for undifferentiated round cell carcinomas (trabecular
carcinomas), which frequently are confused with amelanotic melanomas.
Tumors of Merkel cell origin have been described in the skin of the
lid, 3657 but neither the Merkel cell itself nor tumors derived from it have
been described in the conjunctiva.

The second most common melanocytic cell type of the skin, which if
one accepts the unitary hypothesis mentioned previously is actually a
variant dendritic melanocyte, is the melanocytic nevus cell. This cell is
also a clear cell initially residing within the epidermis, but rather than
occuring in isolation, it tends to form small junctional nests, or theques. It
is a proliferative but benign melanocyte. In the production of common
nevi or moles, multiple junctional nests (so termed because the nevus
cells are situated within little cavities resting along the basement mem-
brane of the epidermis) occupy a field of involved epidermis and generally
make their appearance during youth. As long as the nevocytic nests are
restricted to the epidermis, these lesions are referred to as junctional
nevi. The cells within intraepidermal junctional nests tend to drop off into
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the pupillary and upper reticular dermis (abtropfung phenomenon), at
which stage a compound nevus has developed. As more and more junc-
tional cells drop off into the dermis, those that had earlier colonized the
upper dermis are pushed farther and farther into the depths of the con-
nective tissue of the dermis. Within the third or fourth decades of life,
most of the junctional intraepidermal nests have ceased to proliferate; all
that generally remains is the dermal component, which may have ac-
quired considerable thickness to produce polypoid and verrucous
lesions.3!:38:46

The cells within the epidermal junctional nests, as well as those imme-
diately beneath the epidermis in the papillary or upper reticular dermis,
are usually somewhat epithelioid in shape and have been referred to as
type A nevus cells.®® Proceeding downward within the substance of a
dermal nevus component, the cells become smaller, lose their pigment,
and are frequently called lymphocytoid cells. This intermediate dermal
group has been termed “type B” nevus cells. Finally, in the depths of a
dermal nevus, the constituent cells may assume spindled or Schwannian
characteristics. They can even form organoid structures mimicking Meis-
sner tactile corpuscles, and these nevus cells are referred to as type C
cells. As mentioned previously, it is now believed that these neuroid cells
are final modifications of an initially intraepidermal junctional nevus cell.
Cells within the dermal component of a nevus generally are nonpig-
mented (except for the most superficial cells) because they are out of
reach of incident ultraviolet radiation. In their resting stage they do not
display tyrosinase activity, but this can be induced by intensive ultravio-
let irradiation of nevi prior to excision, as proven by histochemical enzy-
matic reactions.’® If a melanoma arises within a preexistent nevus, with
the rarest of exceptions®®° this does not occur within the dermal compo-
nent, but rather from persistent and progressively dysplastic intraepithe-
lial junctional activity. In the course of a lifetime, there is a cycle of nevus
formation and disappearance: there are few nevi at birth, and those
acquired in adolescence and early adulthood eventually disappear, per-
haps through fibrotic effacement.®!:62

In comparison with the work that has been performed during the past
two decades on the melanocytic system of the skin, the paucity of studies
on the normal melanocyte of the conjunctiva is embarrassing. The intra-
epithelial dendritic melanocyte has been described in anatomic studies of
the conjunctiva®®%%; in anatomic studies of normal conjunctiva I have
rarely come upon dendritic melanocytes (Fig 1). More deeply situated,
elongated melanocytes in the perilimbal episclera and substantia propria
of dark-complexioned persons have also been described.®>-%¢ These deep-



FIGURE 1
TOP: Conjunctival dendritic melanocyte (MC) with a nucleolus (nl) from a Caucasian child
displays dendritic processes (DP) from which project smaller villi (v). The melanosomes in
cytoplasm (circles) are small (200 X 70 nm) (X 12,000). INSET: Displays that they are only
partially melaninized. The surrounding keratinocytes (KC) are more electron-dense because
of presence of tonofilaments (tf). Desmosomes (d) join adjacent keratinocytes, but are not
formed by melanocyte. Both melanocyte and keratinocyte are separated by a basement
membrane (bm) from underlying connective tissue (CT) (X 49,400). BOTTOM: Conjuncti-
val melanocyte from a black patient displays much larger and intensely melaninized melano-
somes, measuring 200 X 500 nm. An active Golgi zone (gz) shows early formation of
melanosomes (circle). In the dendritic process (DP) of melanocyte is a lipid (li) droplet. This
surrounding keratinocyte (KC) has abundant tonofilaments (tf) (x 20,000).
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ly situated cells are present in increased numbers in melanosis oculi; they
do not proliferate by and large, and they are not responsible for conjunc-
tival melanomas. Henkind®’ established in guinea pigs that conjunctival
melanocytes can migrate and persist in the corneal epithelium only if
corneal vascularization occurs. McCracken and Klintworth® confirmed
these findings in another animal model. Normal conjunctival dendritic
melanocytes have been identified in two ultrastructural studies of juxta-
limbal squamous cell carcinomas in black patients.®®" It is known that
the number of intraepidermal dendritic melanocytic clear cells in the skin
is approximately one to every ten keratinocytic basal cells”}; a similar ratio
has been discovered in the oral mucosa of Caucasians.” No anatomic
determinations of this sort have been made in the conjunctiva. A consid-
erable topographic variation in the distribution of dendritic melanocytes
within the conjunctival epithelium is likely; unlike in the skin, however,
there is probably a differential racial distribution in this tissue. In order
for these data to be determined, large geographic portions of conjunctiva
would have to be treated in a fashion similar to that in the skin, with
split-thickness preparations of fresh conjunctival epithelium that are in-
cubated in the dopa-reaction system. This, of course, could only be done
with postmortem material. A

Masson®! characterized deeply situated mesenchymal melanocytes as
continent, in contrast to the incontinent dendritic melanocytes of the
epithelium. By this he meant that the former are postmitotic and melano-
genically inactive; they rarely give a positive histochemical reaction for
tyrosinase and, if injured, release their pigment into the connective tissue
but do not replenish it or transfer their own cytoplasmic melanin to other
cells without being injured. Such continent melanocytes are dramatically
different from the dendritic melanocytes of the epithelium, which are
incontinent in terms of being able to transmit their melanin to the sur-
rounding keratinocytes, and are additionally capable of replenishing their
cytoplasmic melanin content. The deeply situated mesenchymal melano-
cytes are responsible for persistent mongolian spots, the nevus of Ito, the
nevus of Ota, melanosis oculi with epibulbar pigmentation, and benign
proliferation such as blue nevi and cellular blue nevi. The latter two
entities are rarely encountered in the ocular adnexa, and blue nevi of the
conjunctiva have only recently been the subject of a published report.”
Deep, hamartomatous orbital melanocytes "> may rarely cause primary
orbital melanomas.

COMPARISON OF CUTANEOUS AND CONJUNCTIVAL MELANOCYTIC LESIONS
Over 99% of conjunctival melanocytic lesions, including all those re-
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ported in this work, stem from either the dendritic melanocyte or its close
relative, the more rounded nevus cell. The more deeply situated, incom-
pletely migrated mesenchymal melanocytes, responsible for melanosis
oculi with episcleral pigmentation (and the associated uveal melanocytic
excess), blue nevi, and cellular blue nevi, are accountable for the remain-
der of pathologic pigmentations beneath the conjunctival epithelium.
Jay,™ Henkind,?* Henkind and Friedman,”” and Zimmerman'®?® have
provided overviews of the comparative nomenclatures of conjunctival and
cutaneous melanocytic lesions. Textbooks on ophthalmic pathology®!787
additionally provide illustrative examples of the major types of conjunc-
tival melanocytic disorders. In the following summary the significant
pathologic differences between cutaneous and conjunctival disorders are
stressed. The four major types of conjunctival melanocytic lesions that are
related to cutaneous lesions and to intraepithelial dendritic melanocytes
or nevus cells are: (1) benign epithelial melanosis, (2) benign melanocytic
nevi, (3) primary acquired melanosis (analogous to the radial or horizontal
growth phase of cutaneous melanosis—“in situ melanoma”), and (4) inva-
sive malignant melanoma.

Benign epithelial melanosis of the conjunctiva is characterized by flat,
uninflamed, nonvascularized, and finely to coarsely granular brown pig-
mentation, generally occurring in the interpalpebral zone. The pigmenta-
tion moves with the conjunctiva, thereby establishing that the pigment
resides within the epithelium (or less likely, the substantia propria). This
pigmentation therefore differs from that of more deeply situated melano-
cytes in melanosis oculi or the nevus of Ota, in which case there is more of
a slate-gray cast to the pigmentation, and movement of the conjunctival
membrane does not cause any displacement of the pigmentation. Al-
though benign conjunctival epithelial melanosis may be congenital, more
often it is an acquired lesion that is typically encountered in black pa-
tients, possibly due to climactic or traumatic irritation of the conjunctiva.
Such pigmentation may also be seen in association with irradiation, arsen-
ic poisoning, Addison’s disease, chloasma of pregnancy, and following
chronic conjunctivitis in heavily pigmented persons (such as in trachoma).
Regardless of the cause and of whether or not the condition is congenital
or acquired, the histopathologic picture is uniform. Heavy pigmentation
is generally restricted to the basal cell layer of the conjunctival epithe-
lium; the responsible clear melanocytes are extremely difficult to discern.
There is no nest formation, nor are there any high-level clear cells.
Inflammation of the substantia propria is inconspicuous, apart from the
normally resident lymphocytic population of this tissue, which may be
accompanied by a scattering of histiocytic melanophages.
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The conjunctival lesion bears a close histopathologic resemblance to
cutaneous ephelides, which are garden-variety freckles acquired early in
life and are generally not caused by sun exposure. It is impossible to
relate benign epithelial melanosis of the conjunctiva to other flat macular
pigmentations of the skin, such as lentigo simplex and lentigo senilis. In
each of these latter conditions, there is elongation of the rete pegs of the
epidermis, a feature which is anatomically absent from the conjunctiva.*®
In lentigines there are increased numbers of dendritic melanocytes, and
in lentigo simplex there may be nests of nevoid cells at the tips of the rete
pegs. This last finding certainly suggests a direct relationship between
rounded nevus cells and dendritic melanocytes, as mentioned previously.
The development of conjunctival benign epithelial melanosis obligates
the presence of dendritic melanocytes on a normal anatomic basis within
the conjunctival epithelium, although obviously this is a racially depen-
dent anatomic variable. In a study of 300 patients at the Montefiore
Hospital in New York, Henkind?* reported that benign epithelial melano-
sis, as demonstrated by penlight or as visible in room light, was detected
in 4.9% of Caucasians, 92.5% of blacks, 28% of Hispanics, and 35.7% of
Orientals. Whether these percentages might be increased by the use of
slit lamp examination or by the use of Wood’s lamp ultraviolet irradiation
would, of course, be of interest. An extremely useful clinical finding that
the I discovered on clinical examination of patients with benign epithelial
melanosis is its almost constant bilateralism, even if this is asymmetric.
Bilateralism, coupled with a relatively stationary character, helps to dis-
tinguish benign epithelial melanosis from potentially more serious prolif-
erative conditions of the melanocyte (primary acquired melanosis).

After benign epithelial melanosis, conjunctival melanocytic nevi are
the second most common conjunctival pigmentary condition. Like cuta-
neous nevi, conjunctival epithelial nevi appear within the first two de-
cades of life; like benign epithelial melanosis, they display a predilection
to be located in the interpalpebral fissure from the limbus to the caruncle.
In my experience, I have never seen a histopathologically documented,
bona fide nevus located in the fornices or palpebral conjunctiva, although
this clearly could happen; lesions in the latter sites should therefore be
looked upon with more suspicion and should probably be excised, which
is not routinely necessary for lesions developing in the interpalpebral
fissure. Thirty percent of conjunctival nevi are very poorly pigmented or
nonpigmented.”” A distinctive feature of conjunctival nevi, not shared by
cutaneous nevi, is the formation of epithelial inclusion cysts. The cysts
may be seen grossly but are probably best discerned with the slit lamp,
appear as clear areas in the midst of either pigmentation or solidity, and
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superficially resemble lymphatic channels. In fact, the cysts may be so
prominent as to invite the mistaken diagnosis of a lymphangioma.® Con-
junctival nevi are generally thick and upraised at the time of detection;
this distinguishes them from the flat pigmentation of benign epithelial
melanosis, which furthermore lacks epithelial inclusion cysts. Like be-
nign epithelial melanosis, conjunctival nevi are freely movable over the
surface of the globe, because they are exclusively situated within the
substantia propria and do not involve the deeper episcleral or Ten-
on’s-level tissues.

Junctional activity tends to disappear by the third or fourth decades of
life. Conjunctival nevi show some maturation from more superficial type
A epithelioid cells into more deeply situated type B lymphocytoid cells. I
have not seen type C neuroid or Schwannian formations in the depths of
subepithelial conjunctival nevi, nor has such a change been described in
the literature. Pigmentation disappears among the cells in the depths of
the lesion, although scattered populations of nevus cells may retain a
melanin content within their cytoplasm, possibly due to the thinness of
the lesions that allows access of incident ultraviolet irradiation.

While highly vacuolated benign balloon cell nevi®!-%3 and blue nevi,
but not malignant variants of these, have been described in the conjunc-
tiva—halo nevi encountered in the skin (regressing nevi mediated by a
lymphocytic inflammatory infiltrate), combined nevi (a mixture of an
ordinary mole with a blue nevus), spindle cell nevi, and epithelioid-spin-
dle cell nevi of the Spitz variety®*%” have not been well documented in
the conjunctiva; they probably occur but are rarely recognized. Likewise,
congenital nevi,?% which have recently been well characterized in the
skin by virtue of their periadnexal, perineural, and perivascular nevoid
clusters of cells, have not been described in the conjunctiva. Indeed,
these features would be hard to elucidate in the latter site, in view of the
general absence of adnexal structures as well as the absence of thick
bundles of collagen which constitute the dermis of the skin and which
permit characteristic single-file nevocytic dispositions. Dysplastic nevi of
the B-K syndrome, in which malignant melanomas may arise in preexis-
tent nevi in genetically predisposed persons, have not been identified in
the conjunctiva; intraocular melanomas, however, have been discovered
to occur in this syndrome.®!"% Deposition of bone, replacement by adi-
pose tissue, and ultimate regression by progressive fibrosis are transfor-
mations of cutaneous nevi that do not seem to have their analogs in lesions
of the conjunctiva.5!-62

Primary acquired conjunctival melanosis is an acquired proliferative
condition of melanocytes situated initially within the epithelium of the
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conjunctiva. This entity or group of entities has engendered considerable
diagnostic and therapeutic controversy within ophthalmology.!#-229.97
Unlike benign epithelial melanosis, which has a distinct predilection for
dark-complexioned persons, primary acquired melanosis has a predilec-
tion for Caucasians (it is rarely seen in blacks), is always unilateral, and
develops in the middle aged and elderly. The pigmentation is not restrict-
ed to the interpalpebral zone but may begin anywhere and spreads irreg-
ularly, sometimes showing evidence of waning in the older areas while
waxing into new areas. With induced movement of the conjunctiva, the
pigment will move with it, indicating again that the affection is initially
situated within the epithelium. The color is virtually always golden
brown, although nonpigmented variants occur rarely.%® Biopsies of these
lesions reveal increased numbers of melanocytes, which in the milder
forms of hyperplasia are restricted to the epithelial basement membrane
region. The milder forms of hyperplasia are probably benign and analo-
gous to lentiginous hyperplasias of the skin,*®% but because of the ab-
sence of rete peg elongation, a marker that is useful for the identification
of senile and simple lentigines of the skin, attention must be scrupulously
paid to the identification of any melanocytic atypicality in the conjunctiva.
There is no question that at the more proliferative end of the spectrum, in
which cytologic atypia is clearly discerned among the participating mela-
nocytes, one is dealing with a formal precursor of malignant mela-
noma, 100-104

Reese,” who first thought that primary acquired melanosis was most
kindred to Hutchinson’s melanotic freckle of the skin or precancerous
melanosis of Dubreuilh, termed the lesion in the conjunctiva precancer-
ous melanosis and recommended exenteration, even for the flat lesions
before nodule formation. Zimmerman®’ felt that this was inordinately
aggressive and unnecessarily radical surgery for lesions that, in his expe-
rience, had an uncertain and often slow progression. He recommended
the term “benign epithelial melanosis” for intraepithelial proliferations of
melanocytes and cancerous melanosis only if and when invasion of the
subepithelial connective tissues occurred. Zimmerman'® gave eloquent
testimony to the nature of the debate between himself and Reese when
he delivered the first Algernon B. Reese Lecture. Reese® ultimately
reported that, of the cases of flat intraepithelial melanocytic lesions he
had seen as a clinician, nodules formed in 17% after 5 years and, of those
patients with nodules, 40% died. It is my opinion that the former statistic
is too low, because in reviewing file material in the pathology laboratory
at the Harkness Eye Institute, I discovered that Reese had included
lesions of nonproliferative benign melanosis among his cases of flat “pre-



612 Jakobiec
cancerous melanosis.””

It is in the area of primary acquired melanosis—a term which is accept-
able to me because it neither overly cancerizes the condition nor falsely
reassures (which may occur by substituting the word benign for pri-
mary)—that the recent advances in the analysis of the radial growth phase
of cutaneous melanoma might have some application. The work of Clark, *
McGovern, ¢ and others!% 1! led to a tripartite classification of cutane-
ous melanoma: (1) superficial spreading melanoma, (2) lentigo maligna
melanoma, and (3) nodular melanoma. The first two lesions are character-
ized by a radial, centrifugal, or horizontal growth phase within the epi-
dermis, after which a vertical growth phase supervenes with invasion of
melanoma cells into the underlying papillary and reticular dermis. Nodu-
lar melanoma differs from the other two in failing to exhibit a prominent
radial growth phase. A fourth division of melanoma has been added—the
acral lentiginous melanoma, which also has a radial growth phase but has
a predilection to develop on the glabrous skin of the digits, palms, and
soles as well as allegedly in mucosae.®1!:112 Seventy percent of cutaneous
melanomas are diagnosed as superficial spreading, 8% as acral lentigi-
nous, 5% as lentigo malignant, and 15% as nodular; about 2% are unclassi-
fiable according to the previously designated categories. 6

Superficial spreading melanoma grows in a pagetoid fashion, wherein
atypical melanocytes not only form nests at the dermal-epidermal junc-
tion but additionally permeate and percolate throughout the upper limits
of the epidermis to confer a buckshot appearance to the involved seg-
ments of epidermis.!?>1% The melanocytes are generally rounded or
epithelioid. Superficial spreading melanoma develops on both sun-unex-
posed and sun-exposed skin, and the radial intraepidermal growth phase
before nodular invasive melanoma supervenes has been estimated to last
from one to several years.® In lentigo maligna, atypical dendritiform cells
proliferate singly and then in small nests along the dermal-epidermal
junction; the permeation of higher levels of the epidermis by the neoplas-
tic cells is not prominent. The atypical melanocytes may involve the outer
epithelium of the adnexal structures (sweat ducts and pilar epithelial
canals), a feature not displayed by superficial spreading melanoma. Solar
elastotic degeneration of the skin is prominent, because lentigo maligna
(melanoma) develops preferentially on sun-exposed skin. This melanoma
is far more indolent in its progression, and the radial growth phase may
last 10 to 15 years before a vertical invasive nodule of melanoma occurs, in
which case spindle cells frequently typify the invasive nodule (contrasting
thereby with the invasive epithelioid cells of superficial spreading mela-
noma). Acral lentiginous lesions share many features with lentigo maligna
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melanoma, including intraepithelial dendritiform atypical cells and an
invasive spindle cell component when melanoma eventuates, but it ap-
pears to be a more aggressive lesion with a shorter radial growth phase
and a higher propensity for metastasis. In nodular melanoma, an initially
intraepidermal proliferation of atypical melanocytes apparently transpires
for only a short while without extensive radial spread within the epi-
dermis, so that a vertical phase develops early in the evolution of this
lesion.

Bernardino and co-workers'* were the first to attempt to apply the
cutaneous classification to conjunctival lesions. They reported 23 cases, of
which they were able to classify 5 as lentigo maligna melanoma (with a
good prognosis) and 10 as superficial spreading melanoma (with a poor
prognosis). Eight lesions appeared to be unclassifiable, because of the
suboptimal nature of the pathologic material with which to evaluate the
radial growth phase surrounding a nodular invasive component. Other
investigators'®15-22 have not been as successful as Bernardino and associ-
ates,'* and they have cited differences in the anatomy of the conjunctiva
and the skin. The conjunctival epithelium is comparatively delicate and
thin compared with the epidermis, there is an absence of adnexal struc-
tures, and elastotic degeneration is frequently present in the interpalpe-
bral substantia propria of the conjunctiva in early life as a result of actinic
exposure. Silvers and associates!® studied 20 lesions of preinvasive intra-
epithelial melanocytic proliferation of the conjunctiva and 28 other lesions
with a radial growth phase accompanied by invasive nodules of mela-
noma. They were unable to systematically classify their lesions according
to the cutaneous scheme but felt that, based on clinical behavior, the
lesions resembled superficial spreading melanoma more than the other
types. Crawford,!® in a study of 19 conjunctival melanomas, could only
classify 6 according to the skin classification and recommended the term
“atypical intraepithelial melanocytic hyperplasia” be employed as sug-
gested by Silvers and associates.!® Liesegang and Campbell,!® in a study
of 42 conjunctival melanomas, found that they were unable to use the skin
classification for the analysis of the radial growth phase of the conjunctival
lesions. Zimmerman, in his Reese Lecture,'® also reported that he was
unable to use the skin classification in the interpretation of cases of
conjunctival primary acquired melanosis on file at the Armed Forces
Institute of Pathology. It is anomalous that all of these workers with the
exception of Zimmerman have failed to address themselves to the identi-
fication of acral lentiginous melanoma of the conjunctiva, inasmuch as
many pathologists feel that this is the most typical kind of melanoma with
a radial growth phase to arise in squamous mucosal membranes.®!® Zim-
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merman, himself,2° believes that acral lentiginous melanoma is elusive in
the conjunctiva. It is unfortunate that it is not possible, according to the
present state of ophthalmic pathologic practice, to divide primary ac-
quired melanosis into the various types of radial growth phase manifested
by cutaneous melanoma, since in those cases that are judged to be a
lentigo maligna, a slower rate of progression would be expected. Not only
is there a prolongation of the radial growth phase, but also, once invasion
occurs, it appears that lentigo maligna melanoma is less likely to metasta-
size than similarly invasive superficial spreading melanoma.!!! The use of
cryotherapy!!®11¢ or radiotherapy!!”-!!® for primary acquired melanosis
might be held in abeyance if the low-risk patients for nodule formation
could be identified.

The subject of invasive conjunctival melanoma, in which a frank nodule
of melanoma forms within the connective tissue of the substantia propria,
deeper episcleral tissues, the sclera itself, or the connective tissues of the
lids and fornices, is also somewhat controversial. The controversy lies not
in the ability to diagnose these lesions but rather in interpreting how
often they arise in preexistent primary acquired melanosis or a nevus and
in whether metastatic potential can be predicted from any characteristics
of the invasive nodule. Zimmerman'® stated that, in 50% of the conjunc-
tival melanomas he has seen at the Armed Forces Institute of Pathology,
he was unable to ascribe an origin in either primary acquired melanosis or
a preexistent nevus; in the remaining 50%, those arising in nevi outnum-
bered those arising in primary acquired melanosis by a ratio of 2:1. In
other words, he found that 33% of melanomas arose in nevi, 17% arose in
primary acquired melanosis, and the remainder arose in previously un-
blemished conjunctiva. ‘

In Jay’s series® of 104 melanomas from the Institute of Ophthalmology
in London, only 14% of the melanomas arose in association with a preexis-
tent nevus, but in comparison with nevi, primary acquired melanosis was
responsible for melanoma by a ratio of 4:1. Of 42 malignant melanomas
from the Mayo_Clinic, Liesegang and Campbell’® discovered that 15
developed in the soil of primary acquired melanosis and 9 in association
with a nevus. Of some interest was the finding that two of their patients
with primary acquired melanosis had a previous excision of a nevus,
indicating that primary acquired melanosis may also arise in association
with this entity. Crawford,!® in his review of 19 conjunctival melanomas,
found only 3 cases with evidence of a preexistent nevus in the form of
subepithelial collections of nevus cells. Nine of the 19 melanomas were
associated with primary acquired melanosis, but no mention is made of
whether any of the nevi coexisted with the primary acquired melanosis.
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Silvers and associates,'® in their study of 48 preinvasive and invasive
melanocytic lesions with a radial growth phase, found no evidence of a
preexistent nevus.

The high incidence of evidence of a preexistent nevus in the melano-
mas on file in the Armed Forces Institute of Pathology may be the result
of a selection bias, in that pathologists would be more apt to submit
confusing material for consultation in which both benign and malignant
populations of subepithelial cells are found. Apart from any histogenetic
implications of the association of a nevus with a melanoma, there is the
finding in some series of a better prognosis for melanomas associated with
nevi. This was definitely established in Jay’s series”® as well as in that of
Liesegang and Campbell'®; Crawford,!® on the other hand, did not feel
that this was an important prognostic feature.

Very often, in the excision of invasive nodules of malignant melanoma
of the conjunctiva, much of the flat surrounding component is left behind
to allow for preservation of the function of the globe; therefore, an entire
lesion is not available for step sections to elucidate different melanocytic
components. This problem is easily circumvented in the skin, where a
wide local excision is performed for every lesion. Ackerman and Su!%2
discovered that in the skin 50% of superficial spreading melanomas have
an associated intradermal nevus. In the skin all types of melanomas may
arise in association with a preexistent nevus: in one series,'%® 35% of
superficial spreading melanomas, 25% of nodular melanomas, and 5% of
melanomas arising in Hutchinson’s melanotic freckle had evidence of a
preexistent dermal nevus in the excised specimen. I have seen 3 cases of
nevi in association with 21 cases of either primary acquired melanosis or
invasive malignant melanoma, which is consistent with the findings of
Jay,™ Liesegang and Campbell,'® and Crawford.!®

Another significant contribution of dermatopathologists regarding the
prediction of outcome and fatality of cutaneous melanoma has been the
discovery of a relationship between depth of invasion of the nodule and
development of metastases. Clark and co-workers'®7-1% initially devel-
oped a leveling system wherein superficially invasive lesions restricted to
the papillary dermis had virtually a 100% survival rate, whereas lesions
impiniging on the upper reticular dermis, permeating through the reticu-
lar dermis, and finally reaching the subcutaneous fat had increasing rates
of fatality. The anatomy of the skin varies from zone to zone; for example,
in the eyelid there is no demonstrable papillary dermis and the reticular
dermis is very thin, while in the conjunctiva these distinctions have no
anatomic meaning. Breslow!?° was the first to explore the value of an
actual thickness measurement taken with an ocular micrometer as a prog-
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nosticator of metastasis. He found that invasive nodules less than 0.75
mm thick were almost always associated with an excellent, metastasis-free
prognosis, whereas progressively thickening lesions became increasingly
likely to metastasize, so that lesions measuring 3 mm or more in thickness
were associated with a 78% rate of metastasis.

Silvers and co-workers'® were the first to employ Breslow’s micrometer
measurements to determine the thickness of invasive conjunctival nod-
ules as a prognostic index. Of 28 patients with invasive melanoma, they
discovered that the 16 patients who survived their disease (regardless of
whether local excision or exenteration had been performed) had an aver-
age nodular thickness of 0.7 mm, with a range of 0.4 to 1.95 mm. The 12
patients who died of their disease, again regardless of the type of therapy,
had an average thickness measurement of 3.0 mm, with a range of 1.8 to
15.0 mm. These investigators felt that the transition from nonmetastasiz-
ing to metastasizing lesions occurred in the range of 1.5 to 2.0 mm of
thickness. McGhee and co-workers?? corroborated these findings on 25
melanomas at the Massachusetts Eye and Ear Infirmary; metastases de-
veloped in one of eight patients with thickness measurements less than
1.5 mm but in 50% of patients with lesions greater than 1.5 mm. Liese-
gang and Campbell'® found that they could not successfully utilize thick-
ness measurements to predict outcome, and Crawford!® made a similar
observation. These other investigators seem to verify Jay’s’® earlier find-
ing that both superficially and deeply invasive nodules of conjunctival
melanoma are capable of metastasizing. All of these investigators recog-
nize that the number of cases they are dealing with in the conjunctiva is
quite small and that with larger numbers of lesions it might be possible to
observe a more definite trend toward metastasis with thicker lesions.
Several series'>!2! on mucosal melanomas of other sites (anorectal, vagi-
nal) have established that lesions measuring less than 2 mm in depth of
invasion are compatible with survival, whereas thicker lesions (unfortu-
nately the overwhelming majority) have been uniformly fatal regardless of
therapy.

Crawford'® analyzed several other prognostic features in conjunction
with conjunctival melanomas that have been considered valid with re-
spect to cutaneous melanomas: age of patient at initial presentation,
topographic location of the lesion in the conjunctival sac, degree of in-
flammation associated with the invasive nodules of melanoma, and num-
ber of mitotic figures observed in 40 high-dry microscopic fields. His
findings, which were subjected to statistical analysis, showed that patients
younger than 37 years of age had an increased incidence of metastases,
those with a light lymphocytic infiltrate surrounding their lesions were
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more apt to have metastases than those with a heavy infiltrate, those
patients with four or more mitotic figures per 40 high-dry fields had
increased rates of metastasis, and those patients whose lesions were
situated in the caruncle, fornix, or palpebral conjunctiva were at greater
risk for metastasis than those with epibulbar lesions. With respect to the
last finding, Crawford is in agreement with findings reported by Jay’® and
Silvers and co-workers.!5 Other studies may verify the value of these
prognostic parameters described by Crawford.!®

The one bright spot in comparing conjunctival melanoma with cutane-
ous and other mucosal melanomas has been the discovery of an overall
better prognosis for melanomas arising in the conjunctiva. Jay™ found a
78% survival rate, and Liesegang and Campbell'® had an 86% 5-year
survival rate. Whether or not this feature is due to differences in biology,
differences in the anatomy of the conjunctiva, or the fact that conjunctival
melanomas are frequently discovered early because of their occurrence
on the white sclera is open to speculation. It should be pointed out,
however, that Crawford!® discovered that 8 of his 19 patients with con-
junctival melanoma died; he also emphasized that 5-year follow-up may
not be adequate to determine survival, because several of his patients
died 10 to 15 years after treatment of their conjunctival melanomas.

ULTRASTRUCTURE OF MELANOCYTIC LESIONS

With the exception of a single lesion of invasive conjunctival melanoma
studied ultramicroscopically,2* melanotic lesions of this tissue have not
been subjected to electron microscopic study. Before the ultrastructural
features of conjunctival melanocytic lesions are evaluated, the relevant
data derived from electron microscopic studies of cutaneous lesions will
be reviewed.

Ultrastructural studies have shown that lentigo simplex, 22124 lentigo
senilis, 12126 and lentigo maligna'?’-'2° (Hutchinson’s melanotic freckle)
are essentially proliferative lesions of the dendritic melanocyte. The first
two lesions are benign, while lentigo maligna is considered a premalig-
nant lesion that can evolve into lentigo maligna melanoma. In these
lesions increased numbers of dendritic melanocytes are present among
the basal cells of the epidermis and continue to extend long cellular
processes that donate pigment to the surrounding keratinocytes. In the
case of lentigo senilis, there appears to be melanocytic hyperactivity, with
increased numbers of melanosomes being transferred to the surrounding
keratinocytes; in the latter cells, there is more prominent formation of
melanosome complexes in comparison with uninvolved skin. Lentigo
simplex has been proven to display an occasional giant melanin granule
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(rounded structures measuring up to 5 wm in diameter), which have a
distinctive vesicular substructure and are most typically encountered in
the café au lait spots of von Recklinghausen’s disease'®® and Albright’s
disease.!®! Giant melanosomes, however, have now been described in a
wide variety of benign and malignant cutaneous lesions.!3%13% It is of
interest that in ophthalmic pathology, giant melanosomes have been
found in melanocytomas of the uvea,'#? in X-linked albinism in the retinal
pigment epithelium,#! and in iris melanocytes in uveal melanocytosis'*#
Despite the common occurrence of garden-variety nevi, it is surprising
how few thorough ultrastructural studies of these cutaneous lesions have
been published.38:44:58.137.142-150 Mot previous studies have dealt with
compound or intradermal nevi. Within the intraepidermal junctional
nests the melanocytic nevus cells stand apart from the keratinocytes by
virtue of their paler cytoplasm, which is due to the absence of tonofila-
ments. Desmosomal junctions between nevus cells, as well as between
nevus cells and the surrounding keratinocytes, are also absent. As the
cells in the intraepidermal nests emerge to drop into the dermis, the
epidermal basement membrane becomes thinned. The nevus cell has a
more rounded appearance than the dendritic melanocyte, but the former
cell nonetheless continues to display blunter dendritic processes and villi,
which can break through the basement membrane region into the upper
dermis. It is presumably by these structures that nevus cells are able to
communicate their pigment to the surrounding keratinocytes, although
less efficiently than is the case with dendritic melanocytes.
Heterochromatin is generally clumped at the nuclear membrane of
nevus cells, and nucleoli may be prominent. Nuclear indentations and
surface irregularities are common, but large pseudoinclusions or seques-
trations of cytoplasm within the nucleus are not typical. Within the
cytoplasm there are frequently numerous mitochondria and scattered
cytoplasmic filaments that have recently been identified as vimentin,33-3¢
and there may be short segments of rough-surfaced endoplasmic reticu-
lum and scattered cytoplasmic monoribosomes. Where the nevus cells
abut the basement membrane region they may form poorly developed
hemidesmosomes. The melanosomes may be either short rods or more
spherical structures that display disorderly melanofilamentary substruc-
tures with fewer cross-linkages. The melanosomes are usually only par-
tially melaninized. Upon dropping off from the epidermis to the dermis,
the uppermost dermal nevus cells continue to display melanin synthetic
activity but adopt a feature never displayed by intraepidermal melano-
cytes, namely, basement membrane formation. The basement membrane
surrounds the outermost aspects of the nevus cell clusters but tends not to
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dissect within the clusters (ie, not between the adjacent plasmalemmas of
nevus cells). Villi, suggesting dendritic processes, frequently are formed
by intradermal nevus cells, and these have been seen by both transmis-
sion and scanning electron microscopy.® 143147 Mitochondria are com-
mon and cytoplasmic filaments can be prominent.

The type A nevus cells, which are located superficially in the dermis,
are polygonal, have spacious amounts of cytoplasm, and appear to retain
the ability to reactivate melanogenesis upon exposure to ultraviolet irra-
diation.>® The smaller, type B lymphocytoid cells deeper in the dermis
have diminutive and sparser melanosomes. Most of the melanosomes
within the intradermal nevus cells are round, although short rod-like
structures may also be seen. Type C nevus cells have elongated Schwan-
nian processes that may become imbricated into organoid arrangements
reminiscent of Meissner corpuscles.** Scattered rudimentary melano-
somes and the absence of axons are morphologic features that have been
used to defend the nevus rather than the Schwann cell origin for type C
cells. It has recently been recognized that microfibrillar precursors of
elastic fibers, which lack the deposition of amorphous elastin itself, are
frequently associated with nevus cell clusters.'®! The ultrastructural fea-
tures of benign. nevus cells are clearly different from those of invasive
malignant melanoma cells; these features have allowed Erlandson and
Rosen'? to distinguish an ectopic deposit of nevus cells in the capsule of a
lymph node from metastatic melanoma cells. In the Spitz nevus (epitheli-
oid-spindle cell nevus or juvenile melanoma),!42144.148.150 mapy of the
same features, including basement membrane formation, are present as
in more common nevi, except that mitochondria are more prominent.
Balloon cell nevi have highly vacuolated cytoplasm, which is felt to be due
to an abnormality in melanosome formation, resulting in large cytoplas-
mic vacuoles with disoriented melanofilaments on which virtually no
melanin is deposited.!53155 On the other hand, in choroidal melanomas
balloon cell transformation is the result of cytoplasmic accumulation of
lipid droplets. 156158

The greatest controversy has been in the area of the ultrastructure of
malignant melanoma. Mishima’s work, 383942 which at first held consider-
able promise for differentiating melanomas derived from nevus cells from
those derived from dendritic melanocytes, presented a neat dichotomy
and was predicated on putative biologic differences between melanomas
arising from nevus cells and dendritic melanocytes. Nevocellular mela-
nomas were held to be more malignant, whereas melanocytic melanomas
were felt to be more indolent and more amenable to radiotherapy. Mish-
ima’s distinction between these two classes of melanoma hinged on mela-
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nosomal morphology. In the nevocellular melanomas he described foot-
ball-shaped melanosomes, measuring 500 nm X 150 nm, whereas in the
melanocytic melanomas (which he referred to as examples of Dubreuilh’s
precancerous and cancerous melanosis), he described rod-shaped to
round melanosomes, occasionally displaying a ring configuration with a
central lucency, measuring 500 nm X 200 nm. He felt, however, that in
the early and later stages, more elongated melanosomes resembling those
seen in normal melanocytes and measuring 700 nm X 150 nm could be
encountered.

Subsequent investigators 163 have by and large not been able to
confirm Mishima’s findings regarding melanosomal polymorphism as an
indicator of cell of origin and therefore of biologic behavior. Much of the
problem may derive from the fact that Mishima’s study predated the
definitive work of McGovern and Clark, leading to the major subdivisions
of cutaneous melanoma described previously and now almost universally
employed for diagnostic and prognostic purposes. For example, Mish-
ima® described his nevocellular melanomas as arising from junctional
nevi, 4165 but it would seem more likely that these lesions were already
in the radial growth phase of precursor melanoma lesions. He implied
that the precancerous melanosis of Dubreuilh showed evidence of regres-
sion, but this obviously is a feature that has now been well recognized in
superficial spreading melanoma. Some of Mishima’s lesions of precancer-
ous melanosis, therefore, would probably now be called lentigo maligna
melanomas, whereas others might be referred to as superficial spreading
melanomas. Mishima seemed to feel that nest formation was not a feature
in keeping with lentigo maligna or precancerous melanosis of Dub-
reuilh, but it has been well recognized that nest formation is well within
the province of these lesions. His published photomicrographs also call
into question the accuracy of this light microscopic diagnoses according to
present standards, in that hyperplasia and elongation of the rete ridges
are described in a case of Dubreuilh’s melanosis, which would suggest
that this particular lesion was more kindred to superficial spreading mela-
noma than to lentigo maligna melanoma. The published illustrations of
Dubreuilh’s precancerous melanosis show cells at high levels of the epi-
dermis by means of the tyrosinase-dopa staining technique, suggesting a
closer similarity to superficial spreading melanoma. No clinical informa-
tion is supplied on the patients studied, no numbers of cases are given,
and it is not clear whether light microscopic illustrations were taken from
the same cases on which electron microscopy was performed. In short,
attractive though Mishima’s hypothesis initially seemed to be, and de-
spite the amount of effort that has been spent to confirm it, it appears to

143,159-
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be on very shaky footing in terms of our inability to transfer the ultrastruc-
tural melanosomal morphologic findings into present categories of mela-
noma diagnosis.

Clark and co-workers'®® devised a different descriptive scheme for
melanosomal morphology in melanomas and described five types of mel-
anosomes. Some tumors, particularly the lentigo maligna melanomas,
displayed normal melanosomes that were essentially ellipsoidal in charac-
ter but might be larger or smaller than those found in nonneoplastic
melanocytes. The internal structure of the individual melanofilaments
was discerned to have distinctive periodicity, and cross-striations were
typically found. These well-formed melanosomes were characteristic of
lentigo maligna melanoma. Abortive melanosomes were more spherical
organelles and displayed more evidence of melanofilamentary disorgan-
ization, with less tendency to cross-linkage. Granular melanosomes were
spherical in outline and contained melanin deposited in a granular fash-
ion. Lamellar melanosomes were spherical organelles characterized by an
internal array of disorganized, concentrically arranged whorls, also some-
times accompanied by clusters of vesicles. The last type was vacuolar
melanosomes, which were empty spherical organelles with a limiting
membrane. They never exhibited deposits of melanin, but dopa-positivity
could be established in histochemical stains performed on tumors with
these melanosomes. Other investigators!%2 have also supplied evidence
that these morphologically indifferent structures are premelanosomes. All
of the other types of melanosomes were partially or erratically melanin-
ized. The more rudimentary and abortive melanosomes were characteris-
tic of superficial spreading and nodular melanomas but could not be used
to distinguish them. The simple premelanosomal vacuoles were found to
the exclusion of other melanosomal types in the extremely primitive cells
of nodular melanoma.

Hunter and co-workers'®! attempted to apply the melanosomal types of
Clark and associates'® to their study of 40 malignant melanomas exam-
ined ultrastructurally, both in the radial growth phase and in the invasive
components; their lesions were fortunately also diagnosed according to
the Clark-McGovern classification. They discovered that lentigo maligna
melanoma displayed a preponderance of ellipsoidal melanosomes with a
normal substructure. On the other hand, abortive granular and lamellar
organelles were found predominating in the superficial spreading and
nodular melanomas, with the vacuolar melanosomes seeming to be en-
countered more frequently in superficial spreading melanoma than in
other types—a feature somewhat, but perhaps not very importantly,
divergent from that of Clark and associates.®® Drzewiecki'®® studied 28

161
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invasive lesions of melanoma, of both the nodular and superficial spread-
ing types, and could not distinguish between them based on subcellular
and melanosomal features. In Hunter and associates” study, '8! melanomas
arising in association with nevi displayed all of the melanosomal typolo-
gies, a finding in keeping with our present knowledge that all types of
melanomas appear to be able to arise in association with preexistent
nevi,'% a feature not recognized by Mishima.

The dichotomy in melanosomal polymorphism (well-formed-elongated
versus abortive-spherical) described by Clark and associates'®® and Hun-
ter and co-workers!®! has also been borne out by Klug and Gunter,!>°
who studied 32 melanomas; however, these last cases were not diagnosed
according to the Clark-McGovern classification. Klug and Gunter'®® de-
scribed type A melanosomes as cigar-shaped, exhibiting atypical internal
periodicity, and probably corresponding to the type of melanosome pre-
dominating in lentigo maligna melanoma. Type B melanosomes were
spherical and tended to show no internal fibrillary structure, probably
corresponding to the granular type. Curran and McCann'*® studied the
ultrastructure of 16 malignant melanomas, again not classified according
to the Clark-McGovern system. Of their 16 melanomas, 13 displayed
ellipsoidal or cigar-shaped melanosomes, with an internal periodicity.
They also described circular melanosomes as well as those appearing to
have derangements of internal organization, but these are not well de-
scribed in terms of the melanosomal system of Clark and associates. 6
Bleehen and co-workers!?® studied eight cases of lentigo maligna mela-
noma in both the radial and vertical growth phases. They found a prepon-
derance of well-formed elongated melanosomes in the intraepidermal
surrounded cells, but in the invasive nodules, granular and abortive
melanosomes made their appearance attendant upon a dedifferentiation.
Lupulescu and co-workers'?® described the ultrastructure of a “lentigo
maligna” of the finger tip, a lesion that probably would now be diagnosed
as an acral lentiginous melanoma. In this case, the authors described by
electron microseopy distinctive dendritic melanocytes, with cytoplasmic
melanosomes having a distinctly elongated or cigar-shaped appearance
with an internal periodicity, suggesting the neoplastic counterpart of
dendritic melanocytes. Finally, 8 years after Mishima’s first report,®
Mishima and Matsunaka'®® published an electron microscopic study of 23
examples of pagetoid premalignant melanoma with invasive melanoma,
diagnosed by McGovern or Pincus on the basis of slides that were sent to
them. In this series they discovered that granular-spheroidal melano-
somes were predominant. There is a curious obliquity in the failure of
these workers to compare their later findings with those of Mishima’s
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earlier work. Of some interest was the discovery of giant spherical mela-
nosomes in some of their superficial spreading melanomas.

There is, therefore, a consistent body of evidence that certain funda-
mental differences exist in the melanosomal morphologies of the different
clinical types of melanoma, but it is by no means clear that there is any
fundamental histogenetic implication to this observation. Mintzis and
Silvers!®3 somewhat confused the lines emerging from these other studies
in their electron microscopic evaluation of 27 lesions of preinvasive intra-
epithelial melanocytic hyperplasia; 17 were associated with malignant
melanoma and 10 were benign simulants of melanoma as judged by light
microscopy. These workers, who were unaware of some of the studies
previously mentioned, were unable to find any distinctive cytologic or
melanosomal differences to segregate true melanoma precursors from
benign melanocytic hyperplasias. They found a tremendous overlap of all
the melanosomal morphologic findings of earlier studies and concluded
there was no pathognomonic melanosomal type to separate benign from
malignant tumors. Unfortunately, in their data and illustrations they did
not provide precise diagnoses to correspond to the electron micrographs.
Additionally, they described the juxtaposition of extremely atypical cells
with more normal-appearing cells, the latter containing well-formed elon-
gated melanosomes, but they did not take into account the possibility that
a neoplastic population of cells may frequently collide with preexistent
benign dendritic melanocytes of the epidermis. Furthermore, there was
no attempt in this particular evaluation to examine nuclear characteristics
or the type and number of nonmelanosomal cytoplasmic organelles.

The fixation of some pathologists on melanosomal morphology as a clue
to the histogenetic origin of cutaneous melanoma has not side-tracked
other investigators from codifying nonmelanosomal subcellular features of
benign and malignant melanocytic proliferations that might be of diagnos-
tic value. Curran and McCann'#® were the only previous investigators to
systematically compare the morphologic features of benign melanocytic
nevi with those of malignant melanoma. They believed that electron
microscopy was a useful adjunct in the interpretation of these disparate
classes of lesions but, by and large, was not necessary for clinical diagnosis
and mostly served investigational purposes. Other workers!>®-1¢! also
observed subcellular aberrations in melanoma cells that are diagnostically
useful. The nuclei of malignant melanoma cells are particularly bizarre,
with an evenly dispersed or open chromatin pattern, frequent nuclear
lobations, deep nuclear envelope indentations, cytoplasmic intranuclear
sequestrations or herniations (pseudoinclusions), and pronounced nu-
cleoli. The cytoplasm of malignant cells has been found to be endowed



624 Jakobiec

with more polyribosomes, malformed mitochondria, and abortive forms
of melanosomes than that of benign dendritic melanocytes and nevus
cells.

The accumulation of large phagolysosomal complexes in the cytoplasm
of malignant cells tends to distinguish them from benign cells, although
the latter may also display smaller phagolysosomal collections. Annulate
lamellae, tubular inclusions within profiles of rough-surfaced endoplasmic
reticulum, exaggerated amounts of the rough-surfaced endoplasmic retic-
ulum, desmosomes with filamentary insertions, and cytoplasmic pseudo-
lumens are unusual features, which, when present, additionally reinforce
the impression of malignancy.!6”!7! Basement membrane formation has
been described sporadically as partially surrounding invasive malignant
melanoma cells, and this feature may also be observed in metastatic foci.
Both scanning and transmission electron microscopy have demonstrated
the presence of villous processes, filopodia, and dendrites in invasive
nodules of melanoma as well as in their metastases.'%6:171:172 Based on the
present state of our knowledge about the ultrastructure of invasive mela-
noma cells, it is not possible to predict which tumors will metastasize and
which will not, because well-differentiated types of melanosomes, base-
ment membranes, and the persistence of other subcellular features iden-
tical to those of the invasive nodules can be seen in metastases. Morphol-
ogy clearly cannot account for the imponderableness of host immunity
and the diversity of the cell surface antigens in morphologically insepa-
rable melanoma cells. These latter factors probably play a crucial role in
the late stages of the evolution of cutaneous and conjunctival melanomas
in predisposing to metastases.!™

The last group of lesions that has been studied in dermatopathology is
the melanocytic hamartomas of the dermis, including nevus of Ito, the
mongolian spot, blue nevi, cellular blue nevi, and melanotic clear cell
sarcomas of tendon sheath origin.!”#185 The morphologic features de-
scribed in many of these lesions include a more spindle cell constituent
population, frequently elongated melanosomes with an internal melano-
filamentary architecture, spotty basement membrane formation, and
tangles of cellular processes. Many authors consider these lesions to be
derivative of bona fide melanocytes, but others interpret some of them as
instances of pigmented melanotic Schwannomas (either benign or malig-
nant).'86-18 In view of the fact that type C nevus cells may form ex-
tremely elaborate imbricated delicate processes** and are still believed to
be nevus cells rather than Schwann cells, and that such processes can
even be seen in metastatic melanomas,'”! encountering similar elaborate
tangles of processes in some of the proliferative deeply situated pigment-
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ed lesions may not be a basis on which to designate such tumors as being
of Schwann cell origin. The debate about pigmented Schwannoma versus
a deeply situated melanocytic hamartoma may be more academic than
useful, in view of the common origin of both cells from the neural crest,
which would allow the rare possibility for Schwann cells to phenotypically
express melanin synthesis. The expression of both vimentin and S-100
protein in the cytoplasms of neurogenic and melanocytic cells further
substantiates the considerable overlap between these two cellular
types. 3537

Melanin has also been identified in unusual spindle cell melanoma
variants, such as desmoplastic melanoma'®*!®! and neurotropic mela-
noma'®2193; these lesions are generally believed to have an initial origin
from intraepidermal melanocytes. Spindle cell melanoma nodules are
frequently spawned by lentigo maligna, acral lentiginous, and mucosal
melanomas; they therefore should be distinguished from the foregoing
spindle cell tumors arising from deeply situated melanocytes. Overall,
clinicopathologic correlation, rather than electron microscopy, creates
the basis for such distinctions.

PRESENT STUDY

MATERIALS AND METHODS

Patients with pigmented lesions involving the epibulbar, forniceal, plical-
caruncular, or palpebral portions of the conjunctiva were examined, and
the clinical appearance of the lesions was photographed. Specimens from
patients with benign racial epithelial melanosis were obtained at the time
of cataract extraction, and their small biopsies were entirely utilized for
electron microscopic evaluation. In all of the other cases in which the
lesions were removed for diagnostic or therapeutic reasons, portions of
the lesions were submitted for both light and electron microscopic evalua-
tion. Focal or nodular lesions (eg, nevi or invasive nodules of melanoma)
were bisected; one half was submitted for light microscopy and the other
half for electron microscopy. In those patients who had extensive flat
pigmentation of the conjunctiva, usually as the result of primary acquired
melanosis, multiple biopsies (two to four) were obtained from areas of
different intensities of pigmentation and at varying locations away from a
nodule of invasive melanoma, if present. The multiple biopsies were
carefully charted on the patient’s record so that light microscopic and
electron microscopic correlations could be made with clinical appear-
ances. When a biopsy of primary acquired melanosis was made, one half
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of the specimen was submitted for light microscopy and the remainder for
electron microscopy. The accuracy of all light microscopic pathologic
diagnoses was confirmed by an ophthalmic pathologist not connected with
the study.

For electron microscopy, tissues were fixed with 3.5% glutaraldehyde
in 0.05 N phosphate buffer (pH 7.4) for more than 1 day, postfixed with
1% osmium tetroxide in Caulfield’s buffer (pH 7.4) for 2 hours, dehydrat-
ed with graded alcohols, and embedded in resin (Durcupan ACM). First,
1-p sections were cut and stained with methylene blue-azure II for pre-
liminary light microscopy. Desired areas selected in the light microscopy
were then trimmed, thin-sectioned by an ultramicrotome (Porter-Blum),
stained with uranyl acetate and lead citrate, and examined by electron
microscopy (Zeiss EM9S, Siemens Elmiskop I and JEOL, JEM-100S).

RESULTS

BENIGN EPITHELIAL MELANOSIS AND PIGMENTED SQUAMOUS PAPILLOMA

Eleven lesions with benign melanocytes were studied. In six elderly black
patients undergoing cataract extraction, a biopsy specimen of a portion of
clinically pigmented epibulbar conjunctiva (Fig 2) next to the conjunctival
flap was obtained for electron microscopic study. In these patients the
pigmentation was most intense at the limbal zone and frequently ex-
tended horizontally in the epibulbar conjunctiva across the interpalpebral
fissure. The pigmentation was dark to golden-brown, occasionally fine,
but more often coarsely granular. The pigmentation always moved with
the conjunctiva. A 46-year-old black woman complained of bilateral and
symmetrical inferior epibulbar and forniceal pigmentation, which she had
been aware of for 4 to 5 months and which appeared to vary in intensity
from time to time. An 18-year-old pregnant Hispanic woman presented
with bilateral inferior forniceal pigmentation (Fig 3, top), which disap-
peared after childbirth. A 71-year-old Caucasian woman had an epibulbar
lymphoid mass with a faint overyling epithelial pigmentation. Finally,
two middle-aged black men each had a juxtalimbal or plical pigmented
lesion in which an underlying vascular pattern suggesting a pigmented
squamous papilloma could be identified (Fig 3, bottom).

When the 1-p plastic sections were examined by light microscopy, an
intense deposition of melanin was seen among the basal cells of the
conjunctival epithelium (Fig 4) in all patients except the two with the
pigmented squamous papillomas. Mononuclear inflammation and mela-
nophages were not conspicuous in the subjacent substantia propria. It was
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FIGURE 2
Benign epithelial melanosis in two black patients.
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FIGURE 3
TOP: Faint inferior forniceal pigmentation in Hispanic female. The pigmentation appeared
during pregnancy and disappeared after childbirth (chloasma). BOTTOM: Juxtalimbal pig-
mented lesion in a black male that was a pigment squamous cell papilloma.
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FIGURE 4
Benign epithelial melanosis displays abundant melanosomes within basal keratinocytes.
Between every four to five of the latter cells is lodged a melanocyte (arrows) with somewhat
retracted cytoplasm and less cytoplasmic melanin. Suprabasilar keratinocytes rearrange
melanin granules into supranuclear position (crossed arrow), until finally most superficial
squamous cells exhibit a more elongated disposition of melanin granules (double small
arrows) (1-p plastic section, methylene blue-azure II, x 280).

extremely difficult to distinguish melanocytes from the basal keratino-
cytes. Pigmentation was also observed in the suprabasilar conjunctival
keratinocytes, frequently assuming a supranuclear aggregation (supranu-
clear pigment caps). The two patients with bilateral inferior forniceal
pigmentation displayed scattered melanocytes in the suprabasilar epithe-
lium, and their dendritic processes extended to extremely high levels of
the epithelium (Fig 5). In the two pigmented squamous papillomas, very
little pigment deposition was seen among the basal cells surrounding the
papillary cores, and only a small amount of pigment appeared to have
been exchanged to the surrounding keratinocytes (Fig 6). Instead, plump
dendritic processes of intermixed melanocytes were seen scattered
among the proliferating benign keratinocytes of the papilloma. At the
tumor-free edges of the specimens, the undisturbed conjunctival epithe-
lium showed the same pattern as that in the cases of benign racial melano-
sis.

At the ultrastructural level, scattered among every five or six basal
keratinocytes was a dendritic melanocyte, with a comparatively clear
cytoplasm due to the absence of tonofilaments (Fig 7). The nucleus dis-
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FIGURE 5
Benign epithelial melanosis in pigmentation of pregnancy shows mild melanocytic (MC)
hyperplasia with widely separated melanocytes at higher locations within epithelium. Den-
dritic processes (arrows) extend from melanocyte to insinuate at high levels between kerati-
nocytes. CT subepithelial connective tissue (1-p plastic section, methylene blue-azure II, x
120).
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FIGURE 6
TOP: Pigmented squamous cell papilloma displays benign epithelium covering fibrovascular
papillary cores (PC) (hematoxylin-eosin, X 90). BOTTOM: Cell body of melanocytes
(crossed arrow) is not restricted to basal layer, but can be found at all levels of hyperplastic
epithelium. Small dendritic processes (arrows) ramify throughout epithelium, which is not
notably pigmented. PC, papillary core (hematoxylin-eosin, X 200).
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FIGURE 7
Benign epithelial melanosis. Melanocyte (MC) sits on epithelial basement membrane (bm)
and focally displays hemidesmosomes (arrows). Perikaryon of melanocyte displays small
numbers of melanosomes, originating in Golgi zone (gz). Dendritic process (DP) of melano-
cyte is more electron-lucent in comparison with that of surrounding keratinocytic processes
(KP), and contains fewer melanosomes. KC, keratinocyte; CT, subepithelial connective
tissue (X 13,000).
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played clumped heterochromatin at the nuclear membrane, and the nu-
cleolus was thickly textured. The nuclei were at least 20% smaller than
those of the keratinocytes. The melanocytes rested on the epithelial
basement membrane and formed focal hemidesmosomal plasmalemmal
densifications. Within the cytoplasmic region of the perikaryon were
scattered stage 2 or stage 3 melanosomes; numerous smaller vesicles
appearing to acquire melanin deposition were concentrated in the vesi-
cles of the Golgi zone. Most of the stage 4 melanosomes were aggregated
into the dendritic processes of the melanocyte, which insinuated between
basilar and suprabasilar keratinocytes. The dendritic processes of the
melanocytes (Figs 7 and 8) could be distinguished from the keratinocytic
processes because the former tended to have evenly dispersed melanin
granules, whereas the latter had more aggregated melanosomal granules.
Furthermore, wisps of tonofilaments were identified in the keratinocytic
cytoplasm, and desmosomes and tonofilaments were never seen in the
dendritic processes of the melanocytes. The most dramatic electron mi-
croscopic feature of these lesions was the intense accumulation of melanin
granules in the cytoplasm of some of the keratinocytes (Fig 8). These cells
at first glance appeared to be melanocytes, but they showed bundles of
tonofilaments and formed desmosomes with adjacent basilar keratino-
cytes. Basilar and suprabasilar keratinocytes totally packed with melanin
granules (Fig 9) often had the aspect of a macrophage and might be
termed keratinocytic melanophages. The melanin granules were charac-
teristically clustered in groups with and without a distinct limiting mem-
brane that failed to display evidence of melanosomal degradation. Rarely
there was evidence of the true formation of phagolysosomal complexes in
the keratinocytes (Fig 10), with the presence of a limiting membrane and
a darker background material including granular debris of melanosomal

degradation.
In three of the cases, an unusual feature was the accumulation of lipid

vacuoles in the cytoplasm of the dendritic melanocytes (Fig 11). Excep-
tionally, a single melanocyte was dislocated into a suprabasilar position
and showed the same morphologic features as the melanocytes located
along the basement membrane region (Fig 12, top). The keratinocytes in
the intermediate zones of the epithelium displayed collections of melano-
somes set among the cytoplasmic tonofilaments (Fig 12, bottom); the
apical cells bordering the conjunctival sac (Fig 13) frequently had a supra-
nuclear collection of melanin granules. The melanosomes among the
black patients were all elongated, cigar-shaped, and measured on the
average 200 nm X 500 nm. In the one Caucasian patient with benign
melanosis secondary to an underlying lymphoid infiltrate in the substantia
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propria, the granules were somewhat rounder and were incompletely
melaninized; they measured 400 nm X 160 nm (Fig 11, bottom).

The two patients with bilaterally symmetric pigmentation of the infe-
rior cul-de-sac and inferior epibulbar conjunctiva displayed features very
similar to those just described, except for more frequent disposition of
melanocytes in a suprabasilar location (Fig 14); their dendritic processes
extended to high levels of the epithelium and tended to be plump. Never
were two melanocytes identified back-to-back. An intact functional rela-
tionship was maintained with the surrounding keratinocytes, which ac-
cepted pigment from the melanocytes and frequently displayed supranu-
clear caps of pigment in the superficial levels. Melanophagic keratino-
cytes among the basal cells were also observed. In the two patients with
pigmented squamous papillomas, melanocytes were not restricted to the
basement membrane region of the papillary cores (Fig 15) but were
frequently located at all levels of the acanthotic epithelium (Fig 16).
Pigment was communicated to the surrounding benign proliferating kera-
tinocytes, but not as intensely as in benign racial epithelial melanosis;
keratinocytic melanophages were not observed. The morphology of the
melanocytes was identical to that in benign racial melanosis, in that the
nuclear chromatin was clumped and dendritic processes extended among
the proliferating keratinocytes. The melanin in the keratinocytes was
dispersed as single granules rather than being aggregated into small
clusters or segregated into phagolysosomes.

MELANOCYTIC NEVI

Sixteen patients with conjunctival melanocytic nevi underwent excision of
their lesions. Eight patients were male and eight were female. Fifteen
patients were Caucasians and 1 was a black female. Patients were aged 8
to 75 years at the time of excision, with a median age of 29 years. All but
one of the lesions were located in the interpalpebral zone from the limbus
to the caruncle or on the epibulbar surface (Fig 17); the one exception was
a peripunctal cystic-appearing nonpigmented lesion on the right lid mar-
gin. None of the lesions was located in the fornices or on the palpebral
conjunctiva. All lesions were thickened, elevated, and sharply demar-
cated with respect to the adjacent conjunctiva. The most common reason
for excision was enlargement or a change in pigmentation, causing either
a cosmetic blemish or concern about a possible malignant transformation.
Nine lesions had cysts (Fig 18) discernible on slit lamp examination, and
all were freely movable over the epibulbar underlying connective tissues.
Two lesions were intensely pigmented, and six lesions were lightly to
moderately pigmented; eight lesions appeared to either be nonpigmented
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FIGURE 8
Basal keratinocytes (KC) look almost like melanocytes because of their heavy content of
cytoplasmic melanin granules, but they form intercellular desmosomes (circles) and possess
cytoplasmic tonofilaments (tf). A melanocytic dendritic process (DP) is insinuated between
two keratinocytes. bm, basement membrane; CT, connective tissue of substantia propria
(x 10,500).
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FIGURE 9
A keratinocyte (KC) is so engorged with melanin granules that it is truly a melanophage.
Cell forms desmosomes with adjacent less melaninized cells (circle). CT, connective tissue
(x 10,500).
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FIGURE 10
Basal keratinocytes contain cytoplasmic melanin organized into phagolysosomes (arrow)
with an electron-dense background. Tonofilaments (tf) are present in cytoplasm. bm, base-
ment membrane; CT, connective tissue (X 15,000).



FIGURE 11
TOP: Melanocyte (MC) shows prominent accumulation of lipid droplets (li) within cyto-
plasm. KC, keratinocyte. BOTTOM: Melanocyte (MC) from a Caucasian patient with
melanosis displays less totally melaninized melanosomes compared with those from black
patient shown above, and melanosomes are smaller than those in blacks, measuring in this
case 400 X 160 nm. Cytoplasm also displays lipid droplets (li). Phagolysosomes (arrow)
appear in cytoplasm of surrounding keratinocytes (KC). A dendritic process (DP) extends
from melanocyte between keratinocytes (x 10,000).
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FIGURE 12
TOP: An individual melanocyte (MC) is dislocated above basilar layer and resides between
suprabasilar keratinocytes (KC). A dendritic process (DP) extends beyond perikaryon of
melanocyte (X 12,500). BOTTOM: Melanosomes are segregated into phagolysosomes (ar-
rows) in many suprabasilar keratinocytes, which contain tonofilaments (tf). Note widened
intercellular space with bridging desmosomes (x 10,000).
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FIGURE 13
Melanin granules (arrows) form a supranuclear cap within most superficial keratinocytes.

These latter cells display small mucus vesicles (mv). CS, conjunctival sac; n, nucleus (x
10,800).
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FIGURE 14 :
Benign epithelial melanosis showing mild melanocytic (M) hyperplasia, with melanocytes
situated in suprabasilar epithelium, but still separated from each other by processes of
keratinocytes. Large and somewhat plump dendritic processes (DP) extend to high levels of
epithelium. Melanin has been transferred to surrounding keratinocytes, and is normally
disposed as supranuclear collections (arrow). K, keratinocyte; CS, conjunctival sac (X
23,000).
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FIGURE 15
Pigmented squamous cell papilloma showing proliferating cells around a connective tissue
papillary core (PC). A melanocyte (MC) is located just above basilar keratinocytic cell
processes, and multiple dendritic processes (arrows) of melanocytes insinuate among kera-
tinocytes. Note sparse transfer of melanin to cytoplasm of keratinocytes (X 5600).
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FIGURE 16
Melanocytes (MC) in pigmented squamous cell papilloma located at all levels of hyperplastic
benign epithelium. Keratinocytes (KC) possess bundles of tonofilaments and sparse num-
bers of individually disposed melanin granules (arrows) (x 11,000).
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FIGURE 17
TOP: Juxtalimbal flesh-colored nevus in a 23-year-old Caucasian male who reported slow
growth over a 2- to 3-year period. BOTTOM: Heavily pigmented epibulbar nevus in a black
patient. Note cysts at upper inner edge of lesion with surrounding pigmentation.
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FIGURE 18
TOP: An epibulbar, spottily pigmented nevus covers most of upper half of eyeball. Note
sharp demarcation and slight elevation of lesion. BOTTOM: A cystic nevus of plica.
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FIGURE 19
Conjunctival epithelial inclusion cysts (C) are a typical and distinctive feature of conjunctival
nevi. Nevus cells (NC) in stroma as well as related to wall of cyst (1-w plastic section,
methylene blue-azure 11, x 60).

or displayed a minimal fine dusting of pigment unevenly distributed
throughout the mass.

Light microscopic evaluations failed to show that any of the lesions was
a pure junctional nevus. Epithelial cystic inclusions were identified in 13
of the 16 lesions (Figs 19 and 20); junctional nests were occasionally
observed in the epithelium of these cysts. One lesion in a younger subject
showed prominent junctional nests and the early formation of subepithe-
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20

FIGURE 20
Smaller epithelial inclusion cyst (EC) contains goblet cells (GC) in epithelial lining . Cyst is
surrounded by stromal nevus cells, but a small junctional nest (arrow) is present within
epithelial lining of cyst (1-p plastic section, methylene blue-azure II, x 220).

lial nests of nevus cells within the superficial substantia propria (Fig 21).
Eight lesions were predominantly subepithelial but exhibited a significant
degree of junctional activity. Five lesions were predominantly subepithe-
lial with only minimal or difficult-to-discover junctional activity. Two
lesions appeared to be totally subepithelial with a grenz zone of connec-
tive tissue separating the epithelium without junctional nests from the
underlying collections of nevus cells in the substantia propria.

The 1-p plastic sections demonstrated the exquisitely circumscribed
nature of the junctional nests, with a sharp edge created by the bordering
keratinocytes (Fig 22). No individual cells distributed singly among the
keratinocytes were identified outside the junctional nests. The cells with-
in the junctional nests had irregularly shaped nuclei, prominent nucleoli,
and a variable presence of cytoplasmic melanin, which was frequently
coarse. Small amounts of melanin were found in the cytoplasm of the
neighboring keratinocytes. No mitotic figures were observed. In one
lesion, lentiginous hyperplasia of the dendritic melanocytes within the
epithelium was observed next to a compound nevus. Cells within the
underlying connective tissue of the substantia propria showed pigment
within the most superficially located nevus cells in six cases, and these



FIGURE 21
TOP: An early compound nevus in a 9-year-old child shows junctional nests merging with
formation of stromal nests in upper substantia propria. Notice most of substantia propria
shown below has yet to be occupied by nevus cells (1-p plastic section, methylene blue-
azure II, X 60). BOTTOM: Nevus cells have angulated nuclei, small nucleoli, and display
same characteristics in both junctional nests and in immediately subadjacent stromal nests
(1-w plastic section, methylene blue-azure II, x 220).



FIGURE 22
TOP: A small intraepithelial junctional nest shows clear demarcation (arrows) from sur-
rounding keratinocytes. GC, goblet cell. BOTTOM: A large junctional nest (JN) contains
cells with cytoplasmic melanin. A few melanin granules (crossed arrow) have been trans-
ferred to surrounding keratinocytes. Junctional nest is separated from subepithelial nevus
cells (SEC) by a thin lamina of connective tissue containing a fibroblast (arrows) (1-p plastic
sections, methylene blue-azure 11, x 210).
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cells were virtually identical in morphologic characteristics to those with-
in the epithelial junctional nests. In the deeper half of the subepithelial
component of the nevi, the nevus cells formed variably sized nests (Fig
23), frequently invested by a prominent connective tissue fiber system.
Pigment was not identified within the cytoplasm of these cells. The nuclei
appeared to be smaller and more quiescent, possessed punctate nucleoli,
and showed either a delicate nucleoplasm with dispersed chromatin or a
moderately but not coarsely clumped chromatin pattern (Fig 24). Cells
with these different nuclear chromatin patterns were clustered into seg-
regated populations. In two lesions pigmented and nonpigmented cells
were intermixed side-by-side. One completely subepithelial lesion was
remarkable for containing round, poorly pigmented nevoid cells in clus-
ters bordered by heavily pigmented spindle cells (Fig 25). The nevus
occurring in a black patient was most heavily pigmented. No neuroid
collections of spindle-shaped cells were located in the depths of any of the
lesions.

At the ultrastructural level, the cells comprising the intraepithelial
junctional nests were tightly clustered and demarcated outwardly by a
well-defined keratinocytic layer (Fig 26, top). The inferior borders of the
junctional nests were delimited by small keratinocytic cell processes, or
else the participating nevus cells rested directly on the epithelial base-
ment membrane. When nests of nevus cells bulged into the upper sub-
stantia propria, the basement membrane region became attenuated or
disappeared (Fig 26, bottom). The cellular outlines of the intraepithelial
nevus cells were generally polygonal, but both villi and thicker cellular
processes could be identified (Fig 26, top). The nucleus was frequently
irregular and indented, but intranuclear sequestrations or herniations of
cytoplasm were usually inconspicuous and not very large (Fig 27). The
nuclear chromatin was clumped at the nuclear membrane and distributed
as heterochromatin aggregates throughout the nucleoplasm. The nucleoli
were prominent, but the nucleolonema was tightly wound and coarsely
ropy (Fig 27). Within the cytoplasm the major cytoplasmic organelles
were well-developed Golgi zones with associated vesicles, many mito-
chondria, scattered ribosomes and rare polyribosomes, and only short
segments of rough-surfaced endoplasmic reticulum (Figs 27 and 28). No
desmosomes were identified between nevus cells or between nevus cells
and the keratinocytes. Cytoplasmic filaments were only rarely seen and
were not clustered into prominent bundles. Melanin granules were ru-
dimentary, poorly developed with a disorganized internal structure, and
only lightly melaninized by small, noncoalescent melanin particles. In-
ternal striations of well-registered melanofilaments were not observed.
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FIGURE 23
The stromal nevus cells are aggregated into small clusters by thin strands of connective
tissue. Many nevus cells show nuclear indentations or folds (arrows), somewhat imitating
nuclear grooves of spindle A uveal melanocytic proliferations (1-p plastic section, methylene
blue-azure II, x 290).
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FIGURE 24
Subepithelial nevus cells displaying two different chromatin patterns. TOP: Nuclear chro-
matin is finely divided to impart appearance of a vesicular or delicate nucleus. Nucleoli are
small and stand out from surrounding pale nucleoplasm. BOTTOM: Chromatin is more
clumped, but there are no coarse granules in this compact type of chromatin organization.
Small punctate nucleoli are still in evidence (1-p plastic sections, methylene blue-azure 11,
x 270).
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FIGURE 25
Subepithelial nevus cells from a plical lesion. A rounded nest of cells is identifiable (arrows),
outside of which are more elongated, spindle cells (crossed arrows) with a heavy distribution
of cytoplasmic melanin. While this lesion may appear to be a mixed or combined nevus (a
routine nevus plus a blue nevus component), ultramicroscopically the nested cells and the
more spindle cells showed identical organization and melanosomes (1-p plastic section,
methylene blue-azure II, x 260).



FIGURE 26
TOP: A large junctional intraepithelial nest of melanocytic nevus cells is sharply delimited
by a surface bordering layer of keratinocytes (KC) displaying surface microvilli (mv). Note
that nuclear chromatin is clumped and marginated at nuclear membrane. Both thick cyto-
plasmic processes (P) and thinner villi (v) are formed by nevus cells. The arrows indicate two
phagolysosomes in cytoplasm of nevus cells (x 38,000). BOTTOM: Junctional nests bor-
dering stroma are separated from it by an intact basement membrane (bm), which focally
becomes interrupted (arrows), portending dropping off of cells into connective tissue. Small
melanosomes (circles) can be seen in cytoplasm, and mitochondria (m) are numerous in
cvtoplasm (X 57,000).
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FIGURE 27
Nevus cells have paler cytoplasm compared with surrounding keratinocytes (KC) because
latter cells have abundant tonofilaments (tf), which are lacking in nevus cells. Notice tightly
coiled, and coarsely ropy nucleolus (nl) of nucleus, which additionally features a small
herniation of cytoplasm (crossed arrow). Nevus cell cytoplasm is endowed with ribosomes
(R), mitochondria (m), and short profiles of rough-surfaced endoplasmic reticulum (arrows)
(X 11,500).
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FIGURE 28
A nevus cell has abundant cytoplasm, with an active Golgi zone (gz). Numerous mitochon-
dria (m) are present in cytoplasm. Small melanosomes (circles) are scattered in perikaryon.
Notice large dendritic process (LP) as well as smaller dendritic processes (P) containing
melanin granules. Basement membrane (bm) surrounding a basilar keratinocyte; arrow,
attenuation of basement membrane as nevus cell bulges into upper substantia propria.
Melanin granules measure 180 X 70 nm (X 11,000).

The melanin granules varied greatly in size, with the average measure-
ment 180 nm X 70 nm. Occasionally, granules reached 230 nm X 150
nm. Rarely, small clusters of phagolysosomes were observed in the nevus
cells themselves (Fig 26, top). When cytoplasmic processes were found,
they contained more melanin than localized in the perikaryon region, and
the melanosomes were more heavily melaninized (Fig 28). Only a light
scattering of melanosomes was found in the keratinocytes adjacent to the
junctional nests of nevus cells, and the melanin tended to be distributed
as single granules rather than in phagolysosomes. In a child, there was a
prominent lentiginous dendritic melanocytic hyperplasia (Fig 29) within
the epithelium adjacent to the junctional nests. The dendritic melano-
cytes showed larger and more heavily melaninized elongated melano-
somes compared with the nevus cells, and their myriad dendritic pro-
cesses had managed to donate considerable pigment to the surrounding
keratinocytes in contrast to the behavior of the adjacent nevus cells.



FIGURE 29
Lentiginous hyperplasia of dendritic melanocytes adjacent to junctional nevus cell nests in a
young individual. Notice dendritic melanocyte (MC) has more abundant melanin granules
than typifies nevus cells, and additionally extends far more prominent and well-developed
dendritic processes (DP). Melanin granules are elongated as would be expected in a den-
dritic melanocyte, thereby differing from more rounded melanosomes of nevus cells. Golgi
zone (gz) is well developed, and melanosomes around it are smaller than those in dendritic
processes. An adjacent keratinocyte (KC) has abundant cytoplasmic tonofilaments (tf) and
additionally shows a collection of ingested melanin granules in a recess of nucleus. This
individual was a Pakistani child, thereby accounting for intense melaninization of melano-
somes (X 11,000).
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FIGURE 30
Beneath surface keratinocytes (KC) are several junctional nests of nevus cells, which in turn
are separated from subepithelial nevus cells by a thin connective tissue strand (arrows)
containing fragments of basement membrane material. Nevus cells of both junctional nest
and subepithelial component are morphologically identical, including a clumped chromatin
pattern and a large but coarsely ropy nucleolus (nl) (X 2600).
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The cells in the upper subepithelial region of compound nevi were
separated from the junctional nests by a thin connective tissue lamina
with interrupted fragments of basement membrane material (Fig 30). The
nuclear, cytoplasmic, and melanosomal features were virtually identical
between the junctional nest cells and those in the upper substantia pro-
pria, with the exception that cells in the latter site were frequently
invested by basement membranes on the outer plasmalemma bordering
the stroma (Fig 31). The cells in the middle and lower portions of the
connective tissue of the conjunctiva were frequently arranged in nests
(Fig 31) or else formed monomorphous sheets devoid of large amounts of
connective tissue (Fig 32). The nuclei of these smaller, somewhat lym-
phocytoid cells displayed either a fine coalescence of the chromatin (Fig
33, top) or a fine dispersion of the chromatin, with only a thin margination
of heterochromatin on the inner aspect of the nuclear membrane (Fig 33,
bottom).

Both the larger, more epithelioid superficial cells and the deeper, more
lymphocytoid cells were organized similarly in their nevoid nests. Villi
and cellular processes frequently projected into small intercellular
spaces, suggesting abortive dendrite formation (Fig 34). Intercellular
desmosomal contacts were extremely rare, but these were encountered in
one case with particularly florid villi and processes (Fig 35). In many of
the nevus cells, the melanosomes were extremely rudimentary and
sparse, but in others they assumed more of a granular and rounded
configuration -(Fig 36). Filamentary, granular, and scroll-like melano-
somes were found in the same cells (Fig 37). Mitochondria were the most
conspicuous cytoplasmic organelle, but a Golgi zone was invariably pres-
ent; only a few strands of rough-surfaced endoplasmic reticulum could be
seen. Monoribosomes rather than polyribosomes were scattered through-
out the cytoplasm. When individual cells were displaced outside of a
nevoid collection, they were almost always completely surrounded by
basement membrane (Fig 37). Binucleated and trinucleated cells were
rarely identified among the mononuclear cells and, like other cells, were
surrounded by basement membranes; the multinucleated cells had more
prominent mitochondria and fewer, poorly melaninized melanosomes
(Fig 38). In most of the lesions, the pigmented and nonpigmented cells
were segregated into different nests, but in two lesions they were juxta-
posed, showing similar nuclear and cytoplasmic features but different
levels of melanogenic activity (Figs 39 and 40). The melanosomes were
round and displayed a granular deposition of melanin upon disordered
melanofilaments. One lesion in a black patient was remarkable: it was
composed entirely of rounded nevus cells with abundant, heavily mela-
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FIGURE 31
Two separate clusters of nevus cells in subepithelial zone show basement membrane mate-
rial (arrows) on plasmalemmas bordering a strand of connective tissue (CT) (X 11,000).
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FIGURE 32
Tightly packed monomorphic nevus cells form a sheet with inconspicuous amounts of
interstitital collagen (X 2400).
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FIGURE 33
Two different chromatin patterns of subepithelial nevus cells. TOP: Chromatin is compact,
without coarse clumping. Arrow indicates a nucleolus. Cytoplasm contains mitochondria as
well as filaments (f. BOTTOM: Chromatin in this pattern is finely divided and not clumped,
with a thin lamina of heterochromatin on inner aspect of nuclear membrane. A small
nucleolus (arrow) is featured again (X 8500).
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FIGURE 34

Nevus cells display thick margination of heterochromatin at nuclear membrane and dis-

persed aggregates of heterochromatin in nucleoplasm. Numerous small villi (v) as well as

larger cytoplasmic processes (p) interdigitate in focal widenings of intercellular space in

middle of the nevus cell nest. Scattered poorly formed melanosomes are identifiable (x
13,500).
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FIGURE 35
Subepithelial nevus cell nest displaying a particularly florid development of intercellular
villi (v) as well as thicker processes (P). Poorly developed desmosomes (arrows) are formed
at strikingly prominent widenings of intercellular space. Nuclear chromatin is clumped at
nuclear membrane, and while nucleoli (nl) are quite large, they are composed of tightly
wound and coarse strands (x 13,500).
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FIGURE 36
A comparatively heavily melaninized set of subepithelial nevus cells displays granular and
poorly formed melanosomes (circles). Villi (v) project into focal widenings of intercellular
space (X 12,500).



FIGURE 37
A nevus cell displaced into stroma away from a nest is surrounded on all sides by a thick
basement membrane (arrows). Melanosomes are poorly melaninized. INSET: Diversity of
architecture of the melanosomes is displayed. Melanosomes are typically rounded in shape
rather than elongated, and there may be an internal poorly organized melanofilamentary
substructure without cross-striations (1), a granular matrix (2), or a scroll-like substance (3).
Mixtures of all these types also occur (X 11,000; INSET, X 19,000).
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FIGURE 38
A multinucleated subepithelial nevus cell is surrounded by basement membrane material
(arrows), and displays more numerous but small mitochondria (m) than typical nevus cells.
Melanin granules are particularly rudimentary (circle) (x 11,000).
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FlGUkE 39
An unusual subepithelial nevus of plica shows double population of cells, namely, those that
are poorly pigmented and those that are heavily pigmented (x 4800).
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FIGURE 40
Both poorly pigmented and heavily pigmented nevus cells contain varying numbers of
melanosomes of same granular type, organization of which is displayed in INSET (X 11,000;
INSET, X 19,000).
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ninized round melanosomes measuring 200 nm X 400 nm (Fig 41). The
individual cells and clusters of cells in this case were surrounded by
basement membranes, and there were prominent villous processes inter-
digitating between adjacent cells (Figs 41 and 42, top). Melanophages
were more prominent in this particular lesion than in the other poorly
pigmented nevi (Fig 42, bottom).

A feature that was variably present in all lesions was the presence of
interstitial microfibrillar material outside of the basement membranes
(Fig 43). This fibrillar material was occasionally present in cytoplasmic
recesses or in enclosures of cellular processes (Fig 43, top) but usually
formed aggregates that hugged the perimeters of some of the nevus cell
clusters (Fig 43, bottom). This microfibrillar material was occasionally
identified between cells in the middle of a cellular nest (Fig 44). This
material was more prominent in the deeper reaches of the nevus cell
population (Fig 45). The more deeply situated cells also showed cyto-
plasmic filaments (Fig 45), which were more prominent than in epitheli-
oid cells of the junctional nests and of the superficial connective tissue
component. No evidence of neuronevus formation was seen in the depths
of the lesions; one lesion was remarkable for showing in its depths cells
with melanin granules (Fig 46), which are not normally observed in
deeply situated nevocytes. In another lesion, the nondescript, oval-to-
spindled, deeply situated cells resembled mesenchymal cells, except that
they formed focal basement membranes, possessed cytoplasmic fila-
ments, and were associated with extracellular aggregates of microfibrillar
material, thereby suggesting that they were dormant nevus cells (Fig 47).

PRIMARY ACQUIRED MELANOSIS AND MALIGNANT MELANOMA

In this study, 22 patients had primary acquired melanosis, primary ac-
quired melanosis associated with a malignant nodule of invasive mela-
noma, or a nodule of melanoma without a conspicuous surrounding of flat
primary acquired melanosis. Most patients were over 50 years of age at
the time of presentation. Because their clinical courses were occasionally
complicated and are not amenable to a tabular summary, brief clinical
histories will be provided.

CASE REPORTS

CASE 1

A 52-year-old man complained of redness of the eyes for 6 weeks, which led him
to discover a diffuse brown discoloration of his left eye. On physical examination
all of the epibulbar, forniceal, and tarsal conjunctiva was universally involved by a
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FIGURE 41
Heavily melaninized subepithelial nevus cells from a nevus in a black patient. Epithelium
(EPI) shows benign racial melanosis. Nevus cell clusters are separted from epithelium by a
band of connective tissue (CT) displaying numerous elongated fibroblasts. Notice uniform
and heavy melaninization of melanosomes of nevus cells (x 2200).



FIGURE 42
TOP: A nevus cell nest is surrounded on all sides by basement membrane material (arrows).
Notice large size, round shape, and uniform melaninization of cytoplasmic melanosomes.
Intercellular space is widened and occupied by numerous interdigitating villi (v) (X 11,000).
BOTTOM: Contrast between clumped melanin granules in cytoplasm of a melanophage
(MP) and individually dispersed melanin granules within cytoplasm of a melanocyte (M).
Melanophagic histiocytic cell shows numerous interdigitated ruffled cytoplasmic processes
(P). Melanophage is not covered by basement membrane material (x 11,500).
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FIGURE 43
TOP: Subepithelial pigmented nevus cells are partially covered by linear segments of
basement membrane (arrows). Fibrillar material (fm) is prominent in a cytoplasmic recess of
melanocyte on right, and is additionally present in a light dispersion in interstitium (X
13,500). BOTTOM: A binucleated melanocyte is ensheathed by a bundle of fibrillar material
(arrow) (X 9500).
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FIGURE 44
A nest of nevus cells covered on outside by basement membrane material (arrow) addition-

ally displays fibrillar material (fm) in the intercellular space within center of nevus cell nest
(x 11,000).
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FIGURE 45
Nevus cells with cytoplasmic filament (f) are intimately related to aggregates of extracellular
fibrillar material (fm). INSET: Demonstrates straight and hollow-centered nature of this
fibrillar material, which measured 100 nm in diameter and failed to have any longitudinal
periodicity (X 12,500; INSET, x 41,000).
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FIGURE 46
A deeply situated subepithelial nevus cell anomalously continues to produce melanin, and is
surrounded on all sides by linear basement membrane material (arrows). CT, bundles of
collagen in deep substantia propria (x 12,500).
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FIGURE 47
In deepest portions of a subepithelial nevus nondescript cells with cytoplasmic filaments (f)
are focally surrounded by linear basement membrane material (arrow). Extracellular aggre-
gates of fibrillar material (fm) are related to processes of some of these cells. Connective
tissue (CT) is comprised of thick collagen fibers. These cells are interpreted as dormant
nevus cells. Process of one of these cells contains a small and poorly melaninized melano-
some (circle) (x 12,000).
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flat pigmentation (Fig 48, top), which additionally extended onto the cornea. No
nodule formation was found. Multiple biopsies of the conjunctiva showed melano-
cytic proliferation within the epithelium. Several sessions of cryotherapy were
required to treat all of the epibulbar and lid involvement. Three years foilowing
treatment, the patient has faint, scattered conjunctival pigmentation, but no
nodules have developed.

CASE 2

A 62-year-old man noted a pigmented growth for 4 to 6 months in the corner of his
left eye. Examination disclosed a pedunculated, lobulated, and cystic lesion
protruding beyond the lid margin with its base at the caruncle; flat pigmentation
extended across the plica to involve most of the epibulbar surface (Fig 48, bot-
tom). The polypoidal lesion was excised, to reveal multiple cysts of invaginating
conjunctival epithelium, in the walls of which were proliferating atypical melano-
cytes. Two other biopsy specimens from the plica and epibulbar conjunctiva
disclosed intraepithelial melanocytic proliferation of a less florid nature than that
in the caruncle. After the caruncular lesion was completely excised, cryotherapy
was delivered to all of the epibulbar pigmentation on two occasions. Two years
after completion of treatment, no new nodules have formed and only a small focus
of faint pigmentation is present in the superotemporal epibulbar conjunctiva.

CASE 3

A 79-year-old woman with early senile dementia presented with left epibulbar
pigmentation of unknown duration. Flat pigmentation overriding the cornea and
extending temporally in the conjunctiva was noted in the left eye from the 1- to
the 6-o’clock position. Multiple biopsies revealed intraepithelial melanocytic pro-
liferation. The patient failed to return for follow-up; when she was next seen 2
years later, she had extensive perilimbal flat pigmentation extending from the 2-
to the 6-o’clock position, involving all of the temporal epibulbar conjunctiva and
reaching the inferior cul-de-sac. A nodule of melanoma overrode the limbus from
the 4- to the 6-o’clock position (Fig 49, top). The nodule was excised, followed by
cryotherapy to the surrounding conjunctiva. Total thickness of the excised nodule
was 0.8 mm. Three months later the patient returned with extensive flat pigmen-
tation that had recurred in the inferotemporal quadrant of the epibulbar conjunc-
tiva. No new nodules could be identified. The patient is scheduled for reexcision
and treatment.

CASE 4

A 68-year-old woman had been aware of pigmentation of the right lower lid for
almost 15 years. She had undergone several biopsies, all of which were reported
as benign melanosis. Continuing spread of the flat pigmentation from the right
inferior cul-de-sac led to involvement of the inferior tarsal conjunctiva, and even-
tually the pigmentation emerged across the lid margin and onto the cutaneous
aspect. Several biopsies showed intraepithelial atypical melanocytic proliferation.
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FIGURE 48
TOP: Primary acquired melanosis of conjunctiva (case 1) unassociated with a nodule of
invasive malignant melanoma. Epibulbar surface displays variable and patchy intensities of
flat pigmentation, with more uniform pigmentation of plica and caruncle. BOTTOM: Flat
primary acquired melanosis of epibulbar surface is associated with a polypoidal multilobular
caruncular lesion. Latter was freely moveable over underlying tissues. Caruncular compo-
nent was discovered after pathologic examination to be composed of epithelial inclusion
cysts with florid proliferation of markedly atypical cells in their walls (case 2).
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FIGURE 49
TOP: Primary acquired melanosis of inferior epibulbar surface coexists with a nodule of
invasive melanoma straddling limbus (case 3). BOTTOM: A poorly pigmented nodule of
inferior tarsal conjunctiva is surrounded by extensive pigmentation of primary acquired
melanosis (case 12).
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Cryotherapy to both the conjunctival and cutaneous aspects of the lesion was
performed, with resolution of the clinical pigmentation. Nine months later a small
black nodule appeared in the inferior cul-de-sac, which was excised. The patho-
logic specimen revealed a small nodule of melanoma composed of epithelioid cells
as well as a lobule of lacrimal gland tissue, within the acini of which were atypical
melanocytic cells. During 2 years of follow-up the patient has had no recurrent
disease.

CASE 5

A 72-year-old man had been aware of pigmentation of his right lower lid for about
1 year. Examination revealed flat pigmentation on the tarsal conjunctiva of the
right lower lid, with spillover of the condition across the lid margin onto the
cutaneous portion of the lid. Biopsies of the conjunctiva and the lid revealed
intraepithelial melanocytic proliferation. Two sessions of cryotherapy were re-
quired to eradicate the pigmentation, which has not reappeared during a 4-
month follow-up.

CASE 6

A 76-year-old woman had been aware for 20 years of a pigmentary condition
involving the skin of the right lower lid. Initial surgical excision had been followed
by five cautery treatments over the ensuing 20 years; these treatments controlled
most of the pigmentation on the lid skin. The patient presented with flat pigmen-
tation of several years’ duration involving the temporal and inferior epibulbar
surface was well as intense pigmentation on the cutaneous aspect of the right
lower lid. Biopsies of the conjunctiva revealed mild proliferation of intraepithelial
melanocytes, while in the lid skin there was more intense intraepidermal melano-
cytic proliferation. The lower lid skin lesion was excised, but no treatment was
given to the conjunctival portion of the process because of its quiescent nature.

CASE 7

A 57-year-old Caucasian male had noted for 2 years a pigmented spot near the
caruncle of his left eye. His optometrist believed it was a freckle. Two years later
an ophthalmologist examined the patient and noted extension of the pigmentation
onto the surface of the eye. Multiple biopsies of the caruncle, plica, and nasal
epibulbar surface disclosed mild intraepithelial melanocytic proliferation. Cryo-
therapy was delivered to the remainder of the clinically pigmented conjunctiva.
Two years later the patient is free of disease.

CASE 8

A 47-year-old Caucasian woman noted a pigmented spot on the caruncle of the left
eye, which she felt had been getting larger over a 7-month period. Examination
disclosed flat pigmentation of the lid margin on the medial aspect of the left lower
lid, with additional pigmentation of the medial tarsal conjunctiva, plica, and
caruncle. Biopsies were taken of the tarsal and caruncular portions of the lesion,
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which showed intraepithelial melanocytic proliferation. Cryotherapy was deliv-
ered to the clinically involved areas; after 2 years of follow-up there has been no
recurrent disease.

CASE 9

A 52-year-old woman presented with epibulbar pigmentation, particularly promi-
nent temporally, including intense pigmentation of the inferior fornix and right
inferior tarsal conjunctiva as well as at the lid margin. Five years earlier the
patient had had a nodular melanoma excised from the tarsus of the right upper lid.
The biopsy showed invasive epithelioid cells with a thickness of 1.3 mm. The
patient had been recommended to undergo exenteration of the orbit, but she
sought other opinions. Multiple biopsies of the epibulbar and tarsal conjunctiva
revealed intraepithelial melanocytic proliferation. Three sessions of cryotherapy
to the epibulbar and lid areas of involvement were conducted, with almost com-
plete disappearance of pigmentation. One and a half years later the external
aspect of the right lower lid skin became lightly pigmented and was subjected to
cryotherapy. Only a small area of pigmentation of the right lower lid skin remains,
with no evidence of metastases or epibulbar recurrence 4 years after initial
cryotherapy.

CASE 10

A 79-year-old black woman had a 10-year history of pigmentation on the surface of
the left eye; a biopsy in 1975 revealed a “pigmented dermal nevus” of the conjunc-
tiva. The pigmentation continued to extend throughout the entire palpebral and
epibulbar conjunctiva, being particularly intense in the tarsal and forniceal con-
junctiva. Multiple biopsies were taken of the epibulbar tarsal and forniceal re-
gions. Intraepithelial melanocytic proliferation was noted on the epibulbar and
tarsal surfaces, but in the fornix an invasive nodule of spindle cell melanoma cells
was found. The invasive nodule was 0.8 mm thick. The patient underwent one
session of cryotherapy but died 4 months later of a ruptured aortic aneurysm.

CASE 11

A 79-year-old man had pigmentation of his right caruncle and upper tarsal con-
junctiva for 5 years. Biopsy of several thickened tarsal areas revealed invasive
malignant melanoma, the greatest thickness of which was 0.9 mm. Seven years
after onset of disease, a large, pigmented, plaque-like lesion of the lateral aspect
of the right upper tarsal conjunctiva was noted as well as two small nodules in the
medial tarsus. Flat pigmentation was diffusely present throughout the rest of the
superior tarsal and forniceal conjunctiva. Excision of the right upper lid tumor
with plastic repair revealed an invasive nodule of melanoma 2.1 mm thick and
intraepithelial melanocytic proliferation. Biopsy of nodules recurring 6 months
after the plastic repair showed small nodules of invasive melanoma measuring less
than 0.5 mm. Two years after the large excision of the upper lid, the patient has
residual disease but no metastases.
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CASE 12

A 57-year-old man had a 3-year history of pigmentation of the caruncular area of
the left eye. Three months prior to presentation he felt that the pigmentation had
increased in intensity. His ophthalmologist discovered a nonpigmented nodule in
the medial aspect of the fornix of the left lower lid (Fig 49, bottom) associated with
flat pigmentation extending into the plica, caruncle, superior fornix, medial epi-
bulbar conjunctiva, and inferior tarsal conjunctiva. Excision of the nodule led to
the discovery of an epithelioid-cell invasive malignant melanoma, with a thickness
of 2.4 mm. Multiple biopsies of the other areas disclosed intense proliferation of
intraepithelial atypical melanocytes. Cryotherapy was delivered to the bed of
excision as well as to the surrounding pigmented areas. No recurrence of pigment
has developed during a 4-month follow-up.

CASE 13

A 69-year-old woman had noticed 5 years earlier a brown spot on the outer aspect
of the left eyeball. An excision was performed, and the diagnosis of melanoma of
the conjunctiva was made. Another excision of recurrent temporal pigmentation
was performed 1 year later. Five years after initial presentation the patient
noticed a very prominent pigmentation on the left side of the eye. Slightly
elevated pigmented conjunctiva hugged the limbus from the 6:30- to 8:30-0’clock
position on the left eye. Excision of this area revealed a nodule of malignant
melanoma measuring 0.5 mm. Cryotherapy was delivered to the area of involve-
ment, and no recurrence has been noted during a 6-month period.

CASE 14

A 64-year-old Caucasian woman had been aware of a caruncular mass in the left
eye for about 8 years, but over the preceding 2 to 3 months she felt that the area
had become more pigmented. Clinical examination disclosed a cystic, brown
lesion in the caruncle, with flat pigmentation extending onto the epibulbar sur-
face, onto the medial portion of the tarsal conjunctiva, and culminating in an
elevated nodule at the lower lid margin adjacent to the punctum (Fig 50, top).
Excision of the caruncular lesion displayed a benign subepithelial nevus with
typical inclusion cysts, but the overlying epithelium was remarkable for increased
numbers of atypical melanocytes. Biopsies of the medial epibulbar and inferior
tarsal conjunctiva also revealed intraepithelial melanocytes. The lid nodule was an
invasive malignant melanoma 0.8 mm thick. Cryotherapy was delivered to all
areas of involvement, and 1 year following treatment there has been no recur-
rence of disease.

CASE 15

A 70-year-old Caucasian man noted a pigmented area in the left inferior fornix 6
years earlier. Slowly and inexorably thereafter the pigmentation crept in a flat
fashion to involve all of the epibulbar, palpebral, and forniceal conjunctiva. Mul-
tiple biopsy specimens of thickened epibulbar areas disclosed invasive epithelioid



684 Jakobiec

FIGURE 50
TOP: A cystic pigmented lesion of caruncle discovered histopathologically to be a nevus is
associated with flat pigmentation of primary acquired melanosis extending into inferior
cul-de-sac and inferomedial tarsal conjunctiva. Nodular lesion at lid margin was proved
histopathologically to be a melanoma (case 14). This was the only case in the series to be a
proven melanoma arising in association with a nevus. BOTTOM: A 59-year-old man had a 10
year history of a pigmented temoral epibulbar lesion of the right eye that developed into a
nodular lesion (case 18). Mass recurred four times. Notice extension of juxtalimbal translu-
cent tissue, which was created by florid intraepithelial atypical melanocytic proliferation
with subadjacent inflammation.



Melanocytic Tumors 685

cell melanoma. Multiple biopsies were taken of the flat and invasive nodules for
electron microscopy. The thickest nodule measured 1.5 mm. Because of the
extent of the disease process, exenteration was performed. One year later the
patient is free of metastases.

CASE 16

A 56-year-old man had known for 10 years of pigmented spots on the conjunctiva
of the left eve near the medial canthus. A local ophthalmologist diagnosed the
condition as conjunctival nevi. Two years later an excisional biopsy was per-
formed, but this again was followed by recurrence 2 years later. The patient was
lost to follow-up for 4 years, after which he returned with flat pigmentation of the
caruncle, plica, medial epibulbar surface, and superior fornix and an elevated,
pigmented superior tarsal nodule. Excision of the tarsal nodule revealed a spindle
cell proliferation of invasive melanoma, achieving a depth of 1.4 mm. Biopsies of
several of the flat areas of pigmentation on the medial epibulbar surface, as well as
in the caruncle and plica, showed intraepithelial melanocytic proliferation. Cryo-
therapy was delivered to all areas of pigmentation including the bed of excision of
the left upper lid nodule; the patient has been free of disease during 2 years of
follow-up.

CASE 17

A 70-year-old Caucasian man believed he had had a pigmented spot on the surface
of the right eye since childhood. Two years earlier a reddened area in the tempo-
ral epibulbar juxtalimbal conjunctiva was excised and was read as a “compound
nevus.” The lesion recurred 6 months later and was reexcised followed by cryo-
therapy. Again 6 months later, flat pigmentation was noted and treated with
excision and cryotherapy. In each of these biopsies, intraepithelial melanocytic
proliferation was accompanied by superficially invasive nodules of melanoma,
measuring no thicker than 0.8 mm. Recurrent elevation occurred 6 months later
with pigmented tissue hugging the limbus from the 9- to the 12-o'clock position;
scarred temporal epibulbar conjunctiva at the 9-o’clock position was noted, and
there was faint pigmentation at the 6-o’'clock position. A small pigmented nodule
in the midtarsus of the right upper lid was observed. Excision with cryotherapy of
the juxtalimbal tissue through 360° was performed, to reveal minimally invasive
malignant melanoma. Two months later the patient returned with a massive
superior tarsal nodule, which was excised and treated with cryotherapy. This
tarsal nodule measured 2.8 mm thick. Two months later the epibulbar surface
from the 10- to the 12-0’clock position was involved with a multinodular, poorly
pigmented lesion. Biopsy revealed extensive invasive epithelioid cell melanoma,
with a thickness of 1.8 mm. Because of the extent of disease, an exenteration was
performed.

CASE 18
A 59-year-old man had a 10-year history of pigmentation on the temporal surface
of the right eye. Eight years ago, excision of a temporal epibulbar pigmented
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lesion that was suspicious revealed superficially invasive malignant melanoma.
Two years later, an excision of recurrent flat pigmentation was performed. Recur-
rent pigmented tissue at the inferior temporal limbus of the right eye developed
on three separate occasions during a 1-year period, and the patient was referred
for definitive management. Examination revealed an elevated epibulbar pigment-
ed tumor at the right limbus centered at the 8-o’clock position (Fig 50, bottom).
Translucent, poorly pigmented tissue extended circumferentially at the limbus
from the 12- to the 7-o’clock position. The pigmented nodule was excised, as was
the juxtalimbal tissue through 360°; all the involved regions were treated with
cryotherapy. The invasive nodule of melanoma measured 2.1 mm; only intraepi-
thelial melanocytic proliferation with subadjacent inflammation was noted in the
rest of the juxtalimbal conjunctiva. No recurrence has developed during a 5-
month period.

CASE 19

A 68-year-old woman had had a 25-year history of pigmentation on the conjunc-
tival aspect of the left lower lid. Eight years ago the first excision was performed,
to reveal intraepithelial melanocytic proliferation. On two occasions at 2-year
intervals, reexcision of suspicious conjunctival pigmentation was performed, each
time disclosing intraepithelial proliferation. Two years ago an inferior tarsal nod-
ule appeared, which was excised and submitted in part for light and electron
microscopic examination. This lesion was composed of spindle cells, with a thick-
ness of 1.4 mm. One year later a small nodule was reexcised, and 6 months after
that a massive nodule of invasive melanoma arose, composed of spindle cells that
displayed neuroid features. A full-thickness lid resection with reconstruction of
the left lower lid was performed. One year later the patient has no recurrent
disease and is free of metastases.

CASE 20

A 36-year-old Caucasian woman has noticed 14 years earlier a pigmented lesion
on the temporal aspect of the right eye. Five years later it was excised; it quickly
recurred and was reexcised. While the initial pathologic impression was malig-
nant melanoma, a consultation was obtained and the pathologic diagnosis was
revised to a nevugs. Six years later a recurrent epibulbar pigmented lesion was
noted at the inferior temporal limbus. The lesion was excised with cryotherapy to
the base of excision and a generous surrounding of uninvolved conjunctiva. The
lesion was a “small cell” epithelioid cell invasive melanoma 1.7 mm thick. Four
months later the patient is free of recurrent disease.

CASE 21

An 87-year-old senile Caucasian woman was noted in a nursing home to have a
pigmented lesion at the 8-o’clock position of the right limbus. An excision was
performed, but 4 months later the lesion recurred. A reexcision was performed,
and again 5 months later a large pigmented nodule developed at the 10-o’clock
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juxtalimbal position. Reexcision was performed, and the lesion measured 1.6 mm.
The patient died 2 years later of unknown causes.

CASE 22

A 66-year-old Caucasian woman noted 9 years ago a dark spot in the upper outer
quadrant of her right eye. Two years ago a biopsy was performed, and the lesion
was diagnosed as benign. The lesion recurred 1% years later in the same area. An
excisional biopsy was performed followed by cryotherapy, and invasive malignant
melanoma was diagnosed. The lesion recurred yet again as a poorly pigmented
temporal epibulbar mass. An excision was performed with cryotherapy; the ex-
cised specimen showed invasive malignant melanoma with a thickness of 0.6 mm.
Nine months after this last excision there has been no recurrence of the lesion.

Eight patients (cases 1 through 8) had primary acquired melanosis
unassociated at the time of initial presentation with a nodule of invasive
melanoma. The 1-p plastic sections studied by light microscopy revealed
varying degrees of melanocytic proliferation within the epithelium. In the
mildest lesions (cases 6 and 7), scattered melanocytes were identified
within the basal cell layer and immediately suprabasilarly (Fig 51). The
cells appeared bland, had round nuclei slightly smaller than those of the
surrounding keratinocytes, and possessed small nucleoli. Pigment had
been transferred to surrounding keratinocytes. In the remaining six pa-
tients in this group, somewhat larger but not markedly atypical cells were
identified in greater numbers along the basilar region (sometimes conflu-
ently), at higher levels of the epithelium, and occasionally forming nests
(Fig 52). These cells had variable pigment, some of which had been
transferred to the surrounding keratinocytes. A moderate to intense
mononuclear infiltrate was found in the subjacent substantia propria,
where melanophages were prominent. In two patients (cases 2 and 4), in
addition to the cells just described, markedly atypical cells were present
with abundant cytoplasm, dendritic processes, and prominent nucleoli
(Fig 53). One of these cases was quite remarkable (case 2 and Fig 48,
bottom) in that the three areas sampled for electron microscopy showed
different morphologic features of the participating cells. At the farthest
remove from the area of maximal involvement at the caruncle, the cells
were mildly atypical (Fig 54, top), whereas progression toward the carun-
cle showed more markedly atypical cells (Fig 54, bottom). In this case the
polypoidal lesion in the caruncle was found to be composed of invaginated
cysts of epithelium, in the walls of which were bizarre and mitotically
active epithelioid-type cells (Fig 55).

Ten patients (cases 9 through 18) had primary melanosis associated with
invasive nodules of melanoma. (In addition, cases 3 and 4 went on to
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FIGURE 51
Primary acquired melanosis produced by mild hyperplasia of bland melanocytes. TOP: A
cluster of melanocytes (arrows) nestled among basilar epithelial cells have small nuclei
two-thirds the size of surrounding keratinocytes, and clumped nuclear chromatin. Integrity
of melanocytic-keratinocytic relationship is established by orderly transfer of pigment to
surrounding keratinocytes (crossed arrows) (1-w. plastic section, methylene blue-azure II, x
260). BOTTOM: Several suprabasilar melanocytes (arrows) display benign nuclear charac-
teristics. Presence of back-to-back melanocytes establishes diagnosis of true hyperplasia (1-p
plastic section, methylene blue-azure II, x 250).
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FIGURE 52
TOP: Atypical melanocytes proliferating along basement membrane of epithelium. Many
cells have small nucleoli. BOTTOM: Melanocytes proliferating along basement membrane
region have mushroomed upward (arrow) to higher levels of epithelium (1-p plastic sec-
tions, methylene blue-azure II, X 220).
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FIGURE 53
TOP: Primary acquired melanosis created by markedly atypical cells (arrows) with giant
nucleoli and vesicular nuclei. Other less atypical melanocytes (crossed arrows) show more
clumping of nuclear chromatin and smaller nucleoli. GC, goblet cells; M, melanophages in
substantia propria. BOTTOM: Markedly atypical intraepithelial melanocytes (arrows) have
many dendritic processes (P) containing abundant melanin (1-p plastic sections, methylene
blue-azure II, x 320).
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FIGURE 54
Biopsies from two different regions of primary acquired melanosis display different cytologic
features (case 2). TOP: Intraepithelial melanocytes at periphery of a primary acquired
melanosis show clumping of nuclear chromatin (arrows). There is a subpopulation of smaller
melanocytes (crossed arrows). BOTTOM: Approaching center of lesion cellular characteris-
tics of primary acquired melanosis change, with larger epithelioid cells demonstrating
prominent nucleoli and a more vesicular nucleoplasm (arrows) (1- plastic sections, methyl-
ene blue-azure II, x 290).
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FIGURE 55
TOP: Main polypoidal lesion of case 2 is constituted by epithelial inclusion cysts (C) in walls
of which are proliferating piled-up atypical melanocytes (1-p plastic section, methylene
blue-azure II, x 80). BOTTOM: Atypical melanocytes are polyhedral and have prominent
nucleoli set in a vesicular nucleus. Arrow, bizarre mitotic figure (1-p plastic section,
methylene blue-azure II, x 300).
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FIGURE 56
Bizarre intraepithelial melanocytes (M) display cytoplasmic lipid droplets (arrows). A lym-
phatic channel is present below. CT, subepithelial connective tissue; L, lymphatic channel
(1-p plastic section, methylene blue-azure 1I, x 320).
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invasive melanoma.) These lesions manifested consistently more severe
degrees of intraepithelial melanocytic proliferation, and the melanocytes
were generally epithelioid and quite anaplastic (Fig 56). A more promi-
nent mononuclear inflammatory infiltrate was seen in the substantia pro-
pria, and melanophages were prominent. The black patient (case 12) in
this group displayed massive, atypical intraepithelial dendritic melano-
cytes (Fig 57). Finally, 11 nodules of invasive melanoma were sampled for
electron microscopy, and all but 2 were composed of markedly atypical
epithelioid cells (Fig 58). In one case the invasive component was a
spindle cell proliferation (case 19 and Fig 57, top), and in the other, the
cells were small, “nevoid” epithelioid cells (case 20 and Fig 59, bottom).
Three patients had nodules of melanoma studied by electron microscopy
that were unassociated with a significant surrounding of primary acquired
melanosis (cases 20 through 22). Only a minimal amount of inflammation
was observed at the margins of the nodules of invasive melanoma.

At the electron microscopic level, the melanocytes constituting the
lesions of primary acquired melanosis with or without invasive nodules of
melanoma could be characterized according to a three-part descriptive
scheme. Grade 1 cells were indistinguishable from normal dendritic me-
lanocytes, that is, they displayed clumped nuclear heterochromatin,
coarse and ropy nucleoli, numerous well-formed elongated melanosomes,
and well-developed dendritic processes; they transferred abundant mela-
nin granules to the surrounding keratinocytes. Grade 2 cells had less
condensation of the nuclear chromatin at the nuclear envelope; the nu-
cleoli were more prominent, the nucleus was 20% larger than those of
grade 1 cells, the melanin granules were less uniformly melaninized but
were usually elongated with a filamentary substructure, the dendritic
processes were more erratic, and the cytoplasm was endowed with more
mitochondria and short segments of rough-surfaced endoplasmic reticu-
lum. Lesser numbers of melanosomes were transferred to the keratino-
cytes. Whereas in certain instances distinguishing grade 1 from grade 2
cells might be difficult, grade 3 cells were remarkably different, possess-
ing much larger nuclei with more dispersion of the nuclear chromatin,
less clumping at the nuclear membrane, and an extremely prominent
nucleolus with a wiry nucleolonema. Polyribosomes rather than monori-
bosomes were present in the cytoplasm, mitochondria were more abun-
dant than in grades 1 and 2, and the melanosomal morphology was more
disturbed, with frequent round, abortive, or rudimentary melanosomes.
Dendrites were not prominent but were sometimes present. There was
much less transfer of melanin to the surrounding keratinocytes when
grade 3 cells predominated.



Melanocytic Tumors 695

FIGURE 57
Primary acquired melanosis in a black patient. Proliferating melanocytes (M) are present at
all levels of epithelium, and extend enormous swollen dendritic processes loaded with
pigment (arrows). GC, goblet cells; MP, subepithelial melanophage (1-p plastic section,
methylene blue-azure II, x 260).

Of the eight patients with primary acquired melanosis initially not
associated with nodules of invasive melanoma, two lesions were distin-
guished by virtue of increased numbers of melanocytes almost entirely of
the grade 1 type, with only a few grade 2 cells intermixed (Fig 60). The
melanocytes were located either among the basal cells or in the two
keratinocytic layers above the basal cells. The melanosomes were elon-
gated, had an intact melanofilamentary substructure, and were frequently
well melaninized. Considerable pigment was transferred to the sur-
rounding keratinocytes, occasionally assuming the character observed in
benign racial melanosis (Fig 61). There was clear-cut melanocytic hyper-
plasia, however, because back-to-back melanocytes were frequently en-
countered (Fig 62), a feature never observed in benign racial melanosis.
In these cells, the nuclei displayed clumped heterochromatin, and the
nucleoli were only of moderate size (Fig 62). The essential integrity of the
melanocytic-keratinocytic unit was demonstrated in terms of the organ-
ization of the melanin into supranuclear caps in the keratinocytes at the
higher levels of the conjunctival epithelium (Fig 63), but the melanocytic
hyperactivity was manifest by the large amounts of melanin that were so
aggregated. Even at higher levels of the epithelium melanocytic dendritic
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FIGURE 58
TOP: An invasive nodule of malignant melanoma is composed of epithelioid cells with
bizarre giant forms lifting up overlying epithelium (1-p plastic section, methylene blue-
azure II, x 220). BOTTOM: Deep in infiltrating nodule of another lesion are pleomorphic
melanocytes with large nucleoli and coarsely clumped cytoplasmic melanin. Toward bottom
left is a mitotic figure (1-p plastic section, methylene blue-azure II, X 300).
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FIGURE 59
TOP: Invasive nodule of malignant melanoma is composed of spindle cells (case 19) (1-p
plastic section, methylene blue-azure II, X 180). BOTTOM: Invasive nodule of melanoma
composed of nevoid epithelioid cells, segregated into large nests by connective tissue septa
(arrows). Nuclei have a stippled chromatin pattern, and scattered cells have prominent
nucleoli (case 20). Compare these nuclear features with those shown in Fig 58, bottom (1-p
plastic section, methylene blue-azure II, X 300).
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FIGURE 60
Primary acquired melanosis composed of melanocytes (MC) with clumped nuclear chro-
matin. There has been a transfer of melanin (arrow) to surrounding basal cells (BC) and
suprabasilar keratinocytes (KC) (X 2100).
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FIGURE 61
Melanin granules are present in phagolysosomes in perinuclear region of a basal cell (BC)
keratinocyte. Clear dendritic process (DP) of an adjacent melanocyte is showr.. bm, base-
ment membrane; CT, connective tissue (X 12,000).



FIGURE 62
Three benign-appearing melanocytes are present in a back-to-back fashion. These are grade
1 melanocytes of primary acquired melanosis, which are virtually indistinguishable from
normal dendritic melanocytes except for their increased number. Melanocytes (MC) have
clumped nuclear chromatin, elongated melanosomes, and insinuate dendritic processes
(DP) among keratinocytes. Melanin granules (arrow) are present in supranuclear region of
the keratinocytes (KC) (x 5000).
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processes were obvious (Fig 63). In these two cases, the underlying
connective tissue failed to display significant melanophagic activity, be-
speaking an efficient transfer of melanin from the melanocytes to the
keratinocytes, and minimal numbers of mononuclear inflammatory cells
were observed.

Four of the other cases in this group displayed greater degrees of
melanocytic hyperplasia. Both grade 1 and grade 2 cells were present, the
latter frequently preponderant. Melanocytes reached all levels of the
epithelium (Figs 64 and 65), continued to extend dendritic processes, and
communicated melanin to the surrounding keratinocytes (Fig 66). The
melanin granules were usually elongated and showed recognizable and
intact longitudinal melanofilaments, which had been impregnated with
moderate amounts of melanin. Two patients (cases 2 and 4) differed from
the others in displaying grade 3 cells in their lesions, which were inter-
mixed with the grade 2 cells (Fig 67). The degree of melanocytic prolifera-
tion was most intense in these cases, with confluence of the melanocytes
along the basement membrane and basilar regions. Individual cells were
also displaced higher up in the epithelium (Figs 67 and 68). An intact
basement membrane could be identified where the melanocytes had
replaced the basilar keratinocytes, thereby establishing the absence of
microinvasion (Fig 69). Both elongated and rounded melanosomes were
seen in these grade 3 cells. An unusual feature of two of the eight lesions
was the presence of prominent lipidization within the cytoplasm of the
proliferating melanocytes (Fig 70).

Eight of the 10 patients with primary acquired melanosis associated
with a nodule of malignant melanoma displayed a mixture of grade 2 and 3
cells, frequently with a preponderance of grade 3 cells. In the three
patients whose specimens of primary acquired melanosis displayed mix-
tures of grade 1 and 2 cells, the biopsy specimens of the flat component
were taken at a considerable distance from the invasive nodules (cases 9,
10, and 16). One of these patients (case 10) was a black patient in whom
the proliferating melanocytes adopted a bizarre, hyperplastic, intensely
dendritic appearance (Figs 71 and 72). Extremely plump dendritic pro-
cesses loaded with heavily melaninized elongated granules were present
at all levels of the epithelium; the nuclear chromatin pattern was rather
clumped. The type 3 cells predominating in the majority of lesions exhib-
ited more abundant cytoplasm, were more rounded, and had a greater
tendency to confluence and nest formation than the type 2 cells (Figs 73
and 74). The cells were more epithelioid in character and had rare and
inconspicuous cellular processes; there was only minimal to moderate
communication of melanin to surrounding keratinocytes. Many of the
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FIGURE 63
Dendritic processes (DP) are present at high levels of conjunctival epithelium. Notice
masses of melanosomes that have been aggregated as supranuclear caps in keratinocytes
(arrows); mv, surface microvilli (X 2000).
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FIGURE 64
Grade 2 melanocytes (MC) of primary acquired melanosis are present at high levels of
epithelium, and extend plump dendritic processes (P) among keratinocytes. Nuclear chro-
matin is somewhat less clumped at nuclear membrane; mv, surface microvilli of epithelium
(x 2300).
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FIGURE 65
Grade 2 melanocytes (MC) with granular melanosomes retain prominent dendritic pro-
cesses (DP), and are functionally intact by virtue of being able to transfer considerable
amounts of melanin (arrow) to surrounding keratinocytes (KC); mv, surface microvilli (X
5600).
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FIGURE 66
Considerable amounts of melanin have been donated to keratinocytes. A solitary melano-
cyte (MC) is lodged among keratinocytes (X 4600).



FIGURE 67
A mixture of grade 2 cells (G2) and grade 3 cells (G3) of primary acquired melanosis. Grade 3
cells have more dispersed nuclear chromatin, and one cell features an intranuclear seques-
tration of cytoplasm. Cells are confluent and form back-to-back nests, but a solitary atypical
melanocyte (MC) is present among surface epithelial cells (EPI). Keratinocytic cell process
(KCP) is loaded with tonofilaments; infiltrating lymphocyte (L) within epithelium; arrows,
intact basement membrane of epithelium; CT, connective tissue; INF, mononuclear in-
flammatory infiltrate; mv, surface microvilli (X 2500).
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FIGURE 68
Markedly atypical grade 3 melanocytes (MC) are present in wall of an epithelial invagination
(EPI). A phagolysosome (pl) is present in keratinocytic process (KC), as indicated by desmo-
somal junctions (circle). Despite their atypicality, neoplastic melanocytes produced den-
dritic processes (DP), thereby effecting melanin transfer to keratinocytes; n, bilobed nu-
cleus of grade 3 melanocyte (x 8800).
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FIGURE 69
Grade 3 atypical melanocytes with dispersed nuclear chromatin and gigantic wiry nucleoli
(nl). Cells have not yet invaded connective tissue, as evidenced by an intact basement
membrane (arrows). CT, subepithelial connective tissue (X 12,000).
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FIGURE 70
A heavily lipidized (li) grade 1 melanocyte (MC) situated among keratinocytes (KC) with
abundant cytoplasmic melanin. Lipidization was also seen in grade 2 and grade 3 cells (X
8800).
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FIGURE 71
Hyperplastic and hypertrophic grade 2 dendritic melanocytes (MC) in a case of primary
acquired melanosis in a black patient (case 10). Dendritic processes (DP) are massive. There
is a relative blockade of melanin transfer to surrounding keratinocytes (KC). GC, goblet cell
(X 4400).
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FIGURE 72
Neoplastic dendritic melanocyte (MC) with a small nucleolus (nl). Melanin granules in this
black patient’s neoplastic melanocytes are large and elongated. gz, Golgi zone; KCP kera-

tinocytic cell process; KC, keratinocytic process; PMN, infiltrating polymorphonuclear
leukocyte (x 11,500).
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FIGURE 73
A mixture of grade 2 (G2) and grade 3 (G3) melanocytes in primary acquired melanosis. A
high level nest composed of grade 3 cells (crossed arrows) displays a massive collection of
autophagocytosed melanin granules (heavy arrow). A keratinocyte (KC) contains ingested
melanin granules. MP, subepithelial melanophage; CT, connective tissue (X 2400).
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FIGURE 74
A continuous sheet of intraepithelial grade 3 polyhedral melanocytes (MC) has lifted up
surface keratinocytes (KC) with surface microvilli (mv) (X 3000).

cells showed evidence of large phagolysosomes of melanin granules in the
cytoplasm (Fig 75), and there was an abundance of mitochondria and
polyribosomes. In one patient the spillover of pigmentation onto the
cutaneous aspect of the lower lid margin (case 14) showed similar grade 3
cells, admixed with epidermal keratinocytes with more clear-cut bundling
of the cytoplasmic tonofilaments in a perinuclear location than is usually
exhibited by conjunctival keratinocytes (Fig 76). The melanosomes within
the type 2 cells were either elongated or round with a moderate amount
of melanin deposition, whereas the melanosomes in the type 3 cells were
round, rudimentary, and tended to have only spotty melanin deposition.
Lipidization of the melanocytes was noted in two of the cases (cases 15
and 16).

The ultrastructural features of the cells of the invasive nodules of
melanoma were studied in 11 cases, 8 patients having had an associated
radial growth phase of primary acquired melanosis (studied in all lesions
except case 19), and 3 patients in whom this feature was not clinically
observed or pathologically identified. The cells were, with two exceptions
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FIGURE 75
A grade 3 atypical melanocyte has a wiry nucleolus (nl), numerous mitochondria (m),
scattered polyribosomes (pr), and phagolysosomes containing melanin (pl). A slender kera-
tinocytic cell process (KCP) restrains atypical melanocyte from invading connective tissue
(CT). Arrows, basement membrane of basilar keratinocyte, which is absent under keratino-
cytic cell process (x 11,000).

to be described below, epithelioid in character; they manifested nuclei
with finely dispersed chromatin, minimal clumping of heterochromatin at
the nuclear membrane, large to gigantic wiry nucleoli, and numerous
features of cytoplasmic disorganization (Figs 77 and 78). In the heavily
pigmented lesions there were frequent collections of melanin in autopha-
gosomal depots (Fig 79). The Golgi zone was active and multifocal, and
frequently had associated numerous vesicles that had failed to undergo
organization into melanosomal structures (Fig 80). Polyribosomes pre-
dominated over monoribosomes in the cytoplasm, and mitochondria were
often the dominant cytoplasmic organelle (Fig 81). Short segments of
rough-surfaced endoplasmic reticulum were less frequently observed and
were never a conspicuous feature. Lipid droplets were seen in the cyto-
plasm but were never a striking finding as in some of the intraepithelial
melanocytes. Intranuclear sequestrations of cytoplasm were often ob-
served (Figs 81 and 82). Cytoplasmic filaments were variably present and
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FIGURE 76
Grade 3 atypical melanocytes (MC) within epidermis of lid margin in association with
primary acquired melanosis of conjunctiva. Keratinocytes (KC) have more features of epi-
dermis by virtue of thickly bundled tonofilaments arranged in a perinuclear disposition
(arrows). Crossed arrow, phagolysosome in a melanocyte (X 4500).
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FIGURE 77
An invasive malignant melanoma cell beneath surface epithelium (EPI) has a large nucteolus
(nl) and a dispersed nuclear chromatin pattern lacking significant margination at nuclear
membrane. Numerous cytoplasmic phagolysosomes with melanin are present in neoplastic
cells (arrows) (x 8800).
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FIGURE 78
A cluster of infiltrating malignant melanoma cells with dispersed nuclear chromatin and
large wiry nucleoli (nl). In cytoplasm are numerous elongated melanosomes (arrows), which
in INSET are shown to have a melanofilamentary substructure. Tangles of thick cellular
processes (P) are insinuated between tumor cells (X 6600).
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FIGURE 79
Tumor cells with prominent autophagolysosomal collections (arrows) of melanin. Such
prominent segregation of melanin is rare in nevus cells (x 13,000).
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FIGURE 80
A tumor cell with a large nucleolus (nl) features numerous cytoplasmic vesicles (v), active
Golgi zones (gz), and segments of rough-surfaced endoplasmic reticulum (crossed arrows)
(x 11,500).



720 Jakobiec

FIGURE 81
Polyhedral invasive tumor cells display massive collections of mitochondria (m). A few
intercellular villi (v) are seen, as well as are cytoplasmic abortive melanosomes (circles). An
attenuated basement membrane (bm) covers outer aspects of plasmalemma. Arrow, small
intranuclear sequestration of cytoplasm (x 12,000).
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FIGURE 82
A large intranuclear sequestration of cytoplasm (IN) contains abortive melanosomes (crossed
arrows) and lysosomes. The cytoplasm has several prominent Golgi zones (gz), and numer-
ous mitochondria (m). A cluster of poorly melaninized melanosomes is shown toward bottom
right (arrows) (X 11,000).
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only rarely prominent (Fig 83). Tangles of thick intercellular processes
and a few villi were present in many lesions (Fig 78), but elaborate
interdigitations of villi characteristic of nevus cells were absent. One
lesion (case 12) was remarkable for the presence of straight tubular inclu-
sions (300 nm in diameter) within profiles of dilated rough-surfaced endo-
plasmic reticulum (Fig 84), and this was also one of two lesions to display
segments of basement membrane surrounding some of the cellular nests.
In one case (case 20) studied by electron microscopy, the invasive nodule
was composed of spindle cells; the nuclei were not particularly bizarre
and had a finely clumped chromatin pattern, the cytoplasm had scattered
filaments, and mitochondria were the chief cytoplasmic organelle (Fig
85). (Two other patients in this series—cases 10 and 16—displayed spin-
dle cells in an invasive nodule that was not sampled for electron micros-
copy.) In one patient (case 14), benign nevus cells (Fig 86) were found in
the substantia propria of the caruncle in association with epithelial inclu-
sion cysts; the overlying epithelium showed grade 3 atypical melanocytes
proliferating in an acquired melanosis component, culminating in the
invasive nodule of melanoma along the medial aspect of the right lower lid
margin. In case 20, the invasive nodule was composed of small epithelioid
cells, having many features of nevus cells. The cells formed cellular nests
(Fig 87) but did not form basement membranes; no interstitial microfibril-
lar aggregates were observed. The main evidence of malignancy was the
finely clumped nature of the central nuclear chromatin without heavy
margination of heterochromatin at the nuclear membrane as in nevus
cells, the presence of cytoplasmic annulate lamellae (Fig 88), and numer-
ous mitochondria and polyribosomes (Fig 89). Very few villi typical of
nevus cells were seen. The melanosomes of the invasive nodules of mela-
noma were generally abortive or rudimentary, particularly in comparison
with those within the intraepithelial cells. In 4 of the 11 cases, more
elongated shapes with disorganized melanofilaments were observed (Fig
78, inset), usually admixed with round abortive forms, whereas in the rest
of the tumors, the melanosomes were uniformly round, often granular,
and highly disordered internally (Fig 84). It is worth mentioning that the
one melanoma in this series that was proved histopathologically to have
arisen in association with a nevus (case 14) displayed round-abortive,
rather than elongated, melanosomes.

DISCUSSION

The investigations reported in this thesis were undertaken in order to
improve our knowledge of the morphologic aspects of melanocytic lesions
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FIGURE 83
Tumor cell with abundant polyribosomes (pr), cytoplasmic filaments (f), and multilobation of
the nucleus (arrow). gz, Golgi zone; m, mitochondria (X 11,000).
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FIGURE 84
Nest of tumor cells showing granular melanosomes as well as phagolysosomes (pl). Linear
basement material (arrows) surrounds outer aspect of cellular nest. Within cytoplasm of
tumor cells are tubular inclusions (crossed arrow), shown longitudinally in INSET to be
delimited by rough-surfaced endoplasmic reticulum (x 14,000).
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FIGURE 85
Infiltrating spindle melanoma cells have cytoplasmic filaments (f), mitochondria (m), and
small melanin granules, shown toward bottom right. Nuclear chromatin pattern is finely
clumped, without thick margination at nuclear membrane (x 12,500).
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FIGURE 86
Subepithelial nevus cell (NC) nest in association with a malignant melanoma. Small abortive
melanosomes (circles) and a scattering of mitochondria (m) are characteristic of nevus cells.
Basement membrane material (arrows) insulates outer aspects of nevus cells from connec-
tive tissue (CT). Villi (v) are present in intercellular zone between nevus cells. Note that
nuclear chromatin pattern is compact (x 12,000).
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FIGURE 87
Malignant melanoma composed of nevoid-type of epithelioid cells. Connective tissue septa
(arrows) subdivide infiltrating tumor cells into large nests. Note finely clumped chromatin
in contrast to more evenly compacted chromatin of nevus cells shown in Fig 86 (x 2500).
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FIGURE 88
The tumor cells contain mitochondria (m) and small abortive melanosomes (circles). Pres-
ence of annulate lamellae (al) in cytoplasm is a helpful feature indicating that these are
malignant cells (x 12,000).
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FIGURE 89
Tumor cell with nucleolus (nl) has many cytoplasmic mitochondria (m) and scattered polyri-
bosomes (pr), suggesting malignant nature of cells. A rudimentary melanosome is circled ( x
11,500).
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of the conjunctiva, to refine diagnostic categories, and to codify any new
features of these lesions previously unstudied by electron microscopy that
might have prognostic importance. The light microscopic evaluation of
conjunctival primary acquired melanosis has proved to be controversial
and problematic; it would therefore be a step forward if electron micro-
scopic characteristics with diagnostic and prognostic value could be iden-
tified. In this study a broad spectrum of common melanocytic disorders of
the conjunctiva was investigated by electron microscopy, which led to the
discovery of several valuable morphologic and prognostic findings.

In illustrating the light microscopic features of conjunctival melanocytic
lesions in this thesis, 1-w plastic sections stained with methylene blue-
azure II were primarily used. The cytologic detail afforded by this method
(routine paraffin sections are 4 . to 6 p thick) is in some ways far superior
to that of routine paraffin sections stained with hematoxylin-eosin. Plastic
sections open up a new world for the interpretation of difficult lesions, but
the features they reveal should nonetheless be correlated with standard
light microscopic morphologic features. For example, in routine prepara-
tions, malignant cells very often appear to be hyperchromatic, whereas in
glutaraldehyde-fixed and plastic-embedded tissues, malignant cells have
vesicular nuclei with an evenly dispersed chromatin pattern. Clumping of
the nuclear chromatin is more characteristic of benign lesions. On the
other hand, information about the cytoplasm is sometimes lost in plastic-
embedded tissues, so that paraffin-embedded material should be utilized
for examination of the character of the cytoplasm. Electron microscopy
itself offers more information about the status of the nuclear chromatin,
the nature of the nucleoli, and the identity of subcellular organelles,
including their distribution and quantity. With respect to melanoma,
analysis of cell shape (the presence or absence of dendrites), and in
particular of the polymorphism of the melanosomes, is a dimension not
accessible to routine light microscopy. The approach in this study was not
to try to identify a pathognomonic feature of melanocytes that would
serve to distinguish benign from malignant, but to survey as many fea-
tures of benign and malignant cells as possible (nuclear characteristics,
cell shape, cytoplasmic organelle composition, melanosomal morphol-
ogy), with the expectation that a constellation of features would be more
reliably discriminatory. The functional relationship of the melanocyte to
the surrounding keratinocytes, which can be gauged by the degree of
transfer of melanin into the surrounding keratinocytes, might provide
diagnostically useful information.

Benign epithelial melanosis of the conjunctiva is essentially a nonpro-
liferative disorder of the dendritic melanocyte, which is probably present
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in varying densities in the conjunctiva of different races. This lesion was
studied in seven black patients, one Caucasian patient, and one Hispanic.
The ultrastructural features were remarkably consistent among these
patients. In blacks, the dendritic melanocytes distributed among the
basal epithelial cells were obviously hyperactive, contributing abundant
melanin granules to the surrounding basilar and suprabasilar keratino-
cytes. This transfer is accomplished through the delicate dendritic pro-
cesses, the tips of which are probably decapitated by the keratino-
cytes, 194195

In blacks, the melanin granules generally remained in nonmembrane
limited clusters or singly within the cytoplasm, whereas in the Caucasian
patient and rarely in blacks, the melanin granules became sequestered in
phagolysosomes. The extent of melanin uptake by the keratinocytes could
be so great as to result occasionally in almost complete cytoplasmic occu-
pation by the melanin granules, suggesting a condition of keratinocytic
melanophagia. At higher levels of the conjunctival epithelium, the more
flattened squamous cells aggregated the melanin to form a supranuclear
cap—teleologically to protect the nucleus from incident ultraviolet radia-
tion. The melanosomes were elongated, cigar-shaped structures and gen-
erally completely melaninized in the black patients.

In one black patient and in a pregnant Hispanic with symmetrical
inferior forniceal pigmentation, an extremely mild hyperplasia of morpho-
logically normal dendritic melanocytes was observed, with occasional
suprabasilar melanocytes extending processes to higher reaches of the
epithelium. Despite this hyperplasia, there was no evidence of back-to-
back disposition of melanocytes, which were always separated by adjacent
keratinocytes. High-level melanocytes were not seen. These cases there-
fore differed from the others in representing a minimal hyperplasia, with
retention of the morphologic features of benign melanocytes.

In the cases of benign epithelial melanosis and benign melanocytic
hyperplasia, the absence of significant numbers of melanophages and
mononuclear inflammatory cells beneath the epithelium may be a helpful
finding that points toward a functionally intact melanocytic-keratinocytic
transfer mechanism. The absence of these cells perhaps also indicates the
lack of any immunologic surface irregularities that could attract inflamma-
tory cells in a neoplasia. By contrast, in cases of primary acquired melano-
sis, numerous melanophages and increased numbers of lymphocytes and
plasma cells were situated in the superficial substantia propria. The mela-
nophages were commandeered to engulf melanin granules that had been
inadeptly and inefficiently transferred to the keratinocytes by the neo-
plastic melanocytes. The falling down of melanin granules into the sub-
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stantia propria is an intriguing morphologic marker of a relative break-
down in melanin transfer.

The morphologic features of the benign dendritic melanocytes in the
pigmented squamous papillomas were identical to those in benign racial
melanosis, except that the melanocytes were generally not restricted to
the region of the basal cells, but instead were located at all levels of the
acanthotic epithelium. The dendritic processes of these displaced mela-
nocytes transferred very little melanin to the surrounding keratinocytes.
These findings are in contrast to those in two previously reported pig-
mented squamous cell carcinomas of the limbal conjunctiva, in which the
malignant cells displayed an avidity for the uptake of melanin gran-
ules.%®7° The melanocytes, however, displayed benign morphologic fea-
tures, thereby establishing that they were merely fellow-travellers in the
tumors.

Most authorities now regard the nevus cell as an altered or abnormal
form of the intraepithelial dendritic melanocyte. *¢:143 The observations in
the present study on 16 conjunctival nevi further support this premise.
While the nevus cells within the epithelial junctional nests and in the
subepithelial connective tissue zone typically appear by light microscopy
to be rounded, electron microscopy reveals that there are short villous
processes as well as some thicker, abortive dendritic processes. The latter
are distinguishable from the villi by virtue of being broad enough to
contain melanin granules. The nevus cell is abnormal in the sense of its
altered shape, but more so in the sense that it is not so successful in
transferring its pigment to the surrounding keratinocytes. Its melanin
granules exhibit a wide range of aberrant morphologies, including more
rounded shapes, internal filamentary disorganization, and partial mela-
ninization. These differences were well demonstrated in the case of a
compound nevus in a Pakistani child who had a benign lentiginous hyper-
plasia of dendritic melanocytes immediately adjacent to junctional nests.
The dendritic melanocytes had elongated, well-melaninized melano-
somes, whereas the rounded nevus cells manifested smaller, round, poor-
ly melaninized melanosomes.

Within the conjunctival epithelium the nevus cells are virtually never
found in isolation outside the junctional nests, which are clearly demar-
cated by an umbrella of sharp-edged keratinocytes. On the other hand, in
primary acquired melanosis many individual melanocytes invade or per-
colate through all levels of the epithelium. In routine light microscopic
sections, these higher-level melanocytes are easily overlooked and in fact
may be inseparable from pigment-containing keratinocytes. The nevus
cell, like the benign dendritic melanocyte, has clumped nuclear hetero-
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chromatin, but the former sports a more prominent nucleolus, probably
because it is more metabolically active and undergoing slow mitotic activ-
ity. The cytoplasm contains an active Golgi zone, which is the source of
production of the melanosomes, and the most conspicuous organelle is
the mitochondrion; short profiles of rough-surfaced endoplasmic reticu-
lum and scattered monoribosomes (extremely rare, polyribosomes) are
also featured. Cytoplasmic filaments are not particularly prominent in the
intraepithelial nevus cells.

The subepithelial nevus cells were normally grouped into small nests or
clusters, on the outside aspect of which basement membranes were iden-
tified. Within the center of the cellular nests small villi projected into
widened intercellular spaces, but broader cellular processes containing
melanin and perhaps representing abortive dendrites were sometimes
observed. In dark-complexioned persons the most superficial cells con-
tained melanin granules, which were generally round and had a granular
substructure, but deeper in the substantia propria melanogenic activity
fell off and only small abortive melanosomes were seen. Cytoplasmic
filaments were a conspicuous feature of more deeply situated cells in the
nevoid nests. Two patterns of nuclear chromatin in subepithelial nevus
cells were observed in this study: either an extremely delicate, finely and
evenly dispersed chromatin pattern, or a compact chromatin pattern
without significant clumping. Moderate-sized, tightly coiled nucleoli
were seen in each cell type. A distinctive feature of nevus cells within the
connective tissue was their association with microfibrillar aggregates,
sometimes formed between nevus cells in the center of the nests but
more typically found as bundles outside the basement membrane region.
These fibers may represent elastic precursor or oxytalan fibers,'% as has
recently been demonstrated in an ultrastructural study of dermal nevi.>!
Similar fibers are also seen in benign nevoid melanocytic lesions and
“leiomyomas” of the iris.'®” No evidence of neuroid formation was identi-
fied in the deepest portions of the conjunctival nevi that were investigat-
ed in this study. Some of the cells did adopt a more spindled appearance,
and in the absence of any melanosomal differentiation, their identity as
nevus cells could be inferred only from interrupted segments of basement
membranes, cytoplasmic filaments, and associated extracellular microfib-
rillar aggregates.

The delineation of the foregoing ultrastructural findings for both benign
epithelial melanosis and benign melanocytic nevi should facilitate the
identification of distinctive cytologic abnormalities in lesions of primary
acquired melanosis. Unlike benign epithelial melanosis, which is a condi-
tion of increased production and transfer of melanin to surrounding kera-
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tinocytes, primary acquired melanosis (precancerous melanosis of
Reese, % benign acquired melanosis of Zimmerman,®” atypical melanocyt-
ic hyperplasia of the dermatopathologists!®) has long been recognized as
a proliferative condition of the intraepithelial melanocytes. The prolifera-
tion could represent benign hyperplasia, atypical hyperplasia, or mela-
noma in situ. Well-defined light microscopic criteria have not been estab-
lished for distinguishing the relatively innocent lesions from those that
may evolve into full-fledged invasive nodules of malignant melanoma.

The terminology employed in connection with potentially premalig-
nant intraepithelial melanocytic proliferations of the conjunctiva is at
variance with the diagnostic vocabulary of dermatopathology. Reese%
favored the term “precancerous melanosis,” but Zimmerman®’ argued
that this term overly cancerized a condition that may only rarely result in
invasive malignant melanoma. Zimmerman therefore recommended the
term “benign acquired melanosis” for all intraepithelial melanocytic pro-
liferations and “cancerous melanosis” when invasion of the substantia
propria supervened. The problem with employing the adjective “benign”
for the preinvasive condition is that it may mislead clinicians into believ-
ing that none of these lesions is a formal precursor of malignant mela-
noma. In his Reese Lecture, Zimmerman'® adopted the neutral term
“idiopathic acquired melanosis,” which seems more acceptable. Folberg
and associates'®® recently completed a major review of proliferative con-
junctival melanocytic disorders on file at the Armed Forces Institute of
Pathology; they recommended the term “primary acquired melanosis” for
intraepithelial melanocytic proliferations, which can be further character-
ized according to the degree of cellular atypicality. Realizing that a series
of important papers will issue from this research, I adopted the term
“primary acquired melanosis” in this thesis. Regardless of the term that is
ultimately used, many lesions comprising primary acquired melanosis
parallel the radial growth phase of cutaneous melanomas (lentigo maligna,
superficial spreading, and acral lentiginous melanomas®®-1!?), As men-
tioned in the “Background” section, conjunctival primary acquired mela-
nosis has proved to be refractory to the cutaneous diagnostic system in the
hands of most ophthalmic pathologists. One problem in transposing the
concept of a radial or horizontal growth phase of cutaneous lesions is
posed by the anatomy of the conjunctiva. The cutaneous radial growth
phase includes occupation of the papillary dermis!®; in the conjunctiva,
the substantia propria does not have a papillary component, and therefore
all lesions just breaking through the basement membrane are regarded as
microinvasive melanomas.

Probably the most clinically important portion of the present study was
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the delineation of fine structural features of primary acquired melanosis,
which seem to have predictive value regarding which lesions might
evolve into nodules of invasive melanoma. In 18 patients with primary
acquired melanosis—8 without associated nodule formation when first
studied and 10 initially presenting with a nodule of invasive melanoma—
at least one and generally two or more biopsies were taken of extensive
areas of flat pigmentation. The atypicality of the melanocytes participating
in these lesions was graded into three categories: grade 1, in which the
cells showed features virtually identical to those of the normal dendritic
melanocyte; grade 2, in which the nuclear chromatin pattern was less
clumped, the nucleus was somewhat larger, and the nucleolus was more
prominent, but a dendritic form could still be identified ultrastructurally;
and grade 3, in which a large nucleus displayed a more delicate and finely
distributed chromatin pattern associated with a prominent, frequently
wiry nucleolus, and the cell exhibited more ample polygonal cytoplasm
with few dendrites. Melanosomal morphology also varied with the degree
of atypicality. The grade 1 and grade 2 melanocytes frequently possessed
elongated melanosomes, with an intact melanofilamentary substructure
that was variably melaninized; these cells showed a considerable reten-
tion of their capacity to transfer melanosomes to keratinocytes through
their preserved dendrites. Some of the grade 2 melanocytes had more
rounded and abortive melanosomes that were variably melaninized,
whereas the grade 3 melanocytes usually possessed rudimentary, disor-
ganized, and only partially melaninized or totally nonmelaninized gran-
ules.

In the group of eight patients with primary acquired melanosis initially
unassociated with a nodule of invasive malignant melanoma, grade 1 and
2 cells predominated in all but two lesions. These cells sometimes
reached higher levels of the epithelium than was the case with benign
epithelial melanosis. Nest formation was occasionally observed, but was
generally not prominent. Case 6 is particularly instructive. This patient
had been followed up for 20 years with progressive pigmentation of the
lower lid skin requiring five treatments with cautery. The temporal epi-
bulbar and inferior forniceal conjunctiva became slowly pigmented over a
10-year period. Because of recent rapid progression, a biopsy of the
cutaneous lesion was performed, which disclosed prominent grade 3
epithelioid melanocytes; the epibulbar biopsy specimen, on the other
hand, displayed an intraepithelial proliferation composed of mostly grade
1 and a few grade 2 melanocytes. In the conjunctiva the melanocytes were
located either among the basal cells or suprabasally, but not at high
levels. Back-to-back melanocytes, however, were observed, a feature not
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seen in benign epithelial melanosis. In the conjunctiva the melanocytes
successfully transmitted their pigment via their arborizing dendrites to
the surrounding keratinocytes, in which the pigment became organized
into supranuclear caps at higher levels of the epithelium. The indolent
course of the epibulbar lesion in comparison with the cutaneous lesion
indicates that a different clone of cells was probably proliferating in the
former site, and the morphologic aspects of the conjunctival lesion were
indicative of a high degree of differentiation and functioning.

Topographic differences in the radial growth phase of conjunctival
primary acquired melanosis were also underscored by case 2. In this
patient a pigmented, polypoidal lesion of the caruncle coexisted with flat
melanosis of the plica and most of the epibulbar surface. A biopsy of the
medial epibulbar conjunctiva disclosed grades 1 and 2 intraepithelial
melanocytes, while the flat plical component showed grade 3 cells. Final-
ly, the caruncular lesion was composed of masses of anaplastic melano-
cytes growing in cystic invaginations of the epithelium, certainly reaching
the stage of melanoma in situ. This case and the preceding one point out
the necessity of obtaining multiple biopsies of primary acquired melanosis
to discover if clonal expansion has occurred and possibly reached a worri-
some condition. In case 4 of primary acquired melanosis, the initial
biopsy showed many grade 3 cells, and a nodule of invasive melanoma
occurred 4 months later. One patient (case 3) with mostly grade 2 cells
refused further treatment after a conjunctival biopsy was performed, and
she returned 3 years later with a nodule of invasive melanoma arising in
primary melanosis and exhibiting grade 2 and 3 cells. This last case
supports the contention that the cellular characteristics of primary ac-
quired melanoma can change over time.

Eight of the 10 patients who presented with primary acquired melano-
sis in association with a nodule of invasive melanoma had large numbers
of grade 3 cells in the radial growth phase component of the lesion
immediately adjacent to the nodule of melanoma. In three patients, only
grade 2 cells were observed intraepithelially, but their primary acquired
melanosis was sampled for electron microscopy at some distance from the
invasive nodule and not immediately adjacent to it. For example, in one
patient (case 9) who initially experienced an invasive nodule of melanoma
situated in the superior tarsus, epibulbar, inferior forniceal, and inferior
tarsal flat primary acquired melanosis developed several years later. Biop-
sies of both the epibulbar and the inferior palpebral conjunctiva showed
only grade 1 and 2 cells. Another case was quite remarkable, namely, that
of primary acquired melanosis in an elderly black female of 10 years’
duration (case 10) that universally involved all aspects of the conjunctival
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sac. A spindle cell invasive nodule of melanoma finally developed in the
inferior fornix. The ultrastructure of the flat epibulbar component, which
again was unfortunately taken at some distance from the fornix, showed
enormous hyperplastic and hypertrophic bloated dendritic melanocytes,
which contained extremely well-melaninized elongated melanin granules
that were apparently not capable of being transferred in large numbers to
the surrounding keratinocytes. This lesion was morphologically unlike
any of the others and may represent a distinctive and favorable type of
primary acquired melanosis analogous to lentigo maligna. Conjunctival
melanoma is rare in blacks but has been previously documented.!%%-2%°

Based on the foregoing results, electron microscopy seems to hold
considerable promise for analyzing the potential of a lesion of primary
acquired melanosis to go on to nodule formation. Lesions displaying only
grade 1 and 2 cells probably represent a benign process, whereas those
showing the emergence of grade 3 cells should be viewed with more
concern. In addition to displaying more atypicality, the grade 3 cells
frequently formed confluent nests within the epithelium, lifting up the
most superficial keratinocytes, which formed only an umbrella over the
masses of melanocytes proliferating above the basement membrane re-
gion. Lesions composed mostly of grade 1 and 2 cells showed less intense
melanocytic proliferation, which was usually pronounced along the basilar
region, although individual cells sometimes drifted to higher levels of the
epithelium. Judgments about the nature of a primary acquired melanosis
can only be predicated upon multiple biopsies of the full extent of the
lesion, since some areas of the epithelium may harbor less atypical cells
whereas others may exhibit extremely worrisome cells. These findings are
in essential agreement with a recent Armed Forces Institute of Pathology
light microscopic study on 41 cases of primary acquired melanosis.'%
These cases could be divided into two groups: those that did not display
atypicality and those that did. The latter atypical lesions frequently exhib-
ited epithelioid cells and progressed to invasive nodules of melanoma in
over 75% of cases. Lesions without atypical cells did not progress on
clinical follow-up.

The majority of the nodules of invasive malignant melanoma in this
series (11 were examined) showed extremely atypical epithelioid cells,
with a dispersed nuclear chromatin pattern, convoluted wiry nucleoli,
irregular nuclear shapes including cytoplasmic invaginations or sequestra-
tions within the nucleus, abortive melanosome formation, abundant mito-
chondria, predominance of polyribosomes over monoribosomes, promi-
nent autophagic pools of melanin granules, and the general absence of
basement membrane formation (discovered in only two lesions as inter-
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rupted segments). Cytoplasmic filaments were less conspicuous than in
benign nevus cells, although in one case (case 21) they were more com-
mon. These intermediate filaments have been characterized immunohis-
tochemically as vimentin.3*3¢ (Melanocytes also stain positively for S-100
protein.”) Most of the invasive cells in the nodules resembled the grade 3
intraepithelial cells, but the latter were often intermixed with grade 1 and
2 cells. One lesion was composed of spindle cells (case 19) and developed
in a patient with a 10-year history of multiple surgeries on primary
acquired melanosis of the inferior fornix and palpebral conjunctiva. An-
other patient was remarkable for showing a nevoid or small epithelioid
cell composition to her recurrent melanoma (case 20), which had caused
confusion in an earlier biopsy when a nevus was diagnosed. Even on
recurrence, the small epithelioid cells closely mimicked those of a nevus,
with nest formation, small nucleoli, and a more clumped chromatin pat-
tern by light microscopy.

The ultrastructural features of this case, however, when compared with
those of benign nevus cells, were confirmatory of the malignant nature of
the lesion, which of course had also been more than intimated by the
multiple clinical recurrences. The chromatin pattern was unlike that of
the other invasive epithelioid melanoma cells. It was organized into small
clumps, different from the finely dispersed chromatin of classic large
epithelioid cells. Compared with benign subepithelial nevus cells, the
nucleoli were larger, the cytoplasm failed to show filaments, and there
were many more mitochondria. No evidence of basement membrane
formation, extracellular microfibrillar aggregates, or focal villous interdig-
itations in the center of the nests could be discerned; these features are
normally encountered in benign nevus cells. The discovery of pigment
granules in the most deeply situated cells also militated for the diagnosis
of melanoma, since in a nevus the deeper cells tend to lose their melano-
genic activity. Finally, annulate lamellae were found in the cytoplasm—a
marker for a diversity of mitotically active and frequently malignant cell
types. 167168 This case therefore exemplifies the value of ultrastructural
criteria for distinguishing between nevus cells and mimicking melanoma
cells. It is well known that in cutaneous melanomas, including conjunc-
tival and other mucosal melanomas, the small nevus-type!®-12:17.19,201
melanoma cell may cause considerable diagnostic confusion. In one study
their presence did not alter the prognosis when lesions were matched for
depth of invasion.22

Two other ultrastructural features observed in this study deserve com-
ment. A curious feature of both benign and neoplastic intraepithelial
dendritic melanocytes was the occasional accumulation of large numbers
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of lipid droplets in their cytoplasm (three cases of benign epithelial mela-
nosis and four cases of primary acquired melanosis). Lipidization of nor-
mal intraepidermal dendritic melanocytes has been documented in ultra-
structural studies of cutaneous xanthomas, in which the overlying epi-
dermal melanocytes were shown to imbibe lipid.2°3 None of the nevus
cells or invasive melanoma cells in this series manifested this finding.
Similar cytoplasmic lipidization occurs in choroidal balloon cell melano-
mas. 3613 Conversely, balloon cell nevi and melanomas of the skin are
produced by vacuolar disorganization of the melanosomes rather than by
lipid accumulation. '*3-1%5 The second unusual finding was the presence of
straight, longitudinal tubules in the cisternae of the rough-surfaced endo-
plasmic reticulum in one case (case 12). The nature of these tubular
inclusions is unclear, but in one study they were found in 6 of 100 invasive
melanomas studied by electron microscopy. In amelanotic round cell
tumors their discovery may be diagnostically useful. 6917}

It seems unlikely, according to present knowledge, that ultrastructure
has anything to offer in predicting which nodules of invasive melanoma
are going to metastasize. This could not be tested in the present study
because of the small number of cases, the short follow-up periods, and the
absence of any known tumor deaths despite the development of deeply
invasive nodules in some patients. Ultrastructural studies of metastatic
cutaneous melanomas have established that the metastases recapitulate
the full gamut of morphologic features observed in the primary, which
does not leave much room for isolating distinctive morphologic features
portending metastasis. 166171

In closing this discussion, it is worthwhile to return to two of the
controversies explored in the “Background” section. The present electron
microscopic studies did not help to resolve the issue of whether superfi-
cial spreading, acral lentiginous, and lentigo maligna melanomas can be
identified in the conjunctiva. In this study, the majority of cases of pri-
mary acquired melanosis showed features indicative of an origin from the
dendritic melanocyte. These features included the coexistence of types 1
and 2 dendritic cells with emergent grade 3 cells, the ability of the
neoplastic melanocytes to communicate considerable numbers of melanin
granules to surrounding keratinocytes, and the morphologic aspects of the
melanin granules, which were frequently elongated with an internal fila-
mentary structure. In the one earlier ultrastructural study of conjunctival
melanoma arising in primary acquired melanosis, the melanosomes were
also proved to be elongated.2> No ultrastructural criteria have yet been
adduced to differentiate lentigo maligna from acral lentiginous melanoma
of the skin, both of which result from the neoplastic transformation of
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dendritic melanocytes. Morphologic studies of cutaneous melanomas
have also established the participation of dendritic melanocytes in the
radial growth phase of superficial spreading melanoma, and these same
dendritic features can be discovered in metastases of superficial spreading
and nodular melanomas. 166171172204 1t ceems safest for the present to
regard conjunctival primary acquired melanosis as a type of mucosal
melanoma precursor most often arising from the dendritic melanocyte
and avoid forcing these lesions into the cutaneous nosology.

The controversy over whether electron microscopic features of the cells
in the radial growth phase or invasive nodules of malignant melanoma can
determine which lesions arose from a nevus or from the dendritic mela-
nocyte may be quite meaningless and arid. If the nevus cell is a benign
morphologic variant of the dendritic melanocyte, then a malignant variant
of the dendritic melanocyte might also display many of the features of a
nevus cell, particularly with respect to melanosomal morphology. The
presence of elongated-filamentary melanosomes characteristic of normal
dendritic melanocytes suggests an origin from dendritic melanocytes, but
rounded melanosomes cannot be interpreted in favor of an origin from a
nevus. In the cases in this study, only one lesion was known histopatho-
logically to have arisen in association with a caruncular cystic nevus, and
the radial growth phase component of this lesion showed melanosomes
with a rounded and disorganized melanosomal structure. If a lesion arises
in a nevus—and the dysplastic nevus syndrome is an ideal model of
this®!"*>—it seems logical that the neoplastic melanocytes would continue
to show the rounded melanosomes'*® of the nevus cell of origin rather
than revert to the more highly ellipsoidal differentiated melanosomal
structure of the dendritic melanocyte. Predicating biologic behavior on
melanosomal morphology, however, is far too restrictive and fails to take
into account the more valuable information about neoplastic potential
provided by examination of the nuclear characteristics and the degree of
cytoplasmic disorganization.!%%-16!

A final word should be said about the management of conjunctival
melanoma, although this subject has not been the major focus of this
investigation. It is generally recognized that the earlier a melanoma is
detected, the better the outlook. Much of the progress made in the
management of cutaneous melanoma has resulted from earlier detection,
preferably in the horizontal or radial growth phase. While dermatopathol-
ogists recognize various types of intraepidermal atpyical melanocytic hy-
perplasias that are difficult to diagnose as precursors of melano-
ma,%-100:103.104 the wide local excision of these lesions cures the disease
and allows for comfortable pathologic rumination about the true nature of



Melanocytic Tumors 741

the process. Therapy for the late-stage, deeply invasive melanoma of the
skin has not greatly improved. Because their surface location allows ear-
lier detection, conjunctival melanomas have a better outlook than other
mucosal melanomas!®1%-76; oropharyngeal, anorectal, vulvar, and vaginal
lesions generally fare poorly, because they are bulky at the time of dis-
covery. 12121

In the past, patients with flat conjunctival lesions of primary acquired
melanosis have been treated conservatively, because excision of large
areas of conjunctiva can create major cosmetic and functional deficits,*” a
problem that is not confronted in most excisions of skin. Some physicians
have recommended radiotherapy*!”!!° or cryotherapy!!3-116 for the treat-
ment of early stage conditions. Nodules have been excised, but regional
lymph node dissections have not been routinely recommended unless
clinical signs of lymphatic involvement are present.1%17:205.206 If other
workers are able to support the findings reported here on the increased
likelihood of invasive nodules appearing in the setting of high-grade
intraepithelial anaplasia, then a sound foundation has been established to
identify those patients in need of early treatment.

SUMMARY AND CONCLUSIONS

The ultrastructure of conjunctival melanocytic lesions in 49 patients was
evaluated to find significant differences between benign and malignant
cells. The patients studied included 9 with benign epithelial (racial) mela-
nosis, 2 with pigmented squamous cell papillomas, 16 with conjunctival
nevi, 18 with primary acquired melanosis, and 11 with invasive nodules of
malignant melanoma.

In benign epithelial melanosis, dendritic melanocytes were situated
along the basement membrane region of the conjunctival epithelium,
with one basilar dendritic melanocyte lodged among every five or six
basilar keratinocytes. The dendritic melanocytes extended arborizing cel-
lular processes between the basilar and among the suprabasilar keratino-
cytes, which manifested considerable uptake of melanin granules into
their cytoplasm. The benign dendritic melanocytes possessed nuclei with
clumped heterochromatin at the nuclear membrane, small, tightly wound
nucleoli, and large, elongated, fully melaninized melanin granules. In
two patients with benign hyperplasia of the dendritic melanocytes, occa-
sional dendritic melanocytes were located in a suprabasilar position, but
were always separated from each other by keratinocytes or their process-
es. In the two black patients with benign pigmented squamous papillo-
mas, the benign dendritic melanocytes were located hapharzardly at all
levels of the acanthotic epithelium and not just along the basement mem-



742 Jakobiec

brane region. Melanin uptake by the proliferating keratinocytes was min-
imal.

In benign melanocytic nevi of the conjunctiva, nevus cells within the
intraepithelial junctional nests displayed a more rounded cellular configu-
ration; short villi and broader cellular processes suggestive of abortive
dendrites were found. The nuclear chromatin pattern was clumped at the
nuclear membrane, but the nucleoli were somewhat larger than those of
benign dendritic melanocytes in epithelial melanosis. The melanosomes
were smaller and rounder than those in dendritic melanocytes and exhib-
ited more haphazard arrangements of the melanofilaments, which were
only partially melaninized. Mitochondria were more numerous than in
dendritic melanocytes, and monoribosomes predominated over polyribo-
somes. Cytoplasmic filaments were inconspicuous. Cells in the immedi-
ate subepithelial connective tissue zone had features identical to those of
the cells within the junctional nests. Smaller, lymphocytoid cells with less
numerous and more rudimentary melanosomes were found in the middle
and deeper portions of the lesions. The nuclear chromatin pattern of the
subepithelial cells displayed one of three patterns: thick margination at
the nuclear membrane, a fine dispersion throughout the nucleoplasm, or
an even, compact arrangement. Nucleoli were small. The cytoplasm was
notable for intermediate filaments and scattered mitochondria. The me-
lanosomes were rudimentary and partially melaninized. Individual cells
and cellular nests in the connective tissue were surrounded by basement
membranes. Microfibrillar aggregates presumed to be elastic fiber pre-
cursors were often associated with the cellular nests. In the middle of the
cellular clusters, villi projected into widened intercellular spaces. No
neuroid formations were discovered in the deepest regions of the nevi,
but occasionally cells with extremely rare melanosomes became spindled.
They could be recognized as quiescent nevus cells by virtue of segments
of basement membrane material, cytoplasmic filaments, and extracellular
aggregates of microfibrillar material next to their processes.

The cells participating in the lesions of primary acquired melanosiss
were graded according to a three-part system. Grade 1 cells were indis-
tinguishable from normal dendritic melanocytes; grade 2 cells were obvi-
ously dendritic in character, but had larger nuclei, less clumping of the
nuclear chromatin, and larger nucleoli; grade 3 cells were more epitheli-
oid in character, with rare or retracted dendritic processes, had a finely
divided and dispersed chromatin pattern in which was set a large wiry
nucleolus, and displayed many abortive, rudimentary, and variably mela-
ninized melanosomes.

Of the eight patients who presented with primary acquired melanosis
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unassociated with an invasive nodule of melanoma, six patients displayed
a predominance of grade 1 and 2 cells in their lesions. The two patients
who showed progression of their disease with the subsequent develop-
ment of invasive melanoma had intermixed grade 3 cells. Among the ten
patients who initially presented with primary acquired melanosis associ-
ated with nodules of invasive malignant melanoma, seven showed a pre-
dominance of grade 3 cells in their intraepithelial lesions of primary
acquired melanosis. The other three patients with grade 2 cells had their
primary acquired melanosis sampled at some distance away from the
nodules of malignant melanoma. The ultrastructural features of primary
acquired melanosis showed variable features depending upon the topo-
graphic site sampled for electron microscopy.

Of the 11 nodules of invasive melanoma that were studied by electron
microscopy, 9 were composed of classic epithelioid cells, featuring large
nuclei with a dispersed heterochromatin pattern, large wiry nucleoli, and
frequent cytoplasmic sequestrations or herniations within the nucleus.
The cytoplasm contained many mitochondria, polyribosomes predomi-
nated over monoribosomes, and the melanosomes were generally rudi-
mentary in nature. Cytoplasmic filaments were observed in one case and
interrupted segments of basement membrane material in two cases. One
patient’s lesion was composed of small nevoid-type epithelioid cells, but
ultrastructurally several features of malignancy were discernible, includ-
ing the presence of annulate lamellae and a finely clumped chromatin
pattern. The final patient’s lesion was composed of neoplastic spindle
cells. An unusual finding in one of the invasive nodules of melanoma was
the presence of longitudinal tubules within dilated cisternae of rough-sur-
faced endoplasmic reticulum, a feature also rarely encountered in cutane-
ous melanomas.

Because a broad spectrum of benign and malignant lesions was syste-
matically investigated in this study, the nuclear and cytoplasmic features
of benign dendritic melanocytes and nevus cells could be contrasted with
the atypical features of the cells in primary acquired melanosis and inva-
sive malignant melanoma. Whether present within the epithelium or in
invasive melanoma nodules, the atypical cells showed a finer and more
dispersed nuclear chromatin pattern with larger nucleoli as well as more
disorderly, aberrant melanosomes. The most important and clinically
relevant finding in this study was that cases of primary acquired melanosis
could be divided into two groups, primarily on the basis of whether grade
3 atypical melanocytes were observed within the epithelial proliferation.
The presence of grade 3 cells suggests a more aggressive lesion, either
coexisting with invasive nodules of melanoma or portending their subse-
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quent development. The ability to subdivide cases of primary acquired
melanosis according to this scheme provides a rational basis for early
treatment in cases with markedly atypical cells.
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