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Melanosome Complexes and Melanin Macroglobules in

Normal Human Skin
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The presence of melanin macroglobules, and some-
times that of melanosome complexes also, in epider-
mal melanocytes has been considered a feature of
various skin diseases. Opinions differ as to whether
these structures can occur in normal skin.

We have studied these melanin inclusions in nor-
mal Caucasian skin in the entire soma of 116 melan-
ocytes and the occurrence of melanosomes in phago-
somes of 77 Langerhans’ cells obtained in different
seasons. During winter the melanocytes contained
few melanosomes but many melanosome complexes
and melanin macroglobules. These melanosome in-
clusions were in 86%, localized in the most basal part
of the melanocytes, particularly in the dermal protru-
sions. It is suggested that these structures can be
transferred from epidermal melanocytes to dermal
cells and that melanin macroglobules derive from
melanosome complexes.

Irrespective of the season, most of the Langerhans’
cells contained melanosomes in their phagosomes,
which suggests a phagocytic capacity of these cells
and a role in the elimination of the melanin. Key
words: Ulirastructure; Melanocytes; Langerhans’
cells.
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It is a generally held view that the melanosome
complex (MCo) represents heterolysosomes within
keratinocytes and macrophages, and autolysosomes
within melanocytes (1-4). In cells which do not pro-
duce melanin but take up melanosomes, the MCo
may arise de novo by fusion of individual melano-
somes (1). Autophagocytosis of melanosomes is
seen only rarely in normal melanocytes and has been
interpreted as an indication of excessive melano-
some production in normal (5) or pathological con-
ditions (2) and/or as disturbance of melanosome
transfer (3). This autophagocytosis has been recog-
nized as a sign of pathological alteration in the cell

(6,7). The MCo are only occasionally found in nor-
mal skin (3,8). Melanosome complexes were also
reported to exist in Langerhans’ cells in normal hu-
man skin (9) and vitiligo (10) and their presence was
considered as evidence for phagocytic activity of the
Langerhans’ cell.

Another melanin inclusion, melanin macroglobule
(MMG), also called macromelanosome or giant
melanosome, has been described in different skin
diseases in melanocytes (11-13). It is rarely found in
normal skin (14).

The MMG are described as similar to degraded
MCo (2,3, 15) and thus are considered to be related
to them (2, 15-17). There is a contradicting view that
MMG are not related to the MCo. According to this
latter view, MMG are morphologically different,
e.g. a homogeneous and amorphous structure of
larger @ than MCo, with smooth contour and vesicu-
loglobular bodies in the periphery (18) and thus

Table 1. Distribution of MCo in 116 melanocytes

INDIVIDUAL A B CDEF G
Hair colour*® b**d b r d b d
Skin type I I m T Hr i It
Age 58 37 37 31 31 24 25
SUMMER:

No. of melanocytes 7 7 76 1110 12
No. of melanocytes withMCo 3 4 40 5 3 |
No. of SMCo 2 8 20 2 41
No. of LMCo 2 1 30 7 00

Total: 32 MCo

WINTER:

No. of melanocytes Fo @6 6 AR P 7
No. of melanocytes with MCo 1 4 60 7 3 6
No. of SMCo 0 5 50 11 4 4
No. of LMCo 1 21210 9 3 5

Total: 89 MCo

* b = blond, d = dark. r = red
** blond hair and red beard
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Fig. 1. Melanocytes often contain MCo in their protrusion
towards the dermis (arrows). Bar = 1.

e

represent a result of abnormal
(11,13.18.19).

In order to elucidate the nature of these melanin
inclusions. we examined the occurrence of these
structures in normal human skin in melanocytes and
Langerhans’ cells.

melanogenesis

MATERIAL AND METHODS

Two punch biopsies (3 mm) were obtained from 7 healthy
volunteers (sec Table I, individuals D and G were females)
without any pretreatment. The biopsies were taken from
the radial projection of volar forearm skin lacking ephe-
lides. during winter (Jan.—Feb.) and summer (July-Aug.),
and were processed for EM according to Falck et al. (20).
The fixation time was doubled due to the size of the tissue
pieces.

Three hundred serial sections (each about 200 pm long
and 50 nm thick) from each specimen were distributed on
15 slot grids. Only those melanocytes which had their entire
cell body within the section series were examined. In some
cases 2 section series were taken to obtain a minimum of 6
fully sectioned melanocytes from cach biopsy.

Every section was viewed in the electron microscope and
all MCo in the soma of the cells were mapped. Two groups
of MCo were distinguished, small MCo (SMCo) with
@ < 0.5 pm and large MCo (LMCo) with @ > 0.5 um.

For the analysis of phagocyted melanin in Langerhans’
cells, twenty-three forearm skin biopsies from 7 healthy
volunteers (including 3 of the volunteers above) were taken
during winter. summer and autumn (Nov.). Series of two
hundred sections were obtained from each specimen. The
number of lysosomes containing melanin was estimated
within the entire cell body of 77 Langerhans’ cells.

The experiment was performed as a single-blind study.

RESULTS

All MCo were mapped in the entire soma of a total
of 116 melanocytes in an average of 180 consecutive
sections per cell. There were found 5 inactive melan-
ocytes, i.e. with few cell organelles, small Golgi
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fields. no prominent dendrites and extremely few
melanosomes. These cells were seen in biopsies
taken during the winter (individuals A.B.D,F).
Melanocytes from summer skin generally contained
more melanosomes than those from winter speci-
mens.

The majority of melanocytes possessed one
cilium. The cilia were of various lengths and could
point in any direction but approximately half were
found in the basal part of the cell.

No melanocytes from the red-haired individual D
contained MCo but the greater part of the melanin
in the keratinocytes was aggregated. Of all the 116
melanocytes, 33% of those from summer and 48%
of those from winter specimens possessed one or
more MCo (Table I). Moreover, winter skin con-
tained a far greater total number of MCo than did
summer skin. This difference was statistically signif-
icant (Wilcoxon's rank sum test) in individuals C
(p=0,04) and G (p =0,001).

Of all MCo in the melanocytes, 86% occupied the
most basal part of the cytoplasm and were very often
localized in small protrusions towards the dermis
(Fig. 1). Only 2 out of all 49 LMCo and 8 out of 26
SMCo occupied the position above the nucleus. Ex-
tensive accumulations of separated melanosomes,
were often observed in the protrusions towards the
dermis (Fig. 2).

A limiting membrane was always observed around
the MCo, but was not clearly visible in all sections.
Extensive tilting of the grid in the electron micro-
scope was sometimes necessary to visualize the
membrane. Groups of tightly packed melanosomes
in different stages of degradation were often seen
within these organelles. In some MCo most of the

G 4 %
Fig. 2. Accumulation of melanosomes in melanocyte’s pro-
trusions towards the dermis (stars). Bar =0.5p.



Fig. 3. MMG (star) with central homogenous mass and
melanosomes in the periphery. Bar = 0.25 pu.

degraded melanosomes formed a central homo-
genous mass surrounded by an outer zone consisting
of separated melanosomes and sometimes of micro-
vesicles with @ about 40-50 nm (Fig. 3). Such MCo
varied widely in shape. They had either little central
mass and several separated melanosomes in the pe-
riphery or resembled a typical MMG by having a
huge central homogenous part and only very few
melanosomes in the outer zone. These structures,
however, did not always have a smooth contour.
Few of them were found only in individuals B, C and
G.

The largest MCo which did not contain degraded
melanosomes could consist of hundreds of separate
melanosomes (Fig. 4).

TR

Fig. 4. LMCo with abundance of aggregated melanosomes.
Bar = (0.5 u.
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Fig. 5. Phagosomes filled with melanosomes in a Langer-
hans’ cell (stars). Some Birbeck’s granules are indicated by
arrows. Bar = 0.5 u.

In the keratinocytes, melanin was often localized
within SMCo. The LMCo within keratinocytes were
never observed in this material.

Subjects B, C, E, F and G had few dermal fibro-
blasts, macrophages or endothelial cells containing
LMCo.

All phagosomes which contained melanosomes
were mapped in the 77 Langerhans’ cells. About
30% of the Langerhans’ cells contained no melano-
somes. The rest contained at least one lysosome
filled with melanosomes (Figs 5,6). There were no
significant differences either between individuals or
between seasons.

DISCUSSION

There is still much disagreement concerning the ori-
gin of the MMG and MCo in melanocytes and
whether they can occur in normal skin.

Our observations show that MCo can occur in
relatively high numbers in normal human epidermis.
Moreover, the fact that MCo frequently occur in less
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Phagosomes containing melanosomes per
Langerhans”™ cell

Fig. 6. Distribution of phagosomes containing melan-
osomes in 77 Langerhans’ cells.
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melanosome-rich melanocytes (winter skin), contra-
dicts the commonly held opinion that these struc-
tures appear only in melanocytes with excessive
melanin production (2,5). The occurrence of MCo
in normal epidermis may be a consequence of the
withdrawal of melanosomes from melanocytes under
conditions of lessened melanin demand paralleled by
cessation of melanin production. It is known that, in
unexposed keratinocytes, there is a predominance of
aggregated melanosomes while exposure to solar ra-
diation leads to a predominance of dispersed
melanosomes (21).

The vast majority of the MCo, particularly the
largest ones, occupied the most basal part of the
melanocytes, very often in the cell protrusions to-
wards the dermis. This observation with the fact that
dermal cells (particularly melanophages) can contain
LMCo, supports the view that melanocytes can dis-
charge melanosomes directly, through their protru-
sions into the dermis (22, 23).

Some of MCo contained a central amorphous ho-
mogeneous mass of varying size, which may repre-
sent degraded melanosomes within an MCo. MCo
with a very large central, amorphous part and nar-
row outer zone containing separated melanosomes,
were identical with MMG described earlier
(2.3,15). However they did not have a perfectly
rounded and smooth contour over their entire cir-
cumference as was claimed by others (18). This ob-
servation concerning the ultrastructure thus never-
theless supports the view that MMG are an end-
product of MCo (2, 3. 15).

The presence of phagosomes which contain mela-
nosomes in the Langerhans’ cells, shows that these
cells also can play a role in the elimination of mela-
nin and demonstrates the phagocytic capacity of
these cells.
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