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Ab.<tract. Elcctron microscopic study of three cases of 
hbtiocytosis X, three cascs of granulomn annul::irc, two 

cases each of sarcoidosis, necrobiosis, and nodular sub­
epidermal fibrosis, and one case each of generalized 
eruptivc histiocytoma, allergic granulomatosis, and xan­
thoma tuberosum has delineated th� histiocytc as a !arge 
cell with a reniform or lobulated nucleus, exaggerated 
plasma membrane activity, and numerous cytoplasmic 
vacuoles. In t wo of the three cases of histiocytosis X, 
histiocytes contained Langerhans granulcs. Tubular cyto­
plasmic structures were rarely observed; in generalized 
eruptive histiocytoma. 

The term "histiocyte" simply means tissue cell. 

Whatever else it may be or become, the histiocyte 
is phagocytic. Phagocytosis has been studied by 

many methods but is still defined as incorporation 

of extracellular materials into cell cytoplasm. 

Many names such as "clasmatocyte", "wandering 

cell", and "macrophage" have also been used for 

such phagocytic cells. 

Studies of the macrophage system are usually 

thought to have originated from the systematic 

work of Metchnikoff in the late 19th century. As 

early as 1863, it was recognized by von Reck.Jing­

hausen (26) that, in the inflamed cornea and 

omentum of different animals, there were ame­

boid cells that were different from ordinary 

leukocytes. Later, through the work of Metchni­

koff, Maximow, Aschoff, and many others, it 

became apparent that there was a whole system 

of specialized cells having the ability to phago­

cytize matter (14). 

This system of cells became known through 

the work of Aschoff as the "reticuloendothelial 

system", although the term had been coined 

earlier by Kiyono (quoted by Doan) (9). Aschoff 

conceived it as a pluripotential system of mesen­

chymal cells, with its members represented in the 
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blood, lymph, sinuses, !iver, marrow, connective 

tissue, and other organs, which had the ability 

to remain static or to differentiate or dedifferen­

tiate to other forms. 

While the earlier workers were to a large degree 

classifying the histiocyte on a functional leve!. 

recent workers have endeavored to establish the 

histiocyte's ultrastructure. The earlier studies by 

Tanaka (21), Bernhard & Leplus (3), Karrer (12). 

Novikoff et al. ( 16), and olhers provided ex­

cellent information regarding cellular detail of 

lhe monocyte of human peripheral blood and 

marrow and macrophages of rat connective tissue, 
peritoneal fluid, lymph nodes, and thymus, human 

normal and malignant lymph nodes, mouse lung, 

and rat I iver. 

In 1965 Turiaf & Basset (25) added another 

intriguing aspect of the histiocyte's fine structure. 

In cells of unmistakably histiocytic proliferation 
were tubular and racquet-shaped granules identical 

with the characteristic granules of epidermal 

Langerhans cells. They, as well as numerous 

other workers, have since confirmed their origi­

nal observations (2, 7, 11, 22). 

It was the purpose of our study to examine 

the ultrastructural characteristics of the histiocyte 

in various human skin diseases and to search for 

distinguishing or comparative features. 

MATERIALS AND METHODS 

Biopsy specimens were taken from a total of IS patients 
with the following diseases: histiocylosis X, 3; granuloma 
annulare, 3; sarcoidosis, 2; nodular subepidermal fibrosis, 
2; necrobiosis lipoidica diabeticorum., 2; generalized erup­

(ive histiocytoma, 1; allergic granulomatosis, 1; and 
xanthoma tuberosum, 1. 
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Fig. 2. llistiocyto,i, X. Histfocyle, ,howing acthe plasma 
membrane (P.\1), numerous pinocytic vesicles (V), mito­
cbondria (M), typical reniform nucleus (N), prominent 
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At least lwo ,kin spccimcns were obrnincd from eacll 

pmient, one for Jight microscopy and onc for electron 

microscopy. The ,pecimen for light microscopy wa, 

placcd in 10 °
0 formalin and ,ubsequenlly s1ained with 

hcmatoxylin and cosin; in mo,t instance�. ,pccial staiu� 

nl,o were usetl for fat, m11cin, clastic ti,s11c, and micro­
organisms. 

Specimen, for electron micro,copy were immediately 

trimmcd into approxjmately I mm cubc, and placed in 
e,ther buffered glu1araldehyde fixalh'c for 3 hours or 

D:tlton·s sol11tio11 for 2 bour,. Afler gradecl dehydr,llion 

in ethanol. the specimens wcrc postfixed with osmium 

r,11. I. Histiocyto,is X, showing monomorphou, dermal 
infiltrate compo,cd of histiocytcs. (Hcmt1toxylin and 
eo,in, x 155.) 

nucleoli (Nu), and heavy nuclear membrane. 

voluminous cytoplasm. ( x 12 750.) 

ote 
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Fig. 3. Histiocytosis X. Histiocyte, showing various intra­

cytoplasmic organelJes. including Jysosomal granules (Ly), 

Golgi vesicles (G), and Langerhans granules (L). Three 

tetraoxide, embedded in epoxy resin, and sectioned with 

an ultramicrotome according lo the lechnique described 

by Luft (13). Specimens were examined as sectioned, 

and some material was further stained with lead or uranyl 

acetate solutions in each case. All tissue sections were 

examined in the RCA EMU3 electron microscope at 

50 kV. 

RESULTS 

Histiocytosis X. Hematoxylin- and eosin-stained 

sections of lesions from all three patients studied 

showed essentially the same histopathologic char­

acteristics (Fig. l ). There was a band-like mono-

1:�--·;��
• 

'Y 

Langerhans granules apparently are connected lo plasma 

membrane (arrows). ( x 18 130.) 

morphous infiltrate of histiocytes in the upper 

dermis and some epidermal thinning overlying 

the dermal infiltrate. 

Ultrastructurally, the histiocytes were charac­

terized by an irregular plasma membrane with 

numerous folds and villous processes. The nucleus 

was round or elongated but nearly always had 

identations or lobulations and invariably had a 

thick membrane (Fig. 2). One or more prominent 

nucleoli were present. Cytoplasm was abundant 

with varying numbers of apparently normal mito­

chondria; numerous clear vesicles were present 

in the cytoplasm, some representing Golgi vesicles 
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Fig. 4, Granuloma annulare. Histiocyte, showing small, 

flask-shaped vesicle (V) above nucleus (N). ( x 3 J 40.) 

(Fig. 3). Endoplasmic reticulum was usually 

"smooth", and free ribosomal particles were regu­

larly seen in the cytoplasm. 

Tn two of the three cases of histiocytosis X, 

many distinct Langerhans granules were seen in 

many of the histiocytes (no attempt was made to 

estimate the percentage of histiocytes containing 

such granules). The granules were not observed 

in any other cell type in the dermis. In some in­

stances the Langerhans granules seemed to be 

attached al one end of the plasma rnembrane. 

These structures had the same morphology as 

the granules within the cytoplasm and were 
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probably the same. The granules were never seen 

extracellularly. 

Pure storage-type lysosomal granules were 

numerous in the cytoplasm, especially around the 

nucleus and the Golgi apparatus. 

Granuloma annulare. Hematoxylin- and eosin­

stained sections from lesions of all three patients 

showed the typical palisading granulomata com­

posed of central necrobiotic masses surrounded by 

histiocytes, lymphocytes, and giant cells. Special 

stains revealed moderate amounts of mucin. 

The histiocytes of this lesion were different in 

several respects from those of histiocytosis X. 
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Fig. 5. Granuloma annulare. Histiocyte with vcry electron­
dense amorphous granules (AG) in cytoplasm. ( x 8 850.) 

First, none showed Langerhans granules; how­

ever, in the cytoplasm, rarely, were curious flask­

shaped vesicles reminiscent of Langerhans gran­

ules but without the expected interna! structurc 

(Fig. 4). Second, in the cytoplasm there were 

occasional electron-dense granules, generally oval 

or round, with no apparent external limiting 

membrane and having an amorphous appearance 
with occasional slit-like spaces in their centers 

(Fig. 5): lhe nature of these granules is not 
known. Third, plasma membrane activity was 
present but minimal. 

ln other respects, the histiocytes of granuloma 

annulare were similar to those of histiocytosis X, 

with indented lobulale nucleus, thick nuclear 

membrane, and profuse cytoplasmic vacuoles, 

organelles, and ribosomal particles. 

Sarcoidosis. The specimens from both patients 

showed the expected picture of multiple dermal 

epithelioid ("naked") tubercles. Lymph node 

biopsy in one case and !iver biopsy in the other 

showed practically identical granulomata. Acid­
fast stains were negative in all sections. 

The histiocytes in this lesion seemed particularly 
active, on the basis of the numerous villi of the 
plasma membrane and numerous cytoplasmic 

organelles (Fig. 6). Numerous mitochondria were 

present, and both the pure storage granules and 
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F,g. 6. Sarcoid. Histiocyte with numerous mitochondria 

(M), membrnnc-bound vcsicle (V). and phagolysosomc 

(PI). ( x 35 280.) 

lhe residual lysosomal vacuoles were observed. 

Many small, clear vacuoles were present (pre­
\umably pinocytic vacuoles because they re­

scmbled those at the plasma membrane). Prom­

inent Golgi saccules were present in most of 
lhe histiocytes studicd. In Fig. 7 can be seen a 

!arge membrane-bound inclusion in the cytoplasm,
probably rcpresenting phagocytizcd material. Fig.
8 also illustrates lhe profuse cytoplasmic organ­
elles, pinocytic vacuoles, and abundant plasma
membrane activity.

Nodular subepidermal fibrosis. The hcmatox­

ylin- and eosin-stained sections from both pa-
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tients showed characteristic features for lhis 
entity-a histiocytic proliferative reaction accen­

tuated by formation of considerable amounts of 

fibrous tissue (Fig. 9). Fat and iron stains were 

positive. 
The histiocytes in this lesion had irregular 

plasma membranes, although villi and pseudopods 
were minimal. The nucleus was oval with numer­
ous indcntations and a very thick membrnne 

(Fig. I 0): some nuclei showed "blebs" and re­
duplications of the membrane. As in the hema­
toxylin- and eosin-stained sections, numerous 

lipid and hemo�iderin inclusions werc present. 
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Fig. 7. Sarcoid. Histiocyte, showing !arge phagolysosome 

(P[). ( x 26 030.) 

Endoplasmic reticulum and lysosomes were not 
prominent, but numerous ribosomal parlicles were 

seen free in the cytoplasm. Many clear vesicles 

were seen in the cytoplasm. 
Langerhans granules could not be seen in any 

of the histiocytes of nodular subepidermal fibrosis. 
In many sections, lhe histiocytes of this lesion 

often resembled fibroblasts, having more of an 
oval nucleus, prominent rough endoplasmic re­
ticulum, and, in some, perinuclear fibrillar struc­
tures. 

Necrobiosis lipoidica diabeticorum. Sections 
from both patients showed the typical histo­

pathologic features, with scattered foci or irreg-

ular areas of necrobiosis admixed with and sur­
rounded by lymphocytes, histiocytes, and epi­

thelioid cells. Special mucin and lipid stains were 
confirmatory. 

Ultrastructurally, the histiocytes presented a 
typical picture having the characteristic indented 
nucleus, thickened nuclear membrane, cytoplasmic 
organelles, and plasma membrane activity (Figs. 
11 and 12). Fig. 12 shows odd, electron-dense, 
rod-shaped structures (curved, straight, or branch­
ing) with no interna! structure in the cytoplasm 
of a histiocyte. 

Multinucleated giant cells were frequently en­

coun te red (Fig. 13). The cytoplasm of the giant 
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Fig. 8. Sarcoid. Histiocyte, showing plasma membrane 
activity (PM) and numerous cy1oplasmic organelles. 
( X 17 930.) 

cells was literally packed with organelles of 

various kinds, especially lysosomal structures, 

vacuoles, and small mitochondria. lntricate plasma 

membrane interdigitations of adjacent cells were 

seen. 

Langerhans granules could not be found in 

either the histiocytes or the giant cells of this 

lesion despite extensive searching. 

Generalized erup1ive histiocytoma. Hematoxy­

lin- and eosin-stained sections revealed vast num­

bers of histiocytic cells in discrete masses filling 

most of the dermis, with little if any inflamma­

tory reaction present. 
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The fine structure of these histiocytes is shown 

in Pig. 14. Numerous infoldings and indentations 

of the plasma membrane were present, but rarely 

were there villi or pseudopods. The nucleus was 

typically indented with a thick membrane (Fig. 

15). 

The cytoplasm contained varying numbers of 

mitochondria and Golgi vesicles; endoplasmic 

reticulum and free ribosomes were n umerous. 

Storage-type lysosomes and pinocytic vacuoles 

were abundant. Langerhans-type granules could 

be seen in sorne of the histiocytes. Figs. 16 and 

17 show a tubular structure with a dense inner 
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line; these structures were observed rarely and 

could represent plasma membrane structures as 

proposed by Hashimoto & Tarnowski (11). 

Allergic granulomatosis. The hematoxylin- and 

eosin-stained sections showed scattcred dermal 
granulomata consisting of' central masses of nec­
rotic and necrobiotic tissue mixed with acute in­

flammatory cells and surrounded by epithelioid 

cells. polymorphonuclear leukocytcs. eosinophils. 

and lymphocytes. Occasional giant cells were 

scen. Pronounccd granulomatous involvernent of 

vessel walls was seen in many of the vessels. 

Rena! biopsy showed a similar picture. 

Histiocytic ultrastructure in this lesion was not 

remarkably different from that in other diseases 
with active macrophages. One exception was that 

more histiocytes seemed to have delicate peri­

nuclear fibrils, suggesting a more activc rote in 

collagen formation (Fig. J 8). Other typical histio­
cytic features were present, such as the plasma­
lem mal processes. stora ge gran u les, and residual 
lysosornal vacuoles. 

one of the histiocytes contained Langerhans 

granules. 

Xanthoma tuberosum. A typical xanthoma was 

seen on hematoxylin- and eosin-stained sections. 

Electron microscopy of foam cells, or lipid-Jaden 

hisliocytes, revealed no unique features. As ex­

pected, the cytoplasm of these histiocytes con­
tained numerous small and )arge membrane­

bound lipid inclusions. Otherwise, these histio­
cytes can be regarded as typical phagocytically 
active macrophages. None showed Langerhans 

granules. 

DTSCUSSTON 

The ultrastructure of histiocytes 1n skin diseases 

remains remarkably constant, as illustrated by 

this study. This does not necessarily imply Jack 

of variation in function but rather that the 

histiocyte is apparently able to accomplish diverse 

tasks in different pathologic milieu and yet retain 

its structural identity. Nor does this mean that 

there are not significant variations in the ultra­

structure of the histiocyte in various processes; 

this variation has been amply documented by the 

work of Parker & Odland in xanthomata (17), 
Sarbacker and associates' (19) and Wanstrup and 
Christensen's (27) studies of sarcoidosis, Muller 

and co-workers' (15) study of generalized erup-

Fig. 9. Nodular subepidermal fibrosis. Proliferative reac­
tion is accentualed by compacl masses of fibrous tissue 
and iron- and lipid-laden histiocytes. (Hematoxylin and 
eosin, x 195.) 

tive histiocytoma, the work of Cohn et al. (8) on 
the in vivo differentiation of mononuclear phago­
cytes. the study by Cancilla el al. (7) on histio­

cytosis X, and the study by Epstein (10) on 

allergic granulomata. It is possible to characterize 

the histiocyte ultrastructurally on a morphologic 

basis in the skin diseases comprising this study. 

Firsl, the nuclear morphology remains con­

stant. The typical lobulated nuclear form, or in­

dented contour, and heavy nuclear membrane 

are nearly always apparent. 

Second, the cytoplasm of histiocytes in these 

lesions, as in normal skin, contains various types 

of lysosornes and many vacuoles. Such structures 

are recognized as a constant component of histio­

cytes and contain numerous hydrolytic enzymes. 

Many histiocytes contain ultramicroscopic fat (as 

in generalized eruptive histiocytoma). Therefore, 
some degree of fat accumulation or formation 
may be considered a normal evolution. 

Third, the histiocytes from all forms of histio-
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Fig. JO. Nodular subepidermal fibrosis. Histiocyte nucleus 

(N), showing numerous convolutions, thick nuclear 

membrane, and reduplications with "blebs" (B) of mem-

cytic disease observed in this study have definite 
but varying degrees of plasma membrane activity. 
This is in keeping with the general character of 
histiocytes in normal situations. 

Fourth, on the basis of this study it would 
seem that histiocytes of histiocytosis X are charac­
terized in addition by Langerhans granules [this 
J,as been adequately demonstrated by other 
workers (2, 7, 10, 11, 25)]. Various theories have 
been proposed to explain their origin (2, 10, 20, 
28); however, a logical explanation at the present 
time is that they represent primarily the cell's own 
phagocytized plasma membrane (22, 24) or at 
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brane. lntracytoplasmic lipid (L) and hcmosiderin (H) in­

clusions are visible in upper left corner. ( x 26 200.) 

least derive from the cell's phagocytic action (I 8). 
In addition to being in histiocytes of histiocytosis 
X, Langerhans granules have been reported in 
benign as well as malignant tissue (23), epidermal 
as well as dermal cells (28), and in humans as well 
as lower animals (4, 5). This implies that there 
may be a unique cell line, one possibly as distinct 
as the mast cell or the fibroblast. The cells that 
contain Langerhans granules all display the func­
tion of phagocytosis. However, other phagocytic 
cells, such as polymorphonuclear leukocytes. 
Schwann cells, melanocytes, prickle cells of the 
epidermis, and rena! tubular cells have not been 
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Fig. I I. Necrobiosis lipoidica diabeticorum. Histiocyte. 
showing centriole (C) above nucleus. ( x 25 930.) 

reported to contain Langerhans granules. Thus, 

at present it appears that histiocytosis X and 

profuse pulmonary interstitial fibrosis (1) are the 

only diseases in which there is proliferation of 

Langerhans granules. Eruptive histiocytoma must 

be studied further. 

The question of the relationship of histiocytes 

to Langerhans cells of the epidermis naturally 

arises because identical or apparently identical 

organelles are found in each. To imply a common 
cytogenetic origin on the basis of similar organ­

elles is perhaps superficial thinking: many diverse 

cells have similar nuclear or cytoplasmic organ­

elles (Golgi zone centrioles, nucleoli) which simply 

means that certain basic cellular functions may 

not necessarily be unique for one cell line. How­

ever, histiocytes and Langerhans cells share 

other features such as nuclear morphology, lyso­

somes, hydrolytic enzymes, and ATP-ase activity, 

as wcll as both being phagocytic. Therefore, as 

Campo-Aasen & Pearse (6) and Tarnowski & 

Hashimoto (22) pointed out, such evidence taken 

together does tend to strengthen the monophyletic 

concept of these two cell types. 

On the basis of our studies, we believe that 

the histiocyte in human diseases is a distinct cell 
line, having features that separate it from the 

fibroblast, the mast cell, the endothelial and 
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Fig. 12. Necrobiosis lipoidica diabcticorum. Cytoplasm 

of bistiocyte, sbowing numerous straight, rod-Jike struc­

tllres (S) having no apparent interna! structure. ( x 35 200.) 

perithelial cells, the Schwann cell, and other cells 

found in lhe dermis. The uniqueness of the histio­

cyte is not due to any one particular feature but 

rather is derived from a composite picture of 

Table I. Ultrastructural cltarac1eristics of his1iocy1es 

Nucleus Lobulatcd or reniform 
Plasma membrane (active) Convoluted with villi or 

pseudopods 
Cytoplasm Numerous vacuoles (phago-

somes, pinosomcs, Langer­
hans granules, lysosomes, 
lipids) 
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plasma membrane act1v1ty, nuclear morphology, 

and cytoplasmic contents (Table I): this identity 

is retained from one disease state to the other 

and may on occasion be augmented by the 

presence of distinctive Langerhans granules. as 

in the case of histiocytosis X and, rarely, eruptive 

histiocytoma or pulmonary interstitial fibrosis. 
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Fig. 16. Generalized eruptive histiocytoma. Histiocyte, 

showing tubular structure (T) in cytoplasm, witb inner 
electron-dcnse line. ( x 24 800.) 
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Fig. i 7. Gencralized emptive histiocytoma. Higher magni­
ficmion of Figure 16, showing detail of laminated tubular 
structure (T). ( x 56 720.) 
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Fig. 18. Allergic granulomatosis. Active bistiocyte with 
perinuclear fibril lar st ruclures (F) which suggest an active 
ro!e in collagen formation. ( x 12 825.) 
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