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Skh/hr- I hairless albino mice were irradiated with
photocarcinogenic dosages of ultraviolet light for
periods of 30 weeks or longer. A high proportion
ofmice developedpleomorphic spindle cell tumors
and epidermal neoplasms of various types. These
spindle cell tumors were studied by immunofluo-
rescence and immunoperoxidase techniques and
by electron microscopy. Freshly isolated tumor
cells were grown in tissue culture. Immunocyto-
chemical analysis showed varying expression of
markers ofmesenchymal differentiation: vimentin,
procollagens I and III, type I collagen, and lyso-
zyme. Electron microscopy showed spindled and
cuboidal cells with abundant endoplasmic reticu-
lum, filopodia, and lysosomes, but no intercellular
connections. The cellsgrown in vitro were cuboidal
and stellate and also showed mesenchymal differ-
entiation by electron microscopy. These results are
perhaps similar to those describedfor a human ac-
tinicallyproducedfibrohistiocytic neoplasm, atypi-
calfibroxanthoma, and this system may provide a
useful model ofultraviolet-induced dermal neopla-
sia. (AmJPathol 1989, 135:149-159)

Atypical fibroxanthoma is a rare low grade malignant neo-
plasm that occurs primarily on the head and neck of the
elderly, and is believed to occur as a consequence of
actinic damage.1-6 For many years its precise histogene-
sis was controversial. Many authors considered it repre-
sentative of a spectrum of lesions, including poorly differ-
entiated squamous cell carcinomas,7 malignant mela-
noma, and various types of mesenchymal tumors. Only
more recent electron microscopic and immunocytochem-
ical methods have clearly defined it as an entity sui ge-
neris.815

The difficulty in defining and accepting atypical fibro-
xanthoma stemmed from two sources. First, ultraviolet
(UV) irradiation (principally in the UVB range) is linked pri-
marily to epidermal neoplasia. 16 As UVB barely penetrates
the epidermis and is the primary photocarcinogenic wave-
length region,17 dermal neoplasia would be less ex-
pected. Second, there are numerous experimental
models for epidermal photocarcinogenesis, but there is
no clearly defined experimental model with which to study
dermal photocarcinogenesis.

Pleomorphic spindle cell tumors induced in hairless al-
bino mice (Skh/hr-1) by UV irradiation showed features
similar to human atypical fibroxanthoma. The purpose of
this study was to demonstrate that these spindle cell tu-
mors were dermally derived, and that the tumors resem-
bled human atypical fibroxanthoma.

To accomplish this, the tumors were studied tempo-
rally, to determine early histogenetic origins. Furthermore,
at each developmental stage the tumors were studied by
immunocytochemical, electron microscopic, or tissue cul-
ture techniques to correlate the morphologic observa-
tions with the presumed histogenesis.

Materials and Methods

Irradiation

Ten-week old hairless albino mice (Skh/hr-1) were sub-
jected to intense ultraviolet irradiation according to the fol-
lowing schedule.

Three times a week, the mice were placed in special
stainless steel cages, 45 cm below a bank of six Westing-
house FS20 sunlamps (Dermacontrol, Dolton, IL). For the
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first 4 weeks, the mice were exposed 10 minutes each
day (0.1 J/cm2 for UVA and UVB). The exposure times
were then increased by 5 minutes every 2 weeks to 30
minutes by the 1 0th week (0.3 J/cm2 UVA and UVB). The
exposure times were then maintained until the mice were
sacrificed.

Starting at 20 weeks, the mice were inspected at
weekly intervals for the presence of epidermal thickening,
keratoses, or epidermal tumors. Those mice with morpho-
logically atypical lesions, eg, lesions that were round and
flesh colored, were separated. Once these lesions be-
came large enough to analyze, the mice were sacrificed
by cervical dislocation. Selected mice were also sub-
jected to extensive postmortem examinations.

Routine Histology

Histologic slides of 8 gm thickness were prepared from
10% buffered formalin-fixed and paraffin-embedded tis-
sue and stained with hematoxylin and eosin (H&E), Ver-
hoeff von Gieson (EVG), trichrome, reticulin, and alcian
blue stains by standard methods.

Sources of Antibodies

For immunoperoxidase studies, rabbit anti-human epider-
mal keratin and anti-"wide spectrum" keratin (Dako Cor-
poration, Santa Barbara, CA) were used. The former is
directed against higher molecular weight keratins derived
from human plantar callus,18 and the latter against high
and low molecular weight species derived from bovine
muzzle.19

Rabbit anti-human lysozyme, anti-human a,-antitryp-
sin, and anti-bovine S-100 protein were also obtained
from Dako Corporation. Optimal concentrations of pri-
mary antibodies were determined by titration with sec-
tions of suitable positive control tissues.

Antibodies used for immunofluorescence studies in-
cluded guinea pig anti-bovine keratin, rabbit anti-murine
vimentin, anti-bovine collagen 1, anti-procollagens and Ill,
anti-mouse type IV-7S collagen, and anti-mouse nidogen.

Rabbit anti-murine vimentin was prepared from ex-
tracts of fibroblast cytoskeleton2o and was a gift from Dr.
D. Bucher (The Mt. Sinai Medical Center, NY). Guinea pig
anti-bovine keratin was obtained from ICN immunobiologi-
cals (Costa Mesa, CA), and was directed against bovine
hoof keratin.'9

Antibodies against bovine collagen and against the
aminopropeptides of bovine procollagens and IlIl were
affinity purified and freed of crossreacting antibodies ac-
cording to previously published methods.2' The Engle-
breth-Holm-Swarm sarcoma provided basal lamina anti-

gens used to prepare antibodies against nidogen and the
7S domain of type IV collagen.2223 All anti-collagen and
basal lamina antibodies were kindly provided by Dr. R.
Timpl, Max Planck Institute for Biochemistry, West Ger-
many.

Immunoperoxidase

For immunoperoxidase studies, the avidin-biotin peroxi-
dase method24 was used. Saponin, porcine stomach pep-
sin, and diaminobenzidine were obtained from Sigma
Chemical Company, St. Louis, MO and avidin-biotin com-
plex (Vectastain) from Vector Laboratories, Burlingame,
CA. Six micron thick sections of 10% buffered formalin-
fixed, paraffin-embedded tissue were heated at 60 C over-
night, deparaffinized with xylene, rehydrated through
graded alcohols and water, and treated with 1% hydrogen
peroxide for 15 minutes at room temperature to eliminate
endogenous peroxidase activity. Sections were then pre-
digested with either 0.1% pepsin in 0.01 N HCI (keratins)
or 0.05% saponin in distilled water (other antigens) for 30
minutes at room temperature. Sections were incubated
in 10% normal horse serum in phosphate-buffered saline
(PBS) to block nonspecific antibody binding and incu-
bated with primary antibody or normal rabbit serum (nega-
tive controls), both 1:500 in PBS, overnight at 4 C. After
washing with PBS, the sections were incubated with bio-
tinylated goat anti-rabbit antiserum (1:200 in PBS) for 30
minutes at room temperature. After additional washing,
the sections were incubated with avidin-biotin complex for
30 minutes at room temperature and washed; the reaction
product developed with a fresh solution of 0.02% diami-
nobenzidine in PBS containing 0.5% Triton X-100 (Sigma
Chemical Co., St. Louis, MO), for 1 to 5 minutes. The
sections were washed with distilled water, counterstained
with hematoxylin, dehydrated in graded alcohols and xy-
lene, and mounted. Suitable parallel positive and negative
controls were included with each determination.

Immunofluorescence

Fresh or frozen tissue was placed in Tissue-Tek II (Miles
Laboratories Elkhart, IN) embedded and cooled to -20
C. Frozen sections were cut at 6 zm in a cryotome (Ameri-
can Optical, Buffalo, NY).

Tissue sections were fixed for 5 minutes in cold ace-
tone, washed, and predigested with 2% crude testicular
hyaluronidase for 30 minutes at room temperature. After
washes with PBS, the primary antibody was applied over-
night at 4 C. Optimal dilutions were determined with
known positive control tissues. The sections were
washed with PBS, reacted with fluorescein-conjugated
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secondary antibody, and washed again; fluorescence
was viewed with a Nikon Fluophot photomicroscope (Gar-
den City, NY). For controls, comparable dilutions of nor-
mal rabbit serum or normal rabbit immunoglobulin were
used in place of primary antibodies.

Tissue Culture

Fresh tumor tissue was isolated under sterile conditions
from recently sacrificed hairless mice. The tissue was
finely minced in a petri dish containing Ham's F10 with
10% fetal bovine serum. After adhesion of individual ex-
plants (within 48 to 96 hours), the medium was changed
three times a week for periods up to 3 weeks.

Electron Microscopy

Tumor tissue was fixed in 3% glutaraldehyde in cacodyl-
ate buffer, osmicated, dehydrated through graded alco-
hols and propylene oxide, and embedded in LX1 12 resin.
Thin sections were cut in an ultramicrotome LKB4
(Bromma, Sweden) and viewed in an electron micro-
scope JEM 100 CX (Jeol, Tokyo, Japan).

Tissue culture plates were fixed, osmicated, dehy-
drated, and embedded in situ in a similar fashion, with
the omission of the propylene oxide step.25 Thin sections
were taken perpendicular to the monolayer.

Results

Skh/hr-1 hairless albino mice were irradiated with high
doses of UV irradiation in groups of five to ten. By 20
weeks, virtually all the mice showed evidence of UV-in-
duced damage. The dorsal skin was thickened, wrinkled,
and leathery.

Histopathologic examination at 20 weeks showed an
epidermis with uniform psoriasiform hyperplasia and a
compact horn, but without evidence of dysplasia. The
dermis showed an increase in mast cells and an inflam-
matory reaction to ruptured follicular cysts. EVG stains
showed hyperplasia of elastic fibers.

After 25 to 30 weeks, virtually all mice showed evi-
dence of early epidermal neoplasia. In addition to the
thickened skin, there were areas of fine scaling in small 1
mm to 2 mm foci, or larger, approximately 1 cm scales.
These gradually evolved into small papillary excres-
cences that merged into larger exophytic papillomatous
lesions.

Histologic examination showed a wide spectrum of
dysplastic lesions. Flaftened scaly lesions showed foci of
epidermal dysplasia or full-thickness dysplasia sugges-

Figure 1. Hairless albino mouse (Skh/hr-1) after 34 weeks of
UVirradiation to the dorsum. In addition to the diffuse crusting
and scaling, there is a small, dome-shaped, 0.5 to 1 cm, flesh
colored, dermal nodule (arrowhead).

tive of an actinic keratosis or Bowenoid actinic keratosis.
Larger lesions showed dysplastic squamous papillomas,
suggestive of hypertrophic actinic keratoses. Many of
these larger lesions showed invasion of atypical keratino-
cytes into dermis consistent with superficial squamous
cell carcinoma.

After 30 weeks, these papillomatous lesions continued
to grow, forming large, often ulcerated, chalky, exophytic
masses that covered the entire dorsum. In some mice,
however, a second population of tumors emerged.

Adjacent to the bulky grumous tumors, small flesh col-
ored morphologically distinctive dermal nodules ap-
peared (Figure 1). They had few surface alterations, grew
progressively by an apparent centrifugal growth, and
pushed the epidermis upward while expanding the der-
mis. As the nodules continued to grow, their spherical

Figure 2. Hairless albino mouse (Skh/hr-1) after 37 weeks of
UV irradiation. Adjacent to a thickened, crusted dorsum is a
large exophytic, ulceratedflesh colored, sarcomatous nodule.
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With sufficient exposure time, approximately 25% of
mice developed these spindle cell tumors, whereas all
mice developed epidermal neoplasia. Postmortem exami-
nations of 5 mice with samplings of major viscera and
lymphatics failed to disclose evidence of metastases of
squamous cell carcinomas or sarcomas.

Immunoperoxidase Studies

Figure 3. Cross section offlesh colored nodulefrom Figure 2.

contour contrasted sharply with the adjacent epithelial
keratotic lesions (Figure 2). Grossly, the nodules were ho-
mogeneous and flesh colored (Figure 3).

Light microscopy of early lesions showed poorly delin-
eated dermal nodules of atypical spindle cells and giant
cells. These nodules were poorly demarcated, infiltrated
into deep dermis and skeletal muscles, and pushed the
overlying epidermis upward. As they continued to grow,
the overlying epidermis became atrophic or ulcerated,
and the tumors often showed multiple foci of necrosis. In
these later lesions, adjacent epidermis invariably showed
dysplasia, carcinoma in situ, or overt invasive squamous
carcinoma. Despite the apparent juxtaposition of spindle
cell tumors and epidermal neoplasia, an unequivocal tran-
sition from keratinocytes could not be demonstrated (Fig-
ure 4).

Cytologically, these tumors were quite varied. In most
areas, there were poorly demarcated, randomly arrayed
fasicles of plump spindle cells (Figures 5 and 6). They did
not appear to form any clear organoid pattern and merged
imperceptibly with clusters of atypical cuboidal cells (Fig-
ure 7). Numerous mitotic figures and frequent areas of
necrosis were present (Figure 5).

Both types of antikeratin antibody showed identical pat-
terns of staining. Adjacent normal epidermis, dysplastic
epidermis, and squamous carcinoma showed intense in-
tracytoplasmic staining of keratinocytes, whereas the
spindle cells were invariably negative (Figure 8). Horn
pearls of the carcinomas and the follicular cysts of the
hairless mice stained as well.

Intracytoplasmic lysozyme was detected in occasional
cuboidal histiocytic type cells (Figure 7), whereas the
staining of spindle cells was weak or absent. Alpha-1 -anti-
trypsin failed to show significant staining. Anti-S-100 pro-
tein stained only occasional dermal and epidermal den-
dritic cells, which were interpreted as Langerhans cells
(Figure 9).

Immunofluorescence

Antivimentin antibodies showed intense intracytoplasmic
staining of all cells, the cytosol contrasting against the un-
stained nucleus (Figure 10). Conversely, antibodies
against bovine muzzle prekeratin failed to show staining
(data not shown).

Antibodies against interstitial collagens and collagen
precursors (ie, type collagen and the aminopropeptides
of procollagen types and ll) showed similar patterns of
staining. There was a fibrillar extracellular staining pattern

Figure 4. Spindle cell tumor at 37 weeks.
Overlying and in the dermis there is an ir-
regularly demarcated, atypical spindle
cell neoplasm. The peripheral epidermis is
acanthotic and atypical butfails to merge
with the tumor (arrowhead) (H&E, X80).
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Figure 5. Spindle cell tumor at 37 weeks.
There are interlacing bundles offusiform
cells with enlarged hyperchromatic nuclei
and numerous mitotic figures (arrow-
heads). An area ofnecrosis is visible (lower
left) (H&E, X80).

as well as paranuclear (cytosol) staining (Figure 1 1). The
tumor failed to show significant staining with antibodies
against basal lamina components (nidogen, type IV-7S
collagen), although occasional capillaries were high-
lighted as circular or elliptical profiles (data not shown).

Electron Microscopy

Electron microscopy of all spindle cell tumors showed
similar findings. Two populations of cells were apparent:
filiform, fibroblastic cells, and larger, rounded histiocytic
cells, with occasional transitional forms between the two
(Figure 12).

The fibroblastic cells had long slender cytoplasmic
processes and ovoid nuclei with prominent nucleoli. The
cytosol contained abundant rough endoplasmic reticulum
as well as occasional mitochondria and lysosomal struc-
tures. The cell membrane was undulating with scattered
pinocytotic vesicles and coated vesicles. These elon-

Figure 6. Spindle cell tumor at 37 weeks.
The higher power shows the spindle cell _.
area and the striking cytologic atypiat
(H&E, X800).

gated cells were frequently closely packed together, but
no clear-cut desmosomal complexes were seen. Occa-
sional fine fibrillar material or cross-banded collagen fibers
were apparent in the interstices between adjacent cells.

The rounded cells were seen less frequently. Their nu-
clei were circular or multilobulated with prominent nucleoli,
and their cytoplasm contained endoplasmic reticulum, ly-
sosomal structures, and lipid droplets. The cell membrane
was more complex, with surface extensions, filopodia,
and few surface specializations.

Tissue Culture

Within 1 week of explanting, scattered colonies of cells
adhered to the plates. Most of the cells appeared rounded
or ameboid and appeared to protrude from the surface of
the disk. No synctia or confluent growth appeared despite
long periods of feeding. In the background, occasional
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Figure 7. Spindle cell tumor at 37 weeks.
Immunoperoxidase for lysozyme clusters
of cuboidal histiocytic cells show mild cy-
toplasmic immunoreactivity (Hematoxy-
lin counterstain, X 100).

fusiform or stellate flattened cells were apparent (Fig-
ure 13).

Electron microscopy showed flattened cells and
dome-shaped cells, with similar internal structures. Their
cytoplasm was filled with numerous primary, secondary,
and tertiary lysosomes of varying size and shape. Lamel-
lar golgi complexes and mitochondria were abundant and
scattered nonmembrane-bound lipid globules were seen.
The nonattached surface showed numerous intermesh-
ing complex filopodia. The nucleus was round or oval and
conformed to the overall shape of the cell (Figure 14).

Discussion

The hairless albino mouse is one of the most studied and
effective modes of UV light-induced carcinogenesis. Al-
most all studies of UV-induced neoplasia have concerned

epidermal carcinogenesis rather than dermal carcinogen-
esis.

It has long been known that certain strains of mice and
rats will develop sarcomas or sarcoma-like lesions after UV
irradiation. Grady et al' produced a high percentage of sar-
comas in the inner (nonhair-bearing portions) ears of white
mice after sufficient UV. Many of these mice developed car-
cinomas as well, and there were collision tumors between
carcinomas and sarcomas. Epstein and Epstein27 produced
primarily carcinomas with few sarcomas in hairless mice and
primarily sarcomas in hairy albino mice using combinations
of UV and dimethyl-benzanthracene. StenbackO produced
sarcomas in shaved Swiss mice by intense short-term treat-
ment with high doses of UV. Few investigators examined
these tumors by other than histologic means. In fact, a re-
cent publication indicated that it is not known whether they
are of dermal origin.29

Light-microscopic studies of the spindle cell tumors
suggested a dermal derivation (Figure 4). Both early le-

Figure 8. Spindle cell tumor at 34 weeks.
Immunoperoxidasefor keratin (wide spec-
trum type). The overlying epidermis shows

t ; .~ strong immunoreactivity, whereas the
'4l~' spindle cell tumorfails to stain (Hematoxy-

lin counterstain, X80).
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Figure 9. Spindle cell tumor at 37 weeks.
Immunoperoxidase for S- 100. A probable
Langerhans cell with prominent dendrites
appears amidst numerous tumor cells (ar-
row) (Hematoxylin counterstain, X800).

sions and late lesions showed an expansile dermal nod-
ule. Despite adjacent, normal, or dysplastic epidermis,
multiple sections failed to disclose evidence of an epider-
mal origin, or a merging with epidermis. This contrasts
with studies of human sarcomatous squamous cell carci-
nomas, in which an epidermal derivation can often be es-
tablished.7',

Electron microscopy of the tumors (Figure 12) (large
or small, or early or late in the photocarcinogenic regimen)
further defined these changes. There were exclusively
mesenchymal cells: long, slender, fibroblastic cells and
histiocytic cells, as well as intermediate forms. Other fea-
tures, such as the amount of extracellular matrix or fila-
mentous material in the cytosol, varied from section to
section or tumor to tumor. Unequivocal evidence of epi-
thelial or melanocytic differentiation (ie, intercellular junc-
tions, tonofilaments, or melanosomes) was not seen.

The immunochemical studies, particularly those using
anti-intermediate filament antibodies, further supported
mesenchymal differentiation. The tumors were repeatedly

Figure 10. Spindle cell tumor at 37 weeks.
Immunofluorescence for vimentin. There
is strong intracytoplasmic staining con-
trasting with centrally unstained nucleus
(X400).

negative for both wide spectrum keratin and epidermally
derived keratin (Figure 8). The former antibodies are di-
rected against multiple, low molecular weight keratin spe-
cies, which are present in diverse epithelia of the body,
including all adnexa.19 The latter have a much more re-
stricted distribution in squamous epithelia.18-31

Although the absence of keratin effectively excludes
epithelial differentiation, it is theoretically possible that, in
reversion to a mesenchymal phenotype, epithelia lose or
reduce expression of keratin. In actual practice, however,
this occurs infrequently. Most spindle squamous cell car-
cinomas or spindle cell epithelial sarcomas contain abun-
dant or focal keratin.31 This persistence of expression of
keratin in diverse cell types despite malignant conversion
or phenotypic transformation makes keratin extremely
sensitive and specific as a marker for epithelial differentia-
tion.

Vimentin, on the other hand, is much less specific, and
is normally present in diverse mesenchymal cell types,
including lymphoid cells, fibroblasts, smooth muscle



156 Phelps et al
AJPJuly 1989, Vol. 135, No. I

Figure 11. Spindle cell tumor at 37
weeks. Immunofluorescencefor type I col-
lagen. There is strong intracytoplasmic
staining and fibrillar extracellular stain-
ing (X 400).

cells, endothelium, melanocytes, and histiocytes. It fre-
quently is also coexpressed with other intermediate fila-
ment types.32 In many tumors (eg, synovial sarcoma and
epithelioid sarcoma), in tissue culture, or during changes
of organogenesis, vimentin may be expressed simulta-
neously or consecutively with other intermediate filament
types.3' Its abundance in the UV-induced tumor (Figure
10) is consistent with mesenchymal derivation, and in
conjunction with the absence of keratin allows it to be
categorized as probably mesenchymally derived.

The morphologic electron microscopic and immuno-
cytochemical features of these tumors revealed a pheno-
typic heterogeneity within the tumor with both fibrocytic
and histiocytic differentiation.

By light and electron microscopy, there appeared to
be two populations of cells: slender, fusiform cells (Figure
6) and round cuboidal cells (Figure 7). From field to field,
the proportion of each cell type varied, and sometimes
one merged imperceptibly into the other. Neither cell type
appeared to form discrete patterns, although sometimes

the spindle cells formed irregular fasicles (Figure 5). The
degree of cytologic atypia and the number of mitotic fig-
ures were striking.

Electron microscopy demonstrated that the former
population of spindle cells had features of fibrocytes. The
cells were fusiform, with ovoid nuclei. They possessed
long cytoplasmic processes, had abundant rough endo-
plasmic reticulum, and had a smooth cell membrane. The
rounder cells, on the other hand, frequently had less en-
doplasmic reticulum, a more undulating cell membrane,
lipid droplets, and lysosomal structures, with features
more typical of histiocytes. Sometimes cells were ob-
served that showed features.of both types (Figure 12).

Morphologic studies of human atypical fibroxanthoma
have yielded similar findings. Fibroblast-like cells are ad-
mixed haphazardly with rounded cells. Atypia, pleomor-
phism, and mitotic figures are abundant. No organoid pat-
tern is apparent. Electron-microscopic studies have also
shown similar features: a mixed population of fibrocytes
and lipid-laden histiocytes, with transitional forms be-

B- _. Figure 12. Electron microscopy spindle cell
le -,etl[z tumor at 34 weeks. Irregularly shaped fi-

broblastlike (F) cells are adjacent to
> rounded histiocytic (H) cells. Abundant

intercellular fibrillar matrix is apparent.
Note the abundant organelles: rough en-

-~ doplasmic reticulum, golgi, lipid droplets,
and lysosomes. No intercellular nexi or

> ;#=tasA premelanosomes are evident (uranyl ace-
tate and lead citrate, X3640).
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Figure 13. Tissue cuiltuire spinidle cell tui-
mor at . 7 weeks (after 4 weeks ofgrou'th).
Note the irregular dispersed colony? with
domeshaped cells, andscattered,flattened
pob'gonal cells.

tween the two.9 Some investigators have also found myo-
fibroblasts,8 and others have found cells with Birbeck
granules.'1012 However, evidence of epithelial or melano-
cytic differentiation was not detected. This range of
differentiation has led some to suggest that atypical fi-
broxanthoma is not necessarily a homogeneous entity
but possesses phenotypic heterogeneity.

In the mouse tumors studied, there was both intracy-
toplasmic and extracellular staining for procollagens and
IlIl and for type collagen (Figure 11). The antibodies
against the procollagens recognize a portion of the amino
terminal peptide, whereas the antibodies directed against
mature type collagen recognize the helical domain.33
These antigens may be present intracellularly and in the
extracellular matrix.34

The presence of such intense staining within the cells
and in the matrix is expected in a tumor that is actively
producing extracellular matrix. This further confirms its

Figure 14. Electronz microscopy, tissue cul-
ture ofFigure 13, havingatn ovoid cell, has
prominient filopodia, anid oval nucleus.
Numerous lipid globules and lysosome
structures are evident (uranyl acetate
anid lead citrate, X 7000). It

partial fibrocytic differentiation, as only a few nonepithelial
cell types, fibrocytes, leiomyocytes, and Schwann cells,
produce this much collagen.35 The absence of significant
basal lamina staining militates against a Schwann cell or
leiomyocyte origin and further supports a fibrohistiocytic
origin.36

Few investigators have studied the distribution of col-
lagen types in fibrohistiocytic neoplasms. Hall et a137 ex-
amined the distribution of interstitial and basal lamina col-
lagens in a fibrosarcoma and found primarily extracellular
type and type V collagens. Roholl et a138 discovered pri-
marily type IlIl collagen and less type collagen in two ma-
lignant fibrous histiocytomas. Collagen production would
be anticipated in the fibroblast-like areas of atypical fi-
broxanthoma.

The histiocytic markers, a1-anti-trypsin and lysozyme
(Figure 7), were variably present. Alpha-1-anti-trypsin is a
characteristic marker for malignant neoplasms with al-

4.0
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leged histiocytic differentiation, whereas lysozyme is a
better marker for reactive histocytic proliferations.39 As
the expression of these markers can be variable from tu-
mor to tumor and as these tumors showed more spindle
cell foci, this limited expression would be anticipated. Sim-
ilar variable distribution has been observed in human
atypical fibroxanthoma.14

The presence of numerous S-100 positive dendritic
cells has been observed repeatedly in human atypical fi-
broxanthoma'4 and in the mouse tumors (Figure 9). At
first, on the basis of electron microscopy, it was proposed
that atypical fibroxanthoma may be in part a Langerhans
cell proliferation. It is now believed that the Langerhans
cell component is just an admixed immigrant population,
which can comprise from 5% to 30% of the cells
present.15

Initial attempts to establish a cell line in the mouse tu-
mor were largely unsuccessful. Rather, multiple explants
of tumor tissue produced isolated colonies with only lim-
ited potential for growth. Each colony showed a distinc-
tive and identical morphology: dome-shaped, ameboid
cells, with peripheral flattened polygonal cells (Figure 13).
Electron microscopy demonstrated evidence of primarily
histiocytic differentiation in all cell types (Figure 14).

To our knowledge, there has been no successful cul-
ture of human atypical fibroxanthomas. Several investiga-
tors, however, have cultured malignant fibrous histiocyto-
mas. Roholl et al,38 using a similar explant technique, pro-
duced two cell lines from two deep malignant fibrous
histiocytomas. Cultures from one tumor showed clusters
of cells with rounded and triangular forms and cultures
from the other showed more confluent growth with more
elongate forms. Electron microscopy of the former culture
showed primitive mesenchymal cells with few identifying
features and of the latter more fibroblastic differentiation.
Shirasuna et all cultured and cloned a maxillary malig-
nant fibrous histiocytoma (MFH) using explant and semi-
solid agar procedures. Cultured and cloned cells were po-
lygonal in shape and showed ultrastructural features of
histiocytes.

Although our tissue culture studies demonstrated his-
tiocytic differentiation in the mouse tumor, we think it is
premature to speculate on the precise origin of the cells of
which these tumors are composed or those in their human
equivalents. Some investigators believe they are derived
from a primitive mesenchymal cell with capacity for fibro-
blastic or histiocytic differentiation, whereas others be-
lieve they are derived from a tissue histiocyte capable of
acting as a facultative fibroblast. No conclusion is possi-
ble from our study or from those of others, but in all tumors
examined thus far there has been evidence of both fibro-
blastic and histiocytic differentiation. Tissue culture of ma-
lignant fibrous histiocytoma would be expected to yield
findings similar to atypical fibroxanthoma. Indeed, many

investigators currently believe atypical fibroxanthoma, is
a superficial, low grade malignant fibrous histiocytoma.4"
We believe that the more appropriate term for the neo-

plasm produced in these animals is atypical fibroxan-
thoma, or malignant fibrous histiocytoma, rather than sar-
coma or fibrosarcoma. This change in nomenclature rests
primarily on the observation, repeatedly confirmed by light
microscopy, electron microscopy, and immunocyto-
chemistry, that this tumor shows fibrohistiocytic differen-
tiation. The features correspond to the current description
of atypical fibrohistiocytic neoplasia. Fibrosarcoma is now
considered a relatively rare neoplasm that shows only a
fibroblastic mode of differentiation, with a herringbone
pattern and limited cytologic atypia.41

The unequivocal demonstration of ultraviolet-induced
dermal neoplasia now leads to an interesting experimen-
tal model. Questions can be asked regarding dosage
effects, co-initiators, promoters, and the relative contribu-
tions of different spectra of ultraviolet irradiation that
would have considerable clinical relevance.
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