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The distinction between dermatofibroma, particularly cellular variant, and dermatofibrosarcoma protuberans in

excisional biopsies is usually straightforward. However, a separation between the two may be sometimes

challenging, especially in superficial biopsies. Although factor XIIIa and CD34 immunostains are useful in

differentiating dermatofibroma and dermatofibrosarcoma protuberans in most instances, focal CD34 positivity

may be seen in cellular fibrous histiocytoma. Some cases reveal overlapping immunostain results. D2-40

identifies a 40-kDa O-linked sialoglycoprotein present on a variety of tissues including testicular germ cell

tumors as well as lymphatic endothelium. In this study, we investigated the utility of D2-40 in separating

dermatofibroma from dermatofibrosarcoma protuberans and compared the results with other commonly used

immunostains. Fifty-six cases of dermatofibroma (including six cellular variant) and 29 cases of dermatofi-

brosarcoma protuberans were retrieved from the archives of Department of Anatomic Pathology at Sunnybrook

Health Sciences Center in University of Toronto. We applied factor XIIIa, CD34, and monoclonal mouse anti-

D2-40 immunostains to formalin-fixed, paraffin-embedded tissue sections. All 56 (100%) cases of dermatofi-

broma demonstrated strong and diffuse immunoreactivity to D2-40 in the spindle cells and stroma. Similarly,

factor XIIIa showed strong and diffuse positivity in the spindle cells. Nearly all dermatofibromas were negative

for CD34 except one case revealing focal positivity. None of dermatofibrosarcoma protuberans cases were

labeled by D2-40, although four cases showed weak and patchy background staining in contrary to diffuse,

strong, and crisp staining seen in dermatofibromas. Our results indicate that D2-40 seems to be a sensitive

immunohistochemical marker for dermatofibromas, including cellular variant. Focal and faint D2-40 staining

may be seen in the stroma of dermatofibrosarcoma protuberans. Our findings suggest that D2-40 can be used

as a complementary immunostain to factor XIIIa and CD34 in problematic and challenging cases on superficial

biopsies.
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The differential diagnoses of cutaneous spindle cell
proliferation are broad and include spindle cell
melanoma, spindle cell squamous cell carcinoma,
fibrous and fibrohistiocytic tumors (such as derma-

tofibroma and dermatofibrosarcoma protuberans),
spindle cell vascular, adipocytic, or neural prolif-
erations. Some of these entities are rare and
some are very common. The majority of these cases
are straightforward on hematoxylin and eosin
stains, even without utilization of immunohisto-
chemistry study. Differentiating between dermato-
fibroma and dermatofibrosarcoma protuberans
usually is not challenging when we are dealing
with excisional biopsies. In the minority of cases,
especially in superficial biopsies, the distinction
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between dermatofibroma and dermatofibrosarcoma
protuberans, particularly deep cellular fibrous
histiocytoma may become problematic and
challenging.

Dermatofibromas are characterized by poorly
demarcated dermal spindle proliferation, which is
composed of admixture of collagenous stroma,
histiocytes, multinucleated giant cells, and blood
vessels in various proportions. Dermatofibromas
also reveal overlying epidermal hyperplasia,
basal layer hyperpigmentation, Grenz zone, and
characteristic wrapping around the pre-existing
collagen fibers at the periphery of the lesion.
Cellular fibrous histiocytoma may show prominent
storiform pattern and often extend into the super-
ficial subcutaneous tissue, mimicking dermatofibro-
sarcoma protuberans.1–4 It may recur locally if
incompletely excised.1

Dermatofibrosarcoma protuberans is characterized
by diffuse irregular infiltration of subcutis (lace-like/
Swiss cheese/honeycomb pattern) by fairly uniform
spindle cells with storiform pattern being common.
There is often a thin Grenz zone present; however,
extension into epidermis with ulceration sometimes
happens.5 Despite the above-mentioned character-
istic features, dermatofibroma and dermatofibrosar-
coma protuberans may show overlapping features
(eg indeterminate fibrohistiocytic lesion of the
skin).6 These overlapping features are sometimes
problematic; ie cellular spindle cell proliferations in
superficial biopsies devoid of the junction of dermis
and subcutis. In these instances, CD34 and factor
XIIIa immunostains are often very helpful. Derma-
tofibroma, including cellular variants, usually reveal
factor XIIIa immunoreactivity in both spindle cells
and macrophages7 and dermatofibrosarcoma protu-
berans shows strong CD34 positivity in spindle
cells.8–11 Reportedly, CD34 and factor XIIIa immu-
nohistochemical stains may show some overlap;12

for instance, cellular fibrous histiocytoma may show
focal CD34 immunoreactivity, particularly at the
periphery; indeterminate fibrohistiocytic lesion of
the skin may reveal dual population of CD34 and
factor XIIIa positive cells.6 In one study, 95%
dermatofibromas revealed factor XIIIa positivity,
whereas 25% showed CD34 reactivity.13 In contrast,
dermatofibrosarcoma protuberans were positive for
CD34 and factor XIIIa in 80 and 15% of cases,
respectively.13 In this study, we investigated the
application of D2-40 on dermatofibroma and derma-
tofibrosarcoma protuberans and compared the re-
sults with findings on H&E stain, CD34, and factor
XIIIa immunostains.

Materials and methods

Fifty-six cases of dermatofibroma (including 6
cellular fibrous histiocytoma) and 29 cases of
dermatofibrosarcoma protuberance were retrieved
between 2000 and 2007 from the archives of

Department of Anatomic Pathology at Sunnybrook
Health Sciences Center in University of Toronto,
Canada. Factor XIIIa, CD34, and monoclonal mouse
anti-human D2-40 were applied on formalin-fixed,
paraffin-embedded tissue sections as described
earlier.13,14

Results

All 56 (100%) dermatofibromas revealed
strong, diffuse, and crisp cytoplasmic D2-40 posi-
tivity in the spindle cells with a granular pattern
(Figure 1a–e). All 29 cases of dermatofibrosarcoma
protuberans were negative for D2-40 immunostain
(Figure 2a and b); however, four cases of dermatofi-
brosarcoma protuberans showed only focal and faint
staining in the background, in contrary to diffuse,
strong, granular, and sharp staining seen in derma-
tofibroma. All cases (56/56, 100%) of dermatofibro-
ma, including cellular variants, revealed diffuse
factor XIIIa positivity in the spindle cells. Nearly all
cases (55/56) of dermatofibroma were negative for
CD34. One case of dermatofibroma (a cellular
fibrous histiocytoma) showed focal CD34 positivity;
interestingly, this focus was negative for D2-40 and
factor XIIIa (mirror image). All 29 (100%) cases of
dermatofibrosarcoma protuberans displayed strong
and diffuse immunoreactivity for CD34. All cases
(100%) of dermatofibrosarcoma protuberans were
negative for factor XIIIa.

Discussion

D2-40 (IgG1) is a monoclonal antibody to M2A
antigen, a 40-kDa O-linked sialoglycoprotein.14 M2A
antigen was purified by sequential lectin and anti-
body affinity chromatography and characterized as a
monomeric surface sialoglycoprotein, extensively
glycosylated with O-linked carbohydrate structures,
but devoid of N-linked sugars.14 D2-40 antibody
specifically detects a fixation resistant epitope on
podoplanin, which is a mucin-type transmembrane
glycoprotein highly expressed in lymphatic en-
dothelium.15,16 D2-40 is specific for normal lympha-
tic endothelium, and many vascular tumors,
including Kaposi’s sarcomas, lymphangiomas, a
subset of angiosarcomas with partial lymphatic
differentiation, hemangioblastomas, Kaposiform he-
mangioendotheliomas, and a subset of other vascu-
lar tumors.16–21 D2-40 is also expressed in other
normal and tumoral non-endothelial cells, includ-
ing myoepithelial cells in breast, interstitial cells of
Cajal, periphery (peripheral/basal cells) of normal
sebaceous glands, non-neoplastic and neoplastic
adrenal cortex, follicular dendritic cells and tumors,
malignant mesothelioma (epithelioid type), pure
seminomas, and seminomatous component of mixed
germ cell tumors.22–27 Schacht et al27 also demon-
strated the expression of D2-40 in some other non-
endothelial cells beyond the above-mentioned cells
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and tumors, including osteocytes and ependymal
cells.

To date, there are controversies and uncertainties
regarding the histiogenesis of dermatofibromas and
dermatofibrosarcoma protuberans.28–31 For dermato-
fibroma, various cells of origin, including fibroblast,

histiocyte, and endothelial cell, have been hypothe-
sized. Some authors suggested myofibroblastic
derivative for cellular fibrous histiocytoma given
its reactivity for a1-smooth muscle actin. On the
basis of the characteristic immunoreactivity for
factor XIIIa in dermatofibroma, several groups

Figure 1 (a) H&E image of dermatofibroma. (b–e) Dermatofibroma shows strong, diffuse, and crisp cytoplasmic D2-40 positivity with a
granular pattern in the spindle cells and follicular dendritic cells in lymphoid aggregates (a and b, � 2; c, � 10; d, �40; e, � 60).
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postulated an origin from dermal dendro-
cytes.28,29,32,33 Unlike dermatofibroma, earlier immu-
nohistochemical and ultrastructural studies
suggested that dermatofibrosarcoma protuberans
may be originated from fibroblasts.30,34 More recent
report indicated that dermatofibrosarcoma protuber-
ans is probably a neuromesenchymal neoplasm
based on the observations in Bednar tumors.31

In our study, D2-40 was positive in all dermatofi-
bromas, including cellular fibrous histiocytoma. In
contrast, none of the dermatofibrosarcoma protuber-
ans was labeled, although four cases showed a
patchy and faint background staining. The mechan-
ism of D2-40 immunoreactivity in dermatofibroma is
not clear and needs to be investigated. The finding
of D2-40 expression in dermatofibroma is interesting
given its previously suspected cell of origin as being
dermal dendritic cells. Of interest, several recent
studies have shown that D2-40 is a highly effective
marker for follicular dendritic cells and tumors of
this origin.25,35 Dendritic cells, including follicular
dendritic cells, epidermal Langerhans cells, and
dermal dendrocytes, are a heterogeneous group of
antigen-presenting cells present in both lymphoid
and non-lymphoid tissues.36 Although each type
differs in its ultrastructure, function, and morphol-
ogy, dendritic cells from different sites share
features of structure and function, such as the
ability to capture antigens. Dendritic cells are well
known for their motility; for instance, the ones in
non-lymphoid organ can migrate to T-dependent
areas of lymphoid organs. It is possible that
dermatofibroma exhibits D2-40 staining similarly
to follicular dendritic cell tumors in light of the
dendritic cell commonality. Alternatively, dermal

dendritic cells in dermatofibroma may share a
common epitope recognizable by D2-40 with folli-
cular dendritic cells, as they are members of the
same ‘family.’ Our data suggest that the cell of origin
for dermatofibrosarcoma protuberans is probably
not related to dermal dendritic cells due to the lack
of D2-40 expression in this tumor.

In summary, we suggest D2-40 utilization as a
complementary stain to factor XIIIa and CD34
immunostaining in superficial biopsies to differ-
entiate dermatofibroma and dermatofibrosarcoma
protuberans. D2-40 immunostain is helpful in
diagnosing and/or confirming the diagnosis of those
cases of dermatofibroma and dermatofibrosarcoma
protuberans with overlapping features on H&E stain,
CD34, as well as factor XIIIa immunostains.
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