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Kaposiform hemangioendothelioma is a distinctive vascular neoplasm affecting predominantly children and
neonates. In neonates it needs to be differentiated from common infantile hemangioma and other vascular
lesions of infancy. Kaposiform hemangioendothelioma immunoreacts with vascular endothelial growth factor
receptor 3, and partial lymphothelial differentiation of this lesion has been suggested. D2-40 has been recently
proposed as a selective marker of lymphatic endothelium. We performed immunohistochemical analysis with
the D2-40 antibody on 24 kaposiform hemangioendotheliomas and 48 other pediatric vascular lesions including
common infantile hemangioma (n¼ 10), rapidly involuting congenital hemangioma (n¼ 10), noninvoluting
congenital hemangioma (n¼ 9), verrucous hemangioma (n¼ 9), and pyogenic granuloma (n¼ 10) to define
whether this marker can be applied in the diagnosis of vascular lesions of infancy. In all, 23 of 24 (96%)
kaposiform hemangioendotheliomas exhibited a distinct staining, while none of the other lesions immuno-
reacted with D2-40. D2-40 stained the neoplastic spindled cells and lymphatic channels adjacent to vascular
lobules of kaposiform hemangioendothelioma. These findings support D2-40 as a new determinate marker for
kaposiform hemangioendothelioma, useful in differentiating it from other vascular lesions of infancy and
suggest lymphothelial differentiation of the neoplastic component of kaposiform hemangioendothelioma.
Further studies are necessary to define the identity of the D2-40 antigen and to elucidate the biologic
significance of its selective lymphothelial reactivity.
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Kaposiform hemangioendothelioma is a distinctive
vascular neoplasm affecting primarily children. The
term was proposed in 1993 to delineate the entity
from the infantile hemangioma.1 The lesion was
originally described in deep soft tissues; however, it
frequently affects dermis and subcutis,2–4 where it
forms characteristic violaceous plaques. It is asso-
ciated with profound thrombocytopenia (Kasabach-
Merritt phenomenon) in more than a half of cases.3,5

Life-threatening hemorrhage is a major complica-
tion, and mortality is high, especially for large
deeply located tumors.1,3,5–7 Although kaposiform
hemangioendothelioma can stabilize over time, the

tumor never totally regresses, even with successful
pharmacologic therapy.8 The tumor is composed
of irregular lobules of small malformed vascular
channels with spindled cells; often there are
abnormal adjacent lymphatics.1,3,5 The lesional cells
immunoreact with common endothelial markers
(CD31 and CD34) as well as with antibodies against
the vascular endothelial growth factor receptor-3
(VEGFR-3),9,10 which preferentially stain lymphatic
endothelium in adult tissues.11 It has been suggested
that VEGFR-3 immunopositivity indicates partial
lymphatic endothelial differentiation10 or, alterna-
tively, vascular endothelial growth factor C produc-
tion by the tumor cells that stimulates proliferation
of adjacent lymphatics.5

D2-40 is a monoclonal antibody raised against
dysgerminoma that binds a membrane sialoglyco-
protein M2A.12 It has been observed that D2-40
selectively stains lymphatic endothelium in adult
human tissue; this observation has been extended to
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finding D2-40 positivity in ‘lymphangioma’, Kaposi
sarcoma and a subset of angiosarcoma, but not in
benign tumors of blood vessels.13 Recently, D2-40
immunopositivity was reported in hobnail heman-
gioma, suggesting that this tumor is of lymphatic
origin.14 Several studies employed D2-40 to evaluate
lymphatics in nonvascular neoplastic and non-
neoplastic lesions.15–17 Although the biologic sig-
nificance of D2-40 immunoreactivity is unknown, it
has been stated that the antibody reliably marks
lymphatic but not blood vascular endothelium,13–17

and postulated that staining of lesional cells in a
vascular neoplasm denotes lymphothelial differen-
tiation.13,14

We immunostained kaposiform hemangioen-
dotheliomas with D2-40 antibody to assess its
diagnostic value and possibly elucidate the line of
differentiation in this tumor. We also stained other
pediatric vascular lesions to determine whether D2-
40 would be helpful in differentiating kaposiform
hemangioendothelioma, particularly from common
infantile hemangioma and rapidly involuting and
noninvoluting congenital hemangiomas, which can
be difficult to histologically distinguish from kapo-
siform hemangioendothelioma in small biopsies.

Materials and methods

Patients and Tumors

We studied 72 vascular lesions from the files of the
Department of Pathology of the Boston Children’s
Hospital. These included 64 surgical specimens, one
autopsy specimen, and seven consultative cases.
The patients’ anonymity was preserved and the
study was conducted in accord with the Children’s
Hospital Institutional Review Board policies.

The lesions included kaposiform hemangioen-
dothelioma (n¼ 24), common infantile hemangioma
(n¼ 10), rapidly involuting congenital hemangioma
(n¼ 10), noninvoluting congenital hemangioma
(n¼ 9), verrucous hemangioma (n¼ 9), and pyogenic
granuloma (n¼ 10, Table 1). The slides were
reviewed by two pathologists (LVD and HPWK)
and the diagnoses were agreed upon using the
classification recommended by the International
Society for the Study of Vascular Anomalies18 as
well as established histopathologic criteria.6

D2-40 Immunohistochemical Analysis

Four-micrometer sections of formalin-fixed, paraf-
fin-embedded tumor tissue were incubated with D2-
40 (diluted mouse monoclonal antibody, Signet Lab,
Dedham, MA, USA) for 2 h at room temperature,
after deparaffinization and antigen retrieval with
acetate buffer, pH 9.5 in a pressure cooker for
1.5min. Incubation with the secondary antibody
and detection were performed using Supersensitive
Link-Label immunohistochemistry detection system
(Biogenex, San Ramon, CA, USA) in an automated
processor Biogenex I 6000 as per the manufacturer.
Both brown (diaminobenzidine) and violet (fuchsin)
chromogens were used, the latter to facilitate the
evaluation of staining in lesions with abundant
hemosiderin.

CD31, CD34 and Smooth Muscle Actin Staining

Previously performed immunostains were available
from the surgical pathology files in six of 24 cases
of kaposiform hemangioendothelioma. A total of
10 additional kaposiform hemangioendotheliomas
were immunostained with the above markers as part
of the study. CD31 (PECAM), CD34, and smooth
muscle actin (SMA) (1A4) mouse monoclonal anti-
bodies were purchased from Biogenex, San Ramon,
CA, USA and applied to deparaffinized sections,
after antigen retrieval with trypsin, using instruc-
tions provided by manufacturer.

Positive (sections of normal tonsil) and negative
(tumor sections without primary antibody incuba-
tion) controls were performed in each experiment.
The immunostained sections were scored using the
commonly accepted four-tier system based on visual
impression (0 to 3þ ). The staining intensity of
lesional cells was compared to that of the lympha-
tics and blood vessels seen in the surrounding
tissue.

Results

In the group of 24 kaposiform hemangioendothelio-
mas, patients’ age ranged from 5 days to 54 years,
with a median of 9 months; the male-to-female ratio
was 1:1.2 (Table 2). The tumors were located
predominantly in the skin and subcutis, exept for

Table 1 D2-40 immunostaining results in 72 pediatric vascular tumors

Tumor type Age rangea Median age # Positive/ # studied

Kaposiform hemangiendothelioma 5da–54yr 9mo 23/24
Common infantile hemangioma 5mo–12yr 3.5 yr 0/10
Rapidly involuting capillary 4da–5yr 6mo 0/10
Non-involuting capillary hemangioma 3–11yr 4.5 yr 0/9
Verrucous hemangioma 1–16yr 4.5 yr 0/9
Pyogenic granuloma 10mo–13yr 6 yr 0/10

da¼days; mo¼months; yr¼ years.
a
Age at biopsy.

D2-40 in kaposiform hemangioendothelioma
LV Debelenko et al

1455

Modern Pathology (2005) 18, 1454–1460



cases nine and 10, where lesions involved the
retroperitoneum, and case 21, where the lesion
extended from the abdominal wall to the small
intestine. Clinical information on histories of prior
treatments were available in 19 cases. Ten of these
19 patients (53%) were treated prior to biopsy by
either alpha-interferon or a combination of alpha-
interferon and steroids, and four patients whose
tumors showed no response (cases 1, 3, 11, 12) were
additionally given vincristin and/or radiation and
embolization. Seven of 24 lesions recurred, and in
three recurrent cases two and more biopsies of the
lesion were available for the study. Fifteen patients
had Kasabach–Merritt phenomenon. Limited clin-
ical follow-up data were available: two patients with
deeply located lesions died (cases 9 and 21).

In all, 23 of 24 kaposiform hemangioendothelio-
mas (96%) showed immunoreactivity with D2-40.
The staining was concentrated at the peripheral part
of vascular lobules where D2-40 highlighted neo-
plastic spindled cell that streamed between the
lobules and circumscribed the ‘glomeruloid’ cores
(Figures 1a, b and 2). The staining was also observed
in an increased number of lymphatic channels
that surrounded the lobules (Figure 1b). Common
endothelial markers (CD31, CD34) showed diffuse
staining of the vascular lobules, including the
circumferential spindled cells at the periphery and
small vascular channels in the center (Figure 1c). As
has been described,5 the central portions of the
lobules, or ‘glomeruloid islands’, in contrast to the
cellular periphery, are composed of hematovascular
channels with surrounding small SMA-positive
cells, probably pericytes (Figure 1d). The character-

istic D2-40 staining pattern was seen in all cases,
including original biopsies, recurrent lesions, and
lesions removed after therapy.

The staining was observed in 20–70% of the
cellular component of the lesions, and 70–90% of
the large spindled cells. The intensity of the staining
varied (Table 2); however, this was probably mainly
because the cases were collected over a 15-year
period and processed under different conditions.
The staining was pancytoplasmic and/or perinuc-
lear in lesional spindled cells (Figure 2) and
predominantly membranous in the endothelium of
the adjacent lymphatic channels. The overall cel-
lular distribution of the staining corresponded to the
normal location of the M2A antigen (glycoprotein)
on the cellular surface and within the Golgi
complex.12 One of 24 lesions was negative; however,
this might have been due to the small size of the
biopsy containing only one tumor lobule.

None of the common infantile hemangiomas
(n¼ 10), rapidly involuting hemangiomas (n¼ 10),
noninvoluting hemangiomas (n¼ 9), verrucous
hemangiomas (n¼ 9), and pyogenic granulomas
(n¼ 10) stained for D2-40 under the same conditions
(Table 1). Staining of normal lymphatics was
observed in the surrounding dermis in all specimens.

Discussion

We found almost universal positivity of kaposiform
hemangioendothelioma for D2-40, a feature reliably
differentiating it from other vascular lesions of
infancy, namely common infantile hemangioma,

Table 2 Clinical data and D2-40 immunostaining results in 24 Kaposiform hemangioendotheliomas

Case # Age Gender Site Previous treatment KMP Staining intensity (0 to +++)

1 1mo F Chest wall/neck Unknown Y ++
2 1mo F Shoulder/neck Y Y +
3 10yr F Back Y Y +
4 15mo F Neck Y Y +++
5 2mo M Scalp Y Y +
6 8mo M Shoulder Unknown Y +
7 5da F Thigh N Y ++
8 12mo F Chest wall Unknown Y ++
9 9mo F Retroperitoneum Unknown Y +++
10 9mo F Retroperitoneum Y Y ++
11 4yr M Shoulder Y Y +++
12 6mo F Buttock Y Y +++
13 9yr M Flank Y Y +
14 54yr F Thigh Y Y +
15 10yr F Chest Unknown N +++
16 11mo M Arm N N +
17 2mo F Wrist N N +
18 4mo M Cheek N N +++
19 1mo M Ear N N +++
20 14mo M Shoulder N N +++
21 10da M Abdominal wall/intestine N Y 0
22 2.5mo M Leg Y N +++
23 1.6 yr F Arm N N +++
24 5da M Thigh N N +++

KMP¼Kasabach–Merritt phenomenon; da¼days; mo¼months, yr¼years; M¼male; F¼ female; Y¼yes; N¼no.

D2-40 in kaposiform hemangioendothelioma
LV Debelenko et al

1456

Modern Pathology (2005) 18, 1454–1460



rapidly involuting and noninvoluting congenital
hemangioma, verrucous hemangioma, and pyogenic
granuloma. Kaposiform hemangioendothelioma,
common infantile hemangioma, and rapidly invo-
luting congenital hemangioma frequently have a
similar clinical appearance in neonates, and the
histopathologic diagnosis can be difficult in small
biopsies. It has been previously shown that infantile
hemangioma is positive for erythrocyte-type glucose
transporter protein (GLUT1),19 whereas kaposiform
hemangioendothelioma does not react with
GLUT1.5,19 D2-40, which also exhibits different
reactivity in these two lesions, thus, can be used
as an additional or alternative diagnostic marker.

Kaposiform hemangioendothelioma is the fifth
known vascular lesion that is reportedly positive
for D2-40: previously the immunopositivity was
shown in lymphatic malformation (lymphangioma),
Kaposi sarcoma, angiosarcoma,13 and hobnail
hemangioma.14 It has been suggested that D2-40
immunoreactivity in these neoplasms denotes a
lymphothelial origin. Lymphothelial differentiation

of KHE has been ascribed because of its intimate
association with thin-walled lymphatic vessels that
encircle the tumor nodules.1,5 However, this asso-
ciation can be attributed to other factors: concomi-
tant lymphatic malformation, lymphatic obstruction
by the tumor, and/or lymphangiogenesis stimulated
by the tumor. Kaposiform hemangioendothelioma
has also been shown to be positive for VEGFR-3,
a predominantly lymphatic marker;10 however,
VEGFR-3 immunoreactivity is not exclusive for
tumors of lymphatics.9

It has also been stated that the predominant
neoplastic component of kaposiform hemangio-
endothelioma (spindled cells) recapitulates the
phenotype of blood vascular endothelium (CD31
and CD34 positive), whereas the SMA-positive
glomeruloid islands located within the vascular
nodules represent zones of platelet trapping and
blood destruction.5 Our D2-40 data suggest that the
neoplastic component has a lymphothelial immuno-
phenotype, and the observed differences in the
staining of the periphery and the center of vascular

Figure 1 Comparison of D2-40, CD31 and SMA staining patterns in Kaposiform hamangioendothelioma (case 19). (a) D2-40 shows a
distinct staining pattern which highlights the lobular ‘glomeruloid’ architecture of the lesion. (b) D2-40 stains neoplastic spindled cells at
the periphery of the lobules and multiple lymphatic channels surrounding the lobules. (c) CD31 shows a diffuse staining of the lobules,
including spindled cells at the periphery and small vascular channels in the center, (d) SMA shows increased staining in the center of the
lobules due to the presence of small pericyte-like cells contributing to the so-call ‘glomeruloid’ core.
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lobules further highlight the architectural, and
probably functional distinction between these two
compartments. Dissecting the morphology and im-
munophenotypic characteristics of different compo-
nents comprising a unique architecture of this lesion
still does not clarify its pathogenesis; however, our
data provide a support for lymphothelial differentia-
tion of the neoplastic spindled cells, assuming that
D2-40 is accurate in labeling the lymphatic endo-
thelium.

The protein immunoreactive with D2-40 was
purified from an ovarian cancer cell line by
sequential affinity chromatography and analyzed
by Western blotting and enzymatic digestion, the
latter indicating the biochemical structure of an O-
linked sialoglycoprotein.12 The carbohydrate struc-
ture of the antigen recognized by D2-40 is common
for mucin-type glycoproteins that are widely ex-
pressed in normal and tumor cells.20 Thus, although
M2A was initially identified in fetal gonocytes,
germ-cell tumors, and prepubertal Sertoli cells,21–23

it is also present in a number of human cancer
cell lines, including osteosarcoma and transitional
cell carcinoma.12 The broad application of D2-40
immunohistochemistry has established reactivity to
multiple cell lineages and tumors such as meso-
thelioma, ovarian serous carcinoma, schwannoma,
meningioma, synovial sarcoma, gastro-intestinal
stromal tumor, leiomyosarcoma and others.24–26 It
is unknown whether D2-40 immunoreactivity in a
wide spectrum of normal and neoplastic cells is due
to a single protein expressed in these various tissues
or results from a crossreactivity with multiple
surface glycoproteins sharing the D2-40-recognized
epitope defined by the common carbohydrate core.
It is also unknown whether D2-40 reacts with the
same or different antigens in normal lymphatics and
in vascular tumor cells.

The selective D2-40 immunoreactivity of lympha-
tic, but not blood vascular endothelium was dis-
covered by observation of normal tissues.13,24

Although the data are consistent, it should be noted
that no systematic study involving all organs and
tissue types, including embryonal and fetal, has
been conducted. It is also known that none of the
previously studied lymphatic markers (VEGFR-3,
podoplanin, homeobox gene product Prox-1, hya-
luronan receptor LYVE-1) are specific for lymphatic
vasculature.27 Although some markers are fairly
specific for lymphothelium, they exhibit different
expression patterns during prenatal development
and the respective immunopositivity does not
necessarily indicate the lymphothelial origin of a
vascular tumor. For example, VEGFR-3 selectively
stains normal lymphatics in adult tissues;28,29 how-
ever, it is expressed in both lymphatic and blood
vessels in the early embryonal period.28 Further-
more, both blood vessel and lymphatic vascular
tumors immunoreact with the VEGFR-3 antibody.9

Another predominantly lymphothelial marker,
LYVE-1 has been shown to stain endothelium of

Figure 2 D2-40 Staining results in Kaposiform hemangioendothe-
lioma (case 24). Positive neoplastic spindled cells surround
negative ‘glomeruloid’ cores (top). The staining of neoplastic cells
is diffuse cytoplasmic and perinuclear (bottom).
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lymphatic vessels, as well as hepatic and splenic
sinusoids.30 Immunoreactivity with LYVE-1 has also
been demonstrated in angiosarcoma, Kaposi sarco-
ma,31 and in infantile hemangioma in the prolifera-
tive stage.32 The cells of proliferating infantile
hemangioma are characterized by an immature
immunophenotype similar to that observed in the
cardinal vein in the early embryonal period (CD31þ ,
CD34þ , LYVE-1þ , GLUT1þ , Prox-1�). These find-
ings led to a hypothesis of an arrested vascular
development in infantile hemangioma.32 Our data
indicate that infantile hemangioma is negative for
D2-40, including lesions in the proliferative stage
(n¼ 5). This suggests that the expression of a
yet unidentified surface molecule, recognized by
D2-40, is probably a late event in lymphothelial
development. We also found (data not shown) that
LYVE-1 stains kaposiform hemangioendothelioma,
similar to D2-40. This finding additionally supports
the lymphothelial differentiation of the kaposiform
hamangioendothelioma and demonstrates the com-
plexity of interplay of different factors in endothe-
lial differentiation and in vascular tumorigenesis.

In conclusion, we have shown that kaposiform
hemangioendothelioma, in contrast to other pediatric
vascular lesions, is positive for D2-40 by conven-
tional immunohistochemistry. The data highlight
D2-40 as an extremely useful marker of kaposiform
hemangioendothelioma. Further studies are neces-
sary to define the identity and functions of the D2-40-
immunoreacting surface antigen (antigens) to confirm
that its expression in kaposiform hemangioendothe-
lioma signifies a recapitulation of lymphatic differ-
entiation and not merely an epiphenomenon
common to neoplastic cells of different lineages.
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