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The CD40 antigen is a member of the tumor ne-
crosis factor receptor/nerve growth factor re-
ceptor superfamily and is involved in ceUprolif-
eration, differentiation, and survival. Using
different monoclonal antibodies, wefound CD40
expression by immunohistochemistry on CD31-
and CD34-positive Kaposi's sarcoma spindle
ceUs in aU tumors of 18 HIV-1 seropositive and 4
HIV-1 seronegative patients. Western blot analy-
sis of tumor lysates detected a 48- to 50-kd gly-
coprotein corresponding to the CD40 antigen ex-
pressed by B lymphocytes. CD40 expression was
also detectable in one offour cultures ofspindle
cells derivedfrom Kaposi sarcoma tissue. Treat-
ment ofthe CD40-positive spindle ceUs but not of
the CD40-negative ones with interferon-y up-reg-
ulated CD40 surface expression. Besides on Ka-
posi sarcoma tumor ceUs, CD40 was distinctly
present on vascular endothelial ceUs in areas
within and adjacent to the tumors and in benign
inflammatory lesions such as granulation tissue
of HIV-1-negative patients. In contrast, CD34-
negative endothelia of thin waUed vessels, most
likely lymphatics, werepredominantly CD40 neg-
ative. Only faint or no CD40 expression was
found on endothelial cells in normal skin. We
conclude from our data that expression of the
CD40 antigen by endothelial ceUs is up-regulated
during tissue inflammation. As signaling through
CD40 is able to increase ceU survival, expression

of CD40 by Kaposi sarcoma tumor ceUs might
play an important role in thepathogenesis ofthis
neoplasm. (AmJPathol 1996, 148:1387-1396)

The CD40 antigen is a 45- to 50-kd transmembrane
glycoprotein that belongs to the nerve growth factor
receptor (NGFR)/tumor necrosis factor receptor
(TNFR)-superfamily.1 2 Members of this superfamily
are intimately involved in the regulation of cell sur-
vival and include the T cell activation antigen CD27,
the lymphocyte activation antigen CD30, the low af-
finity NGFR, the FAS antigen CD95, the TNFRs
CD12012 and the lymphotoxin-f3 receptor.3 CD40
was initially described on B cells and certain carci-
nomas.4'5 It has since become clear that it is also
expressed on dendritic cells,6 monocytes,7 thymus
epithelia," and normal basal epithelial cells of the
nasopharynx,9 ectocervix,10 and skin.11 The pres-
ence of this membrane antigen on endothelial cells
has been reported in the past,12 but only very re-
cently have the regulatory and functional aspects of
CD40 expression on human umbilical vein endothe-
lial cells (HUVECs) and human aortic endothelial
cells been studied.13,14

Stimulation of CD40 by either monoclonal antibod-
ies (MAbs) or its natural ligand induces DNA repli-
cation in resting B lymphocytes, leads to sustained
proliferation of these cells in the presence of certain
cytokines, and can drive B cell differentiation and
aggregation.1 Activation of monocytes via the CD40
antigen leads to the secretion of interleukin (IL)-6,
IL-8, and TNF7 and triggering of CD40 on HUVECs
increases expression of the leukocyte adhesion mol-
ecules E-selectin, vascular adhesion molecule-1 and
intercellular adhesion molecule-i 13 Besides their
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important regulatory role within the immune system,
CD40 and other members of the NGFR/TNFR family
have recently been implicated in Epstein-Barr virus
(EBV)-associated growth transformation.15 Based on
the evidence that CD40 and other proteins of the
NGFR/TNFR family associate with a newly identified
cellular protein that interacts with the EBV latent in-
fection membrane protein (LMP-1), it has been sug-
gested that this interaction may interfere with recep-
tor-associated signal transduction and constitutively
promote cell growth.15

Kaposi's sarcoma (KS) is a tumor of probable vas-

cular origin16-18 that has aroused considerable interest
of late, as it is the most frequent neoplasm seen in
patients with acquired immune deficiency syndrome
(AIDS). However, despite intensive research over the
past few years,17'18-20 the origin of KS tumor cells has
not been clarified and it is even a matter of contention
whether KS is a real neoplasm or represents a reactive
proliferative process.18'21 Suspected pathogenic
mechanisms regarding this tumor include cytokine
dysregulation22 23 and the participation of the HIV-1 tat
gene product24 in the activation and growth of spindle
cells, as well as the potential involvement of a trans-
missible agent.18'25 Recently, noncellular DNA se-

quences homologous to EBV sequences have been
identified in KS tissue.26 Although these herpesvirus-
like sequences can be detected in practically all sam-
ples of AIDS-associated and non-AIDS-associated KS
analyzed by several groups,26-28 a role for this possi-
ble new herpesvirus in KS pathogenesis remains to be
established.

While screening for endothelial markers in nor-

mal and inflamed skin, we found distinct expres-

sion of the CD40 antigen on endothelial cells in
granulation tissue of chronic skin ulcers and fistu-
lating processes. Because of our interest in the
histogenesis and pathology of KS, we analyzed
the CD40 expression in these tumors by immuno-
histochemical and biochemical methods. In our

present study we evaluated KS at various stages
and found strong expression of the CD40 antigen
on both endothelial and spindle cells.

Materials and Methods

Tissues and Cells
We analyzed a total of 26 biopsies of KS derived
from 18 HIV seropositive and 4 HIV seronegative
patients. By routine histology, the biopsies were

classified as patch (n = 1), plaque (n = 9), and
nodular KS lesions (n = 16). Formalin-fixed, par-

affin-embedded specimens of KS (n = 20), ulcers

and fistulas of the skin with formation of granula-
tion tissue, and samples of normal skin were ob-
tained from the files of the Institute of Clinical
Pathology and the Department of Dermatology at
the University of Vienna. For immunostaining of
cryostat sections and for Western blot analysis, 6
KS lesions were biopsied under local anesthesia
after informed consent was obtained from patients
with AIDS. The CD40-positive B cell line R17 and
the CD40-negative T cell line H9 were cultured
under standard conditions in RPMI 1640 medium
supplemented with 10% fetal bovine serum.

Immunohistochemistry
For immunostaining of paraffin sections, anti-CD31
(JC/70A, Dako, Glostrup, Denmark), anti-CD34
(QBend/10, Novocastra Laboratories, Newcastle
upon Tyne, UK), and anti-CD40 (BB-20, Serotec,
Kidlington, UK) MAbs or corresponding isotype-
matched control antibodies were applied. Incubation
with the primary antibodies was followed by a
streptavidin-biotin complex alkaline phosphatase
system (super sensitive detection system, Biogenex,
San Ramon, CA). For some experiments an avidin-
biotin staining technique (Vector Laboratories, Bur-
lingame, CA) was used.

Immunoperoxidase staining of cryostat sections
was performed as described earlier29 with anti-CD40
MAbs BB-20 and G28-5 (a kind gift of J. A. Ledbet-
ter, Seattle, WA).

Western Blotting
For Western blotting, biopsies of KS or H9 and R17
cells were lysed in NP40 lysis buffer as previously
described.29 Glycoproteins were enriched on a
lentil-lectin column (Pharmacia, Uppsala, Sweden)
and eluted with 2 column volumes of 1 mol/L
a-methyl-mannopyranosid (Sigma Chemical Co.,
St. Louis, MO). After quantification, glycoproteins
were electrophoresed through an 8 to 18% gradi-
ent gel and transferred onto nitrocellulose mem-
branes (Schleicher & Schuell, Dassel, Germany).
The immunoreaction was performed with either the
BB-20 MAb or an appropriate isotype-matched
(IgG1; Coulter, Hialeah, FL) control antibody and
an 1251-labeled sheep anti-mouse Ig antiserum
(Amersham, San Jose, CA) as described.29

Tissue Culture and Immunostaining of
Cultured KS-Derived Cells
Cultures of spindle cells derived from KS tissue were
established by explant culture method (M7/2, M 12/4)
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or by enzymatic dissection (M7Col 12, M 12T8) of KS
biopsies from skin of two male patients with AIDS
(M7, Mi2). Cells were maintained in Dulbecco's min-
imal essential medium with 10% fetal bovine serum
as previously described.30'31 KS spindle cells were
characterized by cytochemical staining and were
positive for Ulex europaeus antigen-I and
BMA120.3°31 Polymerase chain reaction for the
detection of KS-associated herpesvirus (KSHV)
sequences in these cell cultures using the protocol
published by Chang et al26 yielded negative re-
sults. Experiments described in this paper were
carried out with cultures that have undergone
three to seven passages. For the analysis of sur-
face expression of CD40, cells were seeded in T25
cell culture flasks (Falcon), and various cytokines
were added at concentrations that have been
shown to exert biological activity in relevant test
systems (data not shown), ie, interferon-y (Boehr-
inger, Ingelheim, Germany; 500 U/ml), platelet-
derived growth factor B (Boehringer, Mannheim,
Germany; 50 ng/ml), basic fibroblast growth factor
(R&D Systems, Minneapolis, MN; 100 ng/ml), TNF
(R&D Systems; 100 U/ml), IL-1 (Genzyme, Cam-
bridge, UK; 2 U/ml), IL-4 (Genzyme; 50 ng/ml), or
IL-6 (Gibco BRL Life Technologies, Gaithersburg,
MD; 100 U/ml). After 24 hours, cells were incu-
bated in 1% trypsin/EDTA for 5 minutes and after
detachment washed twice in Dulbecco's minimal
essential medium with 10% fetal bovine serum.
Immunostaining of suspended cells for CD40 was
performed with phycoerythrin-labeled anti-CD40
MAb (BB20, Cymbus Bioscience, Southhampton,
UK) or an isotype-matched control MAb (IgG, Bec-
ton Dickinson, Mountain View, CA). Staining for
CD31 was performed by an indirect method using
anti-CD31 (JC/70A, Dako) or an isotype-matched
control MAb as first-step reagents followed by in-
cubation with an FITC F(ab)2 goat anti-mouse Ig
(An der Grub, Vienna, Austria). Incubation and
washes were performed phosphate-buffered sa-
line with 5% bovine serum albumin. Stained cells
were analyzed by flow cytometry using a FACSort
(Becton Dickinson).

Results

Detection of CD40 on KS Spindle Cells
When we stained paraffin sections of KS with the
anti-CD40 MAb BB-20 we found distinct reactivity of
spindle cells of plaque and nodular stage KS (Figure
1) in all tumors of 16 HIV-1 seropositive and 4 HIV-1
seronegative patients (Table 1). The staining was

distributed uniformly over the tumors (Figure 1) with
the exception of one sample in which CD40-negative
areas within the tumor were detectable (Table 1,
patient 16). On serial sections we could confirm that
CD40-positive tumor cells (Figure 2A) comprised the
majority of anti-CD31-positive (Figure 2B) and anti-
CD34-positive (Figure 2C) KS spindle cells. The
same staining pattern, ie, anti-CD40 reactivity of KS
tumor cells, was obtained when frozen sections of six
different tumors derived from patients with AIDS
were stained with two different anti-CD40 MABs
(data not shown).

Analysis of CD40 Expression in KS by
Western Blot

To confirm the specificity of the MAb used for immu-
nohistochemistry and to study the biochemical prop-
erties of the CD40 antigen present in KS lesions, we
performed a Western blot analysis on tumor lysates
under reducing and nonreducing conditions. As de-
picted in Figure 3, the BB-20 MAb detected a gly-
coprotein of approximately 50 kd corresponding with
the size expected for the CD40 antigen in all four KS
tumors analyzed and in R17 cells but not in the H9 T
cell line. An additional band of approximately 100 kd,
detectable by the anti-CD40 MAb in the lysate of Ri 7
cells and to a lesser degree also of KS, corresponds
with the size described earlier for CD40 ho-
modimers.32 When an isotype-matched control anti-
body was used instead of the anti-CD40 reagent, no
specific reaction was observed.

CD40 Expression in Cultures of KS-Derived
Spindle Cells

Analysis of CD31 surface expression of KS-derived
cultured spindle cells by flow cytometry yielded neg-
ative results (data not shown). As depicted in Figure
4, constitutive CD40 surface expression was de-
tected only in one of four individual preparations of
KS-derived spindle cells (Figure 4, lower right panel,
dashed line). CD40 expression could be upregu-
lated in CD40 positive M12T8 cells by stimulation
with y-interferon (Figure 4, lower right panel, c line).
In contrast, no effect of interferon-y was observed
with M7/2, M12/4, and M7ColI12 spindle cells. Incu-
bation of spindle cells with platelet-derived growth
factor B, basic fibroblast growth factor, TNF, IL-1,
IL-6, or IL-4 neither induced nor up-regulated CD40
surface expression (data not shown).
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Figure 1. Expression of CD40 on KS tumor cells. Distinct expression of CD40 was seen on spindle cells of KS (A). As seeni in the higher
maginification, staining was seen both in the cytoplasm and on the cell membranes (B). Besides tumor cells, endothelial cells (A, arrows) and
basal epidermal cells (A, arrowheads) also exhibited CD40 positivitv. No specific staining could be detected u'hen a monoclonal IgG isou(pe
conztrol antibody uas utsed (C).

Vascular Endothelia in KS Lesions Express
the CD40 Antigen
Besides KS tumor cells, endothelia of irregular ves-
sels in KS as well as endothelia of most normal
appearing intermediate and small sized blood ves-
sels within and adjacent to the tumors also stained
distinctly with the anti-CD40 MAb (Figures 1 and 5
and Table 1). In contrast, CD34-negative endothelia
of thin-walled vessels, most likely lymphatics, were
predominantly CD40 negative (Figure 5). In normal
skin of healthy persons the endothelia of blood ves-
sels were mostly CD40 negative when paraffin sec-
tions were analyzed, whereas in inflamed tissue of
ulcers and fistulas of the skin, anti-CD40 staining of
endothelia of blood vessels was comparable to that
observed in KS (data not shown). In skin, CD40 was
also focally expressed on basal and suprabasal ke-
ratinocytes of the epidermis and in follicular epithe-
lium and eccrine glands adjacent to KS lesions.

Discussion
The CD40 antigen is a cell surface glycoprotein ex-
pressed on B lymphocytes,5 dendritic cells,6 basal
epithelial cells,9-11 and certain carcinomas.4 In this
report we demonstrate for the first time that CD31-
positive19 and CD34-positive20 spindle cells in AIDS
and non-AIDS KS express the CD40 antigen.

Despite the fact that KS was first described over
100 years ago, the histogenetic origin of KS tumor
cells is still not clarified. Although many pheno-
typic and functional studies on this tumor favor the
derivation of KS spindle cells from vascular or
lymphatic endothelial cells, several other cell
types, including smooth muscle cells, pericytes,
and dermal dendrocytes, have been proposed as
the origin of KS tumor cells.16-18,33 The expression
of CD40 by KS tumor cells neither confirms nor
excludes their endothelial cell nature; however, it
is compatible with it, as expression of the CD40
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Table 1. Staining Pattern on Paraffin Sections

Serial CD40 CD40 CD34 CD34 CD31 CD31
number Stage Organ endothelia spindle cells endothelia spindle cells endothelia spindle cells

1* Skin +++ +++ +++
2 II Skin +++ +++ +++ + +++ +++
3 11 Skin +++ +++ +++ + +++ +
4 11 Skin +++ +++ +++ +++ +++ +
5 11 Skin ++ ++ ++ + +++ ++
6 11 Skin +++ +++ +++ ++ ++ +
7 11 Skin +++ +++ +++ + +++ +
8 III Skin +++ +++ +++ + +++ +++
9 III Skin +++ +++ +++ +++ +++ +++

10* III Skin ++ +++ ++ +++ ++ ++
11 III Skin +++ +++ ++ +++ +++ +
12 III Skin +++ +++ +++ ++ +++ +++
13* III Skin +++ +++ +++ ++ +++ ++
14 III Oropharynx +++ +++ +++ +++ +++ +++
15 III Oropharynx +++ +++ +++ + +++ +++
16 III Oropharynx +++ + +++ +++ +++ +++
17 III Lymph node +++ +++ ++ +++ +++ +++
18 III Lymph node +++ +++ +++ +++ +++ +++
19* III Lymph node ++ ++ ++ -+++ +++
20 III Lymph node +++ +++ +++ +++ +++ +++

Stage: I, patch; II, plaque; Ill, nodular. Immunohistochemical staining pattern: +++, >80% positive; ++, 50 to 80% positive; +, 10 to
50% positive; -, <10% positive.

HIV-negative patients.
# no spindle cells present.

antigen has also been previously reported on en-
dothelial cells.12-14 Dermal dendritic cells express
the CD40 antigen34 35 and by factor Xllla staining
they have been reported to represent a part of
spindle cells in KS lesions.33 It is therefore likely
that a fraction of CD40-positive cells in KS repre-
sent dermal dendrocytes.

Besides its presence on KS spindle cells, we
could detect CD40 also on endothelial cells of blood
vessels and, to a minor degree, lymphatic vessels in
KS lesions and in areas adjacent to the tumors.
Similarily, vascular endothelial cells in benign inflam-
matory lesions, such as granulation tissue of HIV-1-
negative patients, were distinctly anti-CD40 reactive,
whereas the antigen was mostly absent from endo-
thelia in normal skin (data not shown). We conclude
from these data that the expression of CD40 by
endothelial cells is inducible rather than constitutive
and probably indicates activation of these cells.
As to the regulation of CD40 expression, we do

not know which external or internal stimulus in-
duces this antigen in KS tumor cells and endothe-
lial cells. Cytokines reported to upregulate CD40
include interferon-y4 and IL-436 for lymphoid cells
and interferon-e, IL-la, and TNF for epithelial
cells.4 8 Recently it was demonstrated that interfer-
on-y and -13, IL-1 a and -,B, and TNF increase CD40
on endothelial cells in vitro.13,14 In addition, com-
binations of these cytokines appear to act syner-
gistically in the induction of CD40 expression,13

and CD40 expression is upregulated on endothe-
lial cells in inflammatory skin diseases.14 Analysis
of KS-derived spindle cells revealed that only one
of four cell lines expressed the CD40 antigen.
CD40 expression could not be induced in any of
these cells by several of the factors implicated in
the pathogenesis of KS, including platelet-derived
growth factor B, basic fibroblast growth factor,
TNF, IL-1, and IL-6. Interferon-y was able to up-
regulate CD40 in the positive cell line but was not
able to induce it in the negative ones. Because the
phenotype of KS-derived spindle cells is not iden-
tical to KS spindle cells in situ, as evidenced by
their CD31-negative phenotype, the significance
of the lack of CD40 expression in three of the four
cell lines tested is not clear at the moment. KS
lesions represent a particularly lymphokine-rich
environment. It is possible that the combination of
some of the cytokines implicated in the pathogen-
esis of this neoplasm18a22,23 also contributes to the
expression of CD40 on tumor cells and on regular
endothelial cells in KS lesions.
An alternative possibility is the induction of CD40

expression in KS cells by viruses. It has been re-
ported that transfection of the EBV LMP-1 gene into
certain B cell lines up-regulates CD40 surface ex-
pression.37 Furthermore, LMP-1 has been demon-
strated to associate via a cellular protein with mem-
bers of the NGFR/TNFR superfamily including
CD40.15 Although an association of KS with EBV
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Figure 2. Analysis ofCD31, CD34, and CD40 expression oftumor cells
in KS. When serial sections ofKS biopsies were stained with anti-CD40
(A), anti-CD31 (B), and anti-CD34 (C) MAbs, tumor areas were

homogeneously positive for CD40 (A). This CD40-positive cell popula-
tion includes all CD31- and CD34-positive tumor cells. In addition to
tumor cells andperitumorous endothelial cells, strongly CD40-positive
perivascular cells, most likely monocytes (A, arrows), could he de-
tected.

infection has not been established,18 other herpes-
viruses have been implicated in KS pathogenesis in
the past. Elevated anti-cytomegalovirus antibody ti-
ters have been found in a high percentage of Euro-
pean KS patients,38 and it was reported that AIDS
patients with KS have a higher incidence of manifest

cytomegalovirus infections than those without KS.39
In addition, herpes-type virus particles have been
observed in tissue culture of KS from different geo-
graphic regions.40 Whereas cytomegalovirus could
only rarely be demonstrated directly in KS tumor

tissue,39 4 a possible new member of the herpesvi-
rus family, related to EBV, has recently been identi-
fied in 100% of classical and AIDS KS lesions by
molecular biological means.26 28 In this context it is
interesting that C. Broshoff and co-workers recently
presented results from in situ polymerase chain re-
action on KS tissue demonstrating the presence of
KSHV sequences in both endothelial cells and KS
spindle cells in a distribution similar to the one we
report here for expression of CD40.42 It is conceiv-
able that this new virus is able to induce CD40 ex-
pression of KS cells by a similar mechanism as de-
scribed for EBV.
The fact that KSHV sequences are lost during the

culture of KS-derived spindle cells43 (unpublished
observations) adds to the difficulties encountered in
the comparison of the in vivo and in vitro phenotype of
KS spindle cells.

With regard to a possible functional significance
of CD40 expression by KS spindle cells we have to
rely on data derived from studies of hemopoietic
cells, epithelial cells, and HUVECs. Triggering of
this membrane protein by its natural ligand or by
monoclonal anti-CD40 antibodies can lead to pro-
liferation, differentiation, and adhesion of B cells
and release of cytokines by monocytes, dendritic
cells, and thymic epithelium.1 Triggering of CD40
on HUVECs by a recombinant CD40 ligand in-
creases expression of certain leukocyte adhesion
molecules, and it has been suggested that CD40
thereby plays a role in T-cell-mediated inflamma-
tory reactions.13 In contrast to other members of
the NGFR family like FAS and TNFR, signaling
through CD40 is able to prevent apoptosis proba-
bly by the induction of the expression of the bcl-2
proto-oncogene.44 If CD40 on KS tumor cells func-
tions in a similar way, this receptor molecule may
play a direct role in the pathogenesis of KS. As
discussed above, the more common histogenetic
theories favor an endothelial origin of KS tumor
cells. By analogy to other cell types it is conceiv-
able that stimulation of the CD40 receptor acti-
vates a signaling pathway involved in proliferation
and prolonged survival of endothelial cells, lead-
ing to their accumulation and to the formation of
endothelial cell hyperplasia corresponding with
early KS lesions. The ligand for CD40, which has
recently been identified, is present on T lympho-
cytes and human mast cells.45 In early lesions of
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