
Cancer Immunol Immunother (2012) 61:1735–1743

DOI 10.1007/s00262-011-1194-0

ORIGINAL ARTICLE

Expression of CD40 and growth-inhibitory activity 
of CD40 agonist in ovarian carcinoma cells

Yan Zhou · Jing He · Lan-tu Gou · Bo Mu · 
Wei-chan Liao · Cong Ma · Ping Tang · Shi-jie Zhou · 
Yong-jun Zhou · Jin-liang Yang 

Received: 26 June 2011 / Accepted: 20 December 2011 / Published online: 11 March 2012
© Springer-Verlag 2012

Abstract The CD40 receptor is a member of the
tumour necrosis factor receptor family and is widely
expressed on various cell types. The antitumour activity
of CD40 agonist antibody has been observed in B-cell-
derived malignancies, but its activity on ovarian cancer
remains unclear. However, in this paper, we Wrst con-
Wrmed that the anti-CD40 agonist antibody could inhibit
the growth of ovarian cancer cells and induce apoptosis.
This study investigated the expression of CD40 by ovar-
ian carcinoma tissues and cell lines, at the same time, we
evaluated the eVect of a recombinant soluble human
CD40L (rshCD40L) and an anti-CD40 agonist antibody
on cell growth and apoptosis. Flow cytometry and
immunohistochemistry assay demonstrated that CD40
was expressed on ovarian carcinoma cell lines and pri-
mary ovarian carcinoma cells derived from ascites, as
well as on ovarian carcinoma tissues. The growth inhibi-
tion of rshCD40L and the anti-CD40 agonist antibody on
ovarian carcinoma cells was examined by MTT assay,
and the proportion of apoptotic tumour cells was ana-
lysed by Xow cytometry and Hoechst staining. Our study
showed that CD40 was expressed on all ovarian carci-
noma cell lines and was examined in 86.2% (162/188) of
ovarian cancer tissue samples, but not in normal ovarian
tissues (n = 20). Treatment with rshCD40L or anti-CD40

agonist antibody signiWcantly inhibited ovarian carci-
noma cell growth and induced apoptosis. Theses results
suggest that CD40 is expressed on ovarian carcinoma
cells, moreover, that rshCD40L and anti-CD40 agonist
antibody have therapeutic potential to inhibit human
ovarian cancer growth.

Keywords Ovarian carcinoma · CD40L · CD40 · Agonist 
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Introduction

Ovarian carcinoma is a leading cause of cancer-related
death among women. In 2009, more than 27,000 new cases
were diagnosed in china, and nearly 14,800 deaths were
attributable to ovarian cancer. Although patients with
advanced disease respond initially to surgery followed by
chemotherapy, 60–80% will relapse and ultimately die
from complications associated with disease progression.
Overall, the 5-year survival rate is less than 30% [1–3]. On
this basis, new therapeutic approaches to conquer ovary
carcinoma are vital for women’s health.

The 48-kDa type I trans-membrane glycoprotein
CD40 is a member of the tumour necrosis factor (TNF)
receptor family. It is expressed on a variety of normal
cells, including B cells, dendritic cells, macrophages,
stromal cells, epithelial cells, and endothelial cells [4, 5].
Activation of CD40 in resting B cells provides costimu-
latory signals for proliferation of B cells and isotype
switching from IgM to IgG and IgE production [6].
Ligation of CD40 on the surface of antigen-presenting
cells (APC) enhances the maturation of APCs and the
expression of MHC and adhesion costimulatory mole-
cules (including ICAM-1, CD23, CD62E, CD80, CD86,
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and CD106) and stimulates the production of various
cytokines (GM-CSF, IL-1, IL-4, IL-6, IL-8, IL-10, IL-
12, RANTES, TNF�). Ligation of CD40 on APCs can
also enhance the cytolytic function of NK and NKT cells
via cytokine induction [7–9]. Agonists of CD40 have
been shown to replace the need for helper T cells in the
generation of an eVective CD8 T cell response [10].

In addition to its role in enhancing immune function,
CD40 is also expressed by a large number of melanomas
and carcinomas of the ovary, lung, colon, breast, prostate,
kidney, and head and neck, as well as all of B-cell malig-
nancies [11–16]. In contrast to the proliferative eVects of
CD40L to CD40 binding on normal B lymphocytes,
recent data suggest that CD40L to CD40 binding on cer-
tain tumour cells can induce cell cycle arrest, apoptosis,
and increase cell surface expression of MHC and costimu-
latory molecules that can enhance tumour cell recognition
[17–19]. Thus, CD40 agonists may provide a dual and
inherently synergistic therapy for cancer by facilitating
the release of tumour antigens, increasing tumour recogni-
tion by immune cells, and enhancing antigen-presenting
cell activity [20]. Indeed, several groups have demon-
strated the eVectiveness of CD40 activation for inducing
antitumour immune responses using either anti-CD40
activating antibodies, soluble CD40 ligand proteins, or an
adenovirus expressing a CD40 ligand [21–23]. These
eVects of CD40 activation on malignant cells suggest that
CD40 agonists may be eVective for cancer therapy. But
there has been no study about the eVectiveness of anti-
CD40 agonist antibody on ovarian carcinoma, our goal
was to conWrm whether the anti-CD40 agonist antibody
could inhibit the growth of ovarian cancer and induce
apoptosis.

In this study, we examined the expression of CD40 and
CD40L in both established human ovarian carcinoma cell
lines and freshly obtained ovarian carcinoma cells isolated
from ascites Xuid of ovarian cancer patients. We also exam-
ined the expression of CD40 in ovarian cancer tissues and
the eVects of rhsCD40L or anti-CD40 agonist antibody on
ovarian carcinoma cell growth and apoptosis. We found
that CD40 was highly expressed in most ovarian carcinoma
cells, but there was no detectable CD40L expression.
Expression of CD40 was detected in 86.2% (162/188) of
ovarian cancer tissues, but not in normal ovarian tissues
(n = 20). The rhsCD40L and anti-CD40 agonist antibody
treatment both signiWcantly inhibited tumour cell growth
and enhanced tumour cell apoptosis. These data suggested
that the anti-CD40 agonist antibody could inhibit the
growth of ovarian cancer cells and induce apoptosis as the
CD40L. It indicated that the CD40 is an attractive target for
ovarian carcinoma therapy, and the rhCD40L and anti-
CD40 agonist antibody are potential candidates for clinical
treatment in patients with ovarian carcinoma.

Materials and methods

Cell lines

The established human ovarian carcinoma cell lines
SKOV3, 8910, COC1, 2780, and OVCAR3, and the breast
carcinoma cell line MCF-7 were purchased from the Amer-
ican Type Cell Collection (ATCC, Manassas, VA, USA).
The human ovarian carcinoma cell lines OV112, OV126,
and OV128 were isolated from the poorly diVerentiated
ovarian cancer ascites of patients. The epithelial origin of
human ovarian carcinoma cell lines was veriWed by mor-
phological studies, as well as immunostaining with mono-
clonal antibodies (mAbs) directed against the epithelial
marker epithelial cell adhesion molecule (EpCAM). All cell
lines were grown in DMEM (Gibco, Grand Island, NY)
supplemented with 10% foetal calf serum (Sigma, St.
Louis, MO) at 37°C under a 5% CO2 atmosphere.

Tissue Microarrays (TMAs)

The ovarian cancer TMA consisted of 188 human ovarian
tumour tissues and 20 normal ovarian tissues (Shanxi Cha-
oying Biotechnology Co., LCD). The paraYn-embedded
ovarian cancer tissues were from 94 patients with a mean
age of 50 years (range, 21–76). The control paraYn-embed-
ded normal ovarian tissues were from ten patients with mean
age of 23 years (range, 15–40). Tumour stage and grade
were deWned according to International Union Against Can-
cer and World Health Organization classiWcations.

Reagents

The recombinant soluble human CD40 ligand (rshCD40L)
was obtained from Amgen (Thousand Oaks, CA). The anti-
bodies used were obtained from the following sources: the
non-conjugated mouse anti-human CD40-antibody was gen-
erated by our laboratory; Xuorescein isothiocyanate (FITC)-
conjugated murine anti-human CD40L-antibody was
obtained from Serotec (Oxford, UK); PE-conjugated anti-
human EPCAM antibody was obtained from Dako (clone
VU-1D9; StemCells, Grenoble, France); FITC-conjugated
sheep anti-mouse IgG was from Sigma (Poole, UK).

Flow cytometric detection of CD40 and CD40L expression

Flow cytometry was used to assess the expression of cell sur-
face markers on tumour cell lines, established human ovarian
carcinoma cell lines (OVCAR3, 2780, 8910, COC1, and
SKOV-3), and three early passage ovarian tumour cells
(OV112, OV126 and OV128) isolated from the poorly diVer-
entiated ovarian cancer ascites of three ovarian carcinoma
patients. All donors gave their written informed consent
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before collection in accordance with the Declaration of Hel-
sinki, and the present study was approved by the local Ethics
Committee of Huaxi Hospital, Sichuan University. BrieXy,
1 £ 106 tumour cells were washed with phosphate-buVered
saline (PBS) and resuspended in 100 �l PBS. The mouse
anti-human CD40 antibody or isotype control antibody was
then added to the cells, and the suspension was incubated for
30 min at room temperature. After 30 min, the cells were
washed twice with PBS buVer and resuspended in 100 �l
PBS. The FITC-conjugated sheep anti-mouse IgG was then
added to the cells, and the PE-conjugated anti-human
EPCAM antibody was also added to the freshly isolated
human ovarian carcinoma cell lines. Then, the suspensions
were incubated for another 30 min at room temperature. For
assessing the expression of CD40L on tumour cells, the
FITC-human CD40L-antibody or FITC-isotype control anti-
body was used. Expression of CD40 or CD40L was then ana-
lysed by Xow cytometry (Becton–Dickinson).

Immunohistochemistry

Sections of tissue blocks were deparaYnized in xylol then
rehydrated in serial dilutions of ethanol. Endogenous per-
oxidase activity was blocked by incubation in 3% hydrogen
peroxide for 15 min at room temperature. Antigenic sites
were revealed by heating sections in a culinary autoclave
with 10 mM EDTA citrate buVer, pH 6.0, for 3 min after
pressurization. After incubation with goat non-immune
serum for 15 min at 37°C, sections were incubated with
mouse anti-human CD40 antibody at 1/100 dilution for 2 h
at 37°C. Sections were then incubated with secondary bio-
tinylated goat anti-mouse IgG antibody at 37°C for 20 min,
followed by streptavidin–biotin-horseradish peroxidase
complex at 37°C for 20 min. Peroxidase activity was
revealed by 3,3�-diaminobenzidine (Sigma), and cells were
counterstained with haematoxylin. Negative controls were
processed with Tris buVer instead of the primary antibody.
Saturation and intensity of immunostained cells were eval-
uated over eight visual Welds at a power of 400£ under a
light microscope (Olympus Optical, Tokyo, Japan). For sta-
tistical analysis, total staining of CD40 was scored as the
product of the staining intensity (on a scale of 0–3:
negative = 0, weak = 1, moderate = 2, and strong = 3) £
the percentage of cells stained (positively recorded on an
ordered categorical scale: 0—zero, 1 = 1–25%, 2 = 26–
50%, and 3 = 51–100%), resulting in a scale of 0–9. The
evaluation was performed by two independent investiga-
tors.

Cell viability analysis by MTT assay

The MTT assay was used to measure cell growth as
described previously. BrieXy, cells were plated at 2–5 £ 103

cells/well in 96-well plates and allowed to adhere overnight.
The following day, cells were treated with recombinant solu-
ble human CD40L (rshCD40L, 1 �g/ml) (Immunex, Seattle,
USA), an agonist CD40-antibody (1 �g/ml), or vehicle con-
trol and incubated for a further 48 h. To determine cell
growth, 20 �l of 10 mg/ml MTT (3-(4,4-dimethylthiazol-2-yl)-
2,5-diphenyl tetrazolium bromide; Sigma) was added to each
well, and the plates were incubated at 37°C under 5% CO2

for 4 h. The supernatant was removed, and the formed for-
mazan crystals were dissolved in 200 �l dimethyl sulphox-
ide. The absorbance was then measured at 450 nm on a
Becton–Dickinson microplate reader. Growth inhibition was
calculated by expressing the diVerences in optical densities
between treatment wells and control wells as a percentage of
the control.

Apoptosis analysis by Hoechst staining

The human ovarian carcinoma cell lines and breast carci-
noma cell line (MCF-7) were treated for 48 h with control
medium, recombinant soluble human CD40 ligand
(rshCD40L, 1 �g/ml), or anti-CD40 agonist antibody (1 �g/
ml). Hoechst staining was performed according to the man-
ufacturer’s instructions (Invitrogen). The cells were
observed under a Xuorescence microscope (Olympus,
Tokyo, Japan). Apoptotic nuclei will be surrounded by
small pinpoint dots of Xuorescence, either aggregated in
clusters or rows, and the morphology may range from
spherical bodies to Wlamentous-like forms. The negative
apoptotic cells will show only diVuse nuclear staining.

Apoptosis analysis by Xow cytometry

The ovarian carcinoma cell lines and breast carcinoma cell
line MCF-7 were treated with control medium, recombinant
soluble human CD40 ligand (rshCD40L, 1 �g/ml), or anti-
CD40 agonist antibody (1 �g/ml). After 48 h, Xow cyto-
metric analysis was performed to detect sub-G1cells/apop-
totic cells. BrieXy, cells were suspended in 1 ml hypotonic
Xuorochrome solution containing 50 �g/ml propidium
iodide in 0.1% sodium citrate plus 0.1% Triton X-100 and
analysed by a Xow cytometer. Apoptotic cells were deWned
as cells with DNA content less than that of G1 phase cells
in the cell cycle distribution.

Statistical analysis

Data were expressed as the mean § SD from at least three
independent experiments. DiVerences between treatment
groups in growth inhibition and apoptosis assays were ana-
lysed using analysis of variance (ANOVA). One-way anal-
ysis of variance was also used to analyse the staining CD40
diVerences between groups. A P < 0.05 was considered
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statistically signiWcant. All statistical analyses were calcu-
lated by the SPSS 16.0 software package.

Results

CD40 and CD40L expression in ovarian tumour cell lines

The expression of CD40 and CD40L in ovarian carcinoma
cell lines was determined by Xow cytometry. Five long-
established lines (OVCAR3, 2780, 8910, COC1, and
SKOV-3) and three early passage ovarian tumour cells iso-
lated from poorly diVerentiated ovarian cancer ascites
(OV112, OV126 and OV128) were analysed. The breast

carcinoma cell line MCF-7 did not express CD40 and was
used as a control. The Wve established ovarian carcinoma
cell lines displayed variable levels of CD40 expression
(Fig. 1a). Three of them highly expressed CD40, with
approximately 90% of cells graded as CD40 positive
(Fig. 1a). In contrast, CD40L expression was not detected
in any of the cell lines examined (Fig. 1b). High expression
of CD40 was also examined in ovarian carcinoma cells
dissociated freshly from poorly diVerentiated ovarian can-
cer ascites. Because single cell suspension from ascitic Xuid
of ovarian cancer patients may contain mixed cell popula-
tions consisting of epithelial cells and stromal cells, the epi-
thelial marker EpCAM was used to identify ovarian
carcinoma cells. Double-staining revealed that 70–85% of

Fig. 1 Expression of CD40 and 
CD40L on ovarian carcinoma 
cell lines. Cell surface expres-
sion of CD40 and CD40L on hu-
man ovarian carcinoma cell lines 
and breast carcinoma cell line 
(MCF-7) were studied sepa-
rately using anti-CD40 (a) or 
anti-CD40L monoclonal anti-
bodies (b) (open curve). Back-
ground staining is indicated 
(Wlled curve). The proportions of 
cells expressing the cell surface 
marker are indicated in each 
histogram

Fig. 2 Expression of EpCAM 
and CD40 by isolated ovarian 
carcinoma primary cells. The 
ovarian carcinoma cell lines 
(OV112, OV126, and OV128) 
were dissociated from ascitic 
Xuid of three ovarian cancer pa-
tients. Cell surface expression of 
EpCAM and CD40 on isolated 
ovarian carcinoma primary cells 
was studied by double-staining 
using anti-EpCAM and anti-
CD40 monoclonal antibodies 
(lower panel). Background 
staining is indicated (upper pan-
el). Results are expressed in dot 
blot form. The proportions of 
cells expressing the cell surface 
marker in each quadrant are indi-
cated
123
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EpCAM-positive ovarian carcinoma cells expressed CD40
(EpCAM/CD40 double-positive cells) (Fig. 2). The results
showed that the poorly diVerentiated ovarian cancer cells
displayed high levels of CD40 surface expression.

CD40 expression in ovarian carcinoma tissues

Expression of CD40 in paraYn-embedded ovarian tissues
was investigated by immunohistochemistry. In total, 208
paraYn wax-embedded sections of normal ovarian tissues
and ovarian carcinomas of a variety of histological sub-
types were analysed. Expression of CD40 was detected in
162 of 188 (86.2%) of ovarian carcinoma cases, but not in
any of the 20 normal ovarian tissue samples. The expres-
sion diVerence between ovarian carcinoma tissues and nor-
mal ovarian tissues was signiWcant (P < 0.001) (Fig. 3,
Table 1). Figure 3 shows four examples representing the
spectrum of normal ovarian tissues, well-diVerentiated
ovarian carcinoma tissues, moderately diVerentiated ovar-
ian carcinoma tissues, and poorly diVerentiated ovarian car-
cinoma tissues (Fig. 3). Well-diVerentiated and moderately
diVerentiated ovarian carcinoma tissues exhibited lower
CD40 expression, whereas a higher CD40 expression was
seen in poorly diVerentiated ovarian carcinoma (Fig. 3).
The staining score of CD40 was 4.04 § 2.815 in the poorly
diVerentiated ovarian carcinoma tissue group but was only
2.64 § 2.632 in the well-diVerentiated group, indicating
that CD40 expression was signiWcantly correlated with his-
tologic grade (P = 0.007) (Table 2). However, CD40
expression was not correlated with FIGO stage and TNM
stage, and CD40 expression was also not correlated with
age (Table 2).

CD40 agonist treatment inhibited ovarian tumour cell 
growth

The expression of CD40 on ovarian carcinomas prompted
us to examine the eVects of activation of this pathway on
cell growth. For this purpose, we used rshCD40L and an
anti-CD40 agonist antibody. Ovarian carcinoma cell lines
were treated with 1 �g/ml rshCD40L or 1 �g/ml anti-CD40
agonist antibody, and cell growth was determined 48 h later
using MTT assays. Treatment of CD40-positive tumour
cells with rshCD40L or anti-CD40 agonist antibody signiW-
cantly inhibited proliferation (Fig. 4). A signiWcant reduc-
tion in growth of OVCAR3, 2780, SKOV-3, OV112,
OV126, and OV128 lines was also observed compared to
the CD40 negative tumour cell line MCF-7 (Fig. 4,
P < 0.05). Growth inhibition ranged from 40 to 75% after
treatment with rshCD40L or anti-CD40 agonist antibody
(Fig. 4). The results showed that the anti-CD40 agonist
antibody and rshCD40L could signiWcantly inhibit the
growth of ovarian cancer cells.

CD40 agonist treatment induced apoptosis

The pro-apoptotic eVects of rshCD40L or anti-CD40 ago-
nist antibody on ovarian carcinoma cells were quantiWed by
Hoechst staining and Xow cytometry. An increase in
the percentage of apoptotic cells was observed after
treatment with 1 �g/ml rshCD40L or 1 �g/ml anti-CD40
agonist antibody for 24 h (Fig. 5). The apoptosis rate of

Fig. 3 CD40 is expressed in diVerent ovarian tissues. ParaYn wax-
embedded ovarian carcinoma tissues were stained by immunohistochem-
istry using a CD40-antibody. The CD40-positive cells are brown-stained.
Staining of four representative tissues is shown: a poorly diVerentiated
ovarian carcinoma tissues, b moderately diVerentiated ovarian carcinoma
tissue, c well-diVerentiated ovarian carcinoma tissue, and d normal
ovarian tissue
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the CD40-expressing cell lines OVCAR3, 2780, SKOV-3,
OV112, OV126, and OV128 ranged from 33.30 to 59.63%
(Fig. 5) which was signiWcantly higher than the apoptotic
rate observed for the CD40 negative tumour cell line MCF-
7 following the same treatment (P < 0.05). The study indi-
cated that the anti-CD40 agonist antibody and rshCD40L
could induce apoptosis of ovarian cancer cells.

Discussion

The CD40 is a co-stimulatory molecule well known for its
contribution to the regulation of the immune responses
[24], yet the biological role of CD40 in carcinoma cells is
unclear. Several studies have documented CD40 expression

in a range of cancer types [25–29]. Our results demon-
strated that CD40 was present at high levels in paraYn-
embedded ovarian carcinoma tissues, suggesting that CD40
may contribute to the pathogenesis of ovarian carcinoma.
CytoXuorometry analysis also revealed that this molecule
was highly expressed on ovarian carcinoma cell lines
tested, including three well-established cell lines and three
isolated from ascites. In contrast, CD40L was not endoge-
nously expressed. We were able to demonstrate that CD40
was functional in these cell lines, as ligation by anti-CD40
agonist antibody resulted in growth inhibition and apopto-
sis as the rshCD40L. Furthermore, the sensitivity to the
growth-inhibitory or pro-apoptotic signals mediated by
CD40L or anti-CD40 agonist antibody binding was corre-
lated to the level of CD40 expression.

In this paper, we studied the expression of CD40 in ovar-
ian cancer from cell lines, primary cells, tumour tissues. In
ovarian cancer cell lines, the expression of CD40 was up to
90% in three cell lines. And for the three primary ovarian
cancer cells, CD40 expression level was as high as 80% in
all three primary cells. Expression of CD40 in 208 paraYn
wax-embedded sections of normal ovarian tissues and ovar-
ian carcinomas of a variety of histological subtypes were
investigated by immunohistochemistry. Our result indi-
cated that the rate of CD40 expression was 86.2% in ovar-
ian cancer tissues, but CD40 expression was not detected or
was expressed at very low level by normal ovarian tissues.
In summary, the study indicated that the 80% ovarian can-
cer cells showed a high expression level of CD40. And the
results of anti-CD40 agonist antibody treatment illustrated
that the eVectiveness of anti-CD40 agonist antibody ther-
apy depended on the expression level of CD40 on the sur-
face of cancer cells. So these data suggest that the CD40 is
an attractive target for ovarian carcinoma therapy and that
the anti-CD40 agonist antibody and CD40L are potential
candidates for clinical treatment in patients with ovarian
carcinoma.

Table 1 The expression of CD40 in diVerent ovarian tissues by
immunohistochemistry

Histological type Positive (n) Negative (n) Total (n) P

Normal ovarian 
tissues

0 20 20 0.000

Ovarian carcinoma 
tissues

162 26 188

Table 2 Immunostaining of CD40 in ovarian carcinoma TAM: corre-
lation with clinicopathological parameters

Factors Number Staining score P value

Age

·40 years 37 3.32 § 2.63 0.63

41–59 years 115 3.29 § 2.85

¸60 years 36 2.81 § 2.84

DiVerentiation

Well 21 2.81 § 2.63 0.007

Moderate 76 2.64 § 2.63

Poor 70 4.04 § 2.81

T stage

T1 84 3.19 § 2.76 0.38

T2 34 3.59 § 3.12

T3 54 2.63 § 2.43

T4 15 3.43 § 3.40

N (lymph node metastasis)

N0 15 2.80 § 3.21 0.85

N1 127 3.16 § 2.75

N2 46 3.26 § 2.86

Clinical stage

I 88 3.34 § 2.80 0.59

II 26 3.23 § 2.98

III 54 3.09 § 2.74

IV 16 2.31 § 2.49

Fig. 4 CD40 agonist treatment inhibited ovarian tumour cell growth.
The ovarian carcinoma cell lines and breast carcinoma cell line (MCF-
7) were treated for 48 h with 1 �g/ml recombinant soluble human
CD40 ligand (rshCD40L) or 1 �g/ml anti-CD40 agonist antibody, and
cell growth was assessed by MTT assay. Data are expressed as per cent
growth inhibition. Data are from three independent experiments
(mean + standard deviation). *P < 0.05 versus MCF-7
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On another way, our results indicated the CD40 expres-
sion was signiWcantly correlated with histologic grade of
ovarian carcinoma tissues. In the poorly diVerentiated ovar-
ian carcinomas, CD40 was overexpressed compared to the
well-diVerentiated ovarian carcinomas. The staining score of
CD40 was 4.04 § 2.815 in the poorly diVerentiated ovarian
carcinoma tissue group but was only 2.64 § 2.632 in the
well-diVerentiated group. Several studies have shown that
the major impacts on the prognosis of ovarian cancer are the
tumour diVerentiation, clinical stage and residual tumour
size. The tumour diVerentiation directly eVects on survival
rate and survival time of patients. The 5-year survival rate
with well-diVerentiated tumour is 60%, and with poorly
diVerentiated tumour is 7%. Therefore, poorly diVerentiated
ovarian cancer is in a relatively high degree of malignancy
and is a class of relatively poor prognosis. Taken together,
these results indicated that the CD40 agonist antibody and
CD40L therapy should have a higher eYcacy on poorly

diVerentiated ovarian carcinoma. Moreover, the CD40 is a
potential target for ovarian carcinoma therapy, speciWcally
for poorly diVerentiated ovarian carcinoma.

The mechanism by which ligation to CD40 induces cell
death in carcinoma has been studied previously. Although
CD40 does not have its own intrinsic death domain, the
adapter protein of the TRAF (TNF receptor-associated fac-
tor) family, mostly notably TRAF2 and TRAF6, appeared
to mediate the activation of CD40 [30, 31]. The results
from the latter study also suggested that the cytotoxic activ-
ity induced by CD40 ligation was related to induction of
Fas and Fas ligand, TNF-�, and TNF-related apoptosis-
inducing ligand (TRAIL), and that the binding of CD40
could up-regulate the expression of Fas23 [32].

The antitumour activity of CD40 agonist antibody has so
far been observed in preclinical models of B-cell derived
malignancies [33, 34]. For example, SGN-40 is a humanized
IgG1 immunoglobulin and a partial agonist of CD40 that

Fig. 5 CD40 agonist treatment 
induced apoptosis. The ovarian 
carcinoma cell lines and breast 
carcinoma cell line (MCF-7) 
were treated for 48 h with 1 �g/
ml recombinant soluble human 
CD40 ligand (rshCD40L) or 
1 �g/ml anti-CD40 agonist anti-
body or control medium. 
a Hoechst staining was used to 
assess apoptosis under a Xuores-
cence microscope. Apoptotic 
cells had nuclei surrounded by 
small pinpoint dots of Xuores-
cence, either aggregated in clus-
ters or rows, and the morphology 
ranged from spherical bodies to 
Wlamentous-like forms. Non-
apoptotic cells showed only di-
Vuse nuclear staining. b Flow 
cytometric detection was also 
used to assess apoptosis. Flow 
cytometric analysis revealed the 
proportion of sub-G1 cells 
(apoptotic cells) to be 3.0% (NS, 
left panel), 45.5% (rshCD40L, 
middle panel), and 51.8% 
(CD40 antibody, right panel). 
c Data are expressed as per cent 
growth inhibition. Data are from 
three independent experiments 
(mean § standard deviation). 
*P < 0.05 versus MCF-7
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induced apoptosis and antibody-dependent cellular cytotox-
icity against a panel of malignant B cell lines and resulted
in tumour regression in human multiple myeloma and lym-
phoma [35, 36]. But little is known about the activity of
CD40 agonist antibody in epithelial tumours, and no study
reported the activity of CD40 agonist antibody on ovarian
carcinoma. However, our results for the Wrst time demon-
strated that a CD40 agonist antibody could decrease tumour
growth and induce apoptosis through CD40 on ovarian car-
cinoma cells. In murine models of T cell-mediated immu-
nity, the growth-inhibitory eVects of CD40 agonist
antibody have been shown to engage the same signalling
pathways as CD40L [37]. In addition, CD40 agonist anti-
bodies can overcome T cell tolerance in tumour-bearing
mice, evoke eVective cytotoxic T cell responses, contribute
to antibody-dependent cell-mediated cytotoxicity and com-
plement-dependent cytotoxicity, and enhance the eYcacy
of anti-tumour vaccines [38–41].

In conclusion, we have demonstrated that ovarian carci-
noma cell lines and clinical tumour specimens expressed
high levels of CD40, and that expression was correlated
with the degree of diVerentiation. We also veriWed that
there was no CD40L expressed in ovarian carcinoma cell
lines. The CD40 agonist antibody and CD40L therapy
could inhibit growth and promote apoptosis of ovarian car-
cinoma cells. Taken together, the present data suggest that
CD40 activation may be one of the major pathways inhibit-
ing cell growth in ovarian carcinoma, and the CD40 agonist
antibody and CD40L are potential candidates for clinical
treatment in patients with ovarian carcinoma.

ConXict of interest The authors declare no conXict of interest.
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