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Breast cancer is currently the most common cancer in women worldwide. For this reason, new biomarkers for better 
predicting response to treatment are needed. CD40, described as expressed in haematological and epithelial tumors, is linked 
to apoptosis and offers promise as a new predictive/ prognostic marker. We evaluated CD40 expression in formalin-fixed,
paraffin-embedded samples from 181 breast carcinomas using immunohistochemical staining with CD40 antibody. Samples
were divided according to hormone (oestrogen receptor /ER/, progesterone receptor /PR/) and her-2/neu status into groups: 
1.Luminal A (ER+PR+her-2/neu-), 2. Luminal B (ER+PR+her-2/neu+), 3.Triple-negative (ER-PR-her-2/neu-) and 4. Her-
2/neu (ER-PR-her-2/neu+). 

The results of CD40 staining were correlated with clinicopathological data. CD40 was found to be expressed in membrane,
cytoplasm and nucleus. Normal ducts expressed cytoplasmic CD40 in 30% of cases, in breast tumor ducts in 53% of cases. 
CD40 was evaluated as an independent marker and significant positive correlation was found with Bcl-2 (p =0.002), early
stage (p =0.016) and preoperative chemotherapy (p =0.043).

There was higher overall survival for patients with cytoplasmic CD40 expression (0.05). Differences in expression of cyto-
plasmic CD40 between groups with different hormonal and her-2/neu status were statistically highly significant (p=0.00003).
In groups with different hormonal status, a positive statistical correlation was found for the luminal A group with relapse
(p=0.024) and stage (p=0.006). No correlation was found with age, disease onset, family history of cancer/ breast cancer, 
patient history, hormonal replacement therapy, menopausal status at onset of disease, adjuvant chemotherapeutic treatment 
or disease free survival. Nuclear expression of CD40 was found to be unrelated to any clinicopathological data. However, 
there was higher ratio of positive cases in cancer cases (83%) than in normal tissue (30%).

In conclusion, cytoplasmic expression of CD40 is related to factors connected to better prognosis and suggest that CD40 
may have potential as a new prognostic factor in breast cancer. 
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Breast cancer is the most common cancer diagnosed in 
European women with a mortality of 131 900/year in 2008 and 
owing to earlier detection the incidence is increasing (421 000 
cases/year) [1]. The traditional classification of breast cancer
proved inadequate for current tailored treatments and for this 
reason a new classification was established. This is based on
gene expression profiling and it divides breast carcinomas into
luminal subtypes which typically express oestrogen-related genes 
(oestrogen and progesterone receptor positivity), her-2/neu 
subtype (her-2/neu positivity) and basal-like subtypes (hormonal 

receptor-negativity and cytokeratine 5/6 positivity) [2, 3]. These
are associated with different prognoses [4, 5, 6, 7, 8, 9].

Chemotherapeutics, anti-hormonal drugs and/or trastu-
zumab are not always effective and resistance to treatment is
common [10]. For this reason, new biomarkers that could iden-
tify potentially resistant cases are being investigated. Further, 
tumors that respond to therapy are prognostically different
and hence predictors are of paramount important.

CD40 is the member of the tumor necrosis factor (TNF) 
receptor family of cell surface proteins, originally described as 
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a B cell restricted antigen. The importance of this molecule was
revealed as an immune response in all type of leukocytes [11, 12] 
but most promising are studies focused on dendritic cells related 
to apoptosis and anti-tumor immune response [13, 14]. 

Expression of CD40 has also been found in several carcinoma 
cell lines and tissues including breast, pancreas, melanoma [15], 
urinary bladder [15, 16], ovarian cancer [17], non-small cell lung 
cancer and cells from squamous epithelial carcinoma of the head 
and neck [18, 19] and non-tumor cells including fibroblasts [20].
Its expression has been described in membrane, cytoplasm and 
nucleus [15, 21, 22] and expression in these tumors is related 
to different behavior and prognosis. Ligation of CD40-ligand
(CD40L) with CD40 in epithelial and haematological malignan-
cies was found to produce a direct growth- inhibitory effect
through cell cycle blockage and/or apoptotic induction with no 
overt side-effects on their normal counterparts [19].

Our study focused on the relation of levels of CD40 expres-
sion in breast carcinomas correlated with clinicopathological 
characteristics. Here we present CD40 as a potential independ-
ent biomarker related to better prognosis in breast tumors.

Materials and methods

Tissue samples. The 181 breast cancer samples were collected
over the period from June 2006 to December 2007 by the Labo-
ratory of Molecular Pathology, Institute of Pathology, Faculty 
of Medicine and Dentistry, Palacky University and University 
Hospital Olomouc Czech Republic. Specimens were obtained 
from core-cut biopsies, excision and ablation. They were fixed in
10% buffered formalin and embedded in paraffin. Pathological
examination assessed diagnosis according to the World Health 
Organization (WHO) classification [23]. Hormonal status
(oestrogen receptor and progesterone receptor) and her-2/neu 
was established according to the guidelines [see ref 24, 25]. The
stage was assessed according to the WHO classification [23].
Proliferative activity of carcinoma was measured by expression 
of proliferating cell nuclear antigen (PCNA). 

Patients. Patients included those for whom prospective 
follow-up and clinical data were available: age, patient his-
tory, family history of cancer and breast cancer, hormonal 
replacement therapy, menopausal status at the time of disease 
onset, adjuvant preoperative chemotherapy treatment, relapse, 
overall survival and disease free survival. Information was ob-
tained from the Department of Oncology Palacky University 
and University Hospital Olomouc Czech Republic. The details
are presented in table. 1 

Immunohistochemistry. Immunohistochemistry was 
performed on 4 μm tissue sections. Sections were fixed
on slides for 60 minutes at 65°C. The slides were dewaxed
in xylene and dehydrated in alcohol. Microwave antigen 
retrieval was performed in citrate buffer solution (pH 6)
at high power at 120°C for 5 minutes and cooled in room 
temperature for 20 minutes. Endogenous peroxidase activity 
was inhibited with 6% hydrogen peroxide in methanol for 15 
min. Slides were washed twice with Tris and then incubated in 

Tris/Tweeen for 5 minutes. The samples were then incubated
with primary antibody at room temperature for 1 hour. The
following primary antibody was used: Rabbit polyclonal 
antiSanta Cruz Biotechnology, Inc., Unconjugated) in 1:50 
dilution. As a secondary antibody we used EnVision™+ Dual 
Link System-HRP (Dako) incubated at room temperature 
for 1 hour. The slides were washed twice with Tris and then
incubated in Tris/Tweeen for 5 minutes. Colour development 
was achieved with diaminobenzidine staining (DAB) (Dako) 
and sections were finally counterstained with haematoxylin.
The slides were dehydrated, cleared in xylene and mounted in
Canada balsam (Sigma-Aldrich).  Negative controls included 
omission of the primary antibody. As a positive internal 
control we used expression of CD40 in lymphocytes where 
we detected membrane expression. 

Assessment of immunostaining. Immunostaining was 
evaluated by two pathologists.An immunohistoscore was used 
for assessment of CD40. The percentage of strongest positive
tumor cells was graded as follows: 0 for less than 1% of tumor 
cells, 1 for 1-30% of tumor cells, 2 for 31-60% of tumor cells, 
3 for more than 60%. The intensity of staining was graded as
follows: 0 no staining, 1 weak staining, 2 moderate staining, 3 
strong staining. The overall score (range 0 to 9) was obtained
by multiplying the percentage by the intensity. Expression with 
overall score 0 was considered as negative – without expression. 
An overall score ranging from 1 to 3 described a weak expres-
sion, overall score from 4 to 6 described moderate expression 
and an overall score from 7 to 9 described strong expression.

Statistical analysis. The data were analyzed using the sta-
tistical software SPSS version 15 (SPSS Inc., Chicago, USA).
Qualitative and categorized quantitative variables were compared 
using the Fisher’s exact test. Differences in quantitative variables
were tested by the Wilcoxon rank sum test. Kaplan-Meier’s test 
was used for evaluation of overall and disease free survival. A p 
value of less than 0.05 was considered statistically significance.

Results 

We found CD40 expression in different compartments
of the normal and cancer cell. CD40 was expressed in the 
cytoplasm of normal ducts at low levels in 30% of patients. 
Expression was present in the luminal cells of normal ducts, 
basal cells were negative and the intensity was weak. Tumor 
cells showed cytoplasmic CD40 expression in 53% of cases 
and the intensity of staining was from weak to strong (Fig. 1). 
Membrane expression was present in 14 cases (7.7%): In all 
these cases cytoplasmic staining was also present and intensity 
of staining was from weak to strong.

Even nuclear expression of CD40 was found. It was present 
in normal ducts in luminal cells equally as in cytoplasm. Basal 
cells were negative. The intensity of staining was from mod-
erate to strong. The distribution of different types of CD40
expression is shown in Table 2. 

Tumor cells showed weak to strong intensity of CD40 
nuclear staining in 147 cases (81.2%). Cancer cells with mem-
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Table 1. Characteristics of patient group and significance of Fischer’s exact test and Kaplan-Meier’s test (*) in different subgroups.

Factor Number of CD40 cytoplasmic 
negative patients

Number of CD40 cytoplasmic 
positive patients

Number of patients P value of Fischer’s 
exact test (p)

Age (onset of disease)
≤ 45 years
≥ 45 years

13 (48,1%)
73 (47,4%)

14 (51,9%)
81 (52,6%)

27
154

1,000

Type of carcinoma
Ductal
Lobular 
Ductal carcinoma in situ
other

55 (42%)
8 (57,1%)
7 (77,8%)
16 (59,3%)

76 (58%)
6 (42,9%)
2 (22,2%)
11 (40,7%)

131
14
9
27

0,077

Tumor grade
G1
G2
G3

13(35,1%)
31 (47%)
34 (51,5%)

24 (64,9%)
35 (53%)
32 (48,5%)

37
66
66

0,267

Nodal status
N0
N1

51 (46,8%)
33 (50%)

58 (53,2%)
33 (50%)

109
66

0,755

Stage
Stage 0, I., II.
Stage III., IV.

67 (44,1%)
18 (72%)

85 (55,9%)
7 (28%)

152
25

0,016

Bcl-2 status
Bcl-2+
Bcl-2-

29 (69%)
57 (41%)

13 (31%)
82 (59%)

139
42

0,002

PCNA
low
High

57 (46,3%)
21 (50%)

66 (53,7%)
21 (50%)

123
42

0,723

Adjuvant chemotherapy
with
Without

42 (50%)
37 (44,6%)

42 (50%)
46 (55,4 %)

84
83

0,537

Preoperative chemotherapy
with
without

12 (70,6%)
68 (43,9%)

5 (29,4%)
87 (56,1%)

17
155

0,043

Relapse
with
Without

10 (55,6%)
69 (46,9%)

8 (44,4%)
78 (53,1%)

18
147

0,619

Menopausal status
premenopausal
postmenopausal

22(52,4%)
63 (46,3%)

20 (47,6%)
73 (53,7%)

42
136

0,569

Hormonal replacement therapy 
with
without 16 (40%)

64 (50,4%)
24 (60%)
63 (49,6%)

40
127

0,280

Family history of cancer
negative
positive
breast

41 (48,2%)
30 (57,7%)
14 (38,9%)

44 (51,8%)
22 (42,3%)
22 (50,9%)

85
52
36

0,232

Overall survival
Death
Surviving

11 (13,6%)
70 (86,4%)

5  (5,7%)
82 (94,3%) 

16
152

*0,052

Disease free survival
Relapse
Without relapse

10 (55,6%)
69 (46,9%)

8 (44,4%)
78 (53,1%)

18
147

*0,619

brane staining were always negative for nuclear expression but 
positive cytoplasmic CD40 staining could be present in cases 
with nuclear CD40 expression. 

Correlation of different types of CD40 expression with
clinicopathological characteristics was statistically significant

only in cases of cytoplasmic expression. Nuclear expression 
and membrane staining did not reach statistical significance
(Table 3.). When cytoplasmic CD40 was examined as an 
independent tumor marker we found the following (see 
Table 1.):
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a) b)

c) d)

Figure 1. Types of CD40 expression in breast carcinoma: a) b) examples of cytoplasmic expression; c) d) examples of nuclear expression (magnifica-
tion × 400).  

a) positive association between cytoplasmic expression of 
CD40 and presence of Bcl-2 – Fischer’s exact test proved 
a statistically significant lower ratio of patients expressing
CD40 in tumors without Bcl-2 expression compared to 
higher ratio of patients expressing CD40 in Bcl-2 positive 
tumors (p =0.002). 

b) positive association between cytoplasmic expression of 
CD40 and early tumor stage – Fischer’s exact test showed 
a statistically significant lower ratio of patients expressing
CD40 in advanced stages (III., IV.) compared to higher ratio 
of patients expressing CD40 in tumors in earlier stages (0, 
I., II.) (p =0.016). 

c) positive association between low cytoplasmic expression 
of CD40 and presence of preoperative chemotherapy 
– Fischer’s exact test showed a statistically significant lower
ratio of patients expressing CD40 in tumors with preop-

erative chemotherapy compared to higher ratio of patients 
expressing CD40 in cytoplasm without preoperative chemo-
therapy (p =0.043). 

d) Kaplan-Meier test showed that overall survival was higher 
(p=0.05) in the group of patients with CD40 expression 
(Graph 1.) 
No correlation was found between CD40 expression as an 

independent biomarker and grade, PCNA, age, onset of dis-
ease, family history of cancer/ breast cancer, patient history, 
hormonal replacement therapy, menopausal status at onset 
of disease, adjuvant chemotherapeutic treatment, relapse and 
disease free survival (see Table 1.). 

Next we compared CD40 cytoplasmic expression in 4 sub-
groups of patients with different prognosis: luminal A (ER+
PR+ her-2/neu-), luminal B (ER+ PR+ her-2/neu+), her-2/neu 
(ER- PR- her-2/neu+) and triple-negative (ER- PR- her-2/neu). 
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The number of patients and cytoplasmic CD40 expression in
different groups are shown in Table 2. Differences between
groups were significant (p=0.00003) and the expression of
CD40 was significantly higher in groups with expression of
hormonal receptors compared to groups without hormonal 
receptors (Table 4.). 

The following results were found for luminal A subgroup:
a) Fischer’s exact test showed a significantly lower ratio of

patients with cytoplasmic CD40 in tumors in advanced 
stage (III., IV.) compared to tumors in early stage (0, I., II.) 
p=0.006. 

b) Fischer’s exact test showed a significantly lower ratio of
patients with cytoplasmic CD40 in tumors with relapse 
(p=0.024).

c) Lower level of CD40 was found in tumors with preoperative 
chemotherapy though this was not significant (Table 5).
In other subgroups the differences did not reach statistical

significance at the 0.05 level.
We also analyzed the intensity of CD40 expression in 

relation to clinicopathological characteristics. Membrane 

Table 3. Values of Fischer’s exact test (p) (lines 1.-13.) and values of log rank test in Kaplan-Meier’s test (lines 14., 15.) for clinical data in relation to 
groups with different hormonal and her-2/neu status in nuclear type of CD40 expression.

Clinical data Complete group Luminal A Triple- negative Luminal B Her-2/neu
1. Type of carcinoma 0,624 0,331 1,000 1,000 0,868
2. PCNA 0,353 0,196 0,564 0,177 0,302
3. Bcl-2 0,370 1,000 0,422 0,120 0,550
4. Grade 0,492 0,363 0,285 0,308 1,000
5. Stage 0,420 0,329 0,648 1,000 1,000
6. Nodal status 0,426 0,418 0,644 1,000 1,000
7. Adjuvant chemotherapy 0,481 0,759 1,000 1,000 1,000
8. Preoperative chemotherapy 0,741 1,000 0,302 1,000 0,438
9. Relapse 0,532 0,094 0,300 1,000 0,457
10. Onset of disease 1,000 0,069 0,555 1,000 0,475
11. Menopausal status 0,173 0,002 1,000 1,000 0,308
12. Hormonal replacement therapy 0,643 0,509 0,403 1,000 1,000
13. Family history of cancer 0,529 0,646 0,261 0,413 0,816
14. Overall survival 0,451 0,466 0,876 - 0,798
15. Disease free survival 0,966 0,829 0,985 0,705 0,516

Table 2. Different types of CD40 expression in groups with different hormonal and her-2/neu status.

Group Patients  
in group

CD40 cytoplasmic expression /positive 
cases (percent) negative cases  (percent)

CD40 nuclear expression /positive 
cases (percent) negative cases 

(percent)

CD40 membranous expression 
/positive cases (percent) negative cases 

(percent)
Luminal A 104 62 (59,6 %)

42 (40,4 %)
88 (84,6 %) 16 (15,4 %) 4 (3,9%)

100 (96,1%)
Triple-negative 36 14 (39 %) 22 (61 %) 28 (77,8 %)  8 (22,2 %) 7 (19,4%)

29 (80,6%)
Her-2/neu 16 1 (12,5 %)

15(87,5 %)
9 (56,3 %)
7 (43,7 %)

0 (0 %)
16 (100%)

Luminal B 25 18 (72 %)
7 (28 %)

22 (88 %)
3 (12 %)

3 (12%)
22 (88%)

Total 181 95 (52,5 %)
86 (47,5 %)

147 (81,2 %)
34 (18,8 %)

14 (7,7%)
167 (92,3%)

Graph 1. Overall survival in complete group according to cytoplasmic C40 expression.

Graph 1. Overall survival in complete group according to cytoplasmic 
C40 expression. 
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and cytoplasmic CD40 expression did not reach statistical 
significance for any category (data not shown). We found
a statistically significant positive relation between intensity

Table 5. Values of Fischer’s exact test (p) (lines 1.-13.) and values of log rank test in Kaplan-Meier’s test (lines 14., 15.) for clinical data in relation to 
groups with different hormonal and her-2/neu status in cytoplasmic type of CD40 expression.

Clinical data Luminal A Triple- negative Luminal B Her-2/neu

1. Type of carcinoma 0,200 0,230 0,611 1,000
2. PCNA 0,480 0,666 0,481 1,000
3. Bcl-2 0,391 0,501 0,280 1,000
4. Grade 0,964 0,268 0,826 1,000
5. Stage 0,006 0,267 1,000 1,000
6. Nodal status 0,839 1,000 0,630 1,000
7. Adjuvant chemotherapy 0,525 0,501 1,000 1,000
8. Preoperative chemotherapy 0,073 1,000 0,304 1,000
9. Relapse 0,024 1,000 0,272 1,000
10. Onset of disease 0,418 0,277 0,418 1,000
11. Menopausal status 0,160 0,221 0,597 0,313
12. Hormonal replacement therapy 0,630 0,057 0,621 1,000
13. Family history of cancer 0,351 0,389 0,600 0,188
14. Overall survival 0,143 0,678 - -
15. Disease free survival 0,876 0,605 0,478 -

Table 4. Correlation of cytoplasmic CD40 between groups with different
hormonal and her-2/neu status. 

Compared group Compared group P value of Fischer’s exact test

Triple-negative Luminal B 0,018
Triple-negative Luminal A 0,035
Triple-negative her2/neu 0,021
Luminal B Luminal A 0,359
Luminal B Her-2/neu 0,0001
Luminal A Her-2/neu 0,0001
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of nuclear CD40 expression and preoperative chemotherapy 
(p= 0.038) (Graph 2.). 

Discussion 

CD40 has been thoroughly investigated in haematologi-
cal malignancies but its importance in solid tumors remains 
unclear. CD40 is not expressed in all tumors [26] and its 
expression has different effects in different tumor types and
tissues. It has not been found in prostate adenocarcinoma [26, 
27]. In non-small lung cancer cells its appearance correlates 
with poor prognosis [28] but in most tumors, overexpression 
relates to a favourable prognosis. The new molecular clas-
sification of breast carcinomas describes different behaviour
of tumors related to expression of hormonal receptors and 
her-2/neu expression [4]. We found a statistically significant

Graph 2. Intensity of CD40 nuclear expression in relation to preoperative chemotherapy.
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positive relation of cytoplasmic CD40 expression with groups 
that express hormonal receptors. Vice versa negative statistical 
significance was found in loss of CD40 expression and tumors
that are triple negative and her-2/neu positive. 

This could be connected with the involvement of CD40 in
the oestrogen receptor signalling pathway in breast cancer. 
In breast cancer cells, CD40 expression has been described in 
oestrogen positive cell line MCF-7 [29]. Treatment with the 
selective oestrogen receptor modulator toremifene was found 
to increase expression of CD40 in these cells [29]. The involve-
ment of CD40 expression in the oestrogen receptor signalling 
pathway has also been described in another histogenetic type 
– endothelial cells [30]. 

Several preclinical studies from different laboratories have
suggested that the CD40 signalling pathway plays a role in 
the modulation of chemosensitivity in breast cancer cells but 
no relation with hormonal receptors and her-2/neu in breast 
carcinoma has yet been established. Esteva et al. [31] showed 
that patients with breast cancer overexpressing her-2/neu in 
stages II. to III.A had decreased expression of the genes asso-
ciated with the CD40 signalling pathway and they were more 
likely to have residual cancer after preoperative trastuzumab-
plus- paclitaxel, 5-fluorouracil, epirubicin, cyclophosphamide
chemotherapy (T/FEC). These results suggest that patients
without decreased gene expression may be more likely to 
achieve pathologic complete response (pCR) to trastuzumab-
plus-T/FEC therapy. In our study loss of CD40 overexpression 
positively correlated with breast tumors that received preop-
erative therapy as an independent marker without relation to 
hormonal and her-2/neu status. A similar finding though not
statistically significant was the cytoplasmic CD40 status of
patients in the luminal A group. In this group was also estab-
lished decreased CD40 expression in correlation with relapse 
and higher stage of disease. Correlation was found also with 
stage and CD40 as an independent marker. Similar findings
were reported by Pinzon-Charry A [32]. 

After anti-C40 treatment in cell lines of solid tumors with
CD40 expression growth inhibition, cell cycle progression and 
apoptosis induction have been reported [15].

The importance of CD40-CD40L interaction in breast car-
cinoma has been described in one study [21], where soluble 
recombinant human CD40 ligand – srhCD40L induced apop-
tosis in human breast carcinoma cell lines. These findings were
also confirmed in vivo: application of anti-CD40 or srhCD40L
MoAb to immunodeficient SCID mice resulted in significant in-
crease in survival of the tumor-bearing mice [21]. Patients with 
breast cancer have a significantly higher percentage of apoptotic
blood dendritic cells. CD40 stimulation protects blood dendritic 
cells against TDSN-induced apoptosis [32, 33]. Incubation with 
CD40L produced a significant decrease in apoptosis induced by
supernatant derived from tumors compared to levels seen in 
control cultures [32, 33]. A number of potential new vaccines 
and immunotherapeutic treatment/drugs focused on CD40-
CD40L interaction not only in haematological malignancies 
have been described [19, 34, 35]. However, it will be many years 

until the preclinical studies confirm the use of these drugs in
solid tumors.  Another interesting finding was the relation of
CD40 expression to Bcl-2 expression. Bcl-2 protein, a member 
of Bcl family, is related to apoptosis regulation [ref. 36, 37] and 
influenced by multiple mechanisms delayed cell death and final
common pathway involved in programmed and apoptotic cell 
death [ref. 38, 39]. Normal breast tissue from healthy women 
shows lower expression of Bcl-2 protein than normal breast 
tissue in women with cancer and in cancer tissue [40]. In breast 
carcinoma, Bcl-2 has been described as an independent prognos-
tic and predictive marker [41, 42, 43] and loss of its expression in 
high risk breast carcinoma has been related to increased overall 
mortality, distinct metastasis and locoregional recurrence [44]. 
In Bcl-2 positive tumors Pinzon-Charry provided evidence of 
good prognosis related to CD40 expression [32, 33] as we have 
done in this study. Moreover we found longer overall survival 
in patients with cytoplasmic CD40 expression. 

Nuclear expression of CD40 has been described in B lym-
phocytes and in B cell lymphomas [22, 45] but not in epithelial 
cells. Zhou et al [22] showed that the function of CD40 is not 
limited to signal transduction through plasma membrane 
into cytoplasm. Similar to receptors for growth factors EGFR 
and FGFR [46, 47] that can serve as transcription factors, 
after transport into the nucleus via importin-α a β [48] CD40
interacts with transcription factors and with promotors of 
transcription factors [45]. It is not the only member of the TNF 
receptor superfamily with nuclear localization. Nuclear expres-
sion has also been described in p75 NGFR where it interacts 
with cyclin E1 promotor [49], but not with other members of 
the superfamily. In our study as in the work of Zhou et al we 
used the same antibody for staining. The antibody reacts with
the cytoplasmic C-terminus of the CD40 molecule which is 
involved in nuclear transport. Membrane and cytoplasmic 
expression is related to inactivity and dormancy of cells and 
after activation nuclear localization appears [20, 45],. In ag-
gressive B cell lymphoma nuclear localization leads to mitotic 
activation and higher proliferation. A similar observation was 
made for breast cancer. In normal breast ducts, nuclear expres-
sion of CD40 was present in luminal cells; basal cells that were 
in the stage of dormancy were negative. In breast cancer cells, 
nuclear CD40 expression was found in 83.4%. Although no 
relation between nuclear CD40 expression in breast cancer 
and proliferative activity (measured as expression of PCNA) 
was found, expression in breast cancer was clearly higher than 
in normal breast ducts (30% to 83.4%). It is also interesting 
that in 76.5 % of tumors with preoperative chemotherapy, 
we observed higher intensity of nuclear staining. This could
reflect the influence of therapy on the behavior of the CD40
molecule and downstream proteins related to cell proliferation. 
Nuclear expression of CD40 was not related to expression of 
hormonal receptors or her-2/neu and there was no relation to 
other clinicopathological data. 

CD40 in breast cancer is expressed in different cellular
compartments but for clinical behavior most important is cy-
toplasmic expression. Expression in breast carcinomas is more 
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frequently associated with expression of hormonal receptors 
and in luminal A subgroup it is associated with lower tumor 
stage. Vice versa, loss of expression is more often related to
advanced tumor stage, relapse of the disease and loss of Bcl-2 
expression which is a negative prognostic marker. Cytoplasmic 
expression correlates with longer overall survival though this 
was not statistically significant. Nuclear expression of CD40
is a biological phenomenon related to cell proliferation that 
is more common in cancer cells than in normal ducts and 
reaches higher intensity after chemotherapy.

In conclusion, cytoplasmic expression of CD40 was found 
to correlate with factors connected with better prognosis and 
these could indicate CD40 as a potential new prognostic factor 
for breast cancer.
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