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Abstract Breast carcinoma (BC) is a prevalent malignant
tumour occurring in women. Many studies have indicated
the role of human papilloma virus type 16 (HPV16) in the
pathogenesis of BC; however, the correlations of HPV16
infection with the clinicopathologic features of BC and the
expressions of c-erbB-2 and bcl-2 have not yet been elu-
cidated. In this study, HPV16 was detected by amplifying
the HPV16 E6 gene by the polymerase chain reaction
method, and the expressions of c-erbB-2 and bcl-2 in 40
BCs and 20 normal breast tissue samples, obtained from
Shaanxi Province, were examined using the streptavidin-
peroxidase method with monoclonal antibodies specific to
c-erbB-2 and bcl-2. The infection rate of HPV16 E6 and the
positive expression rate of c-erbB-2 were significantly
higher in the BCs than in the normal tissues (HPV16 E6:
60% vs. 5% c-erbB-2: 42.5% vs. 5%, P < 0.05). However,
the positive expression rate of bcl-2 was significantly lower
in the BCs than in the normal tissues (67.5% vs. 95%,
P < 0.05). The infection rate of HPV16 did not correlate
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with any of the pathological features observed (P > 0.05).
HPV16 infection correlated with bcl-2 expression
(P = 0.015) but not with c-erbB-2 expression (P = 0.747)
in the BCs. Interestingly, HPV16 infection correlated with
bcl-2 expression in grade I BCs (P = 0.018) but not in
grade II-1II BCs (P = 0.633). Our data suggest that HPV16
infection is correlated with bcl-2 expression in BCs.
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Abbreviations
BC Breast carcinoma
HPV 16 Human papillomavirus type 16

PCR Polymerase chain reaction
SP Streptavidin-Peroxidase
Introduction

Human papilloma virus (HPV) is an important tumour-
related virus, usually detected in cervical cancer. Recent
studies have demonstrated HPV18 and, in particular,
HPV16 in breast cancers (BCs) [1-3]. HPV16 E6 is an
oncoprotein synthesized by HPV16. Substantial studies
have shown the potential of HPV16 E6 to induce cell
proliferation and apoptosis [4—-6]. It can bind to the tumour
suppressor p53 and promote its degradation, consequently
stimulating cell proliferation [7-9]. A recent study also
suggested that the E6 activity downregulates P21, which is
important for the induction of apoptosis [10]. It is unclear
whether the oncoprotein HPV16 E6 modulates other P53-
independent pathways besides P21 and thus induces car-
cinogenesis. c-erbB-2 and bcl-2 are involved in cell
proliferation and apoptosis. Therefore, in this study, we
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investigated the correlations of HPV16 infection with the
clinicopathologic features of BCs and the expressions of c-
erbB-2 and bcl-2; the results obtained may help us further
understand the function of HPV16 in BCs.

Materials and methods
Tissue samples

During 2006-2007, 40 primary BC samples and 20 normal
breast tissue (NBT) samples were obtained postoperatively
from the Second Affiliated Hospital of Xi’an Jiaotong Uni-
versity. The median age of the BC patients was 51 years
(range, 41-65 years). The histopathological types of the
primary tumours that were re-evaluated according to the
World Health Organization (WHO) criteria comprised
invasive ductal carcinoma (n = 31, 77.5%), invasive lobular
carcinoma (n = 1, 2.5%), invasive ductal carcinoma with
predominantly intraductal components (n = 4, 10.0%), and
medullary carcinoma (n = 4, 10.0%). All the carcinomas
were classified into grade I, II, or III according to a histo-
logical grading system [11] in which codifications were
given to the WHO classification. Pathological examination of
the BC and NBT samples was strictly performed at the
department of pathology of the respective hospital. None of
the BC patients received any adjuvant chemotherapy or
radiotherapy prior to the operation. The acquisition of patient
tissue samples was approved by The Human and Ethical
Committee for Medical Research at Xi’an Jiaotong Univer-
sity School of Medicine. All the samples were snap-frozen in
liquid nitrogen and stored at —70°C until use.

DNA extraction and polymerase chain reaction

The BC and NBT samples were minced and homogenized
in lysis buffer (300 mmol/l NaCl, 50 mmol/l Tris—HCI [pH
8.0], 0.2% sodium dodecyl sulphate [SDS], and 200 mg/I
proteinase K). The homogenate was incubated at 55°C
overnight. DNA was extracted using phenol/chloroform,
precipitated with cold alcohol, and dissolved in ion-free
water. DNA concentration was determined from its optical
density (OD) at 260 nm. A set of specific primers (P1:
5'CGG AAT TCA TGC ACC AAA AGA GAA CTG
CA3/, P2: 5CCC AAG CTT ACA GCT GGG TTT CTC
TAC G3') was designed to amplify the HPV16 E6 gene
[12]. PCR was performed as follows: initial denaturation at
94°C for 5 min followed by denaturation at 94°C for 50 s,
annealing at 55°C for 50 s, extension at 72°C for 1 min for
30 cycles, and final amplification at 72°C for 10 min. The
product size was approximately 494 bp. The pBR322/
hpv16 plasmid containing the full-length HPV16 genome
was used as the positive control, and the pUC19 plasmid
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was used as the negative control. The success of PCR was
assessed by electrophoresis of the PCR products in 1.5%
agarose and compared with SD002 (Dingguo Biological,
Beijing, China).

Immunohistochemistry

Immunoperoxidase staining of formalin-fixed, paraffin-
embedded tissue sections was performed using the strep-
tavidin-peroxidase (SP) method. After deparaffinization
and rehydration in descending alcohol dilution, the sections
were heated in an 800-W microwave oven at maximal
power for 5 min in 0.01 M citrate buffer (pH 6.0) for
antigen retrieval. After cooling to room temperature, the
activity of endogenous peroxidase in the treated sections
was blocked by 0.3% hydrogen peroxide in methanol for
10 min at room temperature. The sections were then
blocked with 5% normal mouse serum in phosphate-buf-
fered saline (PBS) for 10 min followed by incubation with
mouse anti-c-erbB-2 or anti-bcl-2 monoclonal antibody
(Xiuwei Biotechnology Co Ltd, Guangdong, China) over-
night at 4°C. The subsequent steps were performed using an
ultrasensitive SP kit (Maixin Biological, Fuzhou, China)
according to the manufacturer’s protocols. At the comple-
tion of the procedure, the sections were counterstained with
haematoxylin. Negative controls were obtained by omitting
the use of the primary antibodies. Normal ductal epithelial
cells or lymphocytes were used as internal positive controls
for bcl-2 expression. BC samples showing c-erbB-2
amplification were also used as positive controls [13].

Evaluation of immunostaining

Positive staining for c-erbB-2 and bal-2 was detected in the
cell membrane and membrane/cytoplasm, respectively. The
intensity of bcl-2 protein expression was compared with the
immunostaining findings in the normal ductal epithelial
cells and lymphocytes, which were used as internal con-
trols. The expression was classified into the following three
categories by using the results of the comparison: strong,
when the intensity of the bcl-2 expression was similar to or
greater than that of the internal controls; weak, when the
intensity was inferior to that of the internal controls; and
negative, when there was no staining. According to the
staining intensity and the proportion of cancer cells showing
positive immunoreactivity, bcl-2 expression could be clas-
sified into 3 grades: (—) = no staining or staining in less
than 10% cancer cells; (4) = strong staining in more than
10% but less than 50% cancer cells, or weak staining in
more than 10% cancer cells; and (4+) = strong staining in
more than 50% cancer cells.

The c-erbB-2 expression were scored as follows: 0 = no
staining or weak and incomplete membrane staining in less
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than 10% cancer cells; (+) = incomplete and faint mem-
brane staining in more than 10% cancer cells;
(++4) = moderate and complete membrane staining in
more than 10% cancer cells; and (4+++) = strong and
complete membrane staining in more than 10% cancer
cells. According to the criteria described above, cases with
scores (+-+) and (+++) were expected to show c-erbB-2
protein overexpression. Further, the c-erbB-2 protein was
considered positively expressed (+) or overexpressed when
more than 10% cancer cells revealed distinct nuclear and
membrane staining, respectively; otherwise, they were
regarded as negative (—).

Statistical analysis

Statistical significance was determined by chi-squared and
Fisher’s exact tests. Analysis was performed using the
SPSS 11.5 software for Windows. A value of P < 0.05 was
considered statistically significant.

Results
HPVI16 E6 gene in BCs

The HPV16 E6 gene was detected in 24 of the 40 BC
samples (60.0%) but in only 1 of the 20 (5.0%) NBT
samples by the PCR method. The infection rate of HPV16
was higher in the BCs than in the NBTs (P = 0.001;
Fig. 1, Table 1).

600bp
500bp
400bp

300bp
200bp

100bp

Fig. 1 Part of results of detecting HPV16 E6gene by PCR method.
A: DNA molecular weight standard SD002 marker. B: PCR of pUC19
plasmid as negative control. C: PCR of pBR322/HPV16 plasmid as
positive control. D: PCR of CaSKi DNA as positive control. E:
negative PCR in BCs. F: No template as negative control. G-I
positive PCR in BCs

Correlations between HPV 16 infection in BCs
and histological parameters

HPV16 infection did not exhibit statistical correlations
with age, lymph node metastasis, histological grade, ER
and PR (P > 0.05; Table 2).

The expressions of c-erbB-2 and bcl-2 in BCs

The positive expression rates of c-erbB-2 and bcl-2 were
42.5%(17/40) and 67.5%(27/40) in the 40 BC samples,
respectively, and 5% (1/20) and 95% (19/20) in the 20 NBT
samples, respectively (Fig. 2). The positive expression rate
of c-erbB-2 was significantly higher in the BC samples than
in the NBT samples (P = 0.003), whereas the positive
expression rate of bcl-2 was significantly lower in the BC
samples than in the NBT samples (P = 0.023; Table 1).

The relationship between HPV 16 infection
and the expressions of c-erbB-2 and bcl-2 in BCs

Immunoreactivity of the bcl-2 protein was significantly
higher in the HPV16-infected BCs than in the HPV16-
noninfected BCs (P = 0.015). However, there was no
difference in the c-erbB-2 immunoreactivity between these
two groups (P = 0.747; Table 3).

The relationship between HPV 16 infection
and the expressions of c-erbB-2 and bcl-2
in different grades of BCs

There was no difference in the c-erbB-2 expression level
between the HPV16-positive and HPCl6-negative BC
samples, irrespective of their pathological grade
(P = 1.000 and P = 0.607, respectively). In contrast, the
bcl-2 expression in grade I BC samples significantly dif-
fered between the HPV16-positive and HPV16-negative
BC samples (P = 0.018). However, the expression of bcl-2
in grade II-III BC samples did not show a significant dif-
ference (P = 0.633; Table 3).

Discussion

In 1990, Band et al. [14] proposed that products of the HPV
genome could induce immortalization in human breast
epithelial cells. Since then, researchers have focussed on
the relationship between HPV and BCs. In our study,
HPV16 infection was found to be more frequent in BCs
than in NBTs. This result indicates that HPV16 might
correlate with the occurrence of BC. Previous studies have
shown that the HPV 16 infection rate varied from O to 46%
[1—3, 15—20]; these rates are lower than that observed in
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Table 1 The detection of E6 and c-erbB-2 and bcl-2 in normal breast tissue (NBT) and BC

Tissue n P value c-erbB-2 P value bcl-2 P value
— (%) + (%) — (%) + (%) — (%)

NBT 20 1(5.0) 19 (95.0) 0.001 1(5.0) 19 (95.0) 0.003 19 (95.0) 1 (5.0 0.023

BC 40 24 (60.0) 16 (40.0) 17 (42.5) 23 (57.5) 27 (67.5) 13 (32.5)

Total 60 35 18 42 46 14

Table 2 The relationship between pathological parameters and

HPV16 in BCs

Table 3 The relationship between HPV16 and bcl-2 , c-erbB-2 in BCs
and different grade of BCs

Features n HPV16 P value HPV16 n c-erbB-2 P bel-2 P
alue value
+ (%) — (%) + (%) = (%) + (%) = (%)
Age BC
<51 17 10 (58.8) 7 (41.2) 1.000 + 24 11 (45.8) 13 (54.2) 0.747 20 (83.3) 4 (16.7) 0.015
>51 23 14 (60.9) 9 (39.1) - 16 6 (37.5) 10 (62.5) 7 (43.8) 9 (56.2)
Grade Total 40 17 23 27 13
1 24 15 (62.5) 9 (37.5) 0.750 Grade 1
-1 16 9 (56.3) 7 (43.7) + 18 8 (44.4) 10(55.6) 1.000 16(88.9) 2 (11.1) 0.018
Metastasis - 6 3(50.0) 3(50.0) 2(33.3) 4(66.7)
Yes 12 8 (66.7) 4 (33.3) 0.729 GradelI-III
No 28 16 (57.1) 12 (42.9) + 6 3(50.0) 3(50.0) 0.607 4 (66.7) 2 (33.3) 0.633
ER — 10 3@0) 7(70.0) 5(50.0) 5 (50.0)
Yes 12 7 (58.3) 5 41.7) 1.000 Total 40 17 23 27 13
No 28 17 (60.7) 11 (39.3)
PRYes 3 7(53.8) 6 46.2) 0733 sir'lce the HPV 16 E6 gene exists stably in BC cells, we used
this gene as the marker gene and not the L1 gene which
No 27 17 (63.0) 10 (37.0)

our study. After reviewing the relevant literature, we
attribute this discrepancy in the infection rate to two fac-
tors. Firstly, some of these studies used paraffin-embedded
specimens to investigate the HPV levels; this could have
decreased the sensitivity of the detection. However, in the
present study, we used frozen tissue specimens. Secondly,

Fig. 2 Example staining of c-
erbB-2 and bcl-2 in BC (original
magnification x400). (a)
expression of c-erbB-2 in BC.
(b) expression of bcl-2 in BC
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was used in previous studies. During HPV integration into
the host genome, the L1 gene is frequently lost [21].
Therefore, in studies using the L1 gene as the marker gene,
the infection rate of HPV in BCs might have been under-
estimated. In addition, our results indicated that HPV16
was detectable in the BC samples irrespective of the
patients’ age, lymph node metastasis, and histological
grade; this suggests that HPV16 infection may function as
a biological promoter in the pathogenesis of BC.
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The bcl-2 protein, which inhibits apoptosis, is normally
expressed in some adult progenitor cells from tissues such
as blood and the intestine. This protein is also expressed in
hormonally regulated epithelium of tissues such as the
breast and prostate, although its functional role in these
tissues is not distinct. The in vitro expression of bcl-2 is
associated with resistance to chemotherapeutic agents in
haematogenous malignancies, where its expression proba-
bly indicates poor prognosis. In solid tumours, however, its
role is more complex. While bcl-2 expression might predict
a poor prognosis in haematogenous malignancies, the
reverse appears to be true in the case of BCs. A number of
retrospective analyses have shown that bcl-2 is associated
with favourable prognostic factors and increased survival
in BCs [22, 23]. In the present study, we observed a lower
bcl-2 expression in the BCs than in the NBTs. One
explanation for this paradox is that the bcl-2 protein is
involved in the regulation of tumour growth by prolonging
the cell cycle, and this effect differs from its antiapoptotic
function [24].

In the present study, we found a significant positive
correlation between HPV infection and bcl-2 expression in
the BCs. Our results also suggest that HPV16 infection
might induce bcl-2 expression in the early stage of BC.
Grace VM and Sidransky [25, 26] proposed that p53
inactivation by the oncoprotein E6 of the high-risk HPV
subtypes releases the repressed bcl-2 gene, leading to the
overexpression of both the bcl-2 protein and the nonfunc-
tional p53 protein in cervical cancer. It is not clear whether
the upregulation of the bcl-2 protein is a direct effect of
HPV infection or an indirect effect through p53 protein
inactivation in BCs. Further studies detailing the interac-
tion between E6 and bcl-2 are therefore necessary.

The c-erbB-2 gene, also named HER-2, is a proto-
oncogene that encodes a transmembrane glycoprotein
similar to the human epidermal growth factor receptor
known as the HER-2 protein. This gene is well known for
its cell proliferation capacity. A literature review shows a
controversy regarding the relationship between HPV and c-
erbB-2. Hennig [27] reported no significant correlation was
found between HPV16 and c-erbB-2 expression in BCs.
Similar results were reported in cervical carcinomas [28,
29]. However, Lam [30] has reported a correlation between
c-erbB2 overexpression and HPV in oesophageal carci-
noma in Egyptian patients. In the present study, c-erbB2
overexpression was detected in a large proportion of BCs
(42.5%), with no association between c-erb2 overexpres-
sion and the presence of HPV 16 in the BCs. A further study
is required to investigate whether or not c-erbB2 is another
target of HPV.

In general, our findings provide some information on the
relationship between HPV16 E6 and bcl-2 expression;

these findings may be beneficial in enhancing our under-
standing of the pathogenesis of BC.
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