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Abstract Cervical cancer remains persistently the second
most common malignancies among women worldwide, re-
sponsible for 500,000 new cases annually. Only in Brazil,
the estimate is for 18,430 new cases in 2011. Several types
of molecular markers have been studied in carcinogenesis
including proteins associated with apoptosis such as BAG-1
and PARP-1. This study aims to demonstrate the expression
of BAG-1 and PARP-1 in patients with low-grade squamous
intraepithelial lesions (LSILs), high-grade squamous intraepi-
thelial lesions (HSILs) and invasive squamous cell carcino-
mas (SCCs) of the uterine cervix and to verify a possible
association with HPV infection. Fifty samples of LSILs, 50
samples of HSILs and 50 samples of invasive SCCs of the
uterine cervix were analyzed by immunohistochemistry for
BAG-1 and PARP-1 expression. PCR was performed to detect
and type HPV DNA. BAG-1 expression levels were signifi-
cantly different between LSILs and HSILs (p=0,014) and
between LSILs and SCCs (p=0,014). In regards to PARP-1
expression, we found significant differences between the ex-
pression levels in HSILs and SCCs (p=0,022). No association
was found between BAG-1 expression and the presence of
HPV. However, a significant association was found between
PARP-1 expression and HPV positivity in the HSILs group
(p=0,021). In conclusion our research suggests that BAG-1
expression could contribute to the differentiation between
LSIL and HSIL/SCC whereas PARP-1 could be useful to
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the differentiation between HSIL HPV-related and SCC. Fur-
ther studies are needed to clarify the molecular aspects of the
relationship between PARP-1 expression and HPV infection,
with potential applications for cervical cancer prediction.
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Introduction

Cervical cancer remains persistently as the second most
common malignancy among women worldwide, responsible
for 500,000 new cases annually. Nearly 80% of these cases
occur in women between 15 and 45 years of age who live in
developing nations [1]. In addition, the HPV virus, which
has over 100 subtypes, is found in 99.7% of women with
cervical cancer [2]. Persistent HPV infection leads to prolifer-
ation of cervical epithelial cells, which may progress to vari-
ous grades of cervical dysplasia and malignant transformation.

Programmed cellular death, or apoptosis, plays an impor-
tant role in the homeostatic mechanism in multicellular
organisms and is regulated by a large number of proteins.
BAG-1 is among those regulating proteins and has antia-
poptotic activities [3]. BAG-1 is a multifunctional protein
that interacts with several cellular targets and affects impor-
tant control pathways in both normal and malignant cells
[4]. Several clinical studies have described BAG-1 expression
in a variety of human cancers, including breast, prostate,
endometrial, oral and lung cancers [5-9].

Another protein involved in regulating the apoptotic pro-
gram is the poly(adenosine diphosphate-ribose) polymerase-
1 (PARP-1) [10]. PARP-1 is 113 kD protein composed of
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1,014 amino acids and plays a primary role in the process of
poly(ADPribosyl)ation. This poly(ADP-rybosyl)ation con-
sists of the synthesis of ADP-ribose polymers on target
proteins and represents one of the immediate cellular
responses to DNA strand breaks [11-13]. The cleavage of
PARP-1 by caspases activated early in apoptosis provides
strong evidence of the role of poly(ADP-ribosyl)ation in cell
death [14]. Overexpression of PARP-1 has been reported in
various human malignancies, such as malignant lymphoma,
breast carcinoma, Ewing’s sarcoma, hepatocellular carcinoma,
endometrial carcinoma and melanomas [15-20].

The roles of BAG-1 and PARP-1 expression in squamous
neoplastic changes or cervical carcinogenesis are not well
established. Our study aims to investigate the expression
profiles of BAG-1 and PARP-1 in a series of premalignant
and malignant cervical lesions.

Materials and Methods
Subjects

The study protocol was approved by the Local Ethics Com-
mittee on Human Experimentation (11097/2008). Formalin-
fixed and paraffin-embedded cervical biopsies diagnosed
between 2003 and 2008 were retrieved from 50 patients
with low-grade squamous intraepithelial lesions (LSILs),
50 patients with high-grade squamous intraepithelial lesions
(HSILs), and 50 patients with invasive squamous cell carci-
nomas (SCCs) of the uterine cervix. All samples were
collected from the archives of the Pathology Department,
Faculty of Medicine of Ribeirdo Preto, University of Sao
Paulo, Brazil. Clinicopathological information, such as age,
history of smoking and alcohol consumption, parity and use
of oral contraceptives was obtained from the patients’ medical
records. All biopsies were reviewed and evaluated by an
experienced pathologist (EGS). For each patient, thin (5 pm)
sections were cut from representative areas of the paraffin
blocks, placed on organosilane-pretreated slides, and submit-
ted to immunohistochemical assays for BAG-1 and PARP-1.
Additionally, a 10 um section was cut for DNA extraction and
HPV typing.

Immunohistochemistry Assay for BAG-1 and PARP-1

Sections of 5 um were cut, placed on organosilane pre-
treated slides, and subjected to immunohistochemical assay
for BAG-1 and PARP-1 using MACH 4 Universal HRP
Polymer (Biocare Medical, Concord, USA) and the
streptavidin-biotin system (Vectastain, Vector Lab., CA,
USA), respectively. The cervical specimens were dewaxed
in xylene, rehydrated in a graded alcohol series, and rinsed
in water. For antigen retrieval, the sections were immersed
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in 10 mM sodium citrate buffer, pH 6.0 and submitted to
steam heating for 40 min at 95°C. Endogenous peroxidase
blocking was performed with 3% hydrogen peroxide for
20 min. Nonspecific binding was blocked with horse serum
diluted 1:50 in PBS. Slides were incubated with primary
monoclonal antibody specific to BAG-1 (RAP46, diluted
1:100; Novocastra, Newcastle upon Tyne, United Kingdom)
and PARP-1 (sc-8007, diluted 1:80) in a humidified cham-
ber at 4°C overnight. For BAG-1 detection, slides were
incubated with Mouse Probe for 20 min. Then, the slides
were incubated with MR HRP Polymer for 30 min. For
PARP-1 detection, slides were incubated with biotinylated
anti-rabbit antibody and the streptavidin—peroxidase com-
plex at 37°C for 30 min. Finally, samples were incubated
with 3,3-diaminobenzidine (DAB, GIBCO, Gaithersburg,
MD, USA) diluted to 0.01% in H,O, for 10 min, lightly
counterstained with Harri’s hematoxylin for 60 s, exhaus-
tively rewashed with tap water, air dried, and mounted
with Permount mounting medium (MERCK; Darmstadt,
Germany).

Immunohistochemical Evaluation

Evaluation of BAG-1 and PARP-1 included the staining
intensity and the proportion of positive cells within the
tumors. The intensity score represents the estimated staining
intensity (0: negative, 1: weak, 2: moderate, and 3: strong
reaction intensity). We considered the expression of BAG-1
and PARP-1 to be low when no signal or weak immunos-
taining was observed. BAG-1 and PARP-1 expression was
classified as high when it was observed moderate or strong
immunostaining.

For BAG-1 expression, the estimated fraction of positive
cells was performed using the following grading system: 0,
negative; 1, 1-30% positive cells, 2, 31-70% positive cells
and 3, 71-100% positive cells [21]. For PARP-1 expression,
the estimated fraction of positive cells was performed using
the following grading system: 0, <5% positive cells; 1, 5—
25% positive cells; 2, 26%—50% positive cells and 3, >50%
positive cells [20]. For statistical purposes, in the present
study, the scores 0 and 1 were considered low expression,
and the scores 2 and 3 were considered high expression.

All scoring and interpretation of immunohistochemical
results were conducted by an experienced pathologist
(EGS).

DNA Isolation

DNA was isolated from formalin-fixed paraffin-embedded
tissue specimens using the Promega Tissue Kit according to
the manufacturer’s instructions (MagneSilR Genomic, Fixed
Tissue System, Promega Corp., Madison, WI, USA). The
DNA solutions were stored at —20°C.
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HPV DNA Detection and Typing

Amplifications of generic HPV genes and (3-globin DNA
were performed in the same reaction. The primers GP5+ and

Fig. 1 BAG-1 expression
determined by
immunohistochemistry. a
Absence of BAG-1 in normal
cervix; b Weak expression of
BAG-1 in LSIL; ¢ Moderate
expression of BAG-1 in LSIL;
d Strong expression of BAG-1
in LSIL; e Weak expression of
BAG-1 in HSIL; f Moderate
expression of BAG-1 in HSIL;
g Strong expression of BAG-1
in HSIL; h Weak expression of
BAG-1 in SCC; i Moderate
expression of BAG-1 in SCC.
Scale bar =20 pm

GP6+, which amplify small DNA fragments (150 bp) were
used for generic HPV amplification. The generic HPV pos-
itive samples were amplified with primers specific for
HPV16 (HPV16E7.667/HPV16E7.774) and HPV18
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(HPVI18E7.696/HPV18E7. 799). A set of primers for the (3-
globin gene (PCO3 and PCO4) (PCO3+ CTT CTG ACA
CAA CTG TGT TCA CTA GC and PCO4+ TCA CCA
CAA CTT CAT CCA CGT TCA CC) were used as an
internal control for amplification. A PCR test was performed
on each microtube, which contained 4 pl of extracted ge-
nomic DNA and a mixture reaction containing 12.5 ul PCR
Master Mix (Promega Corp.), 1.2 ul PC03/PC04 primer,
4.3 ul GP5+/GP6+ primer and 3.0 pl sterile water, for a total
volume of 25 pl. The primers were added to a final concen-
tration of 50 uM. In the detection of specific HPV subtypes,
the PCR mixture contained 2 pul DNA sample, 12.5 ul PCR
Master Mix (Promega Corp.), 2 ul HPV-16E7 or HPV-18E7

Fig. 2 PARP-1 expression
determined by
immunohistochemistry. a
Absence of PARP-1 in normal
cervix; b Weak expression of
PARP-1 in LSIL; ¢ Moderate
expression of PARP-1 in LSIL;
D) Moderate/Strong expression
of PARP-1 in HSIL; e Weak
expression of PARP-1 in

SCC; f Moderate expression
of PARP-1 in SCC; g Strong
expression of PARP-1 in SCC.
Scale bar =20 pm
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primers and 8.5 pl sterile water. For general HPV and f3-
globin genes, PCR was performed with 41 amplification
cycles in a thermocycler (MyCycler Thermal Cycler, Bio-
Rad Laboratories, Hercules, CA, USA) as follows: 1 cycle
at 95°Cx5 min for initial denaturation, annealing at 53°C x
2 min, chain elongation at 72°C %2 min, and 39 subsequent
cycles at 94°C x 1 min for denaturation, annealing at 51°C x
2 min and chain elongation at 72°Cx2 min. A final exten-
sion of 72°C for 10 min followed the last cycle. For HPV-
specific genotype detection, PCR was performed with 41
amplification cycles as follows: 1 cycle at 95°C x 1 min for
initial denaturation, annealing at 53°Cx 1 min, chain elon-
gation at 72°Cx 1 min, and 39 subsequent cycles at 94°C x
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Table 1 Intensity of expression of BAG-1 in squamous intra-epithelial
lesions (SILs) and squamous cell carcinoma (SCC)

Table 3 Intensity of expression of PARP-1 in squamous intra-
epithelial lesions (SILs) and squamous cell carcinoma (SCC)

Low expression High expression

Low expression High expression

Negative Weak Moderate Strong Negative Weak Moderate Strong

n(%) n(%) n(%) n(%) n (%) n (%) n (%) n (%)
LSIL n=50 5(10) 25(50) 17(34) 3(6) LSIL n=50 7 (14) 22 (44) 20 (40) 12)
HSIL n=49 2(4,1) 30(61,2) 14(28,6) 3(6,1) HSIL n=49 11 (23.4) 29 (57.5) 9 (19.1) 0 (0)
SCC n=50 5(10) 32(64) 13(26) 0(0) SCC n=50 3 (6) 22 (44) 16 (32) 9 (18)

LSIL low-grade squamous intra-epithelial lesion; HSIL high-grade
squamous intra-epithelial lesion; SCC squamous cell carcinoma

* Fisher’s exact test LSIL versus HSIL (p=0,679)
® Fisher’s exact test LSIL versus SCC (p=0,201)
¢ Fisher’s exact test HSIL versus SCC (p=0,387)

1 min for denaturation, annealing at 51°Cx 1 min and chain
elongation at 72°Cx1 min. A final extension of 72°C for
10 min followed the last cycle. For HPV16 and HPV18
controls, DNA was extracted from SiHa and HeLa cell lines,
respectively. For general HPV detection, a dilution mixture
of both positive controls was used. As a negative control,
sterile water was utilized instead of DNA. PCR products
were electrophoresed in 10% polyacrylamide gels at 200 V
for 1 h 45 min and stained with AgNO3 [22]. A 100 bp
DNA ladder (Fermentas) was used as size marker.

Statistical Analysis

The relationship between low-grade squamous intraepithe-
lial lesions (LSILs), high-grade squamous intraepithelial
lesions (HSILs) and invasive squamous cell carcinomas
(SCCs) of the uterine cervix according to BAG-1 and
PARP-1 staining intensity and the proportion of positive
cells was tested by Fisher’s exact test.

Table 2 Quantitative expression of BAG-1 positive cells in in squamous
intra-epithelial lesions (SILs) and squamous cell carcinoma (SCC)

LSIL low-grade squamous intra-epithelial lesion; HSIL high-grade
squamous intra-epithelial lesion; SCC squamous cell carcinoma

* Fisher’s exact test LSIL versus HSIL (p=0,015)
® Fisher’s exact test LSIL versus SCC (p=0,547)
¢ Fisher’s exact test HSIL versus SCC (p=0,001)

Fisher’s exact test was also used to compare BAG-1 and
PARP- 1 expression between clinical parameters or HPV
infection in the different groups of cervical lesions.

Statistical analyses were performed using the GraphPad
Instat 3.05 software. A p-value of <0.05 was considered
statistically significant.

Results
Expression of BAG-1 and PARP-1 in Cervical Lesions

Normal cervical specimens obtained from healthy patients at
autopsy showed BAG-1 and PARP-1 negative staining or
only light staining in the areas of the basal and parabasal
layers cells of the ectocervical epithelium. In the patient
samples, BAG-1 expression was detected in cytoplasm,
nucleus or both. PARP-1 expression was detected primarily
in the nucleus of cervical lesions (Figs. 1 and 2). One sample

Table 4 Quantitative expression of PARP-1 positive cells in squamous
intra-epithelial lesions (SILs) and squamous cell carcinoma (SCC)

Low expression High expression

Low expression High expression

0 (Negative) 1 (1-30%) 2 (31-70%) 3 (71-100%) 0(<5%) 1(6-25%) 2(26a50%) 3 (>50%)

n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%)
LSIL n=50 5 (10) 30 (60) 12 (24) 3 (6) LSIL n=50 7 (14) 14 (28) 17 (34) 12 (24)
HSIL n=49 2 (41)  20(40,8) 15 (30.,6) 12 (24,5) HSIL n=49 11 (23.4) 13 (23.4) 14 (29.7) 11 (23.4)
SCC n=50 5(10) 17 (34) 14 (28) 13 (26) SCCn=50 3 (6) 10 (20) 14 (28) 23 (46)

LSIL low-grade squamous intra-epithelial lesion; HSIL high-grade
squamous intra-epithelial lesion; SCC squamous cell carcinoma

# Fisher’s exact test LSIL versus HSIL (p=0,014)
® Fisher’s exact test LSIL versus SCC (p=0,014)
¢ Fisher’s exact test HSIL versus SCC (p=1,000)

LSIL low-grade squamous intra-epithelial lesion; HSIL high-grade
squamous intra-epithelial lesion; SCC squamous cell carcinoma

# Fisher’s exact test LSIL versus HSIL (p=0,840;0R=0,888)
® Fisher’s exact test LSIL versus SCC (»=0,138; OR=2,061)
¢ Fisher’s exact test HSIL versus SCC (p=0,022; OR=2,732)
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Table 5 BAG-1 immunoex-

pression and clinical BAG-1 LSIL n=50 HSIL n=49 p SCC n=50 P
parameters in cervical lesions - -
n (%) n (%) n (%)
+ - + - + -
Age
<45 43 (86) 5(10) 1,000 40 (8L,6) 2(4.,1) 1,000 14 (28) 1(2) 1,000
>45 24 0 (0) 7(143) 0(0) 31(62) 4(8)
Smoke
No 30 (60)  4(8) 1,000 33 (67.,3) 1(2,1) 0,523 32(64) 3(6) 0,629
Yes 15 (30) 1(2) 14 (28,5) 12,1 1326) 2(@4)
Alcohol
No 37 (74) 5(10) 0,577 45018 241 1,000 43 (86) 4(8) 0,276
Yes 8(16) 0(0) 2 (4,1) 0 (0) 24 1(2)
Parity
No 10 (20) 0 (0) 0,568 4 (8,1) 0(0) 1,000 1(2) 1(2) 0,191
Yes 35 (70) 5 (10) 43 (87.,8) 2(4,1) 44 (88) 4(8)
Contraceptive use
No 27 (54) 3 (6) 1,000 35(714) 2@4.)1) 1,000  45(90) 48 0,100
Yes 18 (36) 2(4) 12 (24,5) 0(0) 0 (0) 1(2)

from HSIL group was lost during antigen retrieval step, lead-
ing to its exclusion from immunohistochemical evaluation.
In LSIL and SCC patients, BAG-1 staining was observed
in 45 out of 50 (90%) cervical specimens. In the HSIL
group, this protein was detected in 47 out of 49 (95,9%)
cervical specimens. BAG-1 staining intensity was found to
be low in all groups. No significance was found between the
intensity of BAG-1 expression and cervical lesions (Table 1).
In terms of the proportion of BAG-1 positive cells (Table 2),

we observed significantly higher expression in the HSIL and
SCC groups when compared with the LSIL group.

PARP-1 staining was observed in 43 out of 50 (86%)
LSIL specimens, 38 out of 49 (77,5%) HSIL specimens and
47 out of 50 (94%) SCC specimens. The intensity of PARP-
1 expression was significantly different in the HSIL group
(Table 3). In terms of the proportion of PARP-1 positive
cells (Table 4), we observed a significantly higher expression
in SCC group when compared with HSIL group.

Table 6 PARP-1 immunoexpression and clinical parameters in cervical lesions

PARP-1 LSIL n=50 p HSIL n=49 P SCC n=50 p

n (%) n (%) n (%)

+ - + - + -
Age
<45 41 (82) 7 (14) 1,000 32 (65,3) 10 (20,4) 1,000 14 (28) 1(2) 1,000
>45 2(4) 0 (0) 6(12,2) 1(2,1) 33 (66) 2 (4)
Smoke
No 30 (60) 4(8) 0,659 24 (48,9) 10 (20,4) 0,136 32 (64) 3(6) 0,544
Yes 13 (26) 3 (6) 14 (28,6) 1(2,1) 15 (30) 0(0)
Alcohol
No 36 (72) 6 (12) 1,000 36 (73.5) 11 (22,4) 1,000 44 (88) 3(6) 1,000
Yes 7 (14) 1(2) 2 (4,1) 0 (0) 3(6) 0(0)
Parity
No 9 (18) 1(2) 1,000 3(6,1) 1(2,1) 1,000 24 0(0) 1,000
Yes 34 (68) 6 (12) 35 (71,4) 10 (20,4) 45 (90) 3 (6)
Contraceptive use
No 24 (48) 6 (12) 0,219 28 (57,1) 9 (18,4) 0,708 46 (92) 3 (6) 1,000
Yes 19 (38) 1(2) 10 (20,4) 2(4,1) 1(2) 0(0)
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Table 7 BAG-1 expression and HPV infection

BAG-1 HPV positive HPV negative HPV16 HPV18 HPV 16 & 18 Other types
n (%) n (%) n (%) n (%) n (%) n (%)

@LSIL n=45

+ 14 31,1) 27 (60) 4 (26,7) 2 (13,3) 1(6,7) 7 (46,6)

- 1(2.2) 3 (6,6) 1(6,7) 0 (0) 0 (0) 0 (0)

®HSIL n=49

+ 26 (53) 22 (44,9) 22 (81,5) 13,7 0 (0) 3(11,1)

- 12 0 (0) 0(0) 0 (0) 0 (0)

©8CC n=46

+ 29 (63) 13(28.3) 20 (62,5) 2(6,2) 4 (12,5) 2(6,2)

- 3(6,5) 1(2.2) 2(6,2) 13.,1) 13.,1) 0 (0)

LSIL low-grade squamous intra-epithelial lesion; HS/L high-grade squamous intra- epithelial lesion; SCC squamous cell carcinoma

 Fisher’s exact test LSIL: HPV+ versus HPV- (p=1,000;,0R=1,556)

b Fisher’s exact test HSIL: HPV+ versus HPV- (p=1,000; OR=0,392)

¢ Fisher’s exact test SCC: HPV+ versus HPV- (p=1,000; OR=0,743)

BAG-1 and PARP-1 Expression and Clinical Parameters
No significant associations were observed regarding BAG-1
and PARP1 expression in relation to age, alcohol use, smoke

exposure, parity and oral contraceptive use (Tables 5 and 6).

Human Papillomavirus Detection and Correlation
with BAG-1 and PARP-1 Expression

Among 150 patients, 140 (93,3%) were positive to beta-
globin (internal control) and 10 (6,4%) were beta-globin

Table 8 PARP-1 expression and HPV infection

negative, indicating that the DNA from paraffin sections
was degraded. Therefore, they were excluded from HPV
evaluation. In the LSIL group, HPV virus was positive in
15 out of 45 (33.3%). In the HSIL group, the virus was
detected in 27 out of 49 (55.1%), and in the SCC group,
HPV virus was detected in 32 out of 46 (69.6%) of patients.
There was no correlation between BAG-1 expression
and HPV infection. However, there was a significantly
higher expression of PARP-1 in HPV-positive patients
than in HPV-negative patients in the HSIL group (Tables 7
and 8).

PARP-1 HPV positive HPV negative HPV16 HPV18 HPV 16 & 18 Other types
n (%) n (%) n (%) n (%) n (%) n (%)

@LSIL n=45

+ 13 (28,8) 26 (57,7) 5(33,3) 1 (6,6) 1 (6,6) 6 (40)

- 2 (4,4) 4 (8,8) 0 (0) 1 (6,6) 0 (0) 1 (6,6)

®HSIL n=49

+ 24 (49) 13 (26,5) 20 (74) 1 (3,7) 0 (0) 3 (1L,1)

- 3 (6,1) 9 (18,4) 3(11,1) 0 (0) 0 (0) 0 (0)

©SCC n=46

+ 29 (63) 14 (30,4) 20 (62,5) 3(9,4) 4 (12,5) 2 (6,2)

- 3 (6,5) 0 (0) 2 (6,3) 0 (0) 13,1 0 (0)

LSIL low-grade squamous intra-epithelial lesion; HSIL high-grade squamous intra-epithelial lesion; SCC squamous cell carcinoma

# Fisher’s exact test LSIL: HPV+ versus HPV- (p=1,000,0R=1,000)

® Fisher’s exact test HSIL: HPV +versus HPV- (»p=0,021; OR=5,538)

¢ Fisher’s exact test SCC: HPV+ versus HPV- (p=0,542; OR=0,290)
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Discussion

Alterations in apoptotic mechanisms that promote excessive
or deficient programmed cell death have been linked to a
wide array of pathological conditions [23]. The analysis of
genes involved in the regulation of apoptosis in cervical
cancer is considered an important pathway into understanding
the process of tumorigenesis [24].

The multi-functional prosurvival BAG-1 protein has
pleiotropic effects on a large range of cellular responses
including apoptosis, transcription, proliferation and signal-
ing [25]. BAG-1 exhibits positive expression in many ma-
lignant tumors, such as breast carcinoma, lung cancer,
prostatic carcinoma and gastrointestinal cancer. The protein
shows minimal expression in normal tissue [6, 9, 26, 27]. In
the present study, we evaluated the staining intensity as well
as the percentage of positively stained cells. Our evidence
indicates that there is a significantly higher expression of
BAG-1 in HSIL and SCC samples, relative to LSIL, with a
predominance of low intensity staining. Similar results have
been reported in an article by Chang et al. (2003), which
showed an increased percentage of cells expressing BAG-1
in SCC and HSIL when compared with LSILs and normal
tissues [28]. These investigators suggested that BAG-1 has
the potential to be a novel diagnostic molecular tumor
biomarker and a determining factor in the progression of
cervical carcinogenesis. Yang et al. (1999) used Western
blot analysis to find overexpression of the antiapoptotic
gene BAG-1 in human cervical cancer cell lines and tissues
and provided the evidence that overexpression may partially
contribute to enhanced resistance to apoptosis induced by
DNA-damaging reagents [29]. BAG-1 is a multifunctional
binding protein whose promoter domain is highly homolo-
gous with Bel-2. It can bind to Bel-2 and act as a positive
Bcl-2 apoptosis regulator to enhance the antiapoptotic effect,
possibly by affecting the stability of the protein [30].

Immunohistochemical analysis of PARP-1 has been per-
formed in other types of primary malignancies, including
endometrial and colon cancers, as well as cutaneous malig-
nant melanomas [18-20]. PARP-1 dysfunction possibly
affects genomic and epigenetic stabilities through effects
on DNA repair and cell cycle regulation, which accompa-
nies NAD depletion, and it may modulate tumor cells to
confer malignant and invasive potential [31]. Staibano et al.
(2005) found significant expression of PARP-1 in malignant
melanomas and suggested that the neoplastic progression
toward the invasive (vertical) growth phase of melanocytes
in cutaneous malignant melanoma is characterized by the
loss of cleavage of PARP-1, likely signaling an imbalance of
the apoptotic process in these cells and therefore predispos-
ing them to acquire alteration(s) of other gatekeeping genes,
leading to more aggressive growth [32]. To the best of our
knowledge, the present study is the first attempt at
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describing PARP-1 immunohistochemical expression in cer-
vical lesions. In our study, we found significantly higher
expression of PARP-1 in SCC samples when compared with
HSIL samples. These results indicate that PARP-1 expres-
sion is potentially relevant to the development of cervical
carcinomas, reiterating the importance of deregulation of
apoptosis as a critical pathogenetic component of tumor
progression.

It has been demonstrated that PARP-1 gene is up-regulated
in HPV-infected cancer cells [33]. In our study, PARP-1 was
more highly expressed in the samples of HPV-positive HSIL.
D Lee et al. (2002) demonstrated that PARP-1 physically
associates with the HPV-18 E2 protein and activates E2-
dependent transcription. Moreover, they demonstrated that
the NH2-terminal domain of PARP-1 is the sole requirement
for transcriptional co-activation of E2 by PARP-1. The iden-
tification of PARP-1 as a potential co-activator of E2-
dependent transcription is an important extension of the cel-
lular functions of PARP-1, raising questions regarding its role
in viral transcription [34]. In contrast, no correlations were
found between HPV infection and BAG-1 expression.

In conclusion, our research suggests that BAG-1 expres-
sion could be an important marker for the diagnosis of early
stage cervical lesions, contributing to the differentiation
between LSIL and HSIL/SCC, whereas PARP-1 expression
could be an important marker for the diagnosis of cervical
cancer, contributing to the differentiation between HSIL and
SCC. Therefore, both proteins can be complementary in the
diagnosis of uterine lesions. Overall, overexpression and
deregulation of BAG-1 and PARP-1 may play an important
role in cervical carcinogenesis during different stages of
primary carcinoma development. Further studies are needed
to clarify the molecular aspects of the relationship between
PARP-1 expression and HPV infection, with potential appli-
cations for cervical cancer prediction.

Acknowledgments This study was supported by grants from Coor-
denacdo de Aperfeicoamento de Pessoal de Nivel Superior (CAPES)
and Fundacdo de Amparo a Pesquisa do Estado de Sao Paulo
(FAPESP) (2008/06461-1).

We wish to thank Ana Maria Rocha for excellent technical assistance.

Conflict of Interest We certify that there is no conflict of interest
with any financial organization regarding the material discussed in the
manuscript.

References

1. Nour NM (2009) Cervical cancer: a preventable death. Rev Obstet
Gynecol 4:240-244

2. Jayshree RS, Sreenivas A, Tessy M, Krishna S (2009) Cell intrin-
sic & extrinsic factors in cervical carcinogenesis. Indian J Med Res
130:286-295

3. Townsend PA, Cutress RI, Carroll CJ, Lawrence KM, Scarabelli
TM, Packham G, Stephanou A, Latchman DS (2004) BAG-1



Cervical lesions, HPV, BAG-1, PARP-1

937

10.

11.

12.

14.

15.

16.

18.

19.

proteins protect cardiac myocytes from simulated ischemia/reper-
fusion-induced apoptosis via an alternate mechanism of cell sur-
vival independent of the proteasome. J Biol Chem 20:20723—
20728

. Sharp A, Crabb SJ, Townsend PA, Cutress RI, Brimmell M, Wang

X, Packham G (2004) BAG-1 in carcinogenesis. Expert Rev Mol
Med 6(7):1-15

. Ribeiro-Silva A (2007) Immunohistochemical features of a papil-

lary squamous cell carcinoma of the endometrium with transitional
cell differentiation. Diagn Pathol 2:26

. Krajewska M, Turner BC, Shabaik A, Krajewski S, Reed JC

(2006) Expression of BAG-1 protein correlates with aggressive
behavior of prostate cancers. Prostate 66(8):801-810

. Porichi O, Nikolaidou ME, Apostolaki A, Arnogiannaki N,

Papassideri I, Chatonidis I, Tserkezoglou A, Vorgias G, Kassanos D,
Panotopoulou E (2010) Isomorph expression of BAG-1 gene, ER
and PR in endometrial cancer. Anticancer Res 30(10):4103-4108

. Wood J, Lee SS, Hague A (2009) Bag-1 proteins in oral squamous

cell carcinoma. Oral Oncol 45(2):94-102

. Rorke S, Murphy S, Khalifa M, Chernenko G, Tang SC (2001)

Prognostic significance of BAG-1 expression in nonsmall cell lung
cancer. Int J Cancer 95(5):317-322

Masutani M, Nakagama H, Sugimura T (2003) Poly(ADP-ribose)
and carcinogenesis. Gene Chromosome Canc 38(4):339-348
Biirkle A (2001) Poly(APD-ribosyl)ation, a DNA damage-driven
protein modification and regulator of genomic instability. Cancer
Lett 163(1):1-5

Tong WM, Cortes U, Wang ZQ (2001) Poly(ADP-ribose) poly-
merase: a guardian angel protecting the genome and suppressing
tumorigenesis. Biochim Biophys Acta 1552(1):27-37

. Bouchard VJ, Rouleau M, Poirier GG (2003) PARP-1, a determi-

nant of cell survival in response to DNA damage. Exp Hematol 31
(6):446-454

Koh DW, Dawson TM, Dawson VL (2005) Mediation of cell death
by poly(ADP-ribose) polymerase-1. Pharmacol Res 52(1):5-14
Bieche I, de Murcia G, Lidereau R (1996) Poly(ADP-ribose)
polymerase gene expression status and genomic instability in
human breast cancer. Clin Cancer Res 2(7):1163-1167
Soldatenkov VA, Albor A, Patel BK, Dreszer R, Dritschilo A,
Notario V (1999) Regulation of the human poly(ADP-ribose)
polymerase promoter by the ETS transcription factor. Oncogene
18(27):3954-3962

. Shimizu S, Nomura F, Tomonaga T, Sunaga M, Noda M, Ebara M,

Saisho H (2004) Expression of poly(ADP-ribose) polymerase in
human hepatocellular carcinoma and analysis of biopsy specimens
obtained under sonographic guidance. Oncol Rep 12(4):821—
825

Ghabreau L, Roux JP, Frappart PO, Mathevet P, Patricot LM,
Mokni M, Korbi S, Wang ZQ, Tong WM, Frappart L (2004)
Poly(ADP-ribose) polymerase-1, a novel partner of progesterone
receptors in endometrial cancer and its precursors. Int J Cancer 109
(3):317-321

Nosho K, Yamamoto H, Mikami M, Taniguchi H, Takahashi T,
Adachi Y, Imamura A, Imai K, Shinomura Y (2006) Overexpres-
sion of poly(ADP-ribose) polymerase-1 (PARP-1) in the early
stage of colorectal carcinogenesis. Eur J Cancer 42(14):2374—
2381

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31

32.

33.

34.

Csete B, Lengyel Z, Kadar Z, Battyani Z (2009) Poly(adenosine
diphosphate-ribose) polymerase-1 expression in cutaneous malig-
nant melanomas as a new molecular marker of aggressive tumor.
Pathol Oncol Res 15(1):47-53

Xie X, Clausen OP, Boysen M (2004) Bag-1 expression as a
prognostic factor in tongue squamous cell carcinomas. Laryngo-
scope 114(10):1785-1790

Sanguinetti CJ, Dias Neto E, Simpson AJ (1994) Rapid silver
staining and recovery of PCR products separated on polyacryl-
amide gels. Biotechniques 17:914-921

Nikitakis NG, Sauk JJ, Papanicolaou SI (2004) The role of apo-
ptosis in oral disease: mechanisms; aberrations in neoplastic, au-
toimmune, infectious, hematologic, and developmental diseases;
and therapeutic opportunities. Oral Surg Oral Med Oral Pathol
Oral Radiol Endod 97(4):476-490

Guimaraes MC, Gongalves MA, Soares CP, Bettini JS, Duarte RA,
Soares EG (2005) Immunohistochemical expression of p16INK4a
and bcl-2 according to HPV type and to the progression of cervical
squamous intraepithelial lesions. J Histochem Cytochem 53
(4):509-516

Cutress RI, Townsend PA, Sharp A, Maison A, Wood L, Lee R,
Brimmell M, Mullee MA, Johnson PW, Royle GT, Bateman AC,
Packham G (2003) The nuclear BAG-1 isoform, BAG-1L, enhan-
ces oestrogen-dependent transcription. Oncogene (32):4973—4982
Nadler Y, Camp RL, Giltnane JM, Moeder C, Rimm DL, Kluger
HM, Kluger Y (2008) Expression patterns and prognostic value of
Bag-1 and Bcl-2 in breast cancer. Breast Cancer Res 10(2):R35
Sun N, Meng Q, Tian A (2010) Expressions of the anti-apoptotic
genes Bag-1 and Bcl-2 in colon cancer and their relationship. Am J
Surg 200(3):341-345

Chang JL, Shyul JS, Lee WH (2003) The expression of anti-
apoptotic protein BAG-1 in the squamous neoplastic changes of
the uterine cervix. J Med Sci 23(2):105-112

Yang X, Hao Y, Ferenczy A, Tang SC, Pater A (1999) Over-
expression of Anti-apoptotic Gene BAG-1 in Human Cervical
Cancer. Exp Cell Res 247:200-207

Takahashi N, Yanagihara M, Ogawa Y, Yamanoha B, Andoh T
(2003) Down-regulation of Bcl-2-interacting protein BAG-1 confers
resistance to anti-cancer drugs. Biochem Biophys Res Commun 301
(3):798-803

Masutani M, Nakagama H, Sugimura T (2005) Poly(ADP-ribosyl)
ation in relation to cancer and autoimmune disease. Cell Mol Life
Sci 62(7-8):769-783

Staibano S, Pepe S, Lo Muzio L, Somma P, Mascolo M, Argenziano
G, Scalvenzi M, Salvatore G, Fabbrocini G, Molea G, Bianco AR,
Carlomagno C, De Rosa G (2005) Poly(adenosine diphosphate-ribose)
polymerase 1 expression in malignant melanomas from photoexposed
areas of the head and neck region. Hum Pathol 36(7):724-731

Lo WY, Lai CC, Hua CH, Tsai MH, Huang SY, Tsai CH, Tsai FJ
(2007) S100AS8 is identified as a biomarker of HPV18-infected
oral squamous cell carcinomas by suppression subtraction hybrid-
ization, clinical proteomics analysis, and immunohistochemistry
staining. J Proteome Res 6:2143-2151

Lee D, Jin Woo Kim JW, Kim K, Joel CO, Schreiber V, de Murcia
JM, Choe J (2002) Functional interaction between human papillo-
mavirus type 18 E2 and poly(ADP-ribose) polymerase 1. Onco-
gene 21:5877-5885

@ Springer



	Expression of BAG-1 and PARP-1 in Precursor Lesions and Invasive Cervical Cancer Associated with Human Papillomavirus (HPV)
	Abstract
	Introduction
	Materials and Methods
	Subjects
	Immunohistochemistry Assay for BAG-1 and PARP-1
	Immunohistochemical Evaluation
	DNA Isolation
	HPV DNA Detection and Typing
	Statistical Analysis

	Results
	Expression of BAG-1 and PARP-1 in Cervical Lesions
	BAG-1 and PARP-1 Expression and Clinical Parameters
	Human Papillomavirus Detection and Correlation with BAG-1 and PARP-1 Expression

	Discussion
	References


