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Abstract

PURPOSE: To invesfigate profein expression and mutations in phosphatase and fensin homolog (PTEN) in patients with
stage 1B cervical squamous cell carcinoma (CSCC) and the association with clinicalpathologic features, tumor p53
expression, cell proliferation and angiogenesis. METHODS: VWomen with stage IB CSCC (n=20 - Study Group) and
uterine myoma (n=20 — Confrol Group), aged 49.1+1.7 years (mean=standard deviation, range 2/-/8 years), were
prospectively evaluated. Pafients with cervical cancer were submitted to Piver-Rutledge class IIl radical hysterectomy and
pelvic lymphadenectomy and patients in the Control Group underwent vaginal hysterectomy. Tissue samples from the
procedures were stained with hematoxylin and eosin for histological evaluation. Protein expression was detected by
immunohistochemistry. Staining for PTEN, p53, Ki-67 and CD31 was evaluated. The intensity of PTEN immunostaining
was estimated by computer-assisted image analysis, based on previously reported protocols. Data were analyzed using
the Student's Hest fo evaluate significant differences between the groups. Level of significance was set at p<0.05.
RESULTS: The PTEN expression intensity was lower in the CSCC group than in the Confrol (benign cervix) samples
(150.5+5.2 versus 204.2+2.6; p<0.001). Our study did not identify any mutations affer sequencing all nine PTEN
exons. PTEN expression was not associated with fumor expression of p53 (p=0.9), CD31 (p=0.8) or Ki-67 (p=0.3) or
clinicalpathologic features in patients with invasive carcinoma of the cervix. CONCLUSIONS: Our findings demonsirate
that the PTEN protein expression is significantly diminished in CSCC.

Resumo

OBJETIVO: O objetivo do estudo foi investigar a expressdo e mutagdes do PTEN em pacientes com Carcinoma de
Células Escamosas (CCE) de Colo do Utero com estadiamento IB e sua associagdo com fatores prognosicos, expressdo
do p53, proliferacdo celular e angiogénese. METODOS: Mulheres com diagnéstico de CCE de colo uterino em estagio
1B [(n=20) (casos) e mioma uterino (n=20] (controle) com idade de 49.1+1.7 foram acompanhadas. As pacientes
com cancer de colo do tero foram submetidas a histerectomia Piver-Rutledge classe lll associada a linfadenectomia
pélvica e aquelas com mioma uterino a histerectomia vaginal. Amostras de tumor e colo normal foram retiradas para
avaliagdo histolégica e marcagdo imuno-histoquimica das proteinas PTEN, p53, ki-67 e CD 3. A intensidade imuno-
histoquimica do PTEN foi estimada por processamento de imagem digital a partir de profocolos préestabelecidos.
Os dados foram analisados afravés do feste de qui - quadrado [x?). O nivel de significancia foi considerado quando
p < 0,05. RESULTADOS: A expressco do PTEN estava diminuida no grupo de pacienfes com CCE em comparagdo
ao grupo controle [150.5+5.2 versus 204.2+2.6; p<0.001). Nenhuma mutagdo no sequenciamento genétfico dos
nove exons do PTEN foi encontrada. Néo houve associagdo estatisticamente significativa entre a expressdo do PTEN
e a expressdo do p53 (p=0,969), Ki-67 [p=0.283) e CD 31 [p=0.817) ou fatores prognésticos andtomo-clinicos
nas pacientes com carcinoma invasor do colo uterino. CONCLUSOES: Este estudo demonstrou que o PTEN estava
significativamente diminuido nas pacientes com CCE.
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Introduction

Cervical cancer is a worldwide public health problem,
with an incidence of 530,232 new cases and 275,008
deaths every year'. Most cases occur in undeveloped coun-
tries where no effective screening systems are available’.
In Brazil, 17,540 new cases were estimated to occur in
2012, making it the third most common malignancy
and the fourth leading cause of death among women’.

Persistent infection with human papillomavirus (HPV)
plays a critical role in cervical carcinogenesis. However,
HPV infection alone is not sufficient to induce malignant
transformation, and additional genetic or epigenetic changes
in tumor cells are required*’. The development and pro-
gression of cervical squamous cell carcinoma (CSCC) are
likely to be associated with the loss of growth suppression,
increased cell growth rates, and angiogenesis®’. These
combinations of genetic abnormalities generate cells that
divide more rapidly or evade cell death, thus liberating
them from growth control and cell cycle checkpoints.

Phosphatase and tensin homolog (PTEN) is a tumor
suppressor gene localized on chromosome 10 (10g23.3) in
a region that is often related to loss of heterozygosis and
consequent predisposition to carcinogenesis in a number of
malignancies®'?. Genetic, epigenetic and protein expression
alterations in PTEN have been described in several types of
tumors such as brain, prostate, breast, thyroid and endome-
trial tumors'"'Y. PTEN phosphatase is a negative regulator
of the Akt/PKB survival pathway, which is over-expressed in
CSCCP. Mutations are common in many human cancers, but
the loss of heterozygosity, a genomic deletion and punctual
mutations in PTEN and their associations with squamous
cells carcinoma are controversial>"”.

The role of PTEN in cervical carcinogenesis has not
been clearly defined and there is no general agreement on
the mechanism related to the reduction of PTEN expres-
sion in cervical cancer®. Therefore, the purpose of this
study was to investigate protein expression and muta-
tions in PTEN in patients with stage IB CSCC and the
association with clinical-pathologic features, tumor p53
expression, cell proliferation and angiogenesis.

Methods

Women with stage IB CSCC (n=20 — Study
Group) and uterine myoma (n=20 — Control Group),
aged 49.1+1.7 years (meanz+standard deviation, range
27-78 years) were prospectively evaluated. The study
was performed in accordance with the Ethical Committee
for Research in Human Beings guidelines of the institu-
tion. Informed consent was obtained from all included
patients and the research was conducted in accordance
with the Declaration of Helsinki revised in 2008.

Patients with CSCC underwent class III Piver-Rutledge
radical hysterectomy and pelvic lymphadenectomy. This was
the primary treatment for all patients because none had
previously been treated with radiotherapy and/or chemo-
therapy. The clinical stage was defined preoperatively by
pelvic examination under general anesthesia according to
the International Federation of Gynecology and Obstetrics
(FIGO) recommendations®'#*. Vaginal hysterectomy was
performed for uterine myomas according to the modified
Heaney technique.

Tissue samples were fixed in 10% neutral-buffered
formalin, embedded in paraffin, and stained with hema-
toxylin and eosin for histological evaluation. Histological
specimens were analyzed by the same pathologists accord-
ing to the recommendations of the American Society of
Pathologists?. Clinical-pathologic characteristics, such
as tumor size, differentiation grade, lymphatic vascular
space invasion (LVSI), parametrial involvement and pelvic
lymph node status, were recorded.

Immunohistochemistry

Tissue sections from CSCC and normal mucosa were
stained with PTEN, p53, Ki-67 and CD31 antiserum.
Briefly, 4 pm paraffin-embedded sections were deparaffinized
in xylene and hydrated with graded ethanol solutions.
Endogenous peroxidase activity was blocked with 3%
H_,O, in water for 10 min. Heat-induced epitope retrieval
was performed with 1 mM EDTA buffer (pH=8.0) for
30 min in a steamer at 96°C. Primary polyclonal rabbit
antisera were used at a 1:100 dilution for PTEN, p53,
and Ki-67 and a 1:40 dilution for CD31 antiserum for
18 h at 4°C. This was followed by incubation with a
labeled streptavidin-biotin kit, the NovoLinkTM Max
Polymer Detection System (Novocastra, United Kingdom).
Peroxidase activity was developed with DAB (Sigma,
St Louis, MI) with timed monitoring using a positive
control sample. Sections were then counterstained with
hematoxylin, dehydrated and mounted.

Analysis of phosphatase and tensin homolog staining

The intensity of PTEN immunostaining was estimated
by computer-assisted image analysis, based on previously
reported protocols. Pictures from 10 different fields of
each sample were taken with a Leica DMLB microscope
and digitalized using the Leica IMS50 software, version
4.0. Digital images were processed with Adobe Photoshop
(Adobe Systems, USA), converted to grayscale and inverted.
Images were then exported to Image-Tool software (ver-
sion 3.0, University of Texas Health Science Center, San
Antonio, USA) for quantitative analysis. For this proposal,
10 epithelial cell nuclei from 10 different fields, totaling
100 nuclei from each patient, were traced and had their
area measured. Pixel intensity was determined for the
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traced areas. For each field, one nucleus with an evident
nucleolus was randomly chosen for measurement, and the
next nine consecutive nuclei were quantified. Out-of-focus
and altered-form nuclei were not considered. Background
intensity was determined by tracing an unlabeled area
adjacent to the measured cells. The final pixel intensity
was calculated by subtracting the values detected in the
labeled nuclei from the background (Figure 1).

Phosphatase and tensin homolog sequencing
Genomic DNA was isolated from CSCC tissue
samples according to a proteinase K-based protocol.
After DNA isolation, exons 1 through 9 of PTEN were
amplified by PCR with specific primers for each region.
For the PCR reactions, 2 pL of DNA at 30 ng/pL were
mixed with 2.5 pL of 10X IIB Buffer (40 mM NaCl;

Figure 1. Photomicrographs of a squamous cell carcinoma with phos-
phatase and tensin homolog nuclear immunostaining in normal cervical
epithelium (A) and cervical squamous cell carcinoma (B). The markup
is brown. Note the reduction in infensity of expression in the cervical
squamous cell carcinoma as compared to control (400X magnification)

10 mM TrisHCI pH=8.4; 0.1% Triton X-100; 1.5 mM
MgCl), 2.5 pL of 0.2 mM dNTPs, 0.5 pL of each primer
at 10 pmol/pL and 0,25 pL of Taq polymerase (0,625 U),
for a final volume of 25 pL. Samples were amplified us-
ing an Eppendorf Mastercycler® (Hamburg, Germany)
gradient thermocycler at 94°C for 3 minutes followed by
35 cycles of 94°C for 30 seconds, 55°C for 30 seconds,
72°C for 30 seconds and a final extension time at 72°C
for 5 minutes. PCR products were purified using Illustra
GFX PCR DNA and Gel Band Purification Kit (GE
Healthcare), following the manufacturer’s protocol, and
were visualized on a silver-stained 6,5% polyacrylamide
gel. Sequences were obtained using an ABI 3130 Genetic
Analyzer (Applied Biosystems). Bidirectional sequence
data were analyzed with Sequencher 4.9 software, and
the analysis was followed by a manual review.

Analysis of p53, Ki-67, and CD31 staining

All slides were examined under light microscopy.
Staining for p53, Ki-67, and CD31 were evaluated accord-
ing to the number of positively stained cells by a single
pathologist who was blinded to the clinical data of the
patients. This was performed by classifying the protein
expression into 4 categories for statistical purposes as
follows: grade 1 — 0 to 25% expression; grade 2 — 26 to
50% expression; grade 3 — 51 to 75% expression; and
grade 4 — greater than 75% expression.

Statistical analyses
Statistical analyses were performed with Statistical
Package for the Social Sciences (SPSS) 18.0 software
(SPSS Inc., Chicago, IL, USA). Data were analyzed using
Student’s #-test to evaluate significant differences between
the groups. The level of significance was set at p<0.05.
Power calculations showed that the sample size
(n=20) allowed a minimal detectable difference of 35%
between the 2 prevalence rates, with a power of 80% and

a type I error of 5%.

Results

The clinical stage (FIGO) was IB1 in 14 patients
(70%) and IB2 in 6 patients (30%). The tumors were
well differentiated (G1) in 1 (5%) patient, moderately
differentiated (G2) in 15 (75%) patients and poorly
differentiated in 4 (20%) patients. Lymphatic vascular
invasion was present in 4 patients (20%).

The PTEN expression intensity was lower in the CSCC
group than in the benign cervix samples (150.5+5.2 versus
204.2+2.6; p<0.001) (Figure 2). No associations were
identified between tumor PTEN expression and tumor
stage (p=0.3), grade of differentiation (p=0.4), presence
of lymphatic vascular invasion (p=0.2), parametrium
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involvement (p=0.6) or pelvic lymph node metastasis
(p=0.9) in patients with invasive carcinoma of the cervix
(Study Group) (Table 1).

All 9 PTEN exons were sequenced, and we were
unable to find modifications in the PTEN DNA se-
quence in the 20 CSCC samples included in the study
or in the normal cervical squamous epithelial sample
used as control.

PTEN expression was not associated with tumor ex-
pression of p53 (p=0.9), CD31 (p=0.8) or Ki-67 (p=0.3) in
patients with invasive carcinoma of the cervix (Figure 3).

250 p<0.001
200

150

PTEN expression

100

50

SCC group Control

PTEN: phosphatase and tensin homolog

Figure 2. Expression of PTEN intensity in benign cervix (control group)
and in the tumor (study group)

Table 1. Association of tumor size, grade of differentiation, presence of lymphatic vascular
invasion, parametrium involvement and pelvic lymph node metastasis with tumor phosphatase
and tensin homolog expression in patients with squamous cell carcinoma of the cervix

250 + p=0.817

200 -
g 150
= 100 -

50

0 T
Grade 1 Grade 2 Grade 3
(D31 expression

Variables Ll
Mean+SD p-valve

Clinical stage 0.3
IB1 150.8+6.4
1B2 159+4.9

Tumor grade 04
G1 and G2 150.5¢15.9
G3 159.2+7.7

Lvsi 02
No 150.2+14.8
Yes 163.2+11.1

Parametrial invasion 0.1
No 147.6£13.6
Yes 164.4£10.5

Lymph node space metastasis 0.9
Yes 152.7£13.2
No 154.3+16.5

PTEN: phosphatase and tensin homolog; SD: standard deviation
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Figure 3. Association between PTEN expression and CD31 tumor expres-
sion in patients with squamous cell carcinoma of the cervix

Discussion

PTEN genetic alterations occur in multiple types of
cancer, such as brain, prostate, breast, thyroid and endo-
metrial tumors. Thus, PTEN inactivation may play an
important role in the pathogenesis of a variety of human
malignancies*’. The present study found PTEN protein
significantly diminished in CSCC compared to control.
This suggests that the loss of PTEN expression plays a
role in cervical carcinogenesis. Previous reports have also
demonstrated that PTEN expression is progressively
reduced along a continuum from normal epithelium to
squamous cell carcinoma®?°.

Our study did not identify mutations after sequenc-
ing all 9 PTEN exons, even in the hot spot in exon 5.
Structural changes of PTEN in cervical carcinomas do
not appear to be common. Previous reports have not
identified mutations in the PTEN gene in this type of
cancer®'”. However, Poetsch et al.”” demonstrated PTEN
mutations in 23% of head and neck SCC tumor samples,
and Kurose et al.” found intragenic PTEN mutations in
15% (3/20) of cervical tumors. PTEN mutations were
frequently found in cancers arising from the endome-
trium®°, brain®' and prostate’”’. Rashmi et al.** found
results with activating PIK3CA (E545K, E542K) and
inactivating PTEN (R233) mutations were identified
in human cervical cancer. An analysis of PTEN gene in
squamous cell carcinomas from other sites also found
that PTEN is not frequently mutated in the lung®, cer-
vix'4, skin®, head and neck® or esophagus’’. Although
numerous somatic mutations have been localized in the
PTEN gene, these only occur in a minority of tumors,
which indicates that alternative mechanisms of PTEN
inactivation, both genetic and non-genetic, must exist.




Our study did not focus on the role of epigenetic
changes of PTEN in the development of squamous cell
carcinoma. The future challenge is to further understand
the roles of these possible epigenetic mechanisms of
PTEN alteration and their biological relevance is a chal-
lenge for the future. PTEN inactivation via epigenetic
mechanisms was first demonstrated in prostate cancer
cell lines*® and later found in prostate cancer and mela-
noma®. Ojesina et al.*’ implicated somatic mutations in
PIK3CA, PTEN, TP53, STK11 and KRAS as well as
several copy-number alterations in the pathogenesis of
cervical carcinomas and reported whole-exome sequencing
analysis of 115 cervical carcinoma-normal paired samples,
transcriptome sequencing of 79 cases and whole-genome
sequencing of 14 tcumour-normal pairs. Previously un-
known somatic mutations in 79 primary squamous cell
carcinomas include recurrent E322K substitutions in
the MAPK1 gene (8%), inactivating mutations in the
HLA-B gene (9%), and mutations in EP300 (16%),
FBXW?7 (15%), NFE2L2 (4%), P53 (5%) and ERBB2
(6%). The association of poor prognosis with PTEN
aberration has also been reported previously in glioma®
and tongue carcinoma®. Whether PTEN methylation
contributes to the development of cervical cancer and
affects the prognosis has not been elucidated. Cheung
et al.? found that PTEN methylation was significantly
associated with reduced total and disease-free survival
and suggested that tumors without normal PTEN
functioning may be more aggressive.

In the present report, we analyzed p53, CD31 and
Ki-67 expression and their association with PTEN ex-
pression in CSCC. We believe that our study is the first
report describing PTEN expression in a benign cervix and
cervical cancer and its association with those biomarkers.
The roles of p53 and PTEN in cervical carcinogenesis have
been addressed, but little is known about the interaction
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