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Abstract

Objectives: We aimed to determine the frequency of PTEN (phosphatase
with tensin homology deleted in chromosome 10) hypermethylation in renal
cell carcinoma (RCC) and its impact on overall (OS) and disease-free survival
(DFS). The association between PTEN hypermethylation and clinic and pa-
thologic factors was also analyzed. Materials and Methods: The authors
analyzed 137 patients who had undergone a radical or partial nephrectomy
between 1997 and 2011. The methylation pattern was quantified individually
at multiple CpG islands that are located on the exon 1 of PTEN gene by py-
rosequencing. Results: Mean follow-up was 32.3 months. PTEN hyperme-
thylation was detected with a low frequency (3.6%). There were no deaths or
disease recurrence among patients with PTEN hypermethylation. Determin-
ing the association between PTEN hypermethylation and clinical and patho-
logical factors was not possible due to the low frequency observed. Conclu-
sion: The results show that the methylation of promoter CpG sites in PTEN
is relatively infrequent in renal carcinogenesis and has no prognostic impact
on survival.
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1. Introduction

Renal cell carcinoma (RCC) in some countries is one of the 10 most frequent

malignancies [1]. Despite the more frequent diagnosis of increasingly smaller
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and asymptomatic renal tumors, approximately 30% to 50% of patients have
metastases at the time of diagnosis or will develop during the course of the dis-
ease, even with localized disease [1] [2].

Studies have been conducted to identify different biomarkers that are more
able to predict the risk of progression or death by this disease and to identify pa-
tients who may better respond to treatment [2].

Among the genes studied, PTEN (phosphatase with tensin homology deleted
in chromosome 10) is notable. It is a tumor suppressor gene located on chro-
mosome 10923 that can be inactivated due to mutations, deletions or hyperme-
thylation in different solid tumors [3].

The methylation of the promoter region of DNA is one of the epigenetic me-
chanisms of inactivation of gene expression and because its epigenetic origin is a
potential target for therapies to reverse the methylation phenotype [4]. In RCC,
the frequency of mutation has been found to range from 0% to 7.5%, and hy-
poexpression identified using immunohistochemistry has been found to range
from 33% to 39%, but the methylation profile is unknown [5]-[11]. In the litera-
ture, there are few reports of epigenetic alterations in RCC.

The aim of this study was to evaluate the profile of PTEN gene methylation
using pyrosequencing, the frequency of methylation, the impact on overall sur-
vival (OS) and disease-free survival (DFS) and the association of the findings

with clinical and pathological factors commonly used in RCC.

2. Materials and Methods

Retrospectively, 137 patients with histologically proven RCC at stages T1 to T4,
N1 to N2 and with or without distant metastasis at diagnosis were analyzed,
treated from 1997 to 2011. All patients received surgical treatment for the neop-
lasm which consisted of radical or partial nephrectomy. The criteria established
for the exclusion of patients in the study were: 1) treatment in different hospital,
2) patients undergoing other types of cancer treatments (immunotherapy, che-
motherapy, hormone therapy, radiotherapy), 3) material stored in paraffin in
poor condition for preparation of the tissue microarray, 4) patients with severe
comorbidities that limited their life expectancy or who had another active ma-
lignancy. The mean follow-up was 32.3 months.

PTEN methylation was performed on tumor samples from these patients that
were collected intraoperatively. The most representative samples that were free
of necrotic and fibrotic areas were rapidly frozen in liquid nitrogen and stored at
—80°C in the tumor bank.

For manual microdissection, fifteen 5-um sections were made for each tumor
sample available in the tumor bank. One of the sections was immediately stained
with hematoxylin-eosin to assess the amount of tumor and to demarcate the area
to be submitted to manual extraction, considering that there is always much
more than 70% of tumoral cells in the sample for extraction. All samples were

reviewed by a single pathologist. For DNA extraction, the QIAamp DNA Micro
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kit (Qiagen, Uniscience, Brazil) was used according to the manufacturer’s guide-
lines. Extracted DNA was quantified by spectrophotometry in the NanoDrop
ND-1000 (NanoDrop Technologies, Delaware, USA). To verify the integrity of
the extracted DNA, 200 mg of each sample was resolved on an agarose gel.

The Fuhrman (1982) classification system was used: grade I and II tumors
were considered low-grade, and grade III and IV tumors were classified as high
grade [12]. To define the histological subtype, the World Health Organization
(2004) classification was used [13]. Patients were analyzed in two groups: stages
I and II (localized disease) and stages III and IV (locally advanced or metastatic
disease) according to TNM 2004 [14].

2.1. Methylation Detection

After extraction, 1pg of tumor DNA from each sample was treated with sodium
bisulfite using an EZ DNA Methylation kit (Zymo Research) [15]. Treatment
with sodium bisulfite promotes the deamination of nonmethylated cytosines by
converting them into uracils, whereas methylated cytosines remain unchanged.

As a quality control in treatment of DNA with bisulfite, a fragment of the be-
ta-actin gene was amplified using the primers designed for beta-actin gene after
treatment with sodium bisulfite: 5'-TGGTGATGGAGGAGGTTTAGTAAGT-3'
and 3'-AACCAATAAAACCTACTCCTCCCTTAA-5.

For the reaction, 2 pl of diluted DNA, 2.5 pl of 10X buffer reaction, 1yl of
MgCI2 (1.5 mM), 0.5 pl of dNTPs (10 mM) (Invitrogen), 1.0 of each primer (10
mM) and 0.2 of Taq DNA Polymerase Platinum (Invitrogen) were used, for a
final reaction volume of 25 pl. The following amplification conditions were used:
initial denaturation for 5 minutes at 95°C, 35 cycles at 60°C for 1 minute, 72°C
for 1 minute, 72°C for 7 minutes with a final elongation step of 72°C for 7 mi-
nutes. The reaction was assessed by performing a spectrophotometric reading
using the NanoDrop ND-100 0 (NanoDrop Technologies, Wilmington, DE) and
an agarose gel.

To determine PTEN methylation pattern, the Human PTEN CpG methylation
kit (Epigendx, USA) was used. Two primers evaluated 27 CpG sites located be-
tween codons 795 to 606 of PTEN. The CpG islands 1 to 11 were assessed by
primer 5-GTYGTTGTGAGGYGAGGTYGGGTTTAGGYGAGGGAGATGAGA
GAYGGYGGYGGTYGYGGTYGGAGTTTTTTTTAGYGTTTGTGAGTAGT-3'
(ADS955FS1) and CpG islands from 12 to 27 by the primer 5'-GTYGYGGGGG
TAGYGTTTTYGGGGAGTYGGTYGGTTTGYGGYGGYGGTAGYGGYGGYG
TTTTTYGTTTTTTTTTYGTTTTTTTTAATYGTGTAGTTTTTTTTTYGGTTT
TTTTTGAAAGGGAAGGTGGA-3". Lymphocyte DNA methylated in vitro and

treated with sodium bisulfite was used as a reaction control.

Preparation of single-stranded DNA for pyrosequencing was performed using
the PSQ Vacuum Prep Tool (Qiagen, Valencia, CA) according to the manufac-
turer’s instructions. Twenty-five pl of the PCR product was immobilized on

streptavidin-coated Sepharose beads (Streptavidin Sepharose High Performace,
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GE Healthcare).

In a 96-well plate, 25 pl of PCR amplified product was mixed with 55 pl of
Sepharose bead mix (3 ul of Sepharose beads, 40 pl of binding buffer and 15 pl of
deionized water) in each well. The plate was shaken for 15 min at 1350 rpm and
then transferred to a vacuum pump (Vacuum Prep Toll) where the PCR product
linked to the beads was precipitated with 70% alcohol, denatured in denaturing
buffer and washed in washing buffer.

Then, the purified products were incubated with 0.4 umol/L of sequencing
primers previously diluted in 38.6 ul of annealing buffer at 80°C for 2 min in a
sequencing plate (PSQ 96 plate), 5 minutes on the hotplate and 5 minutes at
room temperature.

The purified products linked to the sequencing primer were transferred to the
base of the PSQ HS 96 A Pyrosequencer (Qiagen, Valencia, CA), where the se-
quencing of PTEN was performed in real time using PyroGold reagents (Qiagen,
Valencia, CA).

2.2. Methylation Analysis

To determine the methylation pattern of each sample, the rate of methylation
(MtI) for each CpG site was measured using the following formula: mC/(mC +
C), where mC is the number of methylated cytosines, and C is the number of
unmethylated cytosines. The methylated cytosines show a percentage corres-
ponding to the dinucleotide C, and the unmethylated cytosines show a percen-
tage corresponding to the dinucleotide T [11]. After determining this ratio for
each CpG site among the 27 evaluated, a mean of 11 sites evaluated by primer
ADS955FS] and 16 sites assessed by primer ADS955FS2 was obtained.

In this study, PTEN methylation in seven samples of normal renal tissue was
evaluated. The CpG sites in normal tissue had a variation of 0% to 4%, and the
mean of these sites led to definition of the cutoff for the presence or absence of
methylation. The final MtI corresponded to the mean of the Mtl of the CpG isl-
ands 1 to 11 and the MtI of the islands 12 to 27. Thus, a MtI equal to or less than
0.04 was considered within the pattern of variability of the unmethylated cases,
whereas cases that showed a MtI greater than 0.04 were considered methylated.

Figure 1 demonstrates PTEN gene analysis by pyrosequencing.

2.3. Follow-Up Regimen

Patients were observed every 3 mo for the first and second year after surgery,
every 6 mo from the third through the fifth years, and annually after the fifth
year. All medical appointments consisted of a history, a physical examination,
serum biochemistry analysis and chest radiography. Abdominal ultrasound and
abdominal CT were realized each six mo alternately. Bone scan and nervous sys-
tem CT are performed when clinically indicated.

At the end of the study, there were 94 patients (68.46%) alive and without
disease, 14 patients (10.2%) alive and with disease, 22 deaths (16%) of which
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Assay Name: ADS955FS1

Sample ID: 99T

Note:

A1: GTYGTTGTGAGGYGAGGTYGGGTTTAGGYGAGGGAGATGAGAGAYGGYGGYGGTYGYGGTTYGGAGTTTTTTTTAGYGTTTGTGAGTAGT
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Figure 1. PTEN pyrosequencing analysis.

15 (10.9%) due to cancer and seven deaths (5.1%) from other causes. Tumor re-
currence was detected in 20 patients (14.6%) with predominance of patients

(85.4%) without tumor recurrence.

2.4. Statistical Analysis

Survival rates were calculated using the Kaplan Meier technique and compari-
sons between them by the log rank test. Analyses were performed with SPSS
v.16.0 (SPSS Inc., Chicago, IL, USA).

3. Results

Table 1 shows the main clinicopathological characteristics of the 137 patients
analyzed.

Among the 137 cases reviewed, only five (3.6%) showed PTEN hypermethyla-
tion, and 132 (96.4%) did not. The analysis of the association between PTEN and
the main prognostic factors was not possible due to the low frequency of hyper-
methylation observed (Table 2).

For the five cases showing PTEN hypermethylation, there was no occurrence

of any adverse event or death.

4. Discussion

Despite the routine use of clinical and pathological criteria to assess the progno-
sis of patients with RCC, many develop metastases during follow-up, which de-
monstrates the need to identify new factors to better predict outcome in these
patients [1] [2].
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Table 1. Main clinicopathological characteristics of the 137 patients.

Variable Category N %
0 81 59.1
ECOG
1.2 56 40.9
Metastasis at No 118 86. 1
diagnosis Yes 19 13.9
Symptoms at No 78 56.9
diagnosis Yes 59 51
Lower grade 89 65
Fuhrman Grade
Higher grade 48 35
Histological Clear cells 112 81.8
subtype Non-clear cells 25 18.2
I-1I 98 71.5
EC TNM
II-1v 39 28.5
Microscopic venous No 113 82.5
invasion Yes 24 175
No 117 85.4
Recurrence
Yes 20 14.6
Total 137 100%

ECOG—European Cooperative Oncology Group.

Table 2. Analysis of PTEN pattern of methylation according to the main prognostic factors.

Methylation
Hyper Hypo
Variable Category Total
n % n %
No 3 3.8 75 96.2 78
Symptomatology
Yes 2 34 57 96.6 59
0 3 3.7 78 96.3 81
ECOG
1/2 2 3.6 54 96.4 56
High grade 1 2.1 47 97.9 48
Fuhrman grade
Low grade 4 4.5 85 95.5 89
Histological Clear cell 4 3.6 108 96.4 112
subtype No clear cell 1 4.0 2 96.0 25
Microscopic venous No 3 2.7 110 97.3 113
invasion Yes 2 8.3 22 91.7 24
/11 4 4.1 94 95.9 98
Clinical TNM stage
I/1v 1 2.6 38 97.4 39

ECOG—Eastern Cooperative Oncology Group.
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The PTEN/MMCAL gene is located on chromosome 10q23, controls cell mi-
gration, proliferation and apoptosis through the downregulation of PI3K
(phosphatidylinositol 3-OH kinase) and Akt, and is one of the major genes in-
volved in renal carcinogenesis [1] [2]. The presence of hypoexpression by im-
munohistochemistry is associated with high histological grade tumors, and low-
er rates of SLD and its inactivation brings about higher activity of promitotic
molecules that are the targets of current treatments for metastatic RCC [8] [9].

In this study, PTEN hypermethylation was identified with a 3.6% frequency
among the 137 samples analyzed. In the gastric and salivary glands, cases of gene
methylation were not identified, whereas in glioblastoma multiforme, uterine,
cervical, and soft tissue sarcomas, melanoma, and ovarian and breast cancer,
PTEN methylation was found in 35%, 26%, 12% 62%, 58% and 14.3%, respec-
tively [16]-[22].

The different frequencies can be explained by the pathways of carcinogenesis
specific to each neoplasm, exposure to environmental factors, the method em-
ployed to analyze and interpret the results and the PTEN primer used in each
study [23] [24] [25] [26].

Pyrosequencing and MS-PCR are the main methods used to assess methyla-
tion in the literature. However, MS-PCR may detect higher methylation fre-
quencies compared to pyrosequencing because of false positive results ensuing
from this non-quantitative analysis [25]. The choice of PTEN primer is as im-
portant as the choice of methodology used to avoid false positive results by dif-
ferentiating the true gene and pseudogene located on chromosome 9p21, which
share 98% of the same nucleotide sequence [26].

Hypoexpression of the PTEN protein in RCC has been reported in the litera-
ture, with frequencies ranging from 33% to 39% [8] [9] [10] [11]. The absence or
low protein expression of PTEN in these studies may be explained mainly by the
occurrence of mutation, deletion and/or hypermethylation.

Sakurada et al [4] did not detect PTEN mutations in 24 cases of RCC. In 50
samples of RCC tumors, Sukosd et al [7] did not find mutations in the PTEN
gene either. Kondo ef al [6] evaluated 68 samples of RCC and identified five
cases (7.5%) of PTEN mutation and a 25% loss of heterozygosity. Morita et al
[27], Teng et al and Velickovic et al [28] showed a loss of heterozygosity in 41,
40% and 37.5%, respectively, of the analyzed RCC samples.

The loss of heterozygosity shown in these studies substantiates the existence of
genetic events that may contribute to the absence or low protein expression of
PTEN. PTEN mutation is rare in RCC, occurring at frequencies lower than 7.5%.
Although this study did not analyze the PTEN protein, the low frequency of
methylation detected in this study suggests that PTEN hypermethylation is not
the primary mechanism of inactivation.

Oncogenic miRNA is a recently described mechanism that can contribute to
lower expression of the gene PTEN in RCC. Zaman et al. [29] demonstrated an

association between lower expression of the PTEN gene and high activity of on-
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cogenic miR-23b-3p. High levels of miR-23b-3p were determinants of lower
survival rates in patients with RCC.

There were no deaths or recurrences among the five cases showing PTEN
hypermethylation. Studies that have demonstrated the negative impact of
changes in PTEN on the survival of patients with RCC were based upon immu-
nohistochemical analysis [1] [8]. Identifying the molecular change is important
because mutation and methylation did not prove to be central mechanisms of
inactivation in RCC.

In lung cancer, methylation of PTEN has been detected at a frequency of
2.9%, with no association between methylation status and prognostic factors
[24].1In cervical cancer, an association between PTEN methylation and prognos-
tic factors has been found; however, higher frequencies of methylation were de-
tected (58%) [19].

In this series, the lack of association between gene methylation and major
prognostic factors can be justified by the low frequency of methylation detected.
PTEN mutation did not show an association with high-grade tumors or tumor
recurrence in RCC [22]. Thus, mutation and methylation are not important
mechanisms of gene dysregulation in RCC.

There were some limitations in our study, including the inherent problems of
retrospective analysis. In the literature, there is no consensus in defining the
cut-off for cases demonstrating high or low levels of methylation. It seems to us
more appropriate to define the cases in relation to the level of methylation in
normal tissue. To our knowledge, this is the first study to report the PTEN
hypermethylation pattern in RCC.

5. Conclusion

Although the route of PTEN carcinogenesis is common in RCC, methylation in
this series was infrequent and showed no adverse events, such as death, death
due to renal cancer or tumor recurrence. This suggests involvement of other
genes or mechanisms of genetic or epigenetic inactivation other than methyla-

tion in renal carcinogenesis.
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