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Abstract

Background: The mTOR signaling pathway plays a crucial role in the carcinogenesis of renal cell cancer (RCC). We sought to
investigate the influence of genetic variations in the mTOR pathway-related genes on the risk of RCC.

Methods: We genotyped 8 potentially functional polymorphisms in AKT1, AKT2, PTEN and MTOR genes using the TagMan
method in a case-control study of 710 RCC patients and 760 cancer-free subjects. Unconditional logistic regression, adjusted
for potential confounding factors, was used to assess the risk associations. We then examined the functionality of the
important polymorphisms.

Results: Of the 8 polymorphisms, after adjusting for multiple comparisons, we found a significant association between one
variant (rs2295080) in the promoter of MTOR and reduced RCC risk (P=0.005, OR=0.74, 95%Cl=0.59-0.91, TG/GG vs. TT).
Another variant (rs701848) in the 3'UTR region of PTEN was associated with increased RCC risk (P=0.014, OR=1.45,
95%Cl =1.08-1.96, CC vs. TT); however, the association was not significant after adjusting for multiple comparisons.
Furthermore, we observed lower MTOR mRNA levels in the presence of the rs2295080G allele in normal renal tissues. The
luciferase reporter assay showed that the rs2295080G allele significantly decreased luciferase activity. No other significant
association between the selected polymorphisms and RCC risk was observed.

Conclusions: Our results suggest that the functional MTOR promoter rs2295080 variant affects RCC susceptibility by
modulating the endogenous MTOR expression level. The risk effects and the functional impact of the MTOR rs2295080
variant need further validation.
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Introduction susceptibility locus for RCC in a European population [7].
However, in the Chinese population that we evaluated, we failed

to replicate the significant findings between polymorphisms in

cancer, accounting for more than 80% of all malignant kidney HIFIA [8] as well as EPASI [9] and the risk of RCC, which
tumors [1,2]. Although the exact cause of RCC remains largely

unknown, aberrant angiogenesis is considered a hallmark of this
disease [3,4]. In the majority of sporadic and hereditary RCC
cases, the von Hippel-Lindau (VHL) tumor suppressor gene is
functionally disrupted and results in constitutive activation of
hypoxia-inducible factor (HIF) and subsequent induction of target
genes, such as VEGF [4]. Genetic variations in angiogenesis-
related genes have been suggested to influence individuals’
susceptibility to RCC [5,6,7]. Recently, a large genome-wide
association study conducted in the United States has identified an
interesting variant in FEPASI (encoding HIF-2 alpha) as a

Renal cell cancer (RCC) is the most common type of kidney

indicates that there are differences in the genetic architecture of
ethnic groups, and investigating the genetic variations in other
candidate genes is still necessary. Herein, in the present study, we
expanded the exploration to an important signaling pathway
comprising phosphoinositide-3-kinase (PI3K), phosphatase and
tensin homolog (PTEN), v-akt murine thymoma viral oncogene
homolog (AKT), and mammalian target of rapamycin (mTOR).
The mTOR signaling pathway plays a crucial role in cell
growth, survival, proliferation and angiogenesis [10]. PI3Ks are
activated by receptor tyrosine kinases such as epidermal growth
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factor receptor (EGFR), vascular endothelial growth factor
receptor (VEGFR) and insulin-like growth factor receptor (IGFR);
the activation then results in a kinase cascade through AKT and
mTOR [11]. This pathway is negatively regulated by the tumor
suppressor gene PTEN through the dephosphorylation of phos-
phatidylinositol trisphosphate (PIP3) [12]. Genetic alterations of
mTOR pathway-related genes, including mutations of PI3K, ART,
and PTEN, facilitate tumorigenesis and are common in human
cancers [13,14,15]. The relevance of mTOR signaling in RCC is
highlighted by the success in using inhibitors of mTOR
(temsirolimus and everolimus) to treat patients with advanced
disease [16,17].

Single nucleotide polymorphisms (SNPs) in candidate genes
have been proven to influence individuals’ susceptibility to RCC
[7]. In light of the critical role of the mTOR pathway in RCC, it is
possible that SNPs in this pathway may play an important role in
RCC development. However, no published study has yet
addressed this issue. Accordingly, in the present study, we
reviewed 5 core genes (PISKCA, AKT1, AKT2, PTEN, and MTOR)
in this pathway and analyzed 8 potentially functional SNPs in
these genes and their impact on the occurrence of RCC in a
Chinese population.

Patients and Methods

Ethics statement

The study was approved by the Institutional Review Board of
the Nanjing Medical University, Nanjing, China. At recruitment,
written informed consent was obtained from all participants
involved in this study.

Study population

Opverall, 710 incident patients with RCC and a group of 760
cancer-free controls recruited at the First Affiliated Hospital of
Nanjing Medical University, Nanjing, China between May 2004
and September 2011 were enrolled in the case-control study. The
inclusion criteria of cases and controls have been described
elsewhere [8]. Briefly, all of the newly diagnosed patients with
histopathologically confirmed incident RCC and without prior
history of other cancers or previous chemotherapy or radiotherapy
were consecutively recruited without the restriction of age and sex.
The disecase was classified according to the World Health
Organization criteria and staged according to the 2002 American
Joint Committee on Cancer (AJCC) TNM classification. The
controls were recruited from subjects who were seeking physical
examination in the outpatient departments at the hospital and
were frequency matched to the cases by age (*5 years) and sex.
The cancer-free controls were genetically unrelated to the cases
and had no individual history of cancer. Before recruitment, a
standard questionnaire was administered through face-to-face
interviews by trained interviewers to collect demographic data and
related factors. Each patient donated 5 mL venous blood after
providing a written informed consent. The response rate for case
and control subjects was above 85%.

SNP selection

We reviewed 5 core genes involved in the mTOR signaling
pathway: PISKCA, AKT1, AKT2, PTEN and MTOR. SNPs in these
genes were selected based on HapMap data (http://hapmap.nchi.
nlm.nih.gov/) and dbSNP data (http://www.ncbi.nlm.nih.gov/
projects/SNP/). The potentially functional polymorphisms were
identified according to the following criteria: (1) located in the 5’
flanking regions, 5" untranslated region (UTR), 3" UTR, or coding
regions with amino acid changes; (2) minor allele frequency (MAF)
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>5% in the Chinese population; or (3) associated with cancer risk
in previous studies. According to the criteria, 8 SNPs were
identified, including rs2494750 and 1rs2498786 in AKTI,
rs33933140 and rs7254617 in AKT2, rs11202607 and rs701848
in PTEN as well as rs2295080 and rs2536 in MTOR.

DNA extraction and genotyping

Genomic DNA was extracted from the peripheral blood by
proteinase K digestion and phenol-chloroform extraction. The
genotyping of these 8 SNPs was performed using predesigned
TagMan SNP Genotyping Assays (Applied Biosystems, Foster
City, CA, USA) in the Laboratory of the Department of Molecular
and Genetic Toxicology, Nanjing Medical University, Nanjing,
China. The sequences of the primers and probes are listed in
Table S1. The reaction mixture of 10 pL. contained 20 ng
genomic DNA, 3.5 pLL of 2x TagMan Genotyping Master Mix,
0.25 pL. of the primers and probes mix and 6.25 pL of double
distilled water. The amplification was performed under the
following conditions: 50°C for 2 min, 95°C for 10 min followed
by 45 cycles of 95°C for 15sec, and 60°C for I min.
Amplifications and analysis were performed in the 384-well ABI
7900HT Real Time PCR System (Applied Biosystems) following
the manufacturer’s instructions. SDS 2.4 software (Applied
Biosystems) was used for allelic discrimination. The genotyping
rates of these SNPs were all above 98%. For quality control, 4
negative controls were included in each plate and 5% of the
samples were randomly selected for repeated genotyping for
confirmation; and the results were 100% concordant.

Analysis of MTOR mRNA expression

Eighteen surgically removed renal cancer tissues with paired
paratumor renal tissues and an additional 24 paratumor renal
tissues were used to analyze MTOR mRNA levels i vivo. The
tissues were taken from the surgically removed samples from the
patients and were immediately stored in liquid nitrogen. The RNA
was isolated from about 100 mg tissue using TRIzol reagent
(Invitrogen, Carlsbad, CA, USA) and reverse transcribed to single-
stranded ¢cDNA wusing an oligo(dT) primer and Superscript 1I
(Invitrogen). The MTOR RNA level was measured by quantitative
real-time reverse transcription (RT)-PCR on the ABI Prism 7900
sequence detection system (Applied Biosystems, Foster City, CA,
USA). The ACTB was used as an internal reference gene. The
primers used for MTOR were 5" -TTGCTTGAGGTGCTACTG
-3" (sense) and 5'-CTGACTTGACTTGGATTCTG-3' (anti-
sense), and the primers for ACTB were 5'-TGGCACCCAGCA-
CAATGAA-3" (sense) and 5'-CTAAGTCATAGTCCGCCTA-
GAAGCA-3’ (antisense). The reaction mixture contained 0.1 M
of each primer, 2xSYBR Green PCR Master Mix (TaKaRa,
Berkeley, CA, USA), and 1 uL. of ¢cDNA (1:10 dilution). The
amplification was performed under the following conditions: 95°C
for 30 s, and 40 cycles of 95°C for 15 s and 60°C for 30 s. Each
reaction was done in triplicate.

Construction of promoter-reporter plasmids

To construct the target MTOR promoter-reporter plasmids, we
synthesized the DNA fragment containing either the rs2295080G
allele or the T allele by amplifying the 998-bp (from —617 to 381
base relative to the transcription start site) M7TOR promoter region
using primers with restriction sites. The primers were 5'-
ACTTAGAGCTCAAACAGGGATGGGGCTGGGGGAGAG-
GGA-3" (forward) and 5-ACTTAAGATCTCGAAACGTC-
TTTTGATGCAGTAATTCCT-3' (reverse), and they included
the Sacl and Nhel restriction sites. The resulting PCR products
were subsequently digested with Sacl and Nhel and cloned into
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the pGL3-Basic vector (Promega, Madison, WI, USA) containing
the firefly luciferase gene as a reporter. The constructs were all
confirmed by DNA sequencing.

Cell lines

The renal cell adenocarcinoma cell line (786-0), Human
Embryonic Kidney 293 cells (HEK-293) and Hel.a cell lines were
kindly provided by Dr. Z. Zhang (Department of Molecular and
Genetic Toxicology, School of Public Health, Nanjing Medical
University, Nanjing, China) and were used as reported previously

[18,19].

Transfection and luciferase reporter assays

786-0, HEK-293 and Hel.a cells were seeded in 24-well culture
plates. After 24 h, each well was transfected with 1 pg of each
MTOR-reporter plasmid using Lipofectamine 2000 (Invitrogen).
As an internal standard, all plasmids were cotransfected with 8 ng
pRL-SV40, which contained the Renilla luciferase gene. The
pGL3-Basic vector without an insert was used as a negative
control. Forty-eight hours after transfections, cells were lysed with
the passive lysis buffer (Promega) and assayed for luciferase activity
using the Dual-Luciferase Reporter Assay System (Promega).
Independent experiments were done in triplicate for each plasmid
construct.

Statistical analyses

Differences in the distributions of demographic characteristics,
selected variables, and frequencies of genotypes between cases and
controls were tested by the Student’s t-test (for continuous
variables) or y’-test (for categorical variables). SNP allele
frequencies in control participants were tested against departure
from Hardy-Weinberg equilibrium by a goodness-of-fit y*-test
before further analysis. The associations between polymorphisms
and risk of RCC were estimated by computing odds ratios (ORs)
and 95% confidence intervals (Cls) from unconditional logistic
regression analysis with the adjustment for possible confounders.
We used the false discovery rate (FDR) based on the Benjamini-
Hochberg method to adjust the P value for multiple comparisons.
The associations were considered statistically significant when
FDR-adjusted P values were less than 0.05. Differences in
luciferase reporter gene expression among different promoter
constructs, as well as mRNA and protein levels from renal tumor
or normal tissues carrying different genotypes were evaluated by
the Student’s t test or one-way analysis of variance (ANOVA), and
P<0.05 was considered to be statistically significant. All analyses
were performed with the software SAS 9.1.3 (SAS Institute, Cary,
NC, USA) with two-sided P values.

Results

Characteristics of RCC patients and controls

The frequency distributions of selected characteristics of the 710
cases and 760 controls are shown in Table 1. There were no
significant differences between the cases and controls with regard
to age, sex, BMI and drinking status (all 7>0.05). However, there
were more smokers, hypertension patients and diabetics among
the cases than among the controls (P=0.035, <0.001 and <0.001,
respectively). Of 710 patients, 62.8% of the patients were in stage
I, whereas 19.6, 7.3 and 10.3% were found to have stage 1I, III
and IV diseases, respectively. The percent of nuclear grade from I
to IV was 19.2, 48.0, 24.5 and 8.3 respectively.
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Table 1. Distribution of selected variables between the renal
cell carcinoma cases and control subjects.
Controls
Variables Cases (n=710) (n=760) pr
N % N %

Age (years) (mean = SD)  56.9*+11.9 56.8+11.6 0.753
=57 364 51.3 423 55.7 0.092
>57 346 48.7 337 443

BMI (kg/m2) (mean = SD) 24.1+2.8 23.8+3.2 0.078
<24 346 48.7 391 515 0.298
=24 364 513 369 48.5

Sex

Male 454 63.9 490 64.5 0.832

Female 256 36.1 270 355

Smoking status
Never 444 62.5 515 67.8 0.035
Ever 266 375 245 322

Drinking status
Never 508 71.6 571 75.1 0.120
Ever 202 28.5 189 249

Hypertension
No 444 62.5 444 73.0 <0.001
Yes 266 375 205 27.0

Diabetes

No 611 86.1 716 94.2 <0.001

Yes 99 13.9 44 58

Clinical stage
| 446 62.8
I 139 19.6
1] 52 73
\% 73 10.3

Grade
| 136 19.2
Il 341 48.0
] 174 245
\" 59 8.3

Histology
Clear cell 602 84.8
Papillary 22 3.1
Chromophobe 39 5.5
Unclassified 47 6.6

*Student’s t-test for age and BMI distributions between cases and controls; two-

sided y2-test for others selected variables between cases and controls.

doi:10.1371/journal.pone.0050302.t001

Genotype and allele frequencies of AKT1/AKT2/PTEN/
MTOR polymorphisms and RCC risk

The associations between these polymorphisms and RCC risk in
the best genetic model are presented in Table 2 and detailed
genotype distributions of the polymorphisms are presented
Table 3. Genotype frequencies of these 8 SNPs in controls all
conformed to Hardy—Weinberg equilibrium. The most significant
SNP associated with RCC risk was rs2295080, which is located in
the promoter region of MTOR. Compared with individuals
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carrying the rs2295080TT genotype, individuals carrying the TG
and TG/GG genotypes were both associated with a reduced risk
of RCC (P=0.021, OR=0.81, 95%CI=0.68-0.97 and
P=0.005, OR=0.74, 95%CI=0.59-0.91, respectively). The
association between 152295080 and RCC risk remained significant
after adjusting for multiple comparisons (FDR = 0.040). Besides
this SNP, the variant homozygote (CC) of another SNP
(rs701848), which is located in the 3"UTR region of PTEN was
also significantly associated with an increased RCC risk (P=0.014,
OR =1.45, 95%CI=1.08-1.96). However, this association re-
mained only marginally significant after adjusting for multiple
comparisons (FDR =0.056). Since PTEN negatively regulates the
mTOR signaling pathway, we then investigated whether there was
interaction between the MTOR rs2295080 and PTEN rs701848 in
influencing RCC risk, however, as shown in Table 4, no significant
interaction was observed (P jeraction = 0-118), although individuals
with both risk genotypes (rs2295080 TT and rs701848 CC) had a
significantly increased RCC risk of 1.72. As the MTOR rs2295080
produced the best association signal among the selected polymor-
phism, we then focused on it in the subsequent functional
experiments.

Expression of MTOR in RCC and the associations between
the MTOR rs2295080 and MTOR expression

We then explored the expression of MTOR in RCC and the
associations between the rs2295080 polymorphism and MTOR
expression in paratumor renal tissues using real-time quantitative
RT-PCR. As shown in Figure 1A, the MTOR expression level in
tumor tissues was significantly higher than that in the adjacent
normal tissues (P=0.018). Besides, compared with individuals
carrying the T'T' genotype, individuals carrying the G allele (TG
and GG genotypes) had lower levels of MTOR expression
(P=0.003 and 0.011 for TG vs. T'T and GG vs. T'T, respectively)
(Fig. 1B). These results suggested that overexpression of MTOR
may contribute to renal carcinogenesis and that rs2295080,
located in the MTOR promoter, may be involved in renal
carcinogenesis by regulating the transcriptional activity and
expression levels of MTOR.

Functional characterization of MTOR rs2295080
To examine whether the variation is functionally significant by
altering the MTOR promoter activity, we then generated reporter

MTOR Promoter Variant and Renal Cell Cancer Risk

gene constructs containing either the rs2295080 G or T allele and
transfected HEK293, 786-0 and HelLa cell lines with the reporter
plasmids. As shown in Figure 2, the construct containing the
1s2295080G allele drove a significantly lower reporter gene
expression compared with that containing the rs2295080T allele
in these cell lines. These results indicated that the rs2295080G
allele in the promoter region had a reduced transcriptional activity
of the MTOR.

Discussion

In the preset study, we investigated the associations between 8
potentially functional polymorphisms in the mTOR signaling
pathway-related genes and RCC susceptibility in a Chinese
population. Our study suggested that the rs2295080 variant in
the promoter region of MTOR was associated with a decreased risk
of RCC. The association study results of rs2295080 were
subsequently confirmed by further functional analysis of the
variant. First, we observed that the MTOR mRNA level was
decreased in individuals who carried the rs2295080 G allele i vivo.
Then, in the in vitro assays, we found that the rs2295080 G allele
significantly decreased the transcriptional activity of MTOR. These
results suggest that the MTOR rs2295080 1s a functional SNP. To
the best of our knowledge, this is the first study to evaluate the role
of polymorphisms of mTOR signaling pathway-related genes in
the occurrence of RCC.

These findings are biologically plausible, especially in light of
the crucial roles of the mTOR pathway in cell death and survival.
Over activation of mTOR has been considered a hallmark in
RCC, although whether the over activation of mTOR arises from
increased protein expression or over phosphorylation of mTOR
protein seems vague [20,21]. Given the important role of mTOR,
one would expect that a higher expression level of mTOR total
protein may facilitate renal carcinogenesis, which is supported by
several studies investigating the expression of MTOR in renal cell
lines [21] and in nephrectomy RCC specimens [22]. In our study,
we also observed that the mRNA level of MTOR was significantly
higher in RCC tissue than in paratumor renal tissues, which
further provided evidence for a causative role of the MTOR
expression in RCC. Over-expression of M7TOR has also been
suggested to be a poor prognostic factor in several human cancers,
including RCC [22], lung cancer [23], breast cancer [24],
laryngeal squamous cell carcinoma [25] and biliary tract

Table 2. Primary information for the genotyped SNPs in AKT1, AKT2, PTEN and MTOR and their associations with risk for RCC.

Genes Polymorphisms Location  Alleles MAF in database MAF in controls P for HWE® Best genetic model
P OR (95CI %)" FDR'
AKT1 rs2494750 5'near gene G/C 0.267 0.325 0.652 0.181 1.16 (0.93-1.45) 0.290
rs2498786 5'near gene G/C 0.242 0.198 0.680 0.583 1.05 (0.84-1.30) 0.666
AKT2 rs7254617 5'near gene G/A 0.144 0.132 0.367 0.135 0.83 (0.64-1.06) 0.270
rs33933140 3'UTR A/G 0.465 0.487 0.869 0.729 0.95 (0.70-1.28) 0.729
PTEN rs701848 3'UTR T/C 0.341 0.404 0.253 0.014 1.45 (1.08-1.96) 0.056
rs11202607 3'UTR (@2} 0.078 0.109 0.130 0.516 0.92 (0.71-1.19) 0.663
MTOR rs2295080 5'near gene T/G 0.148 0.241 0.891 0.005 0.74 (0.59-0.91) 0.040
rs2536 3'UTR T/C 0.089 0.089 0.353 0.072 0.77 (0.58-1.02) 0.192

fFalse discovery rate.

doi:10.1371/journal.pone.0050302.t002
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*Adjusted for age, sex, smoking, drinking status, diabetes and hypertension in logistic regression model.

SNP: Single-nucleotide polymorphism; MAF: minor allele frequency; 3'UTR: 3’ Untranslated Region; HWE: Hardy-Weinberg Equilibrium; Cl: confidence interval; OR: odds
ratio. Bold-faced values indicate significant difference after adjusting for multiple comparisons.
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Table 3. Genotype frequencies of the selected polymorphisms among the cases and controls and their associations with risk of
RCC.

Genotypes Cases, n (%) Controls, n (%) P Adjusted OR (95% CI)"
AKTT rs2494750

GG 300 (42.3) 349 (45.9) 1.00 (reference)
GC 340 (47.9) 328 (43.2) 0.181 1.16 (0.93-1.45)
cC 70 (9.9) 83 (10.9) 0.732 0.94 (0.65-1.35)
GC+CC 410 (57.8) 411 (54.1) 0.298 1.14 (0.90-1.37)

P end 0.447

AKT1 rs2498786

GG 440 (62.0) 487 (64.1) 1.00 (reference)
GC 239 (33.7) 245 (32.2) 0.748 1.03 (0.83-1.30)
cc 31 (4.3) 28 (3.7) 0.612 1.15 (0.67-1.97)
GC+CC 270 (38.0) 273 (35.9) 0.583 1.05 (0.84-1.30)

P trend 0.346

AKT2 rs33933140

AA 188 (23.6) 199 (26.2) 1.00 (reference)
AG 362 (51.0) 382 (50.3) 0.957 1.01 (0.78-1.39)
GG 160 (22.5) 179 (23.6) 0.729 0.95 (0.70-1.28)
AG+GG 522 (73.5) 561 (73.8) 0.907 0.99 (0.78-1.25)

P trend 0.720

AKT2 rs7254617

GG 564 (79.4) 576 (75.8) 1.00 (reference)
GA 135 (19.0) 168 (11.4) 0.182 0.84 (0.65-1.08)
AA 11 (1.6) 16 (2.1) 0.377 0.71 (0.33-1.57)
GA+AA 146 (20.6) 184 (24.2) 0.135 0.83 (0.64-1.06)

P end 0.229

PTEN rs11202607

CcC 567 (79.9) 599 (78.8) 1.00 (reference)
cT 138 (19.4) 156 (20.5) 0.516 0.92 (0.71-1.19)
T 5(0.7) 5(0.7) 0.986 1.00 (0.28-3.60)
CT+TT 143 (20.1) 161 (21.2) 0.527 0.92 (0.71-1.19)

P trend 0.654

PTEN rs701848

T 222 (31.3) 277 (36.5) 1.00 (reference)
TC 338 (47.6) 351 (46.2) 0.168 1.18 (0.93-1.49)
CcC 150 (21.1) 132 (17.3) 0.014 1.45 (1.08-1.96)
TC+CC 488 (68.7) 483 (63.5) 0.045 1.25 (1.01-1.56)
P trend 0.017

MTOR rs2295080

T 454 (63.9) 438 (57.6) 1.00 (reference)
TG 218 (30.7) 277 (36.5) 0.021 0.81 (0.68-0.97)
GG 38 (5.4) 45 (5.9) 0.525 0.86 (0.55-1.37)
TG+GG 256 (36.1) 322 (424) 0.005 0.74 (0.59-0.91)
P trend 0.028

MTOR rs2536

T 607 (85.5) 628 (82.6) 1.00 (reference)
TC 99 (13.9) 128 (16.9) 0.074 0.77 (0.58-1.03)
cc 4 (0.6) 4 (0.5) 0.811 0.84 (0.19-3.61)
TC+CC 103 (14.5) 132 (17.4) 0.072 0.77 (0.58-1.02)

P end 0.161

*Adjusted for age, sex, smoking, drinking status, diabetes and hypertension in logistic regression model.

Bold-faced values indicate significant difference at 5% level.

doi:10.1371/journal.pone.0050302.t003
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adenocarcinoma [26]. Considering the role of mTOR in
facilitating cancer development and progression, the reduced
levels of mTOR owing to the rs2295080 variant in the promoter
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Figure 1. Expression of mTOR in clear cell renal cell carcinomas
and adjacent normal renal tissues. (A) Distribution and comparison
of MTOR expression in carcinomas and adjacent normal tissues
(P=0.018). (B) Association between the MTOR expression in renal
tissues and MTOR rs2295080 genotypes. The MTOR rs2295080 TT
genotype is associated with significantly higher mTOR expression than
the MTOR rs2295080 TG (P=0.003) and GG (P=0.011) genotypes.
doi:10.1371/journal.pone.0050302.g001
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Table 4. Interaction analyses of the MTOR rs22095080 and PTEN rs701848 and risk of RCC.
MTOR rs22095080/PTEN rs701848" Cases, n (%) Controls, n (%) P Adjusted OR (95% CI)"
0 GG/TT 12 (1.7) 13 (1.7) 0.009 1.00 (reference)
1 TG/TT or GG/TC 103 (14.5) 130 (17.1) 1.00 (reference)
2 TT/TT or TG/TC or 225 (31.7) 289 (38.0) 0.97 (0.71-1.31)
GG/CC
3 TT/TC or TG/CC 269 (37.9) 252 (33.2) 1.33 (0.98-1.81)
4 TT/CC 101 (14.2) 76 (10.0) 1.72 (1.16-2.55)
P trend 0.001
P interaction 0.118
Recombined groups”
0-2 340 (47.9) 432 (56.8) 0.001 1.00 (reference)
3-4 370 (52.1) 328 (43.2) 1.46 (1.18-1.79)
*The number represents the number of risk alleles.
fAdjusted for age, sex, BMI, smoking, drinking status, diabetes and hypertension in logistic regression model. OR: odds ratio; Cl: confidence interval.
doi:10.1371/journal.pone.0050302.t004

may decrease cancer susceptibility, which may explain our findings
in the association studies.

In addition, the PTEN rs701848 polymorphism was marginally
associated with an increased RCC risk after adjusting for multiple
comparisons. It should be noted that this polymorphism is located
in the 3" UTR region of PTEN;, therefore it is biologically plausible
that this SNP might alter PTEN expression by influencing the
mRNA stability, and then influence cancer susceptibility. Howev-
er, the hypothesized function of this SNP still needs to be
mvestigated in future studies. Since the activation of mTOR
signaling is negatively regulated by PTEN, it would be interesting
to see if there is an interaction effect between the MTOR
152295080 and the PTEN rs701848 polymorphisms. However, we
did not find a significant interaction between these 2 SNPs,
although individuals with the risk genotypes of both of the two
SNPs (rs2295080 TT and rs701848 CC) had a significantly
increased RCC risk of 1.57.

Till now, several molecular target agents, such as the tyrosine
kinase inhibitor sunitinib, the VEGFRs inhibitor pazopanib, and
the mTOR inhibitors temsirolimus and everolimus, have been
approved to treat patients with advanced RCC. Most recently, Xu
et al. demonstrated that genetic polymorphisms in angiogenesis-
and exposure-related genes could predict treatment response to
pazopanib monotherapy in patients with RCC [27]. Besides, there
1s also evidence suggesting that genetic polymorphisms in genes
involved in sunitinib pharmacokinetics are associated with
progression-free survival (PFS) in mRCC patients treated with
sunitinib [28]. It should be noted that the MTOR rs2295080
polymorphism has been suggested to be associated with clinical
outcomes in esophageal cancer patients treated with chemor-
adiotherapy [29]. However, there is still a lack of studies
investigating the inherited genetic variability in response to the
treatment of mTOR inhibitors. Considering the functional role of
the 152295080 polymorphism in modulating the expression of
MTOR, this polymorphism might be a promising genetic marker
to investigate with regard to the prediction of treatment response
to temsirolimus or everolimus. However, the lack of available
information about these drugs treatments in our RCC patients
restricts our study to address this issue; thus, we urge its
investigation in other studies that focus on the treatment of
RCC patients.
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Figure 2. Influence of the MTOR rs2295080 polymorphism on the MTOR promoter activity. (A) Schematic representation of reporter
plasmids containing the MTOR rs2295080 T or G allele, which was inserted upstream of the luciferase reporter gene in the pGL3-Basic plasmid. (B) The
2 constructs were transiently transfected into the HEK-293, 786-0 and Hela cells, respectively. All of the constructs were cotransfected with pRL-SV40
to standardize the transfection efficiency. Values are means = SD from more than 3 separate experiments that were each performed in triplicate.

doi:10.1371/journal.pone.0050302.g002

In conclusion, our results suggest that the M7TOR rs2295080
influences RCC susceptibility in our Chinese population. Our
study also highlights that the MTOR rs2295080 variant may affect
RCC  susceptibility by modulating the endogenous MTOR
expression level. Additionally, the results of our study raise some
important questions about, for instance, whether the distinct
expression level of MTOR induced by the rs2295080 polymor-
phism will influence the phosphorylation level of mTOR and then
alter its downstream signal, and whether this polymorphism has an
effect on the RCC prognosis and the response of RCC patients to
the treatment with temsirolimus and everolimus. Future studies
with more a comprehensive design and additional available
information about these drug treatments may help to address these
questions.
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