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Background. Genetic polymorphisms in mammalian target of rapamycin (mTOR) signaling axis can influence the susceptibility of
cancer. The relationship between mTOR gene variants rs2295080 T/G and rs1883965 G/A and the risk of cancer remains
inconsistent. The present study is aimed at comprehensively investigating the association between mTOR polymorphisms and
susceptibility to cancer. Methods. We conducted a comprehensive assessment using odds ratios (ORs), corresponding 95%
confidence intervals (CIs), and in silico tools to evaluate the effect of mTOR variations. Immunohistochemical staining (IHS)
and GSEA analysis were used to investigate the expression of mTOR in urinary system cancer. Results. The pooled analysis
involved 22 case-control studies including 14,747 cancer patients and 16,399 controls. The rs2295080 T/G polymorphism was
associated with the risk of cancer (G-allele versus T-allele, OR = 0.89, 95%CI = 0.80-0.98, P = 0.023; GT versus TT, OR =0.88,
95%CI =0.81-0.96, P =0.004; GG+GT versus TT, OR =0.87, 95%CI=0.78-0.96, P =0.008), especially for cancers of the
urinary system, breast, and blood. Variation rs1883965 G/A was associated with cancer susceptibility, especially for digestive
cancer. IHS analysis showed that mTOR was upregulated in prostate and bladder cancer. GSEA revealed that the insulin
signaling pathway, lysine degradation pathway, and mTOR signaling pathway were enriched in the high mTOR expression
group. Conclusions. The mTOR rs2295080 T/G polymorphism may be associated with susceptibility of urinary cancer. The
expression of mTOR is positively correlated with tumor malignancy in prostate cancer.

1. Introduction

Malignant tumors are a major global public health problem
[1]. Over the past decades, cancer-related morbidity and
mortality have increased. In 2015, there were approximately
4.2 million new cancer cases in China and 2.8 million
cancer-related deaths [2]. By 2018, the number of new carci-
noma cases was expected to exceed 4.3 million, with 2.9 mil-
lion deaths due to carcinoma [3]. Tumors arise due to the

interaction of multiple environmental and internal factors.
The internal factors are mainly manifested as changes of
immune status and endocrine disorders and genetic muta-
tions of vital signal transduction pathways [4, 5]. In Homo
sapiens, missing phosphatase and tensin homologs of the
phosphoinositide 3-kinase (PI3K)/AKT/mTOR signal trans-
duction pathway on chromosome 10 are often activated in
various carcinomas. They are involved in different cellular
processes that include cell proliferation, angiogenesis, and
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TaBLE 1: Study characteristics of mTOR rs2295080 T/G and rs1883965 G/A variants in the current analysis.

Author Year Origin L. Source of Case Control
rs2295080 T/G Cancer Ethnicity — Type control 3¢ Control oo o g gr pr HWE Method

East Urinary ~ Hospital-

Cao 20128 China SKIRG Asian cancer based

710 760 38 218 454 45 277 438 0.891 TagqMan

East Urinary ~ Hospital-

Chen 2012 China PRAD 666 708 28 209 429 36 259 413 0.573 TaqMan

Asian cancer based
Huang 2012 China ALL L% Blood = Hospital- 17 554 53 140 254 21 180 353 0549 TaqMan
Asian cancer based

East Urinary  Population-

Li 2013 China PRAD Asian cancer based

1004 1051 40 311 653 52 382 617 0.468 TaqMan

East Digestive ~ Hospital-

Xu 2013 China  GCA Asian cancer based

753 854 25 246 482 52 305 497 0569 TagMan

East Digestive ~ Hospital-

. 1002 1003 40 394 568 41 355 607 0.221 TaqMan
Asian cancer based

Wang 2015 China GCA

East Digestive ~ Hospital-

Xu 2015 China CRC 737 777 30 225 482 45 273 459 0.602 TaqMan

Asian cancer based
Zhao 2015 China ALL =% Blood = Hospital- 5 500 15 50 63 12 111 173 <0001 LK
Asian cancer based RFLP
. East Blood Hospital- PCR-
Zhao 2015 China AML %% %% o 47 29 6 14 27 12 111 173 <0001 oo
Zhu 2015 China ESCC 02t Digestive Population-y 131113 49 390 674 49 362 702 0788 TaqMan
Asian cancer based

East Urinary ~ Hospital-

Zhang 2015 China KIRC 710 760 38 218 454 45 277 438 0.891 TaqMan

Asian cancer based
Zhao 2016 China Breast Lt Breast — Hospital- 50 a3 15 197 351 26 212 345 0358 Sequenom
Asian cancer based

East Urinary ~ Hospital-

Liu 2017 China PRAD 413 807 32 145 236 37 316 454 0.052 TaqMan

Asian cancer based
Wen 2017 China TCA %% Others ~ TOPURHON 500 500 24 170 366 29 176 295 0.686 TaqMan
Asian based

East Digestive  Population-

Zhao 2017 China = GCA Asian cancer based

283 271 15 90 178 11 86 174 0.927 TagqMan

East Digestive ~ Hospital-

Qi 2017 China GCA : 574 912 101 279 194 174 441 297 0651 TagMan
Asian cancer based

Bizhani 2018 Iran BLCA Vst Urnary  Population- .o o g0 g0 oo 15 76 26 0001 PR
Asian cancer based RFLP

Chen 2019 China Breast [ost ~ Breast  Population-— o0 1o 501 310 37 198 245 0730 TaqMan
Asian cancer based

rs1883965 G/A AA AG GG AA AG GG

He 2013 China GCA D2t Digestive Population- )0 1100 15 188 927 6 165 1025 0817 TaqMan
Asian cancer based

East Digestive  Population-

Zhu 2013 China ESCC 1123 1121 6 209 908 7 174 940 0.732 TaqMan

Asian cancer based
Li 2013 China PRAD  Dost  Urinary - Population-— o0 1051 g 153 843 7 154 890 0904 TaqMan
Asian cancer based

East Digestive ~ Hospital-

Liu 2014 China Liver Asian cancer based

1048 1052 2 165 881 10 160 882 0.365 TaqMan

ALL: acute lymphoblastic leukemia; BLCA: bladder cancer; CRC: colorectal cancer; AML: acute myeloid leukemia; ESCC: esophageal squamous cell
carcinoma; GCA: gastric cancer; HWE: Hardy-Weinberg equilibrium of control; PRAD: prostate cancer; TCA: thyroid cancer; KIRC: kidney renal clear
cell carcinoma.

tumorigenesis [6-8]. Mutation of central gene in the mTOR The mTOR gene, also known as FKBP12 rapamycin-
pathway could affect protein transcription and change the  associated protein (FRAP), acts as an essential serine-
capacity of this pathway, which may be vital in carcinogen-  threonine kinase in signal transduction and participates in

esis [9-11]. the biological processes of cell cycle, survival, and autophagy
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[12-14]. The human mTOR gene comprises 59 exons and is
located on chromosome 1p36.2 [15, 16]. The gene is approx-
imately 156 kb in length and plays a central role in the PI3K/
AKT/mTOR pathway [17, 18]. The aberrant regulation of the
mTOR signal transduction pathway has been implicated in a
wide spectrum of carcinomas [19, 20]. Abnormal expression
of mTOR has been described in several types of cancers,
including kidney renal clear cell carcinoma (KIRC), bladder
cancer (BLCA), primary liver cancer, esophageal carcinoma,
and colorectal adenocarcinoma [21-25]. The changes may
be associated with single-nucleotide polymorphisms (SNPs)
and genetic mutations in the human genome [26, 27].

Previous studies have evaluated the association of
genetic variants of the mTOR gene with the susceptibility
to cancer. Results of a meta-analysis that included five eligi-
ble studies indicated that the rs2295080 TT genotype was
related to increased cancer risk, but not with poor clinical
outcome [28]. Another meta-analysis based on nine studies
published several years later revealed that the rs2295080
T/G variant was associated with an increased risk of leukemia
and a decreased risk of genitourinary cancers [29]. The corre-
lation between variants of rs2295080 T/G or rs1883965 G/A
and cancer risk remain unclear [30-33].

The current study sought to identify all eligible case-
control studies to comprehensively assess the association
between mTOR variants rs2295080 T/G or rs1883965 G/A
and susceptibility to cancer [30-49]. In silico tools and
immunohistochemical staining (IHS) analysis were used to
investigate the expression of mTOR in three main urinary
system cancers.

2. Materials and Methods

2.1. Search Strategy. The PMC, Embase, Chinese National
Knowledge Infrastructure, and Google Scholar databases
were searched for potentially relevant published studies.
The search terms were (“rs2295080” OR “rs1883965” OR
“mTOR” OR “Mammalian target of rapamycin”) AND
(“cancer” OR “tumor” OR “carcinoma”) AND (“mutant”
OR “variant” OR “variation”). The most recent search
update was 01 March 2021. In addition to the databases,
we also screened qualified research by checking references
from published articles.

2.2. Inclusion and Exclusion Criteria. Studies meeting the
following criteria were included: (a) case-control or cohort
studies addressing the association between the variation
mTOR rs2295080 T/G or rs1883965 G/A and risk of cancer,
(b) sufficient data of genotype frequencies to evaluate ORs
and 95% Cls, and (c) articles written in English or other lan-
guages. The major exclusion criteria were as follows: (a) lack
of a control group, (b) insufficient data to calculate ORs, and
(¢) no relevance to mTOR rs2295080 T/G or rs1883965 G/A
variants and cancer risk.

2.3. Data Extraction. Study characteristics retrieved from eli-
gible studies included the surname of the first author, publi-
cation date, origin of participants, type of cancer, source of
control, ethnicity, gene distribution of mTOR polymor-

MATF of minor-allele
from 1000 Genomes

Ethnicity
I Global I European
Bl African I South Asian
I East Asian Il American

FIGURE 1: Minor allele frequencies of mTOR rs2295080 T/G and
rs1883965 G/A variants in various races.

phisms, P value of Hardy-Weinberg equilibrium (HWE) in
controls, and method of genotyping. In the stratification
analysis, acute lymphoblastic leukemia and acute myeloid
leukemia were classified as blood cancer. Urinary system
tumors include BLCA, PRAD, and KIRC. Carcinomas of
the digestive system included esophageal squamous cell car-
cinoma, gastric cancer, and colorectal cancer. The study
included Asian populations and was divided into West
Asian and East Asian groups.

2.4. Statistical Analyses. ORs and 95% CIs were used to eval-
uate the strength of association between the mTOR variants
rs2295080 T/G or rs1883965 G/A and cancer susceptibility.
For the rs2295080 T/G variation, allelic comparison refers
to G-allele versus (vs.) T-allele. The heterozygous, homozy-
gous, dominant, and recessive models represent GT vs. TT,
GG vs. TT, GG+GT vs. TT, and GG vs. GT+TT. For the
rs1883965 G/A variation, these five genetic models were A-
allele vs. G-allele, AG vs. GG, AA vs. GG, AA+AG vs. GG,
and AA and AG+GG. Heterogeneity of studies was inves-
tigated by the Q statistic test. P <0.05 indicated statistical
significance. A P value of heterogeneity < 0.05 indicated
heterogeneity among the studies. A random effects model
(DerSimonian and Laird) was conducted to calculate the
ORs. Otherwise, a fixed effects model (Mantel-Haenszel)
was performed. A P value of HWE was evaluated by Fisher’s
exact test. Subgroup analyses included the type of cancer, eth-
nicity, source of control, and genotype method. Begg’s funnel
plot was adopted to evaluate publication bias. The reliability of
the included case-control studies was assessed by sensitivity
analysis. STATA 11.0 software (StataCorp, College Station,
TX, USA) was used for all statistical analyses.

2.5. In Silico and IHS Analysis of mTOR. We utilized an
online database to investigate the MAFs in global and
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Study %
OR (95% CI .
1D (5% CI) Weight
Urinary cancer T
Cao | 082(069,098) 601
Chen ] 081(068,098) 592
Li ] 0.80 (0.69, 0.93) 6.28
Zhang e 082(069,098) 601
Lin T 106(0.88,129) 578
Bizhani T 0.38(0.29,0.50)  4.87
Subtotal (I-squared = 86.5%, §=T080T— | 076 (0.62,094)  34.87
Blood cancer I . %
Huang \ 115092, 143) 547 fludy OR (95% CI) i
leight
Zhao ! 146 (1.05,2.01)  4.25
—_— e -
Zhao | 129(079,2.11) 278 e T
Subtotal (I-squared = 0.0%, p = 0.480) _:__’_ 124(1.05,147) 1250 Digestive cancer |
Digestive cancer [ He . 127003157 2430
! 0.78 (0.66,0.92)  6.07 1
—_— 7800 ) . .97, 1. 26.47
Wang ‘ 111(0.96,129) 630 Zhu - 1.19(0.97, 1.46)
Xu = | 079(066,094) 600 Liu ! 094(0.75,1.17)  25.77
Zhu T 1.08(0.93,1.24) 635 ——t— ( )
Zhao i 1.08(0.81,1.45)  4.62 Subtotal (I-squared = 53.8%, p = 0.115) 1.13(1.00, 1.28)  76.54
Qi ——— 0.95(0.81,1.10) 629
Subtotal (I-squared = 72.2%, p = 0.003) _""<:; 095 (0.83,108)  35.63 :
Breast Cancer : Urinary cancer :
Zhao 0.84(069,1.03) 569
Chen — 074 (0.60,090) 569 Li ! 1.06 (0.85,1.32)  23.46
! _—
Subtotal (I-squared = 0.0%, p = 0.364) 079 (0.68,091) 1139
< Subtotal (I-squared = .%, p =) 1.06 (0.85,1.32)  23.46
Others | —
I
Wen | 0.79(0.64,097) 561 :
-squared = %, p = —& 7 7) 561
Subtotal (I-squared = %, p = .) <:“> 0.79 (0.64,097) 5. Overall (I-squared = 34.9%, p = 0.203) <> 1.12(1.00, 1.24)  100.00
Overall (I-squared = 80.8%, p = 0.000) 0.89(0.80,098)  100.00 |
NOTE: Weights are from random effects analysis I
T ‘ T T ‘ T
292 1 342 636 1 1.57
(a) ()

FIGURE 2: Forest plot of ORs for the relationship between mTOR variants rs2295080 T/G (a) or rs1883965 G/A (b) and risk of cancer
(heterozygous comparison, random effects) in stratification analysis by type of cancer.

subpopulations  (https://www.ncbi.nlm.nih.gov/snp). The
expression of mTOR in human tissues was evaluated by
another database (http://gemini.cancer-pku.cn/). Gene
expression profiles of mTOR across various types of cancers
and paired normal tissues were also assessed. We also
employed online databases to detect the expression of
mTOR in three main urinary system cancer, gene-gene con-
nection, and overall survival time (http://ualcan.path.uab
.edu/analysis.html; http://gepia.cancer-pku.cn/index.html).
We also used TCGA database and GEPIA databases to
explore the expression of mTOR in PRAD based on different
molecular signature. STRING tools were used to assess the
protein-protein crosstalk of mTOR (https://string-db.org/
cgi/input.pl). We conducted THS analyses to investigate
mTOR expression of PRAD participants enrolled in our
institute according to general standards [50]. Hematoxylin
and eosin staining were used to confirm carcinoma in
paraffin-embedded samples. Xylene was used to dewax tis-
sue sections and alcohol was utilized to dehydrate the sec-
tions. Sections were washed twice using phosphate-
buffered saline. A monoclonal antibody against mTOR
was utilized (1:200 dilution, Abcam). The evaluation of
IHS staining was performed by two experienced patholo-
gists using a unified standard and a single blind method.
The expression of mTOR was evaluated using a score
ranging from 1 to 9. This study was approved by the
Ethics Committee of the Affiliated Hospital of Jiangnan
University, the First People’s Hospital of Hangzhou Lin’an
District, and the Affiliated Changzhou No. 2 People’s Hos-
pital of Nanjing Medical University. Furthermore, we used
GSEA to investigate the potential activation signaling
pathways of high mTOR expression group. The annotated
gene set, c2.cp.kegg.v7.1.symbols.gmt, was selected as the
reference gene set [51].

3. Results

3.1. Characteristics of Eligible Studies. In total, 22 case-
control studies comprising 14,747 cancer patients and
16,399 controls were included in the pooled analysis
(Table 1). For the rs2295080 T/G variation, 18 studies with
10, 447 cancer patients and 11, 979 control subjects were
analyzed. Stratified analysis by cancer type included six stud-
ies on urinary system cancer, six studies on digestive cancer,
three studies on blood cancer, two studies on breast cancer,
and one study on other cancer (thyroid cancer). In subgroup
analysis by control source, 17 studies were hospital-based
and the remaining six studies were population-based. In
stratified analysis by ethnicity, 17 studies focused on East
Asians and one on West Asians. In subgroup analysis by a
genotype method, 14 studies utilized TagMan assay. Three
studies used polymerase chain reaction-restriction fragment
length polymorphism (PCR-RFLP), and one study per-
formed Sequenom MassARRAY. For the rs1883965 G/A
variation, four studies with 4,300 cancer patients and 4,420
controls were included. Three studies involved digestive can-
cer and one involved urinary cancer. Subgroup analysis by
control source included three population-based studies and
one hospital-based study. All these studies involved East
Asian populations. The classic genotyping method, TagMan
assay, was adopted by all these studies. We investigated the
minor allele frequencies (MAFs) of mTOR rs2295080 and
rs1883965 polymorphisms in various races. The MAFs for
the rs2295080 variant were as follows: Americans, 0.320;
Africans, 0.093; global population, 0.462; East Asians,
0.217; Europeans, 0.311; and South Asians, 0.370. The MAFs
for rs1883965 were as follows: Americans, 0.195; Africans,
0.330; global population, 0.306; East Asians, 0.091; Euro-
peans, 0.284; and South Asians, 0.138 (Figure 1).


https://www.ncbi.nlm.nih.gov/snp
http://gemini.cancer-pku.cn/
http://ualcan.path.uab.edu/analysis.html
http://ualcan.path.uab.edu/analysis.html
http://gepia.cancer-pku.cn/index.html
https://string-db.org/cgi/input.pl
https://string-db.org/cgi/input.pl

Disease Markers 7
Expression of MTOR in KIRC based on Sample types Disease Free Survival Overall Survival
=) =)
70 7 = =
e Logrank p=0.34 Logrank p=0.23
60 1 | © | HR(high)=0.84 < | HR(high)
B} ! _ s P(HR)=0:34 _° p(HR)=0.
S 50 o | g n(high)=257 s n(high)=257
e ! =, (low)—258 26 n(low)=258
& ! 5o 2 S 7
= 40 2 2
a = =
e = =
230 o 8« o
3 —_ 5S 7 5° ]
g 20 A i | A ~
- i I 3 3
1 . 1
10 | < =3
1
0 < | <
Normal Primary tumor e T T T T T T e T T T
(n=72) (n=533) 0 20 40 60 80 100 120 140 0 50 100 150
TCGA samples Months Months
— Low MTOR TPM — Low MTOR TPM
— High MTOR TPM — High MTOR TPM
(a) (b) ()
Expression of MTOR in BLCA based on Sample types Disease Free Survival Overall Survival
40 + 2 . =Y
\ Logrank p=0.0T1 Logrank p=0.28
| % HR(high)=1:6 o | A HR(high)=1.2
- 1 s p(HR) S p(HR)=0.28
§ 30 | n(high)=201 _ LR n(high)=201
= | E n(low)=201 [ e n(low)=201
: ' 221 £3
5 i ] 2
820 A z 2
b3 5 g
E ! = ~
£ 10 ! o 9
R E— e =3
0 g u g i
Normal Primary tumor T T T T T T
(n=19) (n=408) 0 50 100 150 0 50 100 150
TCGA samples Months Months
— Low MTOR TPM — Low MTOR TPM
— High MTOR TPM — High MTOR TPM
(d) (e) ®
Expression of MTOR in PRAD based on Sample types Disease Free Survival Overall Survival
L= " P
70 9 —
Logrank p=0.027 . Lograx;}k 1;:0.79
60 © HR(high)=0.62 o | : HR(high)=1.2
H S 7 p(HR)=0.028 = p(HR)=0.79
g 50 A | n(high)=246 . Hn(high)=246
= H ] ° n(low)=246 Ea n(lgw)=246
E ! TS £ S ] :
g 40 —_— | 3 2
b 1 = K
250 1 ' ez =
3 5 5
2 2 ~
=1
= 20 4 - !
= \ a R
1 H s S
10 I
o S |
0 S T T T < T T T
Normal Primary tumor
(n=52) (n=497) 0 50 th0 150 0 50 100 150
TCGA samples Months Months
— Low MTOR TPM — Low MTOR TPM
— High MTOR TPM — High MTOR TPM
(® () @

FIGURE 3: In silico analysis of mTOR expression based on sample types. The mTOR expression in kidney renal clear cell carcinoma (KIRC)
was shown in (a). Effect of mTOR level on KIRC participants’ overall survival (OS) and disease-free survival (DFS) time is shown in (b) and
(c). The expression of mTOR in bladder cancer (BLCA) is shown in (d). Effect of mTOR level on BLCA patients’ OS and DFS time is shown
in (e) and (f). Expression of mTOR in prostate cancer (PRAD) is described in (g). PRAD patients with low expression of mTOR may have
shorter disease-free survival (DFS) time than high mTOR expression group (h) (P < 0.05). No obvious difference was indicated on OS time

(i) (P <0.05).

3.2. Overall and Stratified Analyses. The strength of the asso-
ciation between mTOR variation rs2295080 T/G or
rs1883965 G/A and susceptibility of cancer is shown in
Table 2. Significant correlation with the likelihood of cancer

was evident for SNP rs2295080 in the pooled data. Com-
pared with individuals with T-allele, individuals with G-
allele had an 11% lower risk of cancer (95%CI =0.80-0.98,
P =0.023, Figure 2(a)). In subgroup analysis by cancer type,



8 Disease Markers
Expression of MTOR in KIRC based on patient’s race Expression of MTOR in BLCA based on patient’s race
70 50
60 -
: 40 + —
[=} : (=} :
.2 50 : 2 :
E 5 E 30- —
5 40 1 5 5 2 — ;
a, [=¥ : . :
= = - :
= 204 : : : ——— = - : :
= 04 = | — :
O : ; _ _
0 — 0
Normal Caucasian  African-american ~ Asian Normal Caucasian African-american ~ Asian
(n=72) (n=462) (n=56) (n=8) (n=19) (n=320) (n=22) (n=44)
TCGA samples TCGA samples
(a) (b)
Expression of MTOR in PRAD based on patient’s race
70
60 :
= §
=2 901 z
R p— ? -
o : :
2 ; —
= ; z
ol
0
Normal Caucasian African-american
(n=52) (n=147) (n=6)
TCGA samples

FIGURE 4: Expression of mTOR in urinary cancer based on patients’ race. The expression of mTOR is downregulated in KIRC with
Caucasian, African-American, and Asian descendants (a). Expression of mTOR is upregulated in BLCA with Caucasian and African-
American descendants (b). Expression of mTOR is upregulated in Caucasian PRAD patients (c).

*
| |
I 1

—
——A

10

THC of mTOR in prostate
cancer samples

Figure 5: IHC analysis of mTOR in PRAD samples. Compared
with paracancerous tissues, the expression of mTOR is
upregulated in advanced cancer (P < 0.05).

individuals carrying the G-allele had a 24% lower risk of uri-
nary cancer, compared with those carrying the T-allele
(95%CI=0.62-0.94, P=0.010). Similar findings were
observed for the heterozygous contrast (95%CI = 0.70-0.85,
P <0.001) and dominant models (95%CI =0.62-0.88, P=
0.001). For breast cancer, individuals with the G-allele had
a 21% lower risk of cancer (95%CI =0.68-0.91, P=0.001).
Similar results were indicated for homozygous contrast
(95%CI = 0.27-0.66, P < 0.001), dominant model (95%CI =
0.68-0.95, P=0.012), and recessive model (95%CI=0.29
-0.71, P <0.001). Individuals with the G-allele had a 1.24-
fold higher risk of blood cancer (95%CI=1.05-1.47, P=
0.013). Similar results were found in the homozygous con-
trast (95%CI =1.36-3.30, P=0.001) and recessive model
(95%CI =1.34-3.22, P = 0.001). In stratified analysis by eth-
nicity, East Asians carrying the G-allele had an 8% lower risk
of cancer than those with the T-allele (95%CI =0.85-1.00,
P =0.044). Similar findings were indicated in population-
based studies and using a TaqMan assay method. For the
rs1883965 G/A variation, individuals carrying A-allele had
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FIGURE 6: The expression of mTOR in tissues of Homo sapiens. Expression of mTOR in various tissues and organs is described in (a). Gene
expression profile across all tumor samples and paired normal tissues is shown in (b).

a 1.12-fold higher likelihood of cancer than those carrying
the G-allele (95%CI=1.00-1.24, P=0.045) (Figure 2(b)).
In subgroup analysis by cancer type, a significant correlation
with the susceptibility of digestive cancer was evident in the
allelic contrast (95%CI = 1.00-1.28, P = 0.044), heterozygous
(95%CI=1.03-1.34, P=0.014), and dominant models
(95%CI =1.02-1.32, P=0.022). Similar results were con-
firmed in the population-based studies (allelic contrast, 95

%CI =1.04-1.33, P=0.009; heterozygous comparison, 95%
CI=1.04-1.36, P=0.011; and dominant model, 95%CI =
1.05-1.36, P =0.009).

3.3. In Silico and IHC Analyses of mTOR. We used in silico
tools to investigate the expression of mTOR based on sample
types and the race of patients. As shown in Figure 3, the
expression of mTOR was upregulated in BLCA and prostate
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FIGURE 7: Gene-gene interaction of mTOR in prostate cancer. The expression pattern of input genes in PRAD is shown in (a). Correlation
analysis from TCGA samples indicates that ABHD2 («/f-hydrolase domain-containing 2 (b)), SEL1L (adaptor subunit of ERAD E3
ubiquitin ligase (c)), and CLIORF26 (SWT1 RNA endoribonuclease homolog (d)) are the most correlated genes with mTOR.

cancer (PRAD) patients (P < 0.05, Figures 3(d) and 3(g)).
However, the mTOR expression was downregulated in
KIRC samples (P < 0.05, Figure 3(a)). For KIRC, no obvious
difference in overall survival (OS) and disease-free survival
(DES) time was evident between the high and low mTOR
expression groups (P> 0.05, Figures 3(b) and 3(c)). For
BLCA, patients with high expression of mTOR appeared to
have shorter DFS time than the low mTOR expression group
(P < 0.05, Figure 3(e)). No significant difference in OS time
was apparent (P >0.05, Figure 3(f)). For PRAD, patients
with low expression of mTOR appeared to have shorter
DES time than the high mTOR expression group (P < 0.05,

Figure 3(h)). No significant difference in OS time was appar-
ent (P> 0.05, Figure 3(i)). Regarding mTOR expression in
urinary cancer based on race, downregulation was evident
in Caucasian, African-American, and Asian KIRC patients
(P < 0.05, Figure 4(a)). The expression of mTOR was upreg-
ulated in Caucasian and African-American BLCA patients
(P <0.05), but not in Asian patients (P > 0.05, Figure 4(b)).
Expression of mTOR was upregulated in Caucasian PRAD
patients (P <0.05), but not in African-American patients
(P>0.05, Figure 4(c)). Expression profiles of mTOR in
Asian PRAD patients could not be acquired from the online
database. THC analysis was used to investigate mTOR
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expression in 220 pathologically diagnosed PRAD partici-
pants voluntarily enrolled from our centers. The feature dis-
tribution of PRAD patients has been mentioned in our
previous study [50]. Compared with paracancerous tissues,
the expression of mTOR was upregulated in advanced
PRAD (P <0.05, Figure 5).

Furthermore, we adopted an online database to assess
the mTOR expression in various tissues and organs of Homo
sapiens. As described in Figure 6(a), mTOR was highly
expressed in organs of the urinary system, especially the kid-
ney and testis. The expression profiles of mTOR differed in
different types of tumor tissues (Figure 6(b)). Compared
with normal tissues, mTOR expression was downregulated
in several types of carcinomas, especially KIRC, testicular
tumors, and colon adenocarcinoma. The mTOR expression
was especially upregulated in thymoma and lymphoma. In
addition, we investigated the gene-gene correlation of
mTOR. As shown in Figure 7(a), more than 24 genes inter-
act with the mTOR gene. The most correlated genes contain
the following: ABHD2 (a/f3-hydrolase domain-containing 2,
Figure 7(b)), SEL1L (adaptor subunit of ERAD E3 ubiquitin
ligase, Figure 7(c)), and CLORF26 (SWT1 RNA endoribonu-
clease homolog, Figure 7(d)). STRING analysis revealed at
least 30 proteins featuring protein-protein crosstalk with
mTOR (Figure 8(a)). The most relevant proteins are as fol-
lows: RPS6KB1 (Ribosomal protein S6 kinase beta-1), LAM-
TOR5 (Ragulator complex protein), RHEB (GTP-binding
protein), MAPKAPI1 (Target of rapamycin complex 2 sub-
unit), LAMTORI (Ragulator complex protein), RICTOR
(Rapamycin-insensitive companion of mTOR), RPTOR
(Regulatory-associated protein of mTOR), EIF4EBP1
(Eukaryotic translation initiation factor 4E-binding protein
1), LAMTOR4 (Ragulator complex protein 4), and LAM-
TOR2 (Ragulator complex protein 2) (Figure 8(b)). Then
Kyoto Encyclopedia of Genes and Genomes (KEGG) func-

tional enrichment was further conducted utilizing gene set
enrichment analysis (GSEA). Heat map and gene list associ-
ation profiles are described in Figure 9(a). GSEA revealed
that the insulin signaling pathway (Figure 9(b)), lysine deg-
radation pathway (Figure 9(c)), and mTOR signaling path-
way (Figure 9(d)) were enriched in the high mTOR
expression group. GSEA also confirmed that mTOR was
upregulated in PRAD (Figure 9(e)).

3.4. Sensitivity Analysis and Publication Bias. Sensitivity
analysis was conducted by excluding every single study to eval-
uate their impact on the overall ORs. As described in
Figures 10(a) and 10(b), no single study influenced the signif-
icance of ORs for the rs2295080 T/G and rs1883965 G/A
mTOR variants (P <0.05). Evaluation of publication bias
through Begg’s funnel plots did not indicate significant publi-
cation bias for all five genetic models of rs2295080
(Figure 10(c), P> 0.05) or rs1883965 variants (Figure 10(d),
P>0.05).

4. Discussion

As a main controller of cell proliferation, mTOR partici-
pates in a variety of synthetic metabolic processes including
lipogenesis, protein synthesis, and nucleotide biosynthesis.
mTOR also inhibits catabolic processes including lysosomal
biogenesis and autophagy. Inhibitors of the mTOR signal-
ing pathway have been developed to treat some types of
malignant tumors [52, 53]. Previous studies have also
linked overexpression or mutation of core genes in the
mTOR pathway to the occurrence, invasion, and prognosis
of many carcinomas [8, 9]. Genetic variations of mTOR are
widespread and could affect the function of protein by
altering gene expression.



12

Disease Markers

Enrichment plot: KEGG_MTOR_SIGNALING_PATHWAY Enrichment plot: KEGG_PROSTATE_CANCER

Enrichment score (ES)
-
S

o (chptively corelate) -+ -

05 | - o e e - o ety comelien - -

B
1

-t dheguivey comelated) - -]

0 10000 20000 30.000 40.000 50.000
Rank in Ordered Dataset

0 10000 20.000 30.000 40.000 50.000
Rank in Ordered Dataset

Ranked list metric (Signal2Noise)

—  Enrichment profile —  Enrichment profile

—  Hits —  Hits

Ranking metric scores

()

Ranking metric scores

(c)

Ranked list metric (Signal2Noise) Enrichment score (ES)

0 10000 20000 30.000 40.000 50.000
Rank in Ordered Dataset

0 10000 20.000 30.000 40.000 50.000
Rank in Ordered Dataset

—  Enrichment profile —  Enrichment profile

—  Hits —  Hits

Ranking metric scores

(e)

Ranking metric scores

(d)

FIGURE 9: GSEA analysis of samples with high expression of mTOR. Heat map and gene list association profiles are described in (a). GSEA
revealed that the insulin signaling pathway (b), lysine degradation pathway (c), and mTOR signaling pathway (d) were enriched in mTOR
high-expression group. GSEA also confirmed that mTOR was upregulated in prostate cancer (e).

Several previous publications have assessed the associa-
tion of mTOR variants rs2295080 T/G or rs1883965 G/A
and susceptibility to cancer. However, the sample size of
the included studies was insufficient [28, 29]. In 2017, Zhang
et al. performed a meta-analysis based on 13 studies and
observed a decreased risk of rs2295080 T/G variant on diges-
tive system cancer [54]. However, their conclusion was not
confirmed by another pooled analysis [10]. In total, our
pooled analysis identified 22 eligible case-control studies
comprising 14,747 cancer patients and 16,399 controls on
the two mTOR variants. The current study sought to identify
all eligible case-control studies to comprehensively assess the
association between mTOR variants rs2295080 T/G or
rs1883965 G/A and susceptibility to a variety of cancers.
For the rs2295080 T/G variation, six studies were on urinary
system cancer. For the rs1883965 G/A variation, one study
was on urinary cancer. Our analysis does indicate a signifi-
cant association of mTOR rs2295080 T/G and rs1883965
G/A polymorphism with the risk of cancer.

For the rs2295080 T/G SNP, a stratified analysis by can-
cer type revealed that the T-allele is a risk factor for urinary
and breast cancer. This result is consistent with a recent
published meta-analysis [10]. However, the latter study
did not identify a significant association between mTOR
rs2295080 T/G polymorphism and leukemia susceptibility.
The possible reason may be that the sample size was relatively
small. Presently, in a subgroup analysis by race, we found
that the rs2295080 variation was associated with decreased
cancer risk in East Asian populations. In stratification analy-
sis by control source and genotyping method, we observed a

significant association of this polymorphism in population-
based studies and those using the TagMan assay. Our results
are consistent with the meta-analyses performed by Shao
et al. [28]. For the rs1883965 G/A SNP, we observed that
individuals carrying A-allele had a 1.12-fold higher likeli-
hood of cancer than those carrying G-allele in the pooled
data. Moreover, stratified analysis by cancer type revealed
an association of the rs1883965 G/A polymorphism with
increased digestive cancer susceptibility in allelic contrast,
heterozygous comparison, and dominant model. This find-
ing is consistent with those of Zhu et al. and He et al. [33,
44]. Additionally, we used in silico tools to investigate gene
expression profile of mTOR in various types of cancers and
normal tissues. mTOR was highly expressed in organs of
the urinary system, especially in the kidney and testis tissues.
The expression of mTOR was upregulated in BLCA and
PRAD patients and was downregulated in KIRC samples.
KIRC and BLCA patients displayed no obvious difference
in OS between the high and low mTOR expression group.
PRAD patients with low expression of mTOR appeared to
have shorter DFS time than those with high mTOR expres-
sion. As shown in Figure 9, we used GSEA to investigate
the possible signaling pathways and cancer correlated with
expression of mTOR. We revealed that the mTOR signaling
pathway was enriched in high mTOR expression group. Fur-
thermore, the mTOR expression was augmented in PRAD.
Concerning mTOR expression in urinary cancer based
on race, downregulated expression was evident in KIRC
patients who were Caucasian, African-American, and Asian.
For BLCA, the expression of mTOR was upregulated in
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FIGURE 10: Sensitivity analysis and Begg’s funnel plot of mTOR variants. Sensitivity analysis of mTOR variant rs2295080 T/G (a) or
rs1883965 G/A (b) indicated that a single study could not influence the significance of ORs. Begg’s funnel plot analysis of rs2295080 T/G
(c) or rs1883965 G/A (d) polymorphisms under heterozygous comparison model revealed no evidence of publication bias.

Caucasians and African-Americans, but not in Asians. For
PRAD, mTOR expression was upregulated in Caucasian
patients, but not in African-American patients. The expres-
sion profiles of mTOR in Asian PRAD patients could not
be acquired from the online database. We further used
IHC analysis to investigate the mTOR expression in PRAD
participants enrolled from our centers. Compared with para-
cancerous tissues, the expression of mTOR was upregulated
in advanced PRAD.

The present study has several limitations. First, accord-
ing to the inclusion criteria, no case-control study on mTOR
rs2295080 T/G and rs1883965 G/A polymorphism was
included based on African or Caucasian populations. Fur-
ther studies on African and Caucasian populations with var-
ious tumors are warranted. Second, the sample size of
eligible studies for the rs1883965 G/A SNP was insufhicient.
Studies on many types of cancer including testicular cancer,
thyroid carcinoma, thymoma, and lymphoma are very lim-
ited. Third, upregulated mTOR expression in advanced
PRAD was based on IHS analysis. Further studies are needed
to demonstrate whether the mTOR rs2295080 T/G or
rs1883965 G/A mutations could affect the expression of

mTOR in PRAD. The pathogenesis of cancer is complex,
and it is not possible that a single mutation would have a
huge impact on the progression. As described in Figure 7,
more than 24 genes could participate in interactions with
mTOR gene. At least 30 proteins were identified to interact
with mTOR (Figure 8). Therefore, gene-gene and gene-
environment interactions should be further studied to
explore the correlation. Additionally, adjustment analysis
of lifestyle or smoking exposure may contribute to better
segregation and assessment of different groups. These analy-
ses are warranted to be conducted by future studies.

5. Conclusion

In summary, the present study summarized all eligible data
for the genetic relationship between the mTOR variants
152295080 T/G or rs1883965 G/A and susceptibility to differ-
ent cancers. Our results revealed that rs2295080 T/G polymor-
phism was associated with susceptibility of urinary cancer,
especially in East Asians. The expression of mTOR was upreg-
ulated in BLCA and PRAD patients. GSEA revealed that the
insulin signaling pathway, lysine degradation pathway, and
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mTOR signaling pathway were enriched in the high mTOR
expression group. The expression of mTOR was positively
correlated with tumor malignancy in prostate cancer subjects.
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