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Abstract: The mTOR signaling pathway has been linked to various cancers, but the contribution of alterations in this
pathway to clinicopathological characteristics have not been established in gastric cancer. To investigate PIK3CA
mutations and the expression of proteins in the PI3K/Akt/mTOR signaling pathway in sporadic gastric cancer. We
analyzed PIK3CA mutation and microsatellite instability as well as immunohistochemical expressions of p-Akt,
PTEN, p-mTOR, p-4EBP1, p-S6, p-p70S6, and elFAE in 368 FFPE (formalin-fixed paraffin embedded) tissue from pa-
tients with sporadic gastric cancer. Associations between expression and clinicopathologic parameters and patient
survival were evaluated. We found PIK3CA mutations in 4 of 173 cases (2.3%). In immunohistochemical analyses,
we detected positive p-Akt expression in 22.0% of cases (81/368), negative PTEN expression in 21.5% of cases
(79/368), positive p-mTOR expression in 68.6% of cases (243/354), positive p-4EBP1 expression in 58.2% of cases
(202/347), positive p-S6 expression in 42.7% of cases (148/347), positive p-p70S6 expression in 51.1% of cases
(179/350), and positive elF4E expression in 78.3% of cases (275/351). In a clinicopathologic analysis, intestinal
type was significantly associated with positive p-4EBP1 expression (P < 0.001). In a Kaplan-Meier survival analy-
sis, PTEN loss (P = 0.002) and pS6 positivity (P = 0.043) are significantly associated with reduced overall survival
(OS). PTEN loss (P = 0.001), pS6 positivity (P = 0.009), and elFAE positivity (P = 0.003) are significantly associated
with reduced disease free survival (DFS) (disease free survival). In Cox regression multivariate analysis, PTEN loss
was an independent factor of reduced time. Alterations of mTOR pathway protein expression are associated with
reduced survival in gastric cancer. Significance was noted in the association of pS6 positivity and elFAE positivity e
with reduced survival in univariate analysis and the association of PTEN loss and reduced DFS in univariate analysis
as well as multivariate analysis for DFS.
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Introduction cules, leading to their activation or modulation.
One of the best characterized targets of PI3K
lipid products is the protein kinase Akt. PI3K/
Akt activation is involved in the regulation of
several cellular functions, including cell surviv-

al, growth, angiogenesis, apoptosis, and pro-

Gastric cancer is the fourth most common can-
cer and the second most common cause of
cancer deaths worldwide [1]. PIK3CA encodes
the p110-alpha subunit of phosphoinositide-

3-kinase (PI3K). It is a key oncogene, with a
high frequency of somatic mutations in several
types of human cancer [2, 3]. PI3K is part of a
family of Ser-Thr kinases that interact with
phosphatidylinositol bisphosphate (4,5-PIP2)
to produce phosphatidylinositol trisphosphate
(3,4,5-PIP3), a second messenger with several
functions. PIP3 mainly binds to the pleckstrin
homology domain of a number of target mole-

tein translation, and thereby contributes to the
development of cancer [3, 4].

PIK3CA includes 20 exons, and more than 75%
of mutations in this gene are found in two
hotspots in exons 9 and 20, within the helical
and kinase domains, respectively [5]. The most
common variants (E542K, E545K, and H1047R)
are associated with increased lipid kinase
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activity and are oncogenic in cell culture and in
vivo [6]. Mutations in the two hotspots have
different functional consequences [7] and mu-
tation rates are associated with specific can-
cer types or clinical features [8, 9].

Mammalian target of rapamycin (mTOR) is a
Ser/Thr protein kinase that mediates nutrient-
dependent intracellular signaling related to cell
growth, proliferation, and differentiation. mTOR
promotes translation initiation by the phos-
phorylation of two targets, ribosomal p70S6 ki-
nase (S6K1) and eukaryotic translation initia-
tion factor 4E binding protein 1 (4E-BP1) [10-
12]. mTOR exists as two distinct functional
complexes known as mTORC1 and mTORC2.
mTORC1 is sensitive to rapamycin, a specific
inhibitor of mTOR, whereas mTORC2 is resis-
tant to rapamycin [13]. mTORC1 regulates the
activity of the translational machinery by modu-
lating elF4E binding protein 1 (4EBP1) activity
and S6 kinase (p70S6 K) through direct phos-
phorylation. 4EBP1 dimerizes with eukaryotic
initiation factor 4E (elF4E), blocking the forma-
tion of the initiation complex. When 4EBP1 is
phosphorylated, elFAE is released and transla-
tion can begin [14].

Several preclinical studies have detected the
dysregulation of mTOR activity in gastric cancer
cell models, suggesting that mTOR is a poten-
tial therapeutic target. Mutations in upstream
regulators of the mTOR signaling pathway, epi-
thelial growth factor receptor (EGFR), PI3K
(phosphoinositide-3-kinase) [15], and PTEN
[16], have been observed in patient-derived
gastric tumor samples. In addition, preclinical
studies have provided evidence for mTOR acti-
vation in gastric cancer cells and tumors; in
particular, patient-derived gastric cancer sam-
ples express phosphorylated mTOR [17]. Pho-
sphorylated mTOR is positively correlated with
tumor progression and poor survival in patients
with gastric cancer. However, few studies have
assessed correlations between mTOR expres-
sion in human cancers and either clinicopatho-
logical features or outcomes [18]. mTOR path-
way-related protein expression levels are high-
er in intestinal-type gastric cancer than in dif-
fuse-type [19].

In this study, we studied correlations between
PI3K/Akt/mTOR signaling pathway expression
in gastric cancer tissues and clinicopatholo-
gical features and survival to determine the
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value of mTOR as a prognostic marker. We
evaluated PI3K mutations, microsatellite insta-
bility (MSI), and mTOR pathway protein expres-
sion in gastric carcinoma.

Materials and methods
Patients and tissue samples

Formalin-fixed and paraffin-embedded (FFPE)
gastric tumor samples were collected from 450
patients who underwent gastrectomy in 2004
at Seoul National University Hospital. Clini-
copathological data, such as patient age and
gender, histological tumor type, Lauren’s clas-
sification, and evidence for lymphatic invasion
were obtained by reviewing the medical charts
and pathological records.

Ethical statement

All human specimens were obtained during
therapeutic surgery or endoscopic resection.
The retrospective study was performed using
pathology specimens after diagnosis, and all
samples were anonymized before use in this
study. The participants did not provide written
consent to participate in this study. The In-
stitutional Review Board of Seoul National
University Hospital approved of this retrospec-
tive study under the condition of anonymity
(H-1706-105-860).

Mutation analysis

DNA was extracted from manually microdis-
sected paraffin-embedded normal and tumor
tissues, as described previously [20]. Mono-
nucleotide microsatellites BAT25 and BAT26
(located in the introns of the MSH2 and KIT
genes, respectively) were examined by PCR
amplification using fluorescent dye-labeled pri-
mers, as described previously [21]. PCR am-
plification and sequencing of PIK3CA (phos-
phoinositide-3-kinase, catalytic, alpha polypep-
tide) exons 9 and 20 were performed as
described previously [22].

Using the ABI PRISM 3100 Genetic Analyzer,
PISKCA (phosphoinositide-3-kinase, catalytic,
alpha polypeptide) mutations were detected
using following primers: Exon10_Foward, TG-
ACAAAGAACAGCTCAAAGCA; Exon10_Reverse,
TGCTGAGATCAGCCAAATTCA; Exon 21_Foward,
AATGATGCTTGGCTCTGGAA; Exon 21_Reverse,
CCAATCCATTTTTGTTGTCCA.
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Table 1. List of primary antibodies used in the study

Primary antibody Catalog No. Source Dilution Monoclonal or polyclonal
pAkt 21181 Epitomics 1:30 monoclonal
pAkt (Serd73) 3787 Cell Signaling 1:40 monoclonal
pmTOR (Ser2448) (49F9) 2976 Cell Signaling 1:100 monoclonal
PTEN (c-term) 1539-1 Epitomics 1:80 monoclonal
p4EBP1 9455 Cell Signaling 1:100 polyclonal
pS6 ribosomal protein 2215 Cell Signaling 1:100 polyclonal
Phospho-p70 S6 Kinase (Thr389) 9205 Cell Signaling 1:40 polyclonal
elF4E 9742 Cell Signaling 1:80 polyclonal
HIF-1alpha (Ab655) 610958 BD Biosciences 1:30 monoclonal
VEGF SC-7269 Santa Cruz 1:1000 monoclonal

Tissue microarray preparation

Tissues obtained from patients were fixed in
10% buffered formalin and embedded in pa-
raffin. After screening the available samples
from each patient, a paraffin block that was
well-fixed and contained a representative tu-
mor section was selected. A single tissue col-
umn (2.0 mm in diameter) was obtained from
each selected paraffin block and samples we-
re arranged separately in new 60-hole reci-
pient paraffin blocks using a trephine appara-
tus (SuperBioChips Laboratories, Seoul, Korea).

Immunohistochemistry

Tissue microarray slides were cut at 4 um,
deparaffinized, and incubated in a dry oven at
60°C for 1 h. Slides were dewaxed and hydrat-
ed three times at 72°C for 3 min in alcohol.
Slides were subjected to antigen retrieval using
Epitope retrieval solution 2 (pH 9.0) at 100°C
for 20 min. The slides were subsequently incu-
bated in a peroxidase block for 5 min, primary
antibody for 15 min, post-primary antibody for
8 min, polymer for 8 min, DAB substrate for 10
min, and hematoxylin for counterstaining for 1
min. The primary antibodies used in this study
are listed in Table 1.

Interpretation of immunohistochemical stain-
ing

p-Akt, PTEN, p-4BP1, and p-p70S6 were detect-
ed in the cytoplasm, and p-mTOR and p-S6
were detected in the cytoplasm and cell mem-
brane of gastric cancer cells. Immunoreactivity
for various antibodies was evaluated using a
previously described scoring system [17]. The
extent of staining was scored as 0 (0%), 1
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(1-25%), 2 (26-50%), 3 (51-75%), and 4 (76-
100%) according to the percentage of cancer
cells with cytoplasmic staining. Staining intensi-
ties were scored as O (negative), 1 (weak), 2
(medium), and 3 (strong). Final staining score
were calculated by summing intensity and
extent scores; final staining scores of > 2 were
considered positive.

Statistical analysis

Survival rates were calculated using the Ka-
plan-Meier method and groups were compared
using the log rank test. Kaplan-Meier curves
were generated using overall survival data. Cox
regression analysis was used for multivariate
analysis. A value of P < 0.05 was considered
statistically significant. Statistical analyses we-
re performed using SPSS version 15.0 (SPSS
Inc., Chicago, IL, USA). Statistical review of
the study was performed by a biomedical
statistician.

Results
PIBKCA mutations and MSI in gastric cancer

PIBKCA mutations were detected in 4 out of
173 cases (1.1%) and MSI was detected in 30
out of 338 cases (8.2%) (Figure 1). The clinico-
pathologic significance of the two genetic alter-
ations is tabulated in Table 2.

Immunohistochemistry

The frequency of p-Akt positivity was 22.0%
(81/368), PTEN loss was 21.5% (79/368),
p-mTOR positivity was 68.6% (243/354), p-4E-
BP1 positivity was 58.2% (202/347), p-S6 pos-
itivity was 42.7% (148/347), p-p70S6 positivity
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Figure 1. Sequencing results for the detection of PIK3CA mutations in gastric cancer tissues. Upper left, PIBKCA gene exon 10 wild type; upper middle, exon 10
E545G mutation, upper right, microsatellite instability unstable. Lowe left, PI3KCA gene exon 21 wild type; lower middle, exon 21 H1047R mutation, lower right,
microsatellite instability unstable.
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Table 2. Correlations between clinicopathological factors and proteins upstream of the mTOR pathway in sporadic gastric cancers

PIK3CA pAkt PTEN pmTOR
No mutation Mutation P Negative Positive P Negative Positive p Negative Positive
n % n % n % n % n % n % n % n %
Sex
Male 120 71% 1 25% 0.047 208 72% 62 T77% 0.464 63 80% 207 T72% 0.148 177 73% 83 75% 0.702
Female 49  29% 3 75% 79  28% 19 23% 16 20% 82 28% 66 27% 28 25%
Age
< 60 years 82 49% 0 0% 0.055 145 51% 41  51% 0.988 27 34% 159 55% 0.001 127 52% 50 45% 0.208
> 60 years 87 51% 4  100% 142 49% 40 49% 52 66% 130 45% 116  48% 61 55%
Lauren type
Intestinal 69 41% 1 25% 0.524 115  40% 47 58% 0.004 46 58% 116 40% 0.004 97 40% 59 53% 0.02
Diffuse 100 59% 3 75% 172 60% 34 42% 33 42% 173 60% 146 60% 52 47%
Lymph node
No metastasis 69 41% 2 50% 0.712 134 47% 55 68% 0.001 25 32% 164 57% <0.001 126 52% 54 49% 0.576
Metastasis 100 59% 2  50% 153 53% 26 32% 54 68% 125 43% 117 48% 57 51%
Lymphatic invasion
Not identified 55 33% 1 25% 0.75 135  47% 47 58% 0.081 19 24% 163 56% <0.001 120 49% 52 47% 0.658
Present 114 67% 3 75% 152 53% 34 42% 60 76% 126 44% 123  51% 59 53%
Perineural invasion
Not identified 75  44% 4 100% 0.027 158 55% 63 78% <0.001 41 52% 180 62% 0.095 146 60% 66 59% 0.912
Present 94  56% 0 0% 129  45% 18 22% 38 48% 109 38% 97 40% 45 41%
Stromal reaction
Not identified 116  69% 4 100% 0.613 214 75% 60 T74% 0.834 61 77% 213 74% 0.904 181  74% 80 72% 0.875
Lymphoid 17 10% 0 0% 23 8% 7 9% 5 6% 25 9% 19 8% 11 10%
Desmoplasia 28 1% 0 0% 37 13% 12 15% 10 13% 39  13% 32 13% 16 14%
Neutrophilic 8 5% 0 0% 13 5% 2 2% 3 4% 12 4% 11 5% 4 4%
MSI
Stable 155  92% 0 0% <0.001 260 91% 78 96% 0.098 71 90% 267 92% 0.469 221 91% 103 93% 0.563
Unstable 14 8% 4  100% 27 9% 3 4% 8 10% 22 8% 22 9% 8 7%
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Figure 2. Immunohistochemical analysis of mTOR pathway proteins in gastric cancer tissues. A, B. p-Akt negative and positive; C, D. PTEN negative and positive; E,
F. p-mTOR negative and positive; G, H. p-P70S6 negative and positive; |, J. p-S6 negative and positive.
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was 51.1% (179/350), and elFAE positivity was
78.3% (275/351) (Figure 2). The expression
frequencies of mTOR pathway proteins were
compared with clinicopathologic variables and
MSI (Table 2). All 4 cases with PI3K mutation
exhibited MSI. Gastric cancer with elFAE posi-
tivity were nearly unstable. The intestinal-type
Lauren classification was frequently associated
with p-Akt positivity (P = 0.04) and p-mTOR
positivity (P = 0.02) as upstream of mTOR pa-
thway (Table 2). As mTOR pathway proteins,
p-4EBP1 (P < 0.001), p-S6 (P = 0.01), p-p70S6
(P =0.001), and elF4E (P < 0.001) were signifi-
cantly associated with intestinal-type Lauren
classification (Table 3).

Correlations among mTOR pathway proteins

Spearman non-parametric correlations among
mTOR pathway proteins were evaluated (Table
4). Strong correlations were detected between
MSI and PIK3CA mutations (Rho = 0.451, P <
0.001) as well as pAkt positivity and pS6 posi-
tivity (Pho = 0.397, P < 0.001).

Survival analysis

Overall survival and disease-free survival in all
TNM stage and subgroups of TNM stage 1 and
TNM stage 2 or 3 were calculated, respectively
(Figure 3). In all TNM stage group, PTEN loss
(P = 0.002) and pS6 positivity (P = 0.043) are
significantly associated with reduced OS; PTEN
loss (P =0.001), pS6 positivity (P = 0.009), and
elF4E positivity (P = 0.003) are significantly
associated with reduced DFS. Gastric cancer
with p-4EBP1 positivity showed a significantly
reduced overall survival in TNM stage 1. Gastric
cancer with elF4E positivity was significantly
associated with a reduced disease-free surviv-
alin TNM stage 2 or 3. MS| was associated with
a reduced overall survival in TNM stage 1 (P =
0.033).

In the multivariate Cox regression analysis wi-
th forward conditional method was performed.
Six parameters were input in the order of age, <
60 vs. > 60 years; sex, male vs. female; TNM
stage, stage 1 vs. stage 2 or 3, PTEN expres-
sion, preserved vs. loss; pS6 expression, nega-
tive vs. positive; elFAE expression, negative vs.
positive as covariates. This revealed that PTEN
loss is an independent predictors of DFS ti-
me (P = 0.013, Hazard ratio = 1.905; 95.0%
Confidence interval, 1.148-3.160) (Table 5).
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Discussion

We performed a comprehensive analysis of
PI3K/Akt/mTOR signaling in gastric carcinoma
tissues. We detected a PIK3CA mutation rate
of 1%, and PIK3CA mutations were only detect-
ed in MSI gastric cancer cases. This rate is
lower than previously reported rates of 4.3% to
25% [5]. PIK3CA mutations are rare, but their
amplification is very common in gastric carci-
noma; therefore, amplification could be a major
mechanism underlying the activation of the
PIBK/Akt pathway in this type of malignancy.
[23] PIK3CA mutations tend to occur as iso-
lated events, e.g., mutations involved in mis-
match repair deficiency in gastric carcinoma
[24]. Consistent with previous findings, all 4
cases involving a PIK3CA mutation showed
MSI.

The activation of mTOR has been observed in
patient-derived gastric cancer cells and tumors
[25, 26] and activated mTOR pathway proteins
have prognostic value for lymph node metas-
tasis [27]. In addition, the prognostic roles of
mTOR and p-mTOR expression have been stud-
ied extensively in other types of cancers [12,
25, 28-34]. In experimental cancer models,
elevated elF4E function selectively and dispro-
portionately increases the translation of weak
MRNAs and mRNAs involved in growth and
survival in malignancies [14]. The inhibition of
elFAE may be an effective therapeutic approach
for many different tumor types [14].

The PIBK/Akt/mTOR pathway is negatively reg-
ulated by the tumor suppressors phosphatase
and tensin homologue (PTEN) and tuberous
sclerosis proteins 1 and 2 (TSC1-2). The loss of
PTEN and TSC1-2 leads to increased p-Akt,
p-mTOR, S6K1, and 4EBP1 expression [29]. It
is suggested that phosphate and tensin homo-
log (PTEN) may play an important role in regula-
tion of infiltration and metastasis of gastric
cancer, and PTEN gene might be a prognostic
biomarker of gastric cancer [16, 35]. Reduced
expression of PTEN in gastric cancer points to
another mechanism apart from PTEN mutation
that may be involved in the pathogenesis of
gastric cancer [36]. In contrast, PTEN muta-
tions of gene have been observed frequently
in various neoplasms, including glioblastoma,
melanoma, prostate cancer and breast cancer
[35], aberrant promoter methylation has been

Int J Clin Exp Pathol 2020;13(5):995-1007
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Table 3. Correlations between clinicopathologic factors and mTOR pathway proteins in sporadic gastric cancers

p4EBP1 pS6 pp70S6 elFAE
Negative Positive b Negative Positive b Negative Positive b Negative Positive b
n % n % n % n % n % n % n % n %
Sex
Male 99 68% 156 77% 0.062 146 73% 108 73% 0.935 125  73% 132 74% 0.892 55 72% 202 73% 0.850
Female 46  32% 46 23% 53 27% 40 27% 46 27% 47 26% 21 28% 73 27%
Age
< 60 years 80 55% 93 46% 0.093 93 47% 80 54% 0.477 89 52% 87 49% 0.520 38 50% 138 50% 0.978
> 60 years 65 45% 109 54% 106 53% 68 46% 82 48% 92 51% 38 50% 137 50%
Lauren type
Intestinal 42 29% 109 54% <0.001 71 36% 79 53% 0.001 59 35% 93 52% 0.001 17 22% 135 49% <0.001
Diffuse 103 71% 93  46% 128 64% 69 47% 112 65% 86 48% 59 78% 140 51%
Lymph node
No metastasis 74 51% 101 50%  0.849 87 44% 89 60% 0.002 87 51% 91 51% 0.994 31 41% 148 54% 0.044
Metastasis 71 49% 101 50% 112 56% 59 40% 84 49% 88 49% 45 59% 127 46%
Lymphatic invasion
Not identified 78 54% 89 44%  0.073 84 42% 82 55% 0.015 89 52% 79 44% 04139 29 38% 141 51% 0.043
Present 67 46% 113 56% 115 58% 66 45% 82 48% 100 56% 47 62% 134 49%
Perineural invasion
Not identified 86 59% 120 59% 0.986 102 51% 104 70% <0.001 103 60% 104 58% 0.685 36 47% 173 63% 0.015
Present 59  41% 82 41% 97 49% 44 30% 68 40% 75 42% 40 53% 102 37%

Stromal reaction
Not identified 107 74% 148 73%  0.158 140 70% 115 78% 0.367 128 75% 130 73% 0908 56 74% 203 74% 0.042

Lymphoid 7 5% 22 11% 19 10% 10 7% 14 8% 15 8% 2 3% 27 10%
Desmoplasia 24 17% 24 12% 29 15% 19 13% 23 13% 25  14% 16 21% 32 12%
Neurophilic 7 5% 8 4% 11 6% 4 3% 6 4% 9 5% 2 3% 13 5%

MSI
Stable 131 90% 186 92%  0.571 184 92% 133 90% 0.394 162 95% 158 88% 0.031 75 99% 246 89% 0.011
Unstable 14 10% 16 8% 15 8% 15  10% 9 5% 21 12% 1 1% 29  11%
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Table 4. Spearman non-parametric correlation analysis of relationships between mTOR signaling pathway alterations

PIK3CA pAkt PTEN  pmTOR  p4EBP1 pS6 pp70S6 elFAE  Hiflalpha  VEGF MSI
PIK3CA Rho 1.000 0.018  0.006 0.069  -0.031 0.049 -0.008 0.080 -0.083 -0.007  0.451
Significance 0.812 0942 0.378 0.693 0.532 0.922 0.307 0.315 0.930  <0.001
N 173 173 173 167 166 165 164 166 149 168 173
pAkt Rho 0.018 1.000 0.022  0.204 0.136 0.397 0.065 0.122 0.246 0.057  -0.086
Significance 0.812 0.671  0.000 0.011 0.000 0.227 0.022 0.000 0.293  0.098
N 173 368 368 354 347 347 350 351 310 348 368
PTEN Rho 0.006 0.022 1000 -0.032  -0.093 0.002 0.124 0.034 0.114 0142 -0.038
Significance 0.942 0.671 0546  0.083 0.971 0.020 0.531 0.044 0.008 0.471
N 173 368 368 354 347 347 350 351 310 348 368
pmTOR Rho 0.069 0.204 -0.032 1.000  0.200 0.189 0.129 0.016 0.036 0.091  -0.031
Significance 0.378 <0.001 0.546 <0.001 <0.001  0.016 0.759 0.530 0.098  0.564
N 167 354 354 354 347 347 348 350 308 334 354
p4EBP1 Rho -0.031 0436  -0.093  0.200 1.000 0.240 0.163 0.183 0.065 0143  -0.030
Significance 0.693 0.011  0.083 <0.001 <0.001  0.002 0.001 0.263 0.010 0.572
N 166 347 347 347 347 342 343 344 301 327 347
pS6 Rho 0.049 0.397 0.002  0.189 0.240 1.000 0.039 0.240 0.117 0.065  0.046
Significance 0532 <0.001 0971 <0.001 <0.001 0.464 <0.001 0.041 0239  0.396
N 165 347 347 347 342 347 346 347 306 329 347
pp70S6 Rho -0.008  0.065 0124  0.129 0.163 0.039 1.000 0.150 0.194 0.191 0.116
Significance 0.922 0.227 0.020 0.016 0.002 0.464 0.005 0.001 <0.001  0.031
N 164 350 350 348 343 346 350 347 306 331 350
elFAE Rho 0.080 0122  0.034 0.016 0.183 0.240 0.150 1.000 0.197 0.050  0.136
Significance 0.307 0.022 0531  0.759 0.001 0.000 0.005 0.001 0.360  0.011
N 166 351 351 350 344 347 347 351 307 332 351
Hif1 alpha  Rho -0.083  0.246 0114 0.036  0.065 0.117 0.194 0.197 1.000 0.045  -0.052
Significance 0.315 0.000 0044 0530  0.263 0.041 0.001 0.001 0.445  0.359
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Figure 3. Kaplan-Meier survival analyses of patients with gastric cancer according to mTOR signaling molecule alterations. Red line, gastric cancer patients with
positive expression of protein; blue line, gastric cancer patients with negative expression of protein.

Table 5. Multivariate Cox analysis of overall survival and recurrence-free survival time patients with gastric cancer

Overall Survival

Recurrence Free Survival

Variables  Classification o ~ 95.0% Confidence Interval o . 95.0% Confidence Interval
Significance Hazard Ratio — — Significance  Hazard Ratio — —
Lower limit ~ Upper limit Lower limit Upper limit
Age <60 173
>60 174 <0.001 2.514 1.673 3.778 Not Available Not Available Not Available Not Available
Sex Female 93
Male 254 0.246 0.780 0.512 1.187 0.042 0.588 0.352 0.981
TNM Stage 1 184
Stage 2 or 3 163 <0.001 4.023 2.600 6.223 <0.001 7.066 3.568 13.993
PTEN Preserved 274
Loss 73 0.170 1.343 0.882 2.044 0.013 1.905 1.148 3.160
pS6 Negative 199
Positive 148 0.625 0.905 0.608 1.349 0.181 0.694 0.406 1.185
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suggested as a potential mechanism of PTEN
inactivation in gastric cancer [37]. Our results
showed that PTEN loss is an independent pre-
dictive marker for DFS time.

mTOR is an evolutionarily conserved member of
the phosphoinositide kinase-related kinase
family, whose activity is regulated by phosphor-
ylation in response to insulin or muscle activity
[38]. p-mTOR overexpression is related to clini-
copathological factors and p-mTOR appears to
be a more sensitive biomarker than total mTOR
for the prediction of patient survival [33].

Rapamycin, a specific inhibitor of mTOR, is
widely used as an immunosuppressant in organ
transplantation and inhibits cell proliferation in
a wide range of human tumors [11, 34, 39, 40].
The inhibition of mTOR results in the inhibition
of the phosphorylation of downstream proteins,
including 4E-BP1 and S6K1, which ultimately
results in growth arrest in the G1 phase of the
cell cycle. A comprehensive understanding of
the PI3K/Akt/mTOR pathway could improve our
understanding of the mechanism underlying
tumor development and could lead to the devel-
opment of a targeted anticancer therapy for
gastric carcinoma. Appropriate clinical trials
that incorporate predictive biomarkers need to
be developed for personalized therapy.

In conclusion, the expression of mTOR pathway
proteins is frequently altered in intestinal-type
gastric cancer, and PTEN loss, p4EBP1 and
elF3E are associated with poor survival in
patients with gastric cancer.
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