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Abstract: The purpose of the present study is to explore the correlation between regulatory associated protein
of mTOR (Raptor) and clinicopathologic features in hepatocellular carcinoma (HCC), including patient survival.
Immunohistochemistry was used to examine the expression of Raptor in 90 HCC tissues and peritumoral liver
tissues. The relationship between tumor Raptor expression and clinicopathologic characteristics was analyzed.
Survival curves were plotted using the Kaplan-Meier method and compared using the log-rank test. The significance
of various survival variables was analyzed using multivariate Cox proportional hazards model. We found that Raptor
protein was detected in cytoplasmic compartment. Significantly lower Raptor expression was observed in HCC com-
pared to peritumoral liver cells (P=0.048). The tumor expression levels of Raptor significantly inversely correlated
with clinical stage (P=0.026). Patients with high Raptor expression had better recurrence-free survival (P=0.010).
Further, we observed that Raptor expression was positively associated with recurrence-free survival of HCC patients
with tumor capsule (P=0.043) and without portal vein tumor thrombus (P=0.033) classifications. Finally, we found
that Raptor was an independent prognostic factor of recurrence-free survival for patients with HCC (P=0.042). To
conclude, our results support that decreased cytoplasmic expression of Raptor is a potentially unfavorable factor in

the progression and prognosis of HCC.
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Introduction

HCC is the most frequent form of the hepatobili-
ary malignancies all over the world. Partial hep-
atectomy is a potentially curative therapy for
patients with resectable HCC [1]. However, HCC
recurrence rates at 5 years following surgery
have been reported to exceed 70% [2, 3]. Risk
factors for HCC include viral infections caused
by hepatitis B virus, hepatitis C virus, alcoholic
cirrhosis and inherited liver diseases [4, 5].
Chronic hepatitis B viral infection is the main
cause of HCC in Asia and Africa, while hepatitis
C viral infection in Europe, Japan, and North
America [6, 7]. On the molecular level, many
epigenetic and genetic events have been asso-
ciated with the pathogenesis of HCC, including
inactivation of tumor suppressors such as p53
and activation of epigenetic targeting of can-
cer-related genes such as JNK1 and Wnt signal-
ing [8-11]. However, the molecular mechanisms

of HCC invasion and metastasis are not yet fully
understood.

The PI3K/Akt/mTOR pathway is activated in a
number of human neoplasms, accompanied by
shorter overall as well as recurrence-free sur-
vival [12]. This pathway plays an important role
in the regulation of cellular functions, including
cell survival, cell proliferation, cell motility, pro-
tein synthesis, and autophagy [13]. The mecha-
nistic target of rapamycin (mTOR), a serine/
threonine kinase that regulates cell growth and
metabolism, exists in two distinct functional
complexes: mTORC1 and mTORC2. mTORC1
consists of mTOR, Raptor, mLST8 and PRAS40
while mTORC2 consists of mTOR, Rictor, mLSTS8,
Sinl and PROTOR [14].

Raptor, the regulatory associated protein of
mTOR, interacts with mTOR and mTORC1 sub-
strates S6K1 and 4EBP1 [15-18]. With mTORC1,
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Figure 1. Raptor expression in hepatocellular carcinoma and peritumoral liver tissues. High (A) and low (B) expres-
sion of Raptor was demonstrated in HCC (400x). High (C) and low (D) expression of Raptor was demonstrated in
peritumoral liver tissues (400x).

phosphorylation of S6K1 and 4EBP1 coordi-
nately improves protein synthesis and promotes
cell growth [19, 20].

In order to clarify the role of Raptor in the patho-
genesis of hepatocellular carcinoma, we inves-
tigated the correlation of tumor Raptor protein
expression with clinicopathologic features in-
cluding survival. We found that the expression
level of Raptor protein was lower in HCC tissues
than that in peritumoral liver tissues. Lower
expression of Raptor was associated with poor
prognosis of HCC. Our results suggest that
decreased cytoplasmic expression of Raptor is
a potential unfavorable factor in the progres-
sion and prognosis of HCC.

Materials and methods
Sample collection

A tissue array including 90 paired paraffin-
embedded HCC and peritumoral liver tissues
were purchased from the National Engineering
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Center for BioChips in Shanghai, China. All
patients with HCC underwent surgery during
2002 to 2008 in Taizhou Hospital of Zhejiang
Province. Patients’ age ranged from 27 to 84
years old. The clinical follow-up time of patients
ranged from 7 to 72 months. For the use of
these clinical materials for research purposes,
prior consent from the patients and approval
from the Ethics Committees of Taizhou Hospital
of Zhejiang Province were obtained. All speci-
mens had confirmed pathological diagnosis
and were staged according to the American
Joint Committee on Cancer (AJCC) (the seventh
edition) staging system for HCC.

Immunohistochemistry

A tissue array with 90 paired paraffin-embed-
ded HCC and peritumoral liver tissues was
deparaffinized in 100% xylene and rehydrated
in descending ethanol series (100%, 90%,
80%, and 70% ethanol) and water according
to standard protocols. Heat-induced antigen
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Table 1. Protein expression of Raptor between
HCC and peritumoral normal liver samples

Protein expression (n)

Group Cases High Low P
(n) ) ) value
expression  expression
Cancer 90 58 (64.4%) 32 (35.6%) 0.048
Normal 90 70(77.8%) 20 (22.2%)

Table 2. Correlation between the clinicopatho-
logic characteristics and cytoplasmic expres-
sion of Raptor protein in HCC

Raptor expression (%)

Characteristics N - P
High Low
Age (y)
<50 38 25(65.8%) 13 (34.2%) 0.82
>50 52 33(63.5%) 19 (36.5%)
Gender
Male 74 48 (64.9%) 26 (35.1%) 0.858
Female 16 10 (62.5%) 6 (37.5%)
Clinical stage

I 56 41 (73.2%) 15 (26.8%) 0.026
i 34 17 (50%) 17 (50%)

ALT (umol/L)
<40 41 29(70.7%) 12 (29.3%) 0.254
>40 49 29 (59.2%) 20 (40.8%)

AFP (ug/L)
<20 27 18(66.7%) 9 (33.3%) 0.773
>20 63 40 (63.5%) 23 (36.5%)

TB (umol/L)
<20 74 45 (60.8%) 29 (39.2%) 0.121
>20 16 13 (81.3%) 3 (18.7%)

retrieval was performed in 10 nM citrate buffer
at 100°C for 2 min. Endogenous peroxidase
activity and non-specific antigen were blocked
with peroxidase blocking reagent containing
3% hydrogen peroxide and serum, followed by
incubation with rabbit anti-human Raptor anti-
body (1:100) (Abcam, Cambridge, MA, USA)
overnight at 4°C. After using phosphate-buff-
ered saline to wash, the tissue array was incu-
bated with biotin-labelled goat anti-mouse/rab-
bit antibody at room temperature for 10 min-
utes at room temperature and was subse-
quently incubated with streptavidin-conjugated
horseradish peroxidase (HRP) (Maixin Inc, Chi-
na). The peroxidase reaction was developed
with 3,3-diaminobenzidine (DAB) chromogen
solution in DAB buffer substrate. The tissue
array was then counterstained with haematoxy-
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lin, mounted in neutral gum and analyzed using
a bright-field microscope.

Evaluation of staining

The tissue array immunohistochemically stain-
ed for Raptor was reviewed and cytoplasmic
staining scored separately by two pathologists
blinded to the clinical parameters. Staining
intensity was scored as described previously
[21]. The extent of staining, defined as the per-
centage of positive staining areas of tumor
cells or peritumoral liver tissues in relation to
the whole tissues area, was scored on a scale
of 0-4 as the following: 0, <10%; 1, 10-25%; 2,
26-50%; 3, 50-75%; and 4, >75%. The sum
of the staining-intensity and staining-extent
scores was used as the final staining scores for
Raptor (0-7). For statistical analysis, final stain-
ing scores of 0-5 and 6-7 were respectively
considered to be low and high expression.

Statistical analysis

All statistical analyses were performed using
SPSS 19.0 software. The x? test was used to
verify the relationship between the levels of
Raptor expression and clinicopathologic char-
acteristics. Survival curves were plotted using
the Kaplan-Meier method and compared using
the log-rank test. The significance of various
variables in survival was analyzed using multi-
variate Cox proportional hazards model. A value
of P less than 0.05 was considered statistically
significant.

Results

Immunohistochemical analysis of Raptor pro-
tein expression in HCC and peritumoral liver
tissues

We measured the expression levels and cellular
localization of Raptor protein on a tissue array
including 90 paraffin-embedded HCC and peri-
tumoral liver samples. Specific Raptor protein
staining was detected in the cytoplasm of
malignant and peritumoral liver cells (Figure 1).
Furthermore, Raptor cytoplasmic expression
was significantly decreased in HCC compared
to peritumoral liver samples. We observed that
in 77.8% (70/90) of peritumoral liver samples,
Raptor protein was highly expressed. In com-
parison, only 64.4% (58/90) of HCC samples
had highly expressed Raptor protein, signifi-
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Figure 2. Cytoplasmic expression of Raptor was an
unfavorable factor for recurrence-free survival in
HCC. Low expression of Raptor protein was correlat-
ed with the shorter recurrence-free survival time for
HCC patients (P=0.010).
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Figure 3. Cytoplasmic expression of Raptor was an
unfavorable factor for overall survival in HCC. Low
expression of Raptor protein was correlated with
the shorter overall survival time for HCC patients
(P=0.088).

cantly lower than that in the peritumoral liver
samples (P=0.048) (Table 1).

The association between the clinicopathologi-
cal characteristics and Raptor expression in

HCC patients

As shown in Table 2, we did not find out the
significant correlation between tumor Raptor
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expression and the patients’ age, gender, se-
rum alpha-fetoprotein (AFP) and total bilirubin
(TB) level in HCC patients. However, we ob-
served that tumor Raptor cytoplasmic expres-
sion inversely correlated with clinical stage (I-11
vs. lll) (P=0.026) in 90 HCC cases (Table 2).

Raptor expression is positively associated with
recurrence-free survival of HCC

To investigate the prognostic value of tumor
Raptor expression for HCC, we assessed the
association between the levels of Raptor
expression and patient survival using Kaplan-
Meier analysis with the log-rank test. In 90 HCC
cases with prognosis information, we observed
that the level of Raptor cytoplasmic protein
expression was significantly correlated with
recurrence-free survival. Patients with low
expression of Raptor had worse recurrence-
free survival than those with high expression
(P=0.010) (Figure 2). Additionally, patients with
low expression of Raptor had worse overall sur-
vival than those with high expression, but not
significantly (P=0.088) (Figure 3).

Raptor expression is positively associated

with recurrence-free survival of HCC patients
based on Tumor capsule and portal vein tumor
thrombus

We further analyzed the correlation between
Raptor expression and survival prognosis for
HCC patients by strata analysis against tumor
capsule and portal vein tumor thrombus. These
results indicated that Raptor protein expres-
sion was significantly associated with recur-
rence-free survival for HCC patients based on
with tumor capsule (P=0.043) and without por-
tal vein tumor thrombus (P=0.033) (Figure 4).
In these groups, patients with low expression of
Raptor had worse recurrence-free survival than
those with high expression.

Cytoplasmic expression of Raptor is an inde-
pendent prognosis factor of recurrence-free
survival in HCC patients

Univariate analysis showed that clinical stage,
serum alanine aminotransferase (ALT) level
and tumor Raptor expression were all signifi-
cantly associated with recurrence-free survival
of HCC patients (P=0.012, P=0.007, and P=
0.012, respectively). To determine the potential
of Raptor cytoplasmic expression as an inde-
pendent prognostic factor for HCC, we per-
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Figure 4. The correlation of Raptor expression with recurrence-free survival time for HCC patients stratified by tumor
capsule and portal vein tumor thrombus classification. Patients with a higher expression of Raptor protein had a lon-
ger recurrence-free survival time in the HCC patients with tumor capsule and without portal vein tumor thrombus.

formed multivariate analysis of Raptor protein
expression levels adjusted for clinical stage
and ALT of HCC patients. These results showed
that the level of Raptor expression was an inde-
pendent prognostic factor of recurrence-free
survival for HCC (P=0.042) (Table 3).

Discussion

HCC is one of the most common malignant can-
cers with poor prognosis. The high recurrence
rate after surgery is the main cause of death in
the HCC patients. The presence of vascular
invasion is considered as a strong predictor of
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HCC recurrence [22]. Clinical trials have report-
ed that there were low response rates with
cytotoxic chemotherapy [23-25]. As the pre-
ferred approach for advanced HCC patients
with adequate liver function, Sorafenib could
only provide 2.4 months longer median overall
survival than placebo [25].

Activation of PI3K/Akt/mTOR signaling through
mutation of pathway components occurs in a
majority of cancers [26, 27]. In a study, hepato-
cyte-specific Raptor ablation strongly potenti-
ated hepatocarcinogenesis in mice [28]. It has
been discovered that Raptor staining mainly
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Table 3. Summary of univariate and multivariate Cox regression analysis of recurrence-free survival

Univariate analysis

Multivariate analysis

Parameter

P HR 95% Cl P HR 95% Cl

Age

<50 versus =50 years 0.962 0.987 0.569-1.712
Gender

Male versus female 0.179 1.676 0.789-3.563
AFP

<20 versus >20 ug/L 0.226 0.686 0.372-1.263
B

<20 versus >20 umol/L 0.777  1.109 0.541-2.273
ALT

<40 versus 240 umol/L 0.007 0.452  0.254-2.273 0.057 0.554 0.302-1.018
Clinical stage

Il versus llI 0.012 0.493 0.285-0.853 0.09 0.603 0.336-1.082
HCC Raptor expression

High expression versus low expression 0.012  2.001 1.162-3.446 0.042 1.796 1.021-3.160

displayed in the cytoplasm of colorectal cancer,
prostate cancer, and renal cell carcinoma [29-
31]. Similarly, our study presented that Raptor
expressed in the cytoplasmic of the HCC and
peritumoral liver tissues. It was revealed that
down-regulation of Raptor in two paclitaxel-
resistant ovarian cancer cell lines when com-
pared with paclitaxel-sensitive cells [32]. How-
ever, in colorectal carcinoma (CRC), the correla-
tion with the Raptor expression and patients’
survival is controversial. It was reported that
CRC patients with dominant Raptor expression
had a better overall survival than those with
dominant Rictor expression [29]. In contrast, it
was observed that Raptor is overexpressed in
colorectal cancers and associated with distant
metastases, higher mortality and worse prog-
nosis in CRCs in other studies [33, 34].

Recent report has shown that the HCC patients
with early recurrence had significantly higher
tumor Rictor/Raptor ratios compared with tho-
se with long-term recurrence-free survival [35].
These suggested that upregulated Raptor may
play a protected role during HCC progression.
However, the correlation between cytoplasmic
Raptor expression and clinical features has not
been reported in HCC.

In this study, we found that Raptor protein
expressed in HCC samples was significantly
lower than peritumoral liver samples. Although
cytoplasmic expression of Raptor level was not
associated with most clinical features, such as
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age, gender, serum AFP, TB, and ALB level, it
was inversely correlated with clinical stage.
This hints that low cytoplasmic expression of
Raptor promotes the clinical progression of
HCC and further supports the role of Raptor as
a potential tumor suppressor in HCC.

In this investigation, we presented evidence
that cytoplasmic expression of Raptor protein
in HCC was positively correlated with patients’
recurrence-free survival time. The results sho-
wed that the patients with low expression of
Raptor had significantly worse recurrence-free
survival time than those with high expression.
Furthermore, we also observed a trend of sig-
nificantly shorter overall survival in patients
with low cytoplasmic expression of Raptor com-
pared with high expression (P=0.088). Our
results suggest that low cytoplasmic expres-
sion of Raptor is a clinically relevant biomarker
for HCC prognosis, especially for the recur-
rence-free survival.

It is well known that invasion and metastasis of
tumor cells are the key causes of death for HCC
patients. We assessed survival prognosis by
strata analysis against clinical features associ-
ated with invasion and metastasis including
tumor capsule and portal vein tumor thrombus.
Interestingly, we observed that cytoplasmic
expression of Raptor protein was significantly
associated with the recurrence-free survival
time for the HCC patients with tumor capsule
and without portal vein tumor thrombus.
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Patients with low cytoplasmic expression of
Raptor protein in these groups had a shorter
recurrence-free survival time.

Finally, we analyzed the possibility of Raptor
cytoplasmic expression as an independent
prognostic factor for HCC. Based on univariate
analysis, HCC patients’ recurrence-free surviv-
al is inversely proportional to clinical stage, and
serum ALT level but positively correlated with
Raptor cytoplasmic expression. Multivariate
analysis showed that Raptor cytoplasmic ex-
pression was an independent predictor of re-
currence-free survival for HCC patients regard-
less of patient disease status.

In summary, our study demonstrates that de-
creased cytoplasmic expression of Raptor may
be involved in the clinical progression and poor
prognosis of HCC patients. Due to the limited
patient sample size in our investigation, further
studies are needed to verify these findings and
establish the role of Raptor as a reliable clinical
predictor of outcome for HCC patients.

Acknowledgements

This work was supported by Science and Tech-
nology Funding Project of Guangzhou, China
(Grant No. 2016040200009).

Disclosure of conflict of interest
None.

Address correspondence to: Drs. Weiyi Fang and
Rongcheng Luo, Cancer Center, Integrated Hospital
of Traditional Chinese Medicine, Southern Medical
University, Guangzhou 510310, China. Tel: 86-20-
61650036; E-mail: fangweiyil975@163.com (WYF);
Tel: 86-185-20088001; E-mail: luorc02@vip.163.
com (RCL)

References

[1]  Truty MJ, Vauthey JN. Surgical resection of
high-risk hepatocellular carcinoma: patient se-
lection, preoperative considerations, and op-
erative technique. Ann Surg Oncol 2010; 17:
1219-25.

[2] Bruix J, Sherman M; Practice Guidelines Com-
mittee, American Association for The Study of
Liver Disease. Management of hepatocellular
carcinoma. Hepatology 2005; 42: 1208-36.

[3] Kianmanesh R, Regimbeau JM, Belghiti J. Se-
lective approach to major hepatic resection for

11795

hepatocellular carcinoma in chronic liver dis-
ease. Surg Oncol Clin N Am 2003; 12: 51-63.

[4] Fattovich G, Stroffolini T, Zagni |, Donato F. He-
patocellular carcinoma in cirrhosis: incidence
and risk factors. Gastroenterology 2004; 127
Suppl 1: S35-50.

[5] Blonski W, Kotlyar DS, Forde KA. Non-viral
causes of hepatocellular carcinoma. World J
Gastroenterol 2010; 16: 3603-15.

[6] Bosch FX, Ribes J, Borras J. Epidemiology of
primary liver cancer. Semin Liver Dis 1999; 19:
271-85.

[7]1  Bruix J, Sherman M; American Association for
The Study of Liver Disease. Management of
hepatocellular carcinoma: an update. Hepatol-
ogy 2011; 53: 1020-2.

[8] Farazi PA, DePinho RA. Hepatocellular carci-
noma pathogenesis: from genes to environ-
ment. Nat Rev Cancer 2006; 6: 674-87.

[9] Chang Q, Chen J, Beezhold KJ, Castranova V,
Shi X, Chen F. JNK1 activation predicts the
prognostic outcome of the human hepatocel-
lular carcinoma. Mol Cancer 2009; 8: 64.

[10] Wei W, Chua MS, Grepper S, So SK. Blockade
of Wnt-1 signaling leads to anti-tumor effects
in hepatocellular carcinoma cells. Mol Cancer
2009; 8: 76.

[11] Austinat M, Dunsch R, Wittekind C, Tannapfel
A, Gebhardt R, Gaunitz F. Correlation between
beta-catenin mutations and expression of Wnt-
signaling target genes in hepatocellular carci-
noma. Mol Cancer 2008; 7: 21.

[12] Ferté C, André F, Soria JC. Molecular circuits of
solid tumors: prognostic and predictive tools
for bedside use. Nat Rev Clin Oncol 2010; 7:
367-80.

[13] Laplante M, Sabatini DM. mTOR signaling in
growth control and disease. Cell 2012; 149:
274-93.

[14] Drews K, Jozefczuk J, Prigione A, Adjaye J. Hu-
man induced pluripotent stem cells—-from
mechanisms to clinical applications. J Mol
Med (Berl) 2012; 90: 735-45.

[15] Hara K, Maruki Y, Long X, Yoshino K, Oshiro N,
Hidayat S, Tokunaga C, Avruch J, Yonezawa K.
Raptor, a binding partner of target of rapamy-
cin (TOR), mediates TOR action. Cell 2002;
110: 177-89.

[16] Kim DH, Sarbassov DD, Ali SM, King JE, Latek
RR, Erdjument-Bromage H, Tempst P, Sabatini
DM. mTOR interacts with raptor to form a nutri-
ent-sensitive complex that signals to the cell
growth machinery. Cell 2002; 110: 163-75.

[17] Loewith R, Jacinto E, Wullschleger S, Lorberg
A, Crespo JL, Bonenfant D, Oppliger W, Jenoe
P, Hall MN. Two TOR complexes, only one of
which is rapamycin sensitive, have distinct
roles in cell growth control. Mol Cell 2002; 10:
457-68.

Int J Clin Exp Pathol 2017;10(12):11789-11796



(18]

(19]

[20]

(21]

[22]

(23]

[24]

[25]

[26]

[27]

Raptor in hepatocellular carcinoma

Nojima H, Tokunaga C, Eguchi S, Oshiro N, Hi-
dayat S, Yoshino K, Hara K, Tanaka N, Avruch
J, Yonezawa K. The mammalian target of ra-
pamycin (MTOR) partner, raptor, binds the
mTOR substrates p70 S6 kinase and 4E-BP1
through their TOR signaling (TOS) motif. J Biol
Chem 2003; 278: 15461-4.

Fingar DC, Salama S, Tsou C, Harlow E, Blenis
J. Mammalian cell size is controlled by mTOR
and its downstream targets S6K1 and 4EBP1/
elF4AE. Genes Dev 2002; 16: 1472-87.

Fingar DC, Richardson CJ, Tee AR, Cheatham
L, Tsou C, Blenis J. mTOR controls cell cycle
progression through its cell growth effectors
S6K1 and 4EBP1/eukaryotic translation initia-
tion factor 4E. Mol Cell Biol 2004; 24: 200-16.
Liu Z, Li X, He X, Jiang Q, Xie S, Yu X, Zhen Y,
Xiao G, Yao K, Fang W. Decreased expression
of updated NESG1 in nasopharyngeal carci-
noma: its potential role and preliminarily func-
tional mechanism. Int J Cancer 2011; 128:
2562-71.

Nathan H, Schulick RD, Choti MA, Pawlik TM.
Predictors of survival after resection of early
hepatocellular carcinoma. Ann Surg 2009;
249: 799-805.

Yeo W, Mok TS, Zee B, Leung TW, Lai PB, Lau
WY, Koh J, Mo FK, Yu SC, Chan AT, Hui P, Ma B,
Lam KC, Ho WM, Wong HT, Tang A, Johnson PJ.
A randomized phase lll study of doxorubicin
versus cisplatin/interferon alpha-2b/doxorubi-
cin/fluorouracil (RIAF) combination chemo-
therapy for unresectable hepatocellular carci-
noma. J Natl Cancer Inst 2005; 97: 1532-8.
Thomas MB, O’Beirne JP, Furuse J, Chan AT,
Abou-Alfa G, Johnson P. Systemic therapy for
hepatocellular carcinoma: cytotoxic chemo-
therapy, targeted therapy and immunotherapy.
Ann Surg Oncol 2008; 15: 1008-14.

Llovet JM, Ricci S, Mazzaferro V, Hilgard P,
Gane E, Blanc JF, de Oliveira AC, Santoro A,
Raoul JL, Forner A, Schwartz M, Porta C, Zeu-
zem S, Bolondi L, Greten TF, Galle PR, Seitz JF,
Borbath I, Haussinger D, Giannaris T, Shan M,
Moscovici M, Voliotis D, Bruix J; SHARP Investi-
gators Study Group. Sorafenib in advanced
hepatocellular carcinoma. N Engl J Med 2008;
359: 378-90.

Morgensztern D, McLeod HL. PI3K/Akt/mTOR
pathway as a target for cancer therapy. Anti-
cancer Drugs 2005; 16: 797-803.

Bjornsti MA, Houghton PJ. The TOR pathway: a
target for cancer therapy. Nat Rev Cancer
2004; 4: 335-48.

11796

(28]

[29]

[30]

(31]

(32]

(33]

(34]

[35]

Umemura A, Park EJ, Taniguchi K, Lee JH, Shal-
apour S, Valasek MA, Aghajan M, Nakagawa H,
Seki E, Hall MN, Karin M. Liver damage, inflam-
mation, and enhanced tumorigenesis after
persistent mTORC1 inhibition. Cell Metab
2014; 20: 133-44.

Sticz T, Molnar A, Mark A, Hajdu M, Nagy N,
Végsé G, Micsik T, Kopper L, Sebestyén A.
mTOR activity and its prognostic significance in
human colorectal carcinoma depending on C1
and C2 complex-related protein expression. J
Clin Pathol 2017; 70: 410-6.

Evren S, Dermen A, Lockwood G, Fleshner N,
Sweet J. Immunohistochemical examination of
the mTORC1 pathway in high grade prostatic
intraepithelial neoplasia (HGPIN) and prostatic
adenocarcinomas (PCa): a tissue microarray
study (TMA). Prostate 2010; 70: 1429-36.
Darwish OM, Kapur P, Youssef RF, Bagrodia A,
Belsante M, Alhalabi F, Sagalowsky Al, Lotan Y,
Margulis V. Cumulative number of altered bio-
markers in mammalian target of rapamycin
pathway is an independent predictor of out-
come in patients with clear cell renal cell carci-
noma. Urology 2013; 81: 581-6.

Foster H, Coley HM, Goumenou A, Pados G,
Harvey A, Karteris E. Differential expression of
mTOR signalling components in drug resis-
tance in ovarian cancer. Anticancer Res 2010;
30: 3529-34.

Shuhua W, Chenbo S, Yangyang L, Xianggian
G, Shuang H, Tangyue L, Dong T. Autophagy-
related genes Raptor, Rictor, and Beclinl ex-
pression and relationship with multidrug resis-
tance in colorectal carcinoma. Hum Pathol
2015; 46: 1752-9.

Gulhati P, Cai Q, Li J, Liu J, Rychahou PG, Qiu S,
Lee EY, Silva SR, Bowen KA, Gao T, Evers BM.
Targeted inhibition of mammalian target of ra-
pamycin signaling inhibits tumorigenesis of
colorectal cancer. Clin Cancer Res 2009; 15:
7207-16.

Kaibori M, Shikata N, Sakaguchi T, Ishizaki M,
Matsui K, lida H, Tanaka Y, Miki H, Nakatake R,
Okumura T, Tokuhara K, Inoue K, Wada J, Oda
M, Nishizawa M, Kon M. Influence of Rictor and
Raptor expression of mTOR signaling on long-
term outcomes of patients with hepatocellular
carcinoma. Dig Dis Sci 2015; 60: 919-28.

Int J Clin Exp Pathol 2017;10(12):11789-11796



