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Abstract: MTSS1 is a possible metastasis suppressor which has been proved to play a key role in metastasis of
various tumors, yet its role in intrahepatic cholangiocarcinoma (ICC) remains unclear. In present study, we reported
detection of MTSS1 expression in ICC and explored its clinical significances. Tissue microarrays containing 93 cases
with ICC were constructed and immunohistochemistry was performed to detect MTSS1 expression on these arrays.
PcDNA3.1-MTSS1 was transfected into QBC939 cell lines and cell function was measured by transwell assay. Data
showed that MTSS1 expression was barely detectable in 56 cases (60.0%) of the 93 primary tumors and that lack-
ing MTSS1 expression was significantly associated with tumor size, nodal metastases and advanced disease stage.
In addition, survival analysis demonstrated that lacking MTSS1 expression also correlated significantly with tumor
recurrence and poor outcome of patients with ICC. Meanwhile, enhanced expression of MTSS1 leaded to inhibition
of the migration of QBC939 cell lines in vitro. These findings together support that MTSS1 may serve as a useful

biomarker in predicting tumor recurrence and prognosis of ICC.
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Introduction

Intrahepatic cholangiocarcinoma (ICC) is the
second most common primary malignancy of
the liver. Unlike hepatocellular carcinoma
(HCC), ICC originates from the intrahepatic bile
ductal epithelium and has extremely poor prog-
nosis [1, 2]. The overall survival of patients with
advanced, unresectable and untreated ICC is
no more than 4 months, which is even worse
than hilar cholangiocarcinoma [3]. Curative
resection is considered to be the most favor-
able therapy to prolong the survival time of ICC
patients to some extent [4]. Metastasis is
regarded as the most major factor that attri-
butes to the dismal outcome of ICC patients.

Tumor metastasis is a multistep and complex
cellular biological process, which is now termed
as invasion-metastasis cascade and is orches-
trated by numerous molecules and signaling
pathways in a genetic or epigenetic manner [5,
6]. During the whole process of metastasis,
both activation of metastasis-promoting genes
and inhibition of metastasis suppressors are
critical to this sequential biological event.

Metastasis suppressor refers to those genes
that can affect the metastatic process at any
step. Since metastasis suppressor genes were
firstly discovered a few decades ago, more and
more members have joined this suppressor
family including nm23 [7, 8], FOX04 [9], KAI1
[10, 11], KiSS1 [12, 13], etc.

MTSS1 (metastasis suppressor 1), initially
termed as MIM (missing in metastasis), was
firstly detected in the bladder cancer [14]. Till
now, MTSS1 expression has been observed in
many human malignancies such as glioblasto-
ma [15], leukemia [16], lung cancer [17], kidney
cancer [18], breast cancer [19] and liver cancer
[20]. Researches revealed that MTSS1, which is
an actin-binding protein, could regulate cell
growth, invasion and migration through Sonic
Hedgehog (SHH) or EGFR signaling pathway
[18, 21, 22]. Although most studies demon-
strate an anti-metastatic role of MTSS1 in
human malignancies, some other researches
revealed that MTSS1 may also promote growth
or metastasis in melanomas [6], which sug-
gests the complexity of MTSS1's function in
human malignancies.
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Table 1. Correlation between MTSS1 and clinicopathological

parameters of ICC

Variables N MTSS1 Positive (%) P
Age
<60 69 40 (58.0) 0.453
>60 24 16 (66.7)
Gender
Male 39 28 (71.8) 0.053
Female 54 28 (51.9)
Size
<3cm 34 26 (76.5) 0.017
>3 cm 59 30 (50.8)
Positive Margin
No 58 37 (63.8) 0.364
Yes 35 19 (54.3)
T stage
T1/T2 31 21 (67.7) 0.294
13/T4 62 35 (566.5)
Lymph node metastasis
No 42 31(73.8) 0.019
Yes 51 25 (49.0)
Differentiation
Well/moderate 77 45 (58.4) 0.443
Poorly 16 11 (68.8)
TNM
111 42 31(73.8) 0.019
IV 51 25 (49.0)
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Figure 1. Expression of MTSS1 in cholangiocarcinoma. mRNA levels of
MTSS1 transcript in the normal hepatocytes (LI), bile duct tissues (BD)

and intrahepatic cholangiocarcinoma tissues (CA). *P<0.01.
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In the present study we investi-
gate the expression profile of
MTSS1 gene in a cohort of
human ICC tissues in order to
elucidate its potential prognostic
impact in ICC as well its correla-
tion with clinic-pathological fea-
ture and overall survival. We also
examined the biological effect of
MTSS1 gene on migration in
cholangiocarcinoma cells in vi-
tro. Our results showed that
MTSS1 expression is an inde-
pendent prognostic factor in ICC
and may serve as a valuable bio-
marker in predicting the out-
comes of ICC patients.

Material and methods

Patients

This retrospective study consist-
ed of 93 patients who were diag-
nosed as intrahepatic cholangio-
carcinoma and were undergone
surgery at Huashan hospital
from 2007 to 2010. Histological
diagnosis of each case was re-
evaluated by two pathologists.
Clinical data of patients were
obtained from their medical
records including sex, age, tumor
size and TNM stage. 74.2% of
patients (69/93) were less 60
years old and male-to-female
ratio was 1:1.38 (39:54). Clinical
follow-up data was available for
the patients. The mean survival
duration was 26 months, ranging
from 1 to 59 months. The study
was approved by the Ethic
Committee of Huashan hospital.
The detailed clinical information
of the patients was listed in
Table 1.

Tissue microarray and immuno-
histochemistry

Tissue microarray was construct-
ed using a manual arrayer
(Beecher Instruments) according
to manufacturer’s instructions.
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Figure 2. Analysis of MTSS1 expression in human ICC and adjacent normal specimens. A: Normal liver tissues; B:
Bile duct tissues, C: Positive expression of MTSS1 in cancer cells; D: Negative staining of MTSS1 in tumors.

Three tissue cores (1.5 mm in diameter) were
obtained from each case of intrahepatic chol-
angiocarcinoma, which included two replicas of
cancer tissue and one matched non-neoplastic
tissue. Four um sections were prepared from
paraffin-embedded tissue microarray blocks
and then processed for immunohistochemical
analysis of MTSS1 protein. The antibody against
MTSS1 was purchased from Abcam Company
(@b56780). Two-step Polymer method (Envi-
sion™, DAKO) was used to visualize the anti-
body. The positive signals were located in the
cytoplasm. The staining results were evaluated
by two pathologists and a semi-quantitative
scoring method was applied as previously
described [23].

Cell line and gene transfection

Human cholangiocarcinoma cell line, QBC393,
was generously donated by Professor Yu,
Changzheng hospital [24]. Cells were grown in
the Dulbecco’'s modified Eagle’'s medium
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(DMEM) supplemented with 10% fetal bovine
serum, 100 U/ml of penicillin and streptomycin
at 37°C in a humidified atmosphere of 95% air
and 5% CO,. A full-length cDNA fragment of
MTSS1 gene was cloned into the pcDNA3.0
vector to reconstruct the eukaryotic expression
plasmid of MTSS1. The MTSS1 eukaryotic
expression plasmid was stably transfected into
QBC939 cells by lipofectamine™ 2000 trans-
fection kit (Invitrogen). The positive transfec-
tants containing MTSS1 gene or empty vectors
were selected by selective medium with G418
for 2-3 weeks. MTSS1 overexpression was con-
firmed by Western blot analysis.

Western blotting

Cultured cells were lysed in the lysis buffer con-
taining protease inhibitors cocktail (Sigma).
Concentration of protein samples was deter-
mined by BioRad Protein Assay Kit Il (BioRad
Laboratories, Hercules, CA) according to the
manufacturer’ s protocol. 50 g of protein from
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After 24 hours of incubation, cells
had invaded through the pre-
treated extracellular matrix from
the upper chamber to the low sur-
face of the membrane. Extra-
cellular matrix and cells on the
upper surface of the membrane
were carefully removed with cot-
ton swabs. Then the membrane
was fixed with 4% paraformalde-
hyde and cells on the lower sur-
face of the membrane were
stained with Giemsa. Cells were
counted in 5 randomly selected
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60 images were captured.

Statistical analysis

Pos. vs Neg. : 40.4 mon vs 21.7 mon

Statistical analysis was conduct-
ed using the SPSS 16.0 statisti-
cal software (SPSS, Inc., Chicago,
IL). Chi-square test was used to

Positive analyze the categorical data. The
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Kaplan-Meier method was per-
formed to estimate the survival
rate and Cox proportional haz-
ards regression model for multi-
variate survival analysis was
used to evaluate the predictable
value of markers to recurrence
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Figure 3. Prognostic significance of MTSS1 in ICC. A. Patients with posi-
tive MTSS1 expression had longer survival durations than those with
negative MTSS1 expression in ICC (P<0.001). B. Cancers with positive
MTSS1 expression had longer time to recurrence than those with nega-

tive MTSS1 expression (P<0.001).

cells was separated by 10-14% polyacrylamide
SDS-PAGE gels and then electroblotted onto to
a PVDF membrane (Bio-rad). The membrane
was subsequently incubated with a mouse
monoclonal primary antibody against MTSS1 at
4°C overnight. Anti-mouse secondary antibody
conjugated to HRP plus an enhance chemilumi-
nescent system was further used to visualize
the target protein bands on X-ray film.

Cell migration in vitro

In vitro cell invasion was performed by
Transwell® migration assay (Corning, USA).

1977

T and survival duration. All statisti-
60 cal tests were two-sided and
p<0.05 was defined as statisti-

cally significant.

Results

Differential expression of MTSS1
transcript in the human liver and
intrahepatic cholangiocarcinoma

The mRNA level of MTSS1 expression was
assessed in silico using published cholangio-
carcinoma microarray data from one patient
cohort. Based on the mRNA amount levels,
MTSS1 transcript was highly expressed in the
normal hepatocytes (Figure 1). Bile duct tis-
sues displayed the moderate level of MTSS1
expression. In contrast intrahepatic cholangio-
carcinoma tissues showed significantly less
amount of MTSS1 mRNA than that of normal
hepatocytes (p<0.001). Although the mean
amount of MTSS1 transcript was less than that
of normal bile ducts, there was no statistical
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Table 2. Univariate and multivariate analysis of variables associated with recurrence in patients with
cholangiocarcinoma#

Variable No. Me(?nnoii‘r::)va' (umV: ate) (mutt \Z fiate Hazard Ratio 95% Cl
Age
<60y 66 38.2 0.011
>60y 24 25.6
Gender
Male 36 25.1 0.005
Female 54 39.8
Tumor size
<3cm 31 44.2 0.003
>3 cm 59 26.8
Positive margin
No 58 42.0 <0.001
Yes 32 19.2
T stage
T1/72 31 52.5 <0.001 0.001 0.190 0.069 to 0.522
T3/T4 59 23.2
Regional lymph nodes positive
No 42 44.8 <0.001
Yes 48 22.7
TNM stage
111 42 44.8 <0.001
IV 48 22.7
MTSS1
Negative 34 21.7 <0.001 <0.001 0.277 0.136t0 0.564
Positive 56 40.4
Differentiation
Well/moderate 74 38.7 <0.001 0.006 0.313 0.137t0 0.711
Poor/undifferentiated 16 14.7

#Three patients were unavailable for the exact recurrence time.

significance, possibly due to the limited cases
of bile ducts involved.

ducts (Figure 2A, 2B) while about two thirds of
cholangiocarcinoma tissues (56/93, 60%) were
MTSS1 positive (Figure 2C, 2D). Furthermore,

MTSS1 expression profile in human cholangio- loss of MTSS1 expression was found to be sig-

carcinoma

Since the results of mMRNA amount revealed a
slight decrease of MTSS1 in the intrahepatic
cholangiocarcinoma, we analyzed the protein
expression profile of MTSS1 in a cohort of 93
intrahepatic cholangiocarcinomas using immu-
nohistochemistry to confirm the findings. We
also investigated the correlation between
MTSS1 overexpression and clinic-pathological
parameters in intrahepatic cholangiocarcino-
ma patients. Histological analysis showed that
MTSS1 protein overexpression was detected in
both normal hepatocytes and intrahepatic bile

1978

nificantly associated with larger tumor size
(over 3 cm, p=0.017), lymph nodal metastasis
(p=0.019) and advanced TMN stage IV
(p=0.019). However, no significant association
was detected between MTSS1 expression and
other clinic-pathological features. Detailed
information was listed in Table 1.

Prognostic significance of MTSS1 overexpres-
sion in the human intrahepatic cholangiocar-
cinoma

The mean cumulative survival duration of 90
patients with intrahepatic cholangiocarcinoma

Am J Transl Res 2015;7(10):1974-1983
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Table 3. Univariate and multivariate analysis of variables associated with overall survival in patients

with cholangiocarcinoma

Variable No. Mean Survival P (univariate) P (multivariate) Haza}rd 95% ClI
(months) Ratio

Gender
Male 39 25.8 <0.001
Female 54 42.0

Tumor size
<3cm 34 42.5 0.008
>3 cm 59 29.0

Positive margin
No 58 43.2 <0.001
Yes 35 21.8

T stage
T1/T2 31 53.2 <0.001 0.002 0.205 0.073t00.570
T3/T4 62 24.9

Regional lymph nodes positive
No 42 47.2 <0.001 0.047 0.471 0.224 t0 0.988
Yes 51 24.3

TNM stage
111 42 47.2 <0.001 0.047 0.471 0.224 t0 0.988
\% 51 24.3

MTSS1
Negative 37 21.7 <0.001 <0.001 3.618 1.9241t06.804
Positive 56 42.9

Differentiation
Well/moderate 77 39.0 <0.001 0.040 0.469 0.2281t00.965
Poor/undifferentiated 16 17.7

was 26 months (from 1 to 59 months). Three
patients were lost. Patients with MTSS1 overex-
pression showed a much longer overall survival
duration (0S) than those without MTSS1
expression (42.9 months versus 21.7 months,
p<0.001) (Figure 3A). Moreover, MTSS1 expres-
sion status was significantly associated with
tumor recurrence. The average month of dis-
ease-free survival (DFS) in patients without
MTSS1 expression was much shorter than
those with MTSS1 overexpression (21.7 months
versus 40.4 months, p<0.001) (Figure 3B). The
univariate survival analysis showed MTSS1
expression as well as almost other clinical fac-
tors significantly influenced tumor recurrence
(Table 2) and patient survival (Table 3) in intra-
hepatic cholangiocarcinoma. In multivariate
analysis, MTSS1 overexpression (p<0.001), T
staging (p=0.001) and histological differentia-
tion (p=0.006) were independent predictive
factors (Table 2). Meanwhile, MTSS1 overex-
pression (p<0.001), T staging (p=0.002) and

1979

histological differentiation (p=0.04), regional
lymph node metastasis (p=0.047) and TNM
stage (p=0.047) were independent prognostic
factors in the multivariate analyzing using Cox
proportional hazards model (Table 3). Moreover,
subgroup analyses of MTSS1 expression
according to TNM staging revealed that the
overall survival of patients with MTSS1 overex-
pression were better in every stage (Figure 4A
and 4B). However patients with MTSS1 overex-
pression showed a longer DFS duration in stag-
es | to lll, not in stage IV, than those with nega-
tive MTSS1 (Figure4 C and 4D). These results
suggest that MTSS1 might be more sensitive in
clinical stages without lymph nodal or organic
metastasis in predicting patient survival.

MTSS1 overexpression reduced cell migration
in QBC393 cells in vitro

MTSS1 expression plasmid was stably trans-
fected into QBC393 cells to investigate its bio-

Am J Transl Res 2015;7(10):1974-1983
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Figure 4. Subgroup analysis of MTSS1 according to TNM. A, B. Stage-specific survival curves showed patients with
MTSS1 expression had a better survival than those without MTSS1 expression in each stage (P<0.05). C, D. Pa-
tients with MTSS1 expression had a longer time to recurrence than those without MTSS1 expression in stage I-lI

(P=0.003), not in stage IV (P=0.284).

logical effect on cultured cancer cells. MTSS1
overexpression was confirmed by Western blot-
ting (Figure 5A). Enhanced expression of
MTSS1 didn’t affect the proliferation rate of
QBC939 cell lines (Figure 5B). However, in vitro
transwell migration assay showed that MTSS1
remarkably reduced cell migration capability of
QBC393 compared to control cells (Figure 5C).

Discussion

Cholangiocarcinoma (CC) is a form of highly
malignant and aggressive tumor that originates
from the epithelium of biliary trees. Based on
the anatomical location of bile ducts, it can be
classified into intrahepatic, perihilar and extra-
hepatic cholangiocarcinoma. Although intrahe-
patic cholangiocarcinoma (ICC) accounts for
only about 10% of total cases, ICC still carries

1980

the worst prognosis of cholangiocarcinoma
patients who have undergone curative surger-
ies [25], nevertheless some studies show that
the outcome of ICC appear to be slightly better
than perihilar CC [3]. Despite the controversial
views on the prognosis of ICC, it has been well
recognized that metastasis is one of the lead-
ing cause of cancer-related death in ICC patient.
Thus the main aim of this study is to determine
the impact of a novel metastasis suppressor
gene, MTSS1, in ICC, mainly focusing on its
prognostic value and biological effect.

Since the first report suggested that MTSS1
might serve as a metastasis suppressor by Lee
et al [14], it has been investigated in many
types of human cancers including liver cancer
and perihilar cholangiocarcinoma [15, 17, 26,
27]. But the role of MTSS1 gene in human
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Figure 5. The effect of MTSS1 overexpression on the proliferation and migration ability of human cholangiocarci-
noma cells in vitro. A. Western blotting analysis showed that the protein level of MTSS1 in QBC939 cells after trans-
fection at 48 hours. B. The rate of proliferation of QBC939 cells after transfection of SPARCL1; C. Representative
pictures of cell migration assay (upper) and the migration numbers of the QBC939 cell line transfected with MTSS1

and the control plasmid (lower).

malignancies still remains undefined. Several
lines of evidence have indicated that MTSS1
downregulation was closely associated with
clinical staging, lymph nodal metastasis and
poor prognosis in cancer patients [17, 18,
26-30]. It has been demonstrated that DNA
methylation, microRNA overexpression or ubig-
uitination-mediated destruction might be
responsible to MTSS1 downregulation [19, 20,
31-33]. As a cytoskeletal scaffold protein,
MTSS1 could regulate the interaction of actins,
promotes cell-to-cell junctions and thus impairs
cellular migration [21]. In the late stage of
tumor progression, loss of MTSS1 expression
could increase the ability of cancer cells to
change shapes or induce EMT (epithelial-to-
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mesenchymal transition) via signaling path-
ways such as PDGF and RhoGTPase [34].
Besides its effect on migration, in vitro studies
also reveal that MTSS1 could suppress cell
growth through SHH pathway [15, 18].

In this context, expression of MTSS1 in the nor-
mal hepatocytes, bile ducts and ICC tissues
was retrieved from published cancer microar-
ray data. Compared with bile ductal epithelium,
the mRNA amount of MTSS1 transcript was
slightly decreased, yet no statistical signifi-
cance was observed that might be due to limit-
ed cases of normal intrahepatic bile duct. Loss
of MTSS1 is significantly correlated with some
clinic-pathological parameters such as tumor
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size, nodal metastasis and advanced TNM
staging, all of which are predictors of poor prog-
nosis. Both univariate and multivariate analy-
ses indicate that MTSS1 overexpression is an
independent prognostic factor in ICC. Similar
results have been reported in hilar cholangio-
carcinoma [26], ovarian cancer [30] and lung
cancer [17] etc. Our data also show that the
prognostic role of MTSS1 functions better in
ICC patients without nodal or distant metasta-
sis (TNM staging I-1ll) than those with metastat-
ic lesions (TNM staging IV). These results sug-
gest that MTSS1 protein might mainly play as a
promoter in the relatively early phase of carci-
nogenesis and then be silence in the late stage
due to loss of expression or degradation. Our in
vitro experiment further supported the clinical
observations that MTSS1 could impair cancer
cells’ capability of migration. However, it is also
demonstrated that MTSS1 overexpression is
associated with poor outcome in colorectal
cancer [35] and interestingly even promote
metastasis in early-stage melanoma [6].

All these above data indicate that MTSS1 is a
multifunctional protein and its biological impact
is still far beyond our understanding. Our pres-
ent research is mainly expression-phenotype
association study and hardly involved mecha-
nistic considerations. Considering the complex-
ity of MTSS1 in diverse cancers, further studies
concerning molecular mechanisms of MTSS1
in ICC should be carried out in the future.

In conclusions, the present study revealed that
loss of MTSS1 expression was associated with
larger tumor size, lymph nodal metastasis and
advanced TNM stage. Survival analysis and Cox
proportional hazards regression model demon-
strated that MTSS1 overexpression is a predic-
tor for favorable prognosis of ICC patients. Our
results indicate that MTSS1 might serve as a
useful biomarker in early detection and survival
surveillance in ICC.

Acknowledgement

This work was supported by grant from the
National Science Foundation of Shanghai
Municipal Health Bureau Project (Grant No.
20134361).

Disclosure of conflict of interest

None.

1982

Address correspondence to: Drs. Wei Shi and Hao
Zhang, Department of General Surgery, Huashan
Hospital, Fudan University, 12 Middle Urumgqi Road,
Shanghai 200040, China. Tel: +86-21-52887175;
Fax: +86-21-62493696; E-mail: shiwei@huashan.
org.cn (WS); zhanghao2@huashan.org.cn (HZ)

References

[1] Nakanuma, Sasaki M, lkeda H, Sato Y, Zen Y,
Kosaka K, Harada K. Pathology of peripheral
intrahepatic cholangiocarcinoma with refer-
ence to tumorigenesis. Hepatol Res 2008; 38:
325-334.

[2] Nakanuma, SatoY, Harada K, Sasaki M, Xu J,
Ikeda H. Pathological classification of intrahe-
patic cholangiocarcinoma based on a new con-
cept. World J Hepatol 2010; 2: 419-427.

[3] Park J, Kim MH, Kim KP, Park do H, Moon SH,
Song TJ, Eum J, Lee SS, Seo DW, Lee SK.
Natural History and Prognostic Factors of
Advanced Cholangiocarcinoma without Sur-
gery, Chemotherapy, or Radiotherapy: A Large-
Scale Observational Study. Gut Liver 2009; 3:
298-305.

[4] Luo X, Yuan L, Wang Y, Ge R, Sun Y, Wei G.
Survival outcomes and prognostic factors of
surgical therapy for all potentially resectable
intrahepatic cholangiocarcinoma: a large sin-
gle-center cohort study. J Gastrointest Surg
2014; 18: 562-572.

[5] Valastyan S, Weinberg RA. Tumor metastasis:
molecular insights and evolving paradigms.
Cell 2011; 147: 275-292.

[6] Mertz KD, Pathria G, Wagner C, Saarikangas J,
Sboner A, Romanov J, Gschaider M, Lenz F,
Neumann F, Schreiner W, Nemethova M,
Glassmann A, Lappalainen P, Stingl G, Small
JV, Fink D, Chin L, Wagner SN. MTSS1 is a me-
tastasis driver in a subset of human melano-
mas. Nat Commun 2014; 5: 3465.

[7] Hartsough MT, Steeg PS. Nm23-H1: genetic
alterations and expression patterns in tumor
metastasis. Am J Hum Genet 1998; 63: 6-10.

[8]  Freije JM, MacDonald NJ, Steeg PS. Nm23 and
tumour metastasis: basic and translational ad-
vances. Bioch Soc Symp 1998; 63: 261-271.

[9] Su B, Gao L, Baranowski C, Gillard B, Wang J,
Ransom R, Ko HK, Gelman IH. A genome-wide
RNAI screen identifies FOXO4 as a metastasis-
suppressor through counteracting PI3K/AKT
signal pathway in prostate cancer. PLoS One
2014; 9: e101411.

[10] Guo XZ, Friess H, Di Mola FF, Heinicke JM,
Abou-Shady M, Graber HU, Baer HU,
Zimmermann A, Korc M, Blichler MW. KAI1, a
new metastasis suppressor gene, is reduced
in  metastatic hepatocellular carcinoma.
Hepatology 1998; 28: 1481-1488.

Am J Transl Res 2015;7(10):1974-1983


mailto:shiwei@huashan.org.cn
mailto:shiwei@huashan.org.cn
mailto:zhanghao2@huashan.org.cn

(11]

[12]

[13]

(14]

[15]

(16]

(17]

(18]

(19]

[20]

(21]

[22]

[23]

MTSS1 as biomarker of prognosis in ICC

Dong JT, Lamb PW, Rinker-Schaeffer CW,
Vukanovic J, Ichikawa T, Isaacs JT, Barrett JC.
KAI1, a metastasis suppressor gene for pros-
tate cancer on human chromosome 11p11.2.
Science 1995; 268: 884-886.

Harms JF, Welch DR, Miele ME. KISS1 metas-
tasis suppression and emergent pathways.
Clin Exp Metastasis 2003; 20: 11-18.

West A, Vojta PJ, Welch DR, Weissman BE.
Chromosome localization and genomic struc-
ture of the KiSS-1 metastasis suppressor gene
(KISS1). Genomics 1998; 54: 145-148.

Lee YG, Macoska JA, Korenchuk S, Pienta KJ.
MIM, a potential metastasis suppressor gene
in bladder cancer. Neoplasia 2002; 4: 291-
294,

Zhang S, Qi Q. MTSS1 suppresses cell migra-
tion and invasion by targeting CTTN in glioblas-
toma. J Neurooncol 2015; 121: 425-431.
Schemionek M, Kharabi Masouleh B, Klaile Y,
Krug U, Hebestreit K, Schubert C, Dugas M,
Buchner T, Wormann B, Hiddemann W, Berdel
WE, Brimmendorf TH, Mduller-Tidow C,
Koschmieder S. Identification of the Adapter
Molecule MTSS1 as a Potential Oncogene-
Specific Tumor Suppressor in Acute Myeloid
Leukemia. PLoS One 2015; 10: e0125783.
Kayser G, Csanadi A, Kakanou S, Prasse A,
Kassem A, Stickeler E, Passlick B, Zur Hausen
A. Downregulation of MTSS1 expression is an
independent prognosticator in squamous cell
carcinoma of the lung. Br J Cancer 2015; 112:
866-873.

Du P, Ye L, Li H, Yang Y, Jiang WG. The tumour
suppressive role of metastasis suppressor-1,
MTSS1, in human kidney cancer, a possible
connection with the SHH pathway. J Exp Ther
Oncol 2012; 10: 91-99.

Zhong J, Shaik S, Wan L, Tron AE, Wang Z, Sun
L, Inuzuka H, Wei W. SCF beta-TRCP targets
MTSS1 for ubiquitination-mediated destruc-
tion to regulate cancer cell proliferation and
migration. Oncotarget 2013; 4: 2339-2353.
Fan H, Chen L, Zhang F, Quan Y, Su X, Qiu X,
Zhao Z, Kong KL, Dong S, Song Y, Chan TH,
Guan XY. MTSS1, a novel target of DNA methyl-
transferase 3B, functions as a tumor suppres-
sor in hepatocellular carcinoma. Oncogene
2012; 31: 2298-2308.

Dawson JC, Bruche S, Spence HJ, Braga VM,
Machesky LM. Mtss1 promotes cell-cell junc-
tion assembly and stability through the small
GTPase Racl. PLoS One 2012; 7: e31141.
Bompard G, Sharp SJ, Freiss G, Machesky LM.
Involvement of Rac in actin cytoskeleton rear-
rangements induced by MIM-B. J Cell Sci
2005; 118: 5393-5403.

Walker RA. Quantification of immunohisto-
chemistry—issues concerning methods, utility
and semiquantitative assessment |. Histo-
pathology 2006; 49: 406-410.

1983

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

Chen Y, Cha Z, Fang W, Qian B, Yu W, Li W, Yu
G, Gao Y. The prognostic potential and onco-
genic effects of PRR11 expression in hilar
cholangiocarcinoma. Oncotarget 2015; 6:
20419-33.

DeOliveira ML, Cunningham SC, Cameron JL,
Kamangar F, Winter JM, Lillemoe KD, Choti
MA, Yeo CJ, Schulick RD. Cholangiocarcinoma:
thirty-one-year experience with 564 patients at
a single institution. Ann Surg 2007; 245: 755-
762.

Wang F, Liu Y, Zhang H. Loss of MTSS1 expres-
sion is an independent prognostic factor for
Hilar cholangiocarcinoma. Pathol Oncol Res
2013; 19: 815-820.

Parr C, Jiang WG. Metastasis suppressor 1
(MTSS1) demonstrates prognostic value and
anti-metastatic properties in breast cancer.
Eur J Cancer 2009; 45: 1673-1683.

DuP, Yel, RugeF, YangY, Jiang WG. Metastasis
suppressor-1, MTSS1, acts as a putative tu-
mour suppressor in human bladder cancer.
Anticancer Res 2011; 31: 3205-3212.

Liu K, Wang G, Ding H, Chen Y, Yu G, Wang J.
Downregulation of metastasis suppressor
1(MTSS1) is associated with nodal metastasis
and poor outcome in Chinese patients with
gastric cancer. BMC Cancer 2010; 10: 428.
Isaksson HS, Sorbe B, Nilsson TK. Whole ge-
nome expression profiling of blood cells in
ovarian cancer patients -prognostic impact of
the CYP1B1, MTSS1, NCALD, and NOP14.
Oncotarget 2014; 5: 4040-4049.

Kedmi M, Ben-Chetrit N, Korner C, Mancini M,
Ben-Moshe NB, Lauriola M, Lavi S, Biagioni F,
Carvalho S, Cohen-Dvashi H, Schmitt F,
Wiemann S, Blandino G, Yarden Y. EGF induces
microRNAs that target suppressors of cell mi-
gration: miR-15b targets MTSS1 in breast can-
cer. Sci Signal 2015; 8: ra29.

Hirata H, Ueno K, Shahryari V, Deng G, Tanaka
Y, Tabatabai ZL, Hinoda Y, Dahiya R. MicroRNA-
182-5p promotes cell invasion and prolifera-
tion by down regulating FOXF2, RECK and
MTSS1 genes in human prostate cancer. PLoS
One 2013; 8: e55502.

Utikal J, Gratchev A, Muller-Molinet |, Oerther
S, Kzhyshkowska J, Arens N, Grobholz R,
Kannookadan S, Goerdt S. The expression of
metastasis suppressor MIM/MTSS1 is regu-
lated by DNA methylation. Int J Cancer 2006;
119: 2287-2293.

Xie F, Ye L, Ta M, Zhang L, Jiang WG. MTSS1: a
multifunctional protein and its role in cancer
invasion and metastasis. Front Biosci 2011; 3:
621-631.

Wang D, Xu MR, Wang T, Li T, Zhu Jw. MTSS1
overexpression correlates with poor prognosis
in colorectal cancer. J Gastrointest Surg 2011;
15: 1205-1212.

Am J Transl Res 2015;7(10):1974-1983



