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Abstract: It has been reported that Retinoic acid receptor responder 3 (RARRES3) could suppress the metastasis
of colorectal cancer (CRC). However, the underlying mechanism by which RARRES3 suppresses metastasis remains
unknown. To investigate the functional involvement of RARRES3 in CRC, we first analyzed the expression of this
protein between human CRC clinical samples and their corresponding normal controls and tested its correlation
with clinicopathology as well as prognosis of CRC. We also examined the endogenous expression of RARRES3 by
western-blot in a panel of CRC cell lines with different metastatic capacity. Cell proliferation, migration and inva-
tion of the CRC cell lines with either knockdown or reexpression of RARRES3 were examined by MTT, transwell and
wound healing assays, respectively. The intrecellular signaling pathways affected by manipulations of RARRES3 in
CRC cells were determined by western blot. Immunoprecipitation (IP) was employed to assess the interactionbe-
tween proteins. To investigate the metastatic ability in vivo, CRC cell lines with manipulations of RARRES3 expres-
sion were inoculated in nude mice through tail vein injection. We confirmed that RARRES3 was significantly down-
regulated in CRC tissues compared with normal controls. RARRES3 expression was not correlated with prognosis
but significantly associated with CRC differentiation and lymphnodes metastases. We also found that RARRES3
was able to significantly suppress the metastasis of CRC cells both in vitro and in vivo through the regulation of
epithelial-mesenchymal transition (EMT) process during which RARRES3 interactedwith MTDH in an opposite way.
Taken together, we for the first time found that RARRES3 was able to suppress the metastasis of CRC both in vitro
and in vivo via suppression of MTDH so as to regulate EMT.
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Introduction

Colorectal cancer (CRC) is the third leading
cause of death from cancer worldwide [1], and
ranks the fifth among cancer related death in
China, with its incidence continually increasing
[2]. Despite of the advances in the treatment
modalities including new surgical techniques,
novel radiotherapy and chemotherapy over the
last decades, the overall survival rate of
patients with CRC has been dismal, with a
5-year survival rate being less than 10% for
stage IV patients whose have CRC cells metas-
tasized to distant organs [3]. Distant metasta-
ses to lung and liver are fairly common in CRC

[4, 5]. A recent research provided clinical and
molecular evidence showing that different
MAPK signalling pathways are implicated in the
mechanisms that allow colon cancer cells to
form liver and lung metastases [6].

Retinoic acid receptor responder 3 (RARRES3),
also named TIG3 [7] or RIG1 [8], has been iden-
tified and characterized as a tumor suppressor
being able to repress lung metastasis in breast
cancer via the regulation of adhesion and dif-
ferentiation [9, 10]. It is a consensus that
RARRESS3 is significantly down-regulated in CRC
tissues compared with normal controls, and
that its expression is significantly associated
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with CRC differentiation but not with prognosis
[11, 12]. Additionally, it has been shown that
RARRES3 is able to regulate keratinocyte dif-
ferentiation and loss of RARRES3 in trans-
formed cells contributes to the malignant phe-
notype [13], probably due to a direct involve-
ment of TP53 [14]. Nevertheless, there has
been little molecular mechanism linking
RARRES3 and metastasis suppression in colo-
rectal cancer.

MTDH has been reported to significantly pro-
mote cancer metastasis by inducing epithelial-
mesenchymal transition [15, 16] in cooperation
with SND1 [17, 18], via regulating the PI3SK-AKT
[19], ERK [20], p38 and NF-kB [21] signal path-
ways. There has been, however, no report
regarding the mechanism underlying MTDH
mediates metastasis in the setting of RARRES3
changes in CRC.

To investigate the possible mechanism by
which RARRES3 suppresses metastasis in
colorectal cancer, in the present study, we ana-
lyzed the clinicopathological as well as prog-
nostic significance of RARRES3 in CRC tissues.
We also determined the malignant behaviors of
CRC cell lines after genetic manipulations of
RARRES3 expression in vitro via both knock-
down and over-expression strategies. We found
that RARRES3 was significantly down-regulated
in human CRC tissues compared to the corre-
sponding normal controls and that the level of
RARRES3 significantly associated CRC differ-
entiation, ableit no prognostic association was
identified. Mechanistically, we found that
RARRES3 was able to significantly suppress
CRC metastasis through modulating the epithe-
lial-mesenchymal transition (EMT) process by
interacting with MTDH in an opposite way. Our
study, for the first time, identified RARRES3
mediates suppression of CRC metastasis
through MTDH and the regulation of EMT.

Materials and methods
CRC clinical tissues

The present study was approved by the Medical
Ethics Committee of Ruijin Hospital, School of
Medicine, Shanghai Jiaotong University and
signed informed consent was obtained before
obtaining clinical tissues. 78 cases of normal
colorectal tissues and 86 cases of colorectal
cancer tissues in formalin-fixed paraffin-
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embedded (FFPE) blocks were retrieved from
the department of pathology from 2006 to
2013 in our hospital. None of the recruited
patients received treatment before surgery,
and the clinical-pathological information for all
the patients was available. Representative
hematoxylin and eosin (H&E)-stained slides
from each patient were retrospectively reviewed
blindly and separately by two pathologists. Both
samples were separately excised by experi-
enced pathologists and were frozen in liquid
nitrogen within 30 min after surgery and stored
at -80°C until analysis.

CRC cell culture and transfection

The human CRC cell lines HT29, DLD-1, HCT-
15, CoL0320, SW480 and SW620 were all pur-
chased from American Type Culture Collection
(Rockville, MD). Cells were cultured in DMEM
supplemented with 10% fetal bovine serum
and penicillin/streptomycin in a 5% CO, humidi-
fied incubator at 37°C. For knockdown experi-
ments, lentiviral short hairpin RNA (shRNA) vec-
tor pGFP-C-shLenti- RARRES3 (TL 320510) and
shRNA scramble control were all purchased
from Origene (Origene Technologies, Inc, USA).
shRNA target sequences were selected using
the on-line tool (http://rnaidesigner.lifetechnol-
ogies.com/rnaiexpress/). Additionally, eukary-
otic over-expression vector harboring full length
cDNA of RARRES3 (NM_004585.2) pCMV-XL5-
RARRES3 (SC 117294) was also purchased
from Origene (Origene Technologies, Inc, USA).

Immunohistochemistry (IHC)

Hematoxylin and eosin-stained slides and
unstained slides for immunohistochemical
analysis were prepared from formalin-fixed,
paraffin-embedded blocks of CRC tissues.
Immunohistochemical stains were performed
using heat-induced epitope retrieval, an avidin-
biotin complex method. The rabbit anti-
RARRES3 antibody (TA 308191, Origene
Technologies, Inc, USA) was diluted with 1:100.
The sections were evaluated by light micro-
scopic examination, and cellular localization of
the protein and immunostaining level in each
section were assessed by two pathologists.
The staining patterns were scored as follows:
negative, weak (less than 30% of cells with pos-
itive staining), moderate (less than 60% but
more than 30% of cells with positive staining)
and strong positive (more than 60% of cells
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with positive staining) according to the immu-
nostaining intensity.

Western blotting

Seventy-two hours after transfection, HT-29
and SW-620 cells were harvested in RIPA lysis
buffer (Bioteke, Beijing, China) and 50 ug of cel-
lular protein were subjected to 8% SDS-PAGE
separation. Proteins were transferred to PVDF
microporous membrane (Millipore, Boston, MA,
USA) and blots were probed with rabbit
polyclonal antibodies against RARRES3 (TA
308191, Origene Technologies, Inc, USA), MT-
DH (#14065), Fibronectin (#9699), Snail
(#4719), E-cadherin (#3195), vimentin (#3932),
-catenin (#9582) (Cell Signaling Technology,
USA). B-tubulin (sc-9104) and GAPDH (sc-
25778, Santa Cruz Biotechnology, CA, USA).
B-tubulin was chosen as an internal control and
the blots were visualized with Western Breeze
Kit (WB7105, Invitrogen Life Technologies, CA,
USA).

Co-immunoprecipitation

Cells transfected with a control vector or pCMV-
XL5-RARRES3 were used in this study. The
samples were pre-absorbed with 25 ul of pro-
tein A/G-Sepharose (50%) for 10 min and
immunoprecipitation was performed using 4
pug/ml anti-FLAG at 4°C for 1 hr and then incu-
bated with 30 pl of A/G-Sepharose for an addi-
tional hour or overnight. After three washes, the
pellets were resuspended in 40 ul of SDS
sample buffer and boiled for 5 min. The en-
tire supernatant was subjected to Western
blotting.

Cell proliferation assay

Methylthiazolyl blue tetrazolium (MTT; Sigma-
Aldrich, St Louis, MO) spectrophotometric dye
assay was used to observe and compare cell
proliferation ability. HT-29 and SW-620 cells
were plated in 96-well plates at a density of 5 x
10° cells per well. After transfection experi-
ments, cell proliferation was assessed. Cells
were incubated for 4 h in 20 yL MTT at 37°C.
The color was developed by incubating the cells
in 150 uL dimethyl sulfoxide (DMSO), the absor-
bance was detected at 490 nm wave length.
The data were obtained from three indepen-
dent experiments.
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Cell migration and invasion assays in vitro

Cell migration ability was calculated by the
wound healing assay. HT-29 cells were plated in
6-well plate at a concentration of 4 x 10° cells/
well and allowed to form a confluent monolayer
for 24 h. After the transfection experiment, the
monolayer was scratched with a sterile pipette
tip (10 pL), washed with serum free medium to
remove floated and detached cells and photo-
graphed (time O h and 48 h) by inversion fluo-
rescence microscope (Olympus, Japan). Cell
culture inserts (24-well, pore size 8 ym; BD
Biosciences) were seeded with 5 x 103 cells in
100 pL of medium with 0.1% FBS. Inserts pre-
coated with Matrigel (40 uL, 1 mg/mL; BD
Biosciences) were used for invasion assays.
Medium with 10% FBS (400 pL) was added to
the lower chamber and served as a chemotac-
tic agent. Noninvasive cells were wiped from
the upper side of the membrane and cells on
the lower side were fixed in cold methanol
(-20°C) and air dried. Cell were stained with
0.1% crystal violet (dissolved in methanol) and
counted using the inverted microscope. Each
individual experiment had triplicate inserts,
and 4 microscopic fields were counted per
insert.

Metastasis assay in nude mice

Briefly, 1 x 10° cells (four groups including
HT-29-shRNA-scramble, HT-29-shRNA-RARRE-
S3, SW-620-pCMV-XL5-vector, and SW-620-
pCMV-XL5-RARRES3) were injected intrave-
nously through the tail vein into 4-5-week-old
severe combined immunodeficient nude mice
(BALB/c) (five mice per group). After 12 weeks,
the number of tumour nodules formed on the
liver surfaces was counted. Livers were excised
and embedded in paraffin for further study.

Statistics

Data were expressed as mean *+ SD and were
analyzed by Student’s t test, one-way ANOVA
and x? test as appropriate using SPSS for
Windows version 16.0 (SPSS, Chicago, USA).
Kaplan-Meier survival curves were plotted and
log rank test was done. The significance of vari-
ous variables for survival was analyzed by Cox
proportional hazards model in a multivariate
analysis. P<0.05 in all cases was considered
statistically significant.
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Figure 1. RARRES3 was significantly down-regulated in CRC tissues. Shown were immunohistochemical analysis of
the expression of RARRES3 in CRC tissues. A. Strong expression of RARRES3. B. Moderate expression of RARRES3.
C. Weak expression of RARRES3. D. Negative expression of RARRES3 in CRC tissues. E and F. Were immunohisto-
chemical analysis of the expression of RARRES3 in paired normal tissues (x 200).

Results

The expression of RARRES3 was significantly
down-regulated in CRC tissues and positively
associated with differentiation

To understand the clinicopathological signifi-
cance of RARRES3, we analyzed the expres-
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sion of RARRES3 in a total of 86 CRC tissues
and 78 distal normal tissues by immunohisto-
chemistry (IHC). The expression of RARRES3
was heterogeneous in CRC tissues, ranging
from weak to moderate to strong positive stain-
ing. Compared with CRC tissues, all paired nor-
mal control tissues had strong positive staining
of RARRES3. RARRES3 was found to localize in
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Table 1. Correlation between RARRES3 expression and clinicopathologic information of CRC

RARRES3 expression
Parameters - X2 P value
Low (+,-) High (++, +++)
Adjacent normal tissues 78 11 67 47.748 -

CRC 86 a7 39

Gender Male 64 37 27 1.009 0.315
Female 22 10 12

Age (years) >60 57 30 27 0.278 0.598
<60 29 17 12

Clinical stage | 6 3 3 4.169 0.124
Il 43 21 22
1] 32 23 9

T classification T1-T2 17 9 8 0.087 0.558
T3-T4 65 37 28

N classification NO 50 22 28 5.775 0.016
N1-N3 34 24 10

Differentiation degree Good 47 24 23 10.670 0.005
Moderate 11 6 5
Poor 18 17 1

Tumor volume (cm?) <10 23 17 6 0.760 0.684
10-20 27 17 10
>20 34 24 10

Gross classification Mucinous type 46 29 17 0.743 0.690
Signet-ring type 6 3 3
Glandular type 24 13 11
Undifferentiated type 3 1 2

" RARRESS - (13 cases)
- RARRES3 + (34 cases)
RARRES3 ++ (30 cases)
T RARRES3 +++ (T cases)
+-0-censored
—1-censored
2-censored
~+-3-censored

1.07

0.8

5
2 067
@ p=0.924
E L
3 0.4
0.2
0.0

0 20 40 60 80
Time (months)

Figure 2. RARRES3 expression wasn’t significantly
associated with prognosis in CRC. Immunostaining of
RARRES3 and overall survival in CRC was calculated
by the Kaplan-Meier survival curves. There wasn’t
significant difference between RARRES3 expression
and prognosis (P>0.05, using log rank test) after sta-
tistical analysis.
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the supranuclear regions of tumor and normal
mucosal cells (Figure 1). Some random granu-
lar patterns of RARRES3 staining were observed
in tumors cells. Representative results of
RARRES3 expression were shown in Figure 1.
Clinicopathological analyses of RARRES3
expression were seen in Table 1. There was sig-
nificant difference between RARRES3 expres-
sion and tumor differentiation (P=0.005),
lymph node metastases (P=0.016) as well as
CRC and normal tissues among all the clinico-
pathological parameters available. No signifi-
cant association was found between RARRES3
expression and other parameters.

To confirm whether there was association
between RARRES3 expression and prognosis,
Kaplan-Meier survival curve for different
expression status of RARRES3 was performed.
Based on 86 cases of patients with CRC, no
significant difference in survival was found
between patients with weak, moderate or
strong RARRES3 staining in tumors (P=0.924)
(Figure 2). Similarly, multivariate analysis
showed there was no significant survival differ-
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Figure 3. RARRES3 could suppress EMT process while involving the up-regulation of B-catenin. A. Knock-down
efficiency of candidate shRNA target sequences was determed by western-blotting. Both the 3 different shRNA
vectors as well as shRNA control (scramble) vetor were transfected in CRC cell line HT-29. shRNA-RARRES3-2 was
chosen as the best which was abbreviated for shRNA-RARRES3 in the following funcational exmperiment. B. The
endogenous expression of RARRES3 in a panel of CRC cell lines was detected using immunoblotting. B-Tubulin was
loading control. 80pg total protein was loaded per lane, which was separated by 10% SDS-PAGE followed by visual-
ization with Western Breeze kit (Invitrogen, USA). C. Immunoblotting assay for HT-29 and SW-620 after knock-down
and over-expression of RARRES3 respectively using retroviral shRNA and over-expression vector transfection for 96

hours.

ence between patients with negative and weak
(P=0.929, data not shown) or between patients
with negative and strong RARRES3 staining in
tumors (P=0.458, data not shown).

RARRESS3 could suppress EMT process

To investigate the role of RARRES3 in CRC, we
used shRNA as well as over-expression vectors
to manipulate RARRES3 expression in culture.
We selected 3 candidate interference target
sequences (Supplementary Table 1) and there-
fore constructed 3 shRNA vectors. The knock-
down efficiency of the 3 shRNA vectors was
determined by western-blot (Figure 3A). It can
be seen that among the 3 candidate target
sequences, the knock-down efficiency of shR-
NA-RARRES3 was most significant of all and
thus was chosen in the following functional
analysis.

To determine the basal expression of RARRES3
in CRC cell lines, western-blot was performed
on a panel of CRC cell lines including both epi-
thelial and mesenchymal phenotypes. We
found that RARRES3 expression was positively
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associated with E-cadherin expression but neg-
atively correlated with Snail and vimentin, typi-
cal markers of mesenchymal. Meanwhile, we
also found that expression of B-Catenin was
also reduced in parallel to RARRES3 (Figure
3B). As a further confirmation, we employed the
gain- and loss-of-function strategies. We
knocked-down RARRES3 in HT-29 cells which
had a highest basal level of RARRES3 and over-
expressed RARRES3 in SW-62 cells that were
negative for RARRES3 (Figure 3C). Thus, based
on the results from CRC cell lines, we conclud-
ed that RARRES3 was able to inhibit the EMT
process in CRC.

RARRESS3 could suppress both invasion and
migration but not proliferation in CRC cell lines
in vitro

To understand the role of RARRES3 in the
metastasis of CRC, we over-expressed and
knocked-down RARRES3 in CRC cell lines
HT-29 and SW-620, respectively, using trans-
fection. We found that loss of RARRES3 protein
failed to inhibit proliferation (Figure 4A) but sig-
nificantly promoted invasive (Figure 4B) and
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Figure 4. RARRES3 could suppress both the invasion and migration ability but not proliferation in CRC cell lines. A.
MTT assay for HT-29 and SW-620 after knock-down of RARRES3 using over-expression vector and retroviral shRNA
vector transfection for O h, 24 h, 48 h, 72 h and 96 h; B. Transwell assays for HT-29 and SW-620 after knock-down
and over-expression of RARRES3 using retroviral ShRNA vector and over-expression vector transfection for 48 hours.
The left is qualification assay; the right is quantitation assay of Transwell; C. Wound-healing assay for HT-29 and SW-
620 after knock-down and over-expression of RARRES3 using retroviral shRNA vector and over-expression vector
transfection for 96 hours. (**P<0.01, *P<0.05 compared with control group using independent Student’s t test or
one-way ANOVA analysis). Images of migratory/Invasion cells from the scratched boundary/transwell chamber were
observed and acquired with light microscope (10 x 10). Similar results were obtained in three independent experi-
ments, and shown were representative figures.

migratory (Figure 4C) abilities of HT-29 cell line.
On the contrary, over-expression of RARRES3
in SW-620 CRC cell line, which expressed little
endogenous RARRES3, significantly compro-
mised both the invasion (Figure 4B) and migra-
tion (Figure 4C), despite leaving the prolifera-
tion unaffected (Figure 4A).

RARRESS3 interacted with MTDH in an opposite
way

Based on the finding that knock-down of
RARRES3 up-regulated B-catenin expression
so as to regulate EMT process and given that
MTDH, another pivotal metastasis-associated
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factor known to regulate EMT process through
B-catenin pathway, we tried to detect whether
or not there was any change of MTDH after
manipulations of RARRES3. We found that
MTDH expression was increased in response to
RARRES3 suppression (Figure 5A). To confirm
the change of B-catenin expression, we detect-
ed the distribution of B-catenin in cytoplasm
and nucleus fractions. We found that 3-catenin
expression was increased in nuclear compart-
ment and decreased in cytoplasm compart-
ment after knock-down of RARRES3, suggest-
ing that B-catenin might translocate from
cytoplasm to nuclear after ectopic expression
of RARRES3 (Figure 5B). To investigate wheth-
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Figure 5. RARRES3 interacted with MTDH in an opposite way. A. Expression variation of MTDH, B-catenin, Fibronec-
tin, E-cadherin after ectopic expression of RARRES3 in HT-29 and SW-620 where basal expression of RARRES3 was
highest and lowest respectively; B. Expression of B-catenin both in cytoplasmic and nuclear compartment was de-
tected using western-blotting; GAPDH and Histone H4 were as loading control. 100 pg total protein was loaded per
lane, which was separated by 10% SDS-PAGE followed by visualization with Western Breeze kit (Invitrogen, USA). C.
Immunoprecipitation analysis of RARRES3 and MTDH. 293T cells transfected with the eukaryotic expression vector
of RARRES3 that contains Flag tag on N-terminus were harvested for immunoprecipitation (IP) using anti-FLAG M2-
agarose beads. FLAG precipitates were subjected for immunoblot using anti-RARRES3, anti-MTDH, or anti-GAPDH

antibody.

er or not there was any physical interaction
between RARRES3 and MTDH, we performed
IP experiment. The result showed that RARRES3
and MTDH physically interacted with each other
in an opposite way (Figure 5C).

RARRES3 could suppress metastasis in vivo

To further investigate the suppressive effect of
RARRES3 on tumor metastasis, we conducted
an experimental metastasis in nude mice by
injecting CRC cells with manipulations of
RAARES3 by shRNA or overexpression vectors
through tail vein, with five mice per group. shR-
NA-scramble and pCMV-XL5-blank vectors
were used as controls. Mice were euthanized
and the metastatic nodules were counted on
the surface of liver after 12 weeks. The number
of visible nodules formed in the liver induced by
HT-29-shRNA-RARRES3 were significantly inc-
reased when compared to those from the mice
injected with HT-29-shRNA-scramble (Figure
6A); meanwhile, the number of visible nodules
formed in the liver induced by SW-620-pCMV-
XL5-RARRES3 were significantly less than
those induced by SW-620-pCMV-XL5-vector
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(Figure 6B). These results suggested that
RARRES3 could effectively suppress tumor
metastasis in vivo.

Discussion

Despite RARRES3 has been firstly reported and
found to be significantly associated with tumor
differentiation but not prognosis in CRC by the
same group [11, 12], little evidence was avail-
able in regard to the role of RARRES3 in the
suppressinon of CRC metastasis. given the role
of RARRES3 as a metastasis suppressor identi-
fied in breast cancer [9, 10]. In the present
study, we confirmed that RARRES3 was signifi-
cantly reduced in CRC tissues in comparison
with normal tissue controls using IHC, and that
there was significant difference between
RARRES3 expression and CRC differentiation.
In addition, we showed that RARRES3 was able
to suppress the EMT process via interaction
with MTDH in an opposite way. To our knowl-
edge, this is the first report that identified
RARRES3 and MTDH were interacted in an
opposite way in the suppression of CRC
metastasis.
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Figure 6. RARRES3 could suppress colorectal cancer (CRC) metastasis in vivo. RARRES3 could suppress colorectal
cancer (CRC) metastasis in vivo. Representative livers derived from severe combined immunodeficient (BALB/c)
mice in HT-29 (A) and SW-620 (B) were shown. The formation of metastatic nodules at the liver surface could be
significantly promoted by HT-29-shRNA-RARRES3 and significantly suppressed by SW-620-pCMV-RARRES3.

The present study revealed a new aspect of the
molecular mechanism by which RARRES3 sup-
pressed metastasis involving the interaction
between RARRES3 and MTDH in an opposite
way so as to convert the CRC cells from the
mesenchymal to the epithelial state. As a mat-
ter of fact, there were limited studies available
regarding the mechanism of RARRES3 in malig-
nant tumors, if any, those were mainly focused
on breast cancer [9, 10, 22, 23] and keratino-
cyte of the epidermis [13, 24] as well as other
epithelial cancers [25] including cervical can-
cer [26], head and neck squamous cell carci-
noma [27] and ovarian cancer [28]. Based on
the reports mentioned above, the roles of
RARRES3 include the regulation of cell differen-
tiation and inhibition of malignant transforma-
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tion [13, 27]. Some studies found that the
N-termial hydrophilic region of RARRES3 is
required for RARRES3 to exert its tumor sup-
pressive function [24, 26, 29, 30]. Others
reported that expression of RARRES3 reduced
proliferation, promoted cellular apoptosis
through redistribution of microfilament [25],
and Golgi apparatus [31]. As for the variation of
signal pathway, Huang et al observed that
RARRES3 negatively regulated extracellular
signal-regulated kinase (EKR), c-Jun N-terminal
kinase (JNK) and p38 mitogen-activated kinase
both in cervical and gastric cancer cell lines
[32], which was partly consistent with and sup-
ported by Tsai et al [31] that RARRES3 sup-
pressed Ras activation. On the other hand, Ou
et al reported that down-regulation of HER2 by
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RARRES3 was mediated by the PIBK/AKT path-
way in ovarian cancer cells [28]. Wu et al dis-
covered that RARRES3-prostaglandin D2
(PGD2) signaling pathway might play an impor-
tant role in cancer suppression in testis [33]. In
hepatocellular carcinoma cells, RARRES3 was
found to be directly regulated by p53 [14]. In
our present study, we found that expression of
RARRES3 negatively regulated K-Ras expres-
sion in CRC cell lines, which was consistent
with published study [31]. In addition, RARRES3
can also increase the expression of E-cadherin
and B-catenin, the former of which was a typi-
cal epithelial biomarker, whereas decreased
the expression of vimentin, N-cadherin and
Snail, typical mesenchymal biomarkers. The
results obtained demonstrated that RARRES3
could suppress the EMT process involving the
up-regulation of B-catenin signaling pathway.
Because that MTDH could promote metastasis
through induction of EMT [16, 34] and nuclear
translocation of B-catenin [15, 16], and that
RARRES3 can suppress the MTDH expression,
there is a remarkable meaning that RARRES3
suppresses the EMT process through modulat-
ing nuclear translocation of B-catenin.

With respect to the subcellular localization of
RARRESS3, there has been inconsistent reports
depending on the different cancer cell lines
examed or different methodologies employed.
Tsai et al reported that using confocal micros-
copy RARRES3 was found to localize in the
endoplasmic reticulum (ER) and Golgi appara-
tus in HtTA cervical cancer cells [31], whereas
Scharadin et al [25] observed in epidermal
squamous cell carcinoma SCC-13 cells that
RARRES3 localized near the centrosome with-
out mentioning what approach was taken. Shyu
RY and colleagues found that RARRES3 was
localized at the supranuclear region in CRC tis-
sues using IHC on the premise that the anti-
body against RARRES3 was higher specific
[12], which supports our findings at the tissue
level.

Taken together, our results demonstrated that
RARRES3 was significantly reduced in CRC tis-
sues compared to normal controls, and that
RARRES3 was significantly associated with cell
differentiation. Mechanistically, we found, for
the first time, that RARRES3 interacted with
MTDH in an opposite way to suppress metasta-
sis of CRC through the regulation of EMT
process.
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Supplementary Table 1. shRNA sequences of
RARRES3

shRNA target Sequences from 5’ to 3’
shRNA-RARRES3-1 TCCTGAGCAACAGTGCAGAGGTGAA
shRNA-RARRES3-2 AGGAGATGGTTGGTCAGAAGATGAA
SshRNA-RARRES3-3 GGGTCAACAACAGCTTGGACCATGA
shRNA-Scarmble ATCGACAAGACTGCTAACCACTCGA




