
Abstract. Background/Aim: Colorectal cancer (CRC) is the
leading cause of cancer mortality worldwide. Its poor
prognosis can be ascribed primarily to high recurrence
rates. Accordingly, the aim of this study was to identify novel
prognostic biomarkers and therapeutic targets for
management of CRC. Materials and Methods: To develop
prognostic biomarkers, we performed RNA-seq analysis and
real-time RT-PCR in primary cancer tissues with or without
systemic recurrence. To characterize the molecular functions
of the encoded proteins, CRC cells underexpressing or
overexpressing the candidate genes were established and
appropriate cell-based assays were applied. Results: ITGB1
and RHOC mRNA levels were up-regulated in the recurrence
group of CRC patients. Overexpression of ITGB1 or RHOC
stimulated CRC cell proliferation, invasion and migration,
whereas the opposite effects were observed in cells
underexpressing either protein. Five-year recurrence-free
survival rates were significantly higher in the ITGB1- and
RHOC-underexpression groups than those in the
overexpression. Conclusion: ITGB1 and RHOC are potential
predictors of recurrence and therapeutic targets for CRC,
possibly predicting a high-risk group of stage II patients.
Colorectal cancer (CRC) is a leading cause of morbidity and
mortality worldwide (1, 2). Currently, the accurate

identification of CRC patients at high risk of recurrence
remains a major clinical challenge. A variety of clinical and
biological factors have been proposed as predictive
prognostic markers for CRC (3), but the precise molecular
mechanisms underlying the development and progression of
this disease remain to be elucidated. The identification of
novel molecular markers for the prediction of recurrence risk
for CRC could help improve strategies for individualized
patient management. However, very few surrogate predictive
markers, based on distinct molecular phenotypes, related to
CRC recurrence are known. Additionally, although
remarkable progress has been made in determining the
prognosis of patients with CRC, it remains unclear how to
identify the subset of stage II and III patients (classified by
the American Joint Committee on Cancer, 8th ver., 2017)
who are at high risk of experiencing tumor recurrence,
resulting in mortality (4-6). 

In this study, we sought to prospectively evaluate the
prognostic and predictive value of tissue RNA in patients
with CRC. To this end, RNA-seq on tumor tissue samples,
followed by a reverse-transcription polymerase chain reaction
(RT-PCR) assay was performed. Using gain- and loss-of-
function approaches, the effects of differentially expressed
proteins on cell proliferation, invasion, and migration, as well
as the epithelial–mesenchymal transition (EMT), were
investigated in vitro. Finally, we attempted to identify
biomarkers that constitute a prognostic signature for patients
with stage II and III disease in terms of systemic recurrence.

Materials and Methods 
Patient enrolment and sample acquisition. A previous study by our
group identified 117 recurrence-associated genes based on the cutoff
of log2 transcript count per million (TPM) of mean values in an
initial population of 130 patients (no recurrence=72; recurrence=58)
(7). In this study, mRNA expression was analyzed in an additional
CRC 75 cases (Table I) using real time RT-PCR in tumor tissues.
All samples were collected at Asan Medical Center (AMC, Seoul,
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Republic of Korea) and stored in liquid nitrogen prior to use.
Written consent was obtained from all patients, and the study
protocol was approved by the Institutional Review Board of Asan
Medical Center (registration number: 2018-0087). 

Transcriptome profiling and selection of two genes for predicting
CRC recurrence. RNA extraction, RNA-seq experiments, and data
processing were carried out as previously described (7). Recurrence-
associated genes were identified based on a correlation test between
CRC recurrence and gene expression levels using data from the
AMC cohort (point-biserial correlation test, p<0.001, |r|>0.30). To
explore the biological pathways that are active during CRC
recurrence, gene set enrichment analysis was performed on the
recurrence-associated genes, and genes in significantly activated or
inhibited pathways were aggregated. Ultimately, two genes (ITGB1
and RHOC) were chosen based on their prognostic relevance for
CRC recurrence and expression levels. The RNA-seq dataset is
available in the NCBI Gene Expression Omnibus repository under
accession numbers GSE50760 and GSE107422.

Real-time RT-PCR. Total RNA was extracted from patient samples
and cell lines using the TRIzol Reagent (Invitrogen, Carlsbad, CA,
USA). cDNA for real-time RT-PCR was synthesized from total RNA
using random primers and SuperScript II RT (Thermo Fisher
Scientific, Waltham, MA, USA). Real-time RT-PCR was performed
on a Roche LightCycler 96 (Roche, Mannheim, Germany) with
SYBR Green I Master Mix (Roche). Primers used to amplify target
genes are listed in Table II. PCR conditions were as follows: pre-

incubation at 95˚C for 10 min; 45 cycles of amplification (95˚C for
10 sec, 60˚C for 10 sec, and 72˚C for 10 sec); melting (95˚C, 65˚C,
and 97˚C for 10 sec each); and cooling at 37˚C for 30 sec. The gene
encoding glyceraldehyde 3-phosphate dehydrogenase (GAPDH) was
used as an internal control.

Cell culture and gene transfection. Ten CRC cell lines (DLD1,
HCT15, HCT116, HT29, LS174T, LoVo, RKO, SW480, SW620,
and WiDr) were obtained from ATCC (Manassas, VA, USA). All
cell lines were confirmed to be free of mycoplasma and
authenticated using purified DNAs on a 3130x1 Genetic analyzer
with the GeneMapper software ver. 5 (Cosmogenetech, Seoul,
Republic of Korea). Cells were cultured in RPMI-1640
supplemented with 10% (v/v) fetal bovine serum and 1% (w/v)
penicillin and streptomycin. cDNAs of two genes [integrin subunit
beta 1 (ITGB1) and Ras homolog family member C (RHOC)] were
purchased from OriGene (Rockville, MD, USA). Typical tags
include the amino acid sequence “DYKDDDDK” (DDK-tag). Cells
transfected with pCMV6-entry vector were used as negative
controls. Transient transfection was performed in cancer cells using
Lipofectamine 2000 (Invitrogen), and stably expressing cells were
selected with G418 for 10 days; at least two clones were selected
for each cell line. For knockdown, siRNAs against ITGB1 (8) and
RHOC (9) (BIONEER, Daejeon, Korea) were transfected into cells
using the RNAiMax transfection reagent (Invitrogen). siRNA
sequences are provided in Table III. Negative control siRNA was
also acquired from BIONEER. Expression of the two proteins was
confirmed by western blotting.
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Table I. Validation cohort for real time RT-PCR.

Parametersa                                                                       Systemic recurrence −                           Systemic recurrence +                                p-Valueb
                                                                                                       (n=42)                                                     (n=33)

Gender, male/female                                                                     29/13                                                        27/6                                                 0.21
Age, years                                                                                      61±7                                                        58±9                                                 0.36
Pathological stagec, I/II/III/IV                                                   3/24/15/0                                                 0/10/23/0                                             0.01
Primary tumor                                                                                                                                                                                                            
  Locationd, right/left/rectum                                                      11/21/10                                                    7/8/18                                                0.02
  Growth, expanding/infiltrative                                                     34/8                                                         26/7                                                 0.82
  Differentiation, W/M/P/mucinous                                            2/35/3/2                                                   0/26/3/2                                              0.43
  Lymphovascular invasion, no/yes                                                36/6                                                        18/15                                                0.003
  Perineural invasion, no/yes                                                          36/6                                                        18/15                                                0.003

W/M/P: Well, moderately, or poorly differentiated. aContinuous values are means±standard deviation; values in parentheses are percentages; bAll
parameters were compared using Pearson’s χ2 and unpaired t-tests; cPathological cancer staging according to the American Joint Committee on
Cancer (Eighth ed., 2017); dRight, cecum–transverse colon; left, descending colon–sigmoid colon.

Table II. Primers for real-time RT-PCR and siRNA sequences for the two selected candidate genes.

Genes                                                                                                  Sequence                                                                                RefSeq

ITGB1                                                                 Forward: GGATTCTCCAGAAGGTGGTTTCG                                            NM_033667
                                                                              Reverse: TGCCACCAAGTTTCCCATCTCC
RHOC                                                                 Forward: AAGACGAGCACACCAGGAGAGA                                         NM_001042679
                                                                             Reverse: TTGGCTGAGCACTCAAGGTAGC



Western blotting. Protein concentration in extracts from cultured
cells were quantified using Bradford solution (Bio-Rad, Hercules,
CA, USA). Proteins were resolved by SDS-PAGE, and then
transferred to polyvinylidene difluoride membrane (Millipore,
Billerica, MA, USA). The membranes were incubated consecutively
with primary and secondary antibodies. Specific complexes were
detected using the SuperSignal West Pico kit (Thermo Fisher
Scientific, Rockford, IL, USA). The following antibodies were used:
anti-ITGB1, anti-RHOC, anti-E-Cadherin, anti-N-Cadherin, and
anti-Vimentin from Abcam (Cambridge, UK), and anti-β-Actin,
anti-mouse IgG, and anti-rabbit IgG from Bethyl Laboratories
(Montgomery, TX, USA).

Cell proliferation, migration, and invasion assays. To assess
proliferation, CRC cells were seeded onto 96-well plates. Fold
changes in the number of cells were measured every day for 5 days
using the CCK-8 cell proliferation assay kit (CCK-8; Dojindo,
Kumamoto, Japan); absorbance at 450 nm was monitored on a
microtiter plate reader (Tecan, Melbourne, Australia). For invasion
and migration assays, CRC cells (2×105 cells/well) were seeded in
the upper chambers of 24-well culture plates on Biocoat™ Matrigel
invasion chambers and Transwell chambers (BD Biosciences, San
Jose, CA, USA), respectively. 3T3-fibroblast–conditioned medium
was placed in the lower chamber as a chemoattractant. After
incubation at 37˚C for 24 h, cells on the lower surface of the
membrane were stained with 0.1% crystal violet and counted in
three different fields under a light microscope (×100). All assays
were performed in triplicate. 

Gelatin zymography. Matrix metalloprotease (MMP)-2 and MMP-9
activities in culture media were assessed by gelatin zymography.
Conditioned media were concentrated using Amicon Ultra-4
Centrifugal Filter (Millipore, Billerica, MA, USA) and mixed with
sample buffer and subjected to SDS-PAGE on a 10% gel containing
0.1% gelatin (Invitrogen), which was incorporated as a substrate for
gelatinolytic proteases under non-reducing conditions. Gels were
incubated at 37˚C for 16 h in fresh developing buffer, and then stained
with 0.5% Coomassie brilliant blue R-250 (Bio-Rad). Areas of enzyme
activity appeared as white bands against a dark blue background.
White bands were quantified using a densitometer (Bio-Rad).

Statistical analysis. Demographic and biological features of patients
with and without systemic recurrence were compared using Fisher’s
exact test or unpaired Student’s t-test. Differential mRNA
expression and cellular activity were compared between two groups
using the Mann–Whitney U-test. In the control cohorts, it was not
possible to perform adequate survival analysis due to heterogeneity
of tumor stages and treatment modalities; instead, the public

database of the French Ligue Nationale Contre le Cancer (CIT
cohort, GSE39582, n=566) was used for this purpose (Table IV). To
calculate the best cutoff for expression of each gene, a receiver
operating characteristics analysis was performed in which the
optimal cutoff value was determined as the expression level with
highest sensitivity and specificity. Recurrence-free survival (RFS)
was compared using the Kaplan–Meier method with the log–rank
test. Statistical significance was assigned when p<0.05. All
calculations were performed using the SPSS software (ver. 21; SPSS
Inc., Chicago, IL, USA).

Results

Identification of genes associated with recurrence. In a
previous study, we found that ITGB1 and RHOC were
overexpressed in primary cancer tissues with recurrence by
RNA-seq analysis [manuscript in press]. In this study, higher
mRNA levels of ITGB1 (p=0.006) and RHOC (p=0.026)
were confirmed in another cohort of 75 CRC patients with
(n=42) or without (n=33) recurrence (Figure 1). 

Overexpression of ITGB1 and RHOC promotes proliferation,
migration, and invasion of CRC cells. To investigate the
biological implications of altered expression of the two
proteins in CRC cells, western blotting was performed to
assess the expression levels of ITGB1 and RHOC in a panel
of colon cancer cell lines (Figure 2). For overexpression
studies, HCT15 and SW620 cell lines were selected for
ITGB1, and HCT15 and LoVo cell lines for RHOC. For
knockdown studies, HCT116 and RKO cell lines were
selected for ITGB1, and HCT116 and RKO cell lines were
selected for RHOC. The proliferative activities of the two
molecules were measured in CRC cells overexpressing
ITGB1 (Figure 3a) or RHOC (Figure 4a); two clones were
assessed for each candidate. In ITGB1-overexpressing
HCT15 and SW620 cells, proliferation increased
significantly from day 3 to day 5 relative to control cells
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Table III. siRNA sequences for the two selected candidate genes.

Genes                                            siRNA sequence 5’-3’

ITGB1                            Sense: CUGUUCUUUGGAUACUAGU
                                    Antisense: ACUAGUAUCCAAAGAACAG
RHOC                             Sense: GUGCCUUUGGCUACCUUGA
                                    Antisense: UCAAGGUAGCCAAAGGCAC

Table IV. Baseline characteristics of patients with CRC in the CIT
cohort.

Parameters                                           No. of patients (%) (n=566)

Gender, male/female                                  310/256 (54.8/45.2)
Median age, range, y                                          68, 22-97
Location, colon/rectum                                   566/0 (100/0)
AJCC stage, I/II/III/IV                  37/264/205/60 (6.5/46.7/36.2/10.6)
Adjuvant chemotherapy,                       233/316/17 (41.2/55.8/3)
yes/no/not available

No. of events                                                           177
Median disease-free                                                 48
survival, months

CIT: Cartes d'Identité des Tumeurs; AJCC: American Joint Committee
on Cancer.



(Figure 3b). Similarly, RHOC-overexpressing HCT15 cells
and LoVo cells proliferated more rapidly from day 4 to day
5 (Figure 4b). In invasion and migration assays, ITGB1-
overexpressing HCT15 and SW620 cells exhibited
significantly elevated migration (Figure 3c) and invasion
(Figure 3d) relative to control cells, as did RHOC-
overexpressing HCT15 and LoVo cells (migration, Figure 4c;
invasion, Figure 4d) (p<0.05). 

Down-regulation of ITGB1 or RHOC inhibits proliferation,
migration, and invasion of CRC cells. To confirm the roles
of ITGB1 and RHOC in cell proliferation, motility, and
invasion, ITGB1 (Figure 5a) or RHOC (Figure 6a) were
knocked down in CRC cells. Cell proliferation was
significantly suppressed in ITGB1 (Figure 5b) and RHOC
(Figure 6b) knockdown cells relative to control cells.
Invasion and migration assays revealed that knockdown of
either protein inhibited migration (Figure 5c and 6c) and
invasion (Figure 5d and 6d). Collectively, these results
indicate that ITGB1 and RHOC promote CRC recurrence by
stimulating cell growth, invasion, and migration.

ITGB1 and RHOC affect the activities of MMP-2 and MMP-
9. Then, we performed gelatin zymography assays to
examine the effect of ITGB1 and RHOC on the activities of
the matrix metalloproteases MMP-2 and MMP-9, which are
indispensable for CRC metastasis. The activities of both
enzymes were significantly elevated in cells overexpressing
ITGB1 (Figure 7a) or RHOC (Figure 8a), but reduced in
cells transfected with siRNA-ITGB1 (Figure 7b) or siRNA-
RHOC (Figure 8b).

ITGB1 and RHOC affect the expression of E-Cadherin, N-
Cadherin, and Vimentin. Then, western blotting was

performed to analyze the expression of selected epithelial–
mesenchymal transition (EMT) proteins associated with
CRC invasion and metastasis. EMT is characterized by loss
of epithelial cell junction proteins, such as E-Cadherin,
concomitant with gain of mesenchymal markers such as
Vimentin. Over the course of EMT, cells lose their epithelial
characteristics and acquire mesenchymal properties,
including motile and invasive features. Reduced E-Cadherin
expression contributes to tumor cell migration and invasion
and is inversely correlated with tumor stage. N-Cadherin is
involved in EMT, as well as in metastasis of cancer cells. In
cells overexpressing ITGB1 or RHOC, expression of the
epithelial marker E-Cadherin was reduced, whereas the
mesenchymal markers N-Cadherin and Vimentin were
clearly up-regulated (Figure 7c and 8c). The opposite effects
were observed in ITGB1- or RHOC-knockdown cells (Figure
7d and 8d). 

ITGB1 and RHOC mRNA expression predicts disease-free
survival. Finally, we examined RFS rates in the CIT cohort
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Figure 1. mRNA levels of ITGB1 and RHOC in a total of 75 patients with no recurrence (n=42) or recurrence (n=33). CRC tissues in the clinical
validation cohort were analyzed using real-time RT-PCR. Data were obtained from three independent experiments performed in triplicate. Error
bars represent standard error. *p<0.05 between no recurrence and recurrence. 

Figure 2. ITGB1 and RHOC expression status in CRC cell lines.



to assess the usefulness of ITGB1 and RHOC mRNA
expression for predicting recurrence (Figure 9). Five-year
RFS rates were significantly higher in the RHOC-
underexpression group than in the RHOC-overexpression
group (p=0.003), and survival outcomes according to tumor
stage confirmed significant differences between the two
groups (p=0.02 for stage II patients; p=0.006 for stage III
patients). Five-year RFS rates were also significantly
higher in the ITGB1-underexpression group than in the
ITGB1-overexpression group, and survival outcomes
according to tumor stage showed a significant difference
between the two groups in stage III, but only a weak trend
in stage II (p=0.18 for stage II patients; p=0.037 for stage
III patients).

Discussion

Recurrence is the most life-threatening consequence of CRC
because more than three-quarters of cases involving relapse
are intractable to curative treatments (10). Accordingly,
optimization of primary treatment based on the risk of
recurrence represents a more promising strategy than either
deliberate post-treatment surveillance or aggressive salvage
therapy. Currently, 5-fluorouracil (5FU)-based adjuvant
chemotherapy remains the main treatment for stage III CRC
patients and some high-risk stage II CRC patients; these
regimens improve survival rates by ~20% (11, 12). For stage
III patients, 30-40% of patients do not experience recurrence
within 5 years even when left untreated, whereas about 40%
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Figure 3. Overexpression of ITGB1 increases proliferative, invasive, and migrative activities in CRC cell lines. Western blotting with anti-DDK
antibody confirmed ITGB1 overexpression in two clones each of HCT15 and SW620 (a) transfected with ITGB1, but not in cells transfected with
empty vector (EV). Cell proliferation ability was evaluated by growth curve analysis over 5 days (b). Migration (c) and invasion (d) were detected
after incubation at 37˚C for 24 h. Data were obtained from three independent experiments performed in triplicate. Error bars represent the standard
error. *p<0.05 between ITGB1 clone 1(#1) and EV; **p<0.05 between ITGB1 clone 2(#2) and EV.



of patients who undergo adjuvant treatment suffer from
relapse and eventually die, suggesting that a subset of these
patients need more intensive chemotherapy. On the other
hand, among stage II patients, only those who present with
high-risk clinical features receive adjuvant chemotherapy.
Unfortunately, about 20% of clinically low-risk patients
experience tumor recurrence (13, 14).

In the present study, patients with high levels of ITGB1
and RHOC were at significantly higher risk of recurrence
than patients with lower levels of these proteins. The use of
ITGB1 and RHOC as molecular markers to predict
recurrence may facilitate optimization of primary treatment
and improve the overall outcomes of colon cancer patients.
We observed a significant increase in ITGB1 and RHOC
mRNA levels in primary tumor samples from patients with

relapse. In our in vitro experiments, overexpression of
ITGB1 and RHOC in CRC cells promoted cell proliferation,
invasion, and migration, whereas knockdown had the
opposite effects. Together, these findings demonstrate that
ITGB1 and RHOC are intimately involved in CRC
progression. 

Our results show that ITGB1 expression is higher in CRC
tumor tissues with systemic recurrence than in those with no
recurrence. Thus, high ITGB1 expression in tumor tissues
was significantly associated with poor OS in CRC patients,
as reported in previous studies (15). Our histological findings
also demonstrated that higher ITGB1 expression in CRC
tumor tissues was significantly correlated with depth of
invasion, lymph node metastasis, and TNM stage. Integrin-
β1 (ITGB1), also known as CD29, is composed of alpha and
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Figure 4. Overexpression of RHOC increases proliferative, invasive, and migrative activities in CRC cell lines. Western blotting with anti-DDK
antibody confirmed RHOC overexpression in two clones each of HCT15 and LoVo (a) transfected with RHOC, but not in cells transfected with
empty vector (EV). Cell proliferation ability was evaluated by growth curve analysis over 5 days (b). Migration (c) and invasion (d) were detected
after incubation at 37˚C for 24 h. Data were obtained from three independent experiments performed in triplicate. Error bars represent standard
error. *p<0.05 between RHOC clone 1(#1) and EV; **p<0.05 between RHOC clone 2(#2) and EV.



beta transmembrane subunits that form at least 24 distinct
heterodimeric receptors (14). ITGB1 is the predominantly
expressed integrin in normal and tumor cells, and controls
various developmental processes, including angiogenesis,
tumor progression, and metastasis (16-20). 

We also observed that RHOC expression was higher in
early-stage tumor tissues that ultimately advanced to
recurrence than in cases that did not recur. High RHOC
expression was also correlated with poorer RFS, and served
as an independent negative prognostic factor in CRC
patients. RHOC, a member of the Rho family, is a GTP-
binding protein that hydrolyses GTP to GDP, thereby acting
as a signal converter or a molecular switch in signal
transduction pathways to produce a variety of biological

effects that act on the cytoskeleton or other target proteins
(21, 22). The most important functions of RHOC are
regulation of cell motility and migration via its effects on the
actin cytoskeleton and aggregation of actin, integrins, and
associated proteins such as fibronectin (23, 24).

MMPs are major components of the proteolytic machinery
involved in tumor invasion and metastasis (25, 26). To further
characterize the molecular mechanism underlying ITGB1- and
RHOC-mediated invasion and migration of CRC, we examined
the effect of ITGB1 and RHOC on the activities of MMP-2,
and MMP-9. Overexpression of ITGB1 or RHOC increased the
activities of both enzymes, whereas knockdown of either
protein had the opposite effects. Because EMT also plays a key
role in CRC recurrence (27), the effect of ITGB1 and RHOC
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Figure 5. ITGB1 down-regulation decreases the proliferative, invasive, and migrative activities of HCT116 and RKO cells. Western blotting using
ITGB1 antibody confirmed ITGB1 knockdown in HCT116 and RKO cells transfected with siITGB1 (a) relative to cells transfected with negative
control siRNA (siNC). Cell proliferation ability was evaluated by growth curve analysis over 5 days (b). Migration (c) and invasion (d) were detected
after incubation at 37˚C for 24 h. Data were obtained from three independent experiments performed in triplicate. Error bars represent standard
error. *p<0.05. 



on this process in CRC cell lines was investigated. ITGB1 or
RHOC increased expression of the mesenchymal markers 
N-cadherin and vimentin and decreased expression of the
epithelial marker E-Cadherin; as with the metalloprotease
activity described above, knockdown of the expression of these
proteins had the opposite effects. These findings demonstrate
that ITGB1 and RHOC alter the expression of various factors
related to invasion and migration, thereby facilitating invasive
cell proliferation, motility, and metastasis.

Although our findings were derived from objective
criteria in terms of initial gene screening and functional
assessment, the study had limitations that may affect the
overall conclusions. For example, genes that were filtered
out by our stringent criteria, which may be associated with

recurrence, were excluded without further functional
assessment. In addition, survival analysis could not be
performed in our cohort because the study population was
heterogeneous in terms of recurrence and treatment.
Nevertheless, we showed that mRNA levels of ITGB1 and
RHOC predict stage-specific tumor recurrence in patients
with CRC. These results suggest that ITGB1 and RHOC
could be clinically useful as diagnostic and predictive
biomarkers for risk stratification in CRC patients. Our data
provide further support for the importance of tumor
dormancy in less advanced CRC, and may help to select
subgroups of patients who could benefit from more
aggressive treatment strategies, or alternatively from
ITGB1- and RHOC-targeted treatments.
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Figure 6. RHOC down-regulation decreases the proliferative, invasive, and migrative activities of HCT116 and RKO cells. Western blotting using
RHOC antibody confirmed RHOC knockdown in HCT116 and RKO cells transfected with siRHOC (a) relative to cells transfected with negative
control siRNA (siNC). Cell proliferation ability was evaluated by growth curve analysis over 5 days (b). Migration (c) and invasion (d) were detected
after incubation at 37˚C for 24 h. Data were obtained from three independent experiments performed in triplicate. Error bars represent standard
error. *p<0.05. 
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Figure 7. MMP-2 and MMP-9 activities in ITGB1 overexpressing (a) and ITGB1 knockdown (b) CRC cells, as measured by gelatin zymography
after serum starvation for 24 h. Immunoblotting of epithelial–mesenchymal transition (EMT) markers in ITGB1 overexpressing (c) and ITGB1
knockdown (d) cells. Data were obtained from three independent experiments performed in triplicate. Error bars represent standard error. *p<0.05
between ITGB1 clone 1(#1) and EV; **p<0.05 between ITGB1 clone 2(#2) and EV in the overexpression study. EV, Empty vector. *p<0.05 between
siRNA and siITGB1 in the knockdown study. siNC: Negative control siRNA.
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after serum starvation for 24 h. Immunoblotting of epithelial–mesenchymal transition (EMT) markers in RHOC overexpressing (c) and RHOC
knockdown (d) cells. Data were obtained from three independent experiments performed in triplicate. Error bars represent standard error. *p<0.05
between RHOC clone 1(#1) and EV; **p<0.05 between RHOC clone 2(#2) and EV in the overexpression study. EV, Empty vector. *p<0.05 between
siRNA and siRHOC in the knockdown study. siNC: Negative control siRNA. 
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