
This article was downloaded by: [Karolinska Institutet, University Library]
On: 28 January 2015, At: 21:17
Publisher: Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House,
37-41 Mortimer Street, London W1T 3JH, UK

Click for updates

Cancer Biology & Therapy
Publication details, including instructions for authors and subscription information:
http://www.tandfonline.com/loi/kcbt20

TMPRSS4 correlates with colorectal cancer pathological
stage and regulates cell proliferation and self-renewal
ability
Ao Huangabc, Houmin Zhoud, Hongchao Zhaoabc, Yingjun Quanabc, Bo Fengabc & Minhua
Zhengabc

a Department of Surgery; Ruijin Hospital; Shanghai Jiao Tong University School of Medicine;
Shanghai, PR China
b Shanghai Institute of Digestive Surgery; Shanghai, PR China
c Shanghai Minimally Invasive Surgery Center; Shanghai, PR China
d Department of General Surgery; Qingdao Municipal Hospital; School of Medicine; Qingdao
University; Shandong, PR China
Published online: 12 Dec 2013.

To cite this article: Ao Huang, Houmin Zhou, Hongchao Zhao, Yingjun Quan, Bo Feng & Minhua Zheng (2014) TMPRSS4
correlates with colorectal cancer pathological stage and regulates cell proliferation and self-renewal ability, Cancer Biology &
Therapy, 15:3, 297-304, DOI: 10.4161/cbt.27308

To link to this article:  http://dx.doi.org/10.4161/cbt.27308

PLEASE SCROLL DOWN FOR ARTICLE

Taylor & Francis makes every effort to ensure the accuracy of all the information (the “Content”) contained
in the publications on our platform. However, Taylor & Francis, our agents, and our licensors make no
representations or warranties whatsoever as to the accuracy, completeness, or suitability for any purpose of the
Content. Any opinions and views expressed in this publication are the opinions and views of the authors, and
are not the views of or endorsed by Taylor & Francis. The accuracy of the Content should not be relied upon and
should be independently verified with primary sources of information. Taylor and Francis shall not be liable for
any losses, actions, claims, proceedings, demands, costs, expenses, damages, and other liabilities whatsoever
or howsoever caused arising directly or indirectly in connection with, in relation to or arising out of the use of
the Content.

This article may be used for research, teaching, and private study purposes. Any substantial or systematic
reproduction, redistribution, reselling, loan, sub-licensing, systematic supply, or distribution in any
form to anyone is expressly forbidden. Terms & Conditions of access and use can be found at http://
www.tandfonline.com/page/terms-and-conditions

http://crossmark.crossref.org/dialog/?doi=10.4161/cbt.27308&domain=pdf&date_stamp=2013-12-12
http://www.tandfonline.com/loi/kcbt20
http://www.tandfonline.com/action/showCitFormats?doi=10.4161/cbt.27308
http://dx.doi.org/10.4161/cbt.27308
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions


©
20

14
 L

an
de

s 
B

io
sc

ie
nc

e.
 D

o 
no

t d
is

tri
bu

te
.

 Research Paper

www.landesbioscience.com	C ancer Biology & Therapy	 297

Cancer Biology & Therapy 15:3, 297–304; March 2014; © 2014 Landes Bioscience

Research Paper

Introduction

Colorectal cancer (CRC) is the third most common cancer 
and the second leading cause of cancer-related deaths for both 
sexes in the US.1 Although the 5-y survival rate for early stage 
CRCs is fairly high, the prognosis of late stage CRCs, i.e., high 
risk stage II, stage III, and stage IV, remains to be improved.2 
Of note, the major cause of CRC related deaths is metastases to 
distant organs, such as liver and lung.3 Despite efforts in investi-
gating comprehensive therapy including surgery, chemotherapy, 
and radiotherapy for CRCs, molecular targets which play crucial 
roles in the tumorigenesis and metastasis of CRCs need to be 
explored.

During the past decade, numerous studies had focused on the 
epithelial–mesenchymal transition (EMT) and cancer stem cell 
(CSC) concepts. By undergoing the EMT process, the epithelial 
cancer cells could acquire mesenchymal features and get enhance-
ment of the invasion and migration ability, thus promoting cancer 

progression.4 However, it would not be lethal if only the cancer 
cells metastasized from primary tumors to distant organs; the 
outgrowth of micrometastases into macro ones would ultimately 
result in cancer-related deaths, and self-renewal ability, a well-
established trait of CSC, is a must for this process.5 At the late 
stage of metastatic cascade, the CSC state associated self-renewal 
ability is indispensable for metastasized cancer cells to form new 
colonies. Interestingly, recent studies have found that the tran-
scription factors (TFs) involved in EMT are functionally pleio-
tropic and they constitute the molecular links between EMT and 
CSC states.6 Specially, EMT program has been found to be able 
to generate cancer cells with features of CSCs and it has also been 
proposed in the migrating CSC concept that cancer stem cells 
that have undergone EMT are facilitated to disseminate. In this 
way, cancer cells could acquire part of the CSC traits, mainly the 
self-renewal potential, via EMT and in turn, the activation of 
TFs during induction of the CSC state would further promote 
EMT, representing as one great challenge for therapy.
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Transmembrane protease/serine 4 (TMPRSS4) is a member of the type II transmembrane serine protease (TTSP) family 
and it was found highly expressed in several cancers. This study aims to evaluate the expression of TMPRSS4 in colorectal 
cancer (CRC) and investigate its role in proliferation and self-renewal of colon cancer cells. qRT-PCR and immunohisto-
chemistry were used to detect the mRNA and protein expression level of TMRPSS4 in CRC samples respectively. Loss of 
function assay was conducted with RNAi technique. Cell proliferation was done with WST-8 assay; cell apoptosis and cell 
cycle analysis were performed with flow cytometry; invasion and migration were done with transwell assay. Plate and 
soft agarose clonogenic assays were used to detect clone-formation ability. CD44 and CD133 expressions were analyzed 
by flow cytometry and western blot. We found that TMPRSS4 was highly expressed in CRC tissues both at mRNA and 
protein level and correlated with pathological stage. Knockdown of TMPRSS4 in highly expressed colon cancer cell line 
HCT116 resulted in inhibition of cell proliferation, induction of cell apoptosis and suppression of invasion and migration; 
moreover, knockdown of TMPRSS4 suppressed the in vitro clone-formation ability of HCT116 and reduced the expres-
sions of CD44 and CD133. The findings in this research showed that TMPRSS4 was associated with CRC stage and regu-
lated the proliferation and self-renewal ability of colon cancer cells; TMRPSS4 was involved in the development and 
progression of CRC.
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Previous studies have demonstrated that dysregulation of 
proteases plays an important role in the development and pro-
gression of cancer. The proteolytic activities of proteases are 
crucial for a variety of cellular activities including the digestion 
of the extracellular matrix, proliferation, survival, migration, 
and invasion of cancer cells.7 The serine protease is the old-
est and one of the largest protease families and type II trans-
membrane serine protease (TTSP) is such a member.8 Several 
TTSPs have been found to play critical roles in normal organ 
development9-12 and some TTSPs like hepsin, corin, and mat-
riptase were found dysregulated in tumors, implicating their 
possible roles in tumorigenesis and/or progression.13 Among 
them, TMPRSS4 (transmembrane protease/serine 4) has been 
described to be able to regulate the invasive and metastatic abil-
ity of CRC cells by inducing EMT via integrin α5 upregulation 
and thus facilitate CRC progression.14 Inhibition of TMPRSS4 
with 2-hydroxydiarylamide derivatives could abolish its inva-
sion promotion activity in TMRPSS4-overexpressed CRC 
cells.15 Moreover, TMPRSS4 was found to be associated with 
tumor stage, lymph node metastasis, and tumor size, and inde-
pendently predict the overall survival and disease free survival 
of breast cancer patients.16,17 Given all that, TMPRSS4 appears 
to play important roles in carcinogenesis and may represent 
as a potential therapeutic target. However, it’s still unknown 
whether TMPRSS4 is involved in the regulation of cell prolif-
eration and self-renewal ability of colon cancer cells. Hereby, 
we reported that TMPRSS4 could regulate in vitro cell growth 
and self-renewal ability of CRC cells; its functions were exerted 

at least partially through regulation of cell apoptosis and CSC 
related state.

Results

TMPRSS4 was highly expressed in CRC tissues and cor-
related with pathological stage

First, we evaluated the expression levels of TMPRSS4 in CRC 
tissues and the paired normal mucosa by qRT-PCR. The clini-
copathological parameters of included patients were shown in 
Table 1. No significant differences were seen between TMPRSS4 
mRNA level and clinicopathological parameters like age, gender, 
tumor site, and tumor histology. When compared with its level 
in normal tissues, the expression of TMPRSS4 in CRC samples 
was approximately 3-folds higher (P < 0.01) (Fig. 1A); further-
more, the expression of TMPRSS4 increased as the stage became 
advanced, with stage IV CRCs being the highest and stage I 
CRCs the lowest (P < 0.01) (Fig. 1B); the same trend was also 
observed when comparing CRCs containing lymph nodes metas-
tases (stage III and IV) with non-metastases ones (stage I and 
stage II) (P < 0.01) (Fig. 1C). We then made immunohistochem-
istry staining to validate these findings: the staining intensity 
declined from stage IV (Fig. 1D) to stage I CRC tissue (Fig. 1E), 
and to normal mucosa (Fig. 1F). The matched H&E images of 
above samples were shown as Figure 1G–I.

Knockdown of TMPRSS4 suppressed cell proliferation rate 
and induced cell apoptosis

Given that TMPRSS4 was highly expressed in CRC tissues, 
we wanted to know whether it was also highly expressed in colon 
cancer cells. qRT-PCR and western blot showed that TMPRSS4 
was differentially expressed in seven CRC cell lines and HCT116 
had the highest expression (Fig.  2A). Then we asked whether 
TMPRSS4 was involved in the regulation of CRC cell growth 
in vitro. Loss of function assay with RNAi was performed and 
transfection efficiency was evaluated by western blot (data not 
shown). By transfecting HCT116 with one validated siRNA, we 
found that the proliferation rate was significantly decreased in 
WST-8 assay (Fig.  2B; P = 0.02). To exclude cell line depen-
dency possibility, we used SW1116 and observed similar change 
(Fig. 2C; P = 0.04).

Next, we investigated the potential mechanisms through 
which TMPRSS4 was involved in cell proliferation. Interestingly, 
we found that HCT116 cells in the siRNA group showed a higher 
ratio of apoptosis than that of the siNC group (Fig.  2D), but 
the cell cycle did not show any differences (Fig. 2F), which was 
in conflict with previous study.18 Then we used SW1116 cells to 
further confirm these results. Treatment with siRNA in SW1116 
cells induced a higher cell apoptosis proportion (Fig.  2E), but 
still, we did not observe any changes in cell cycle distribution 
(Fig. 2G). Hence, TMPRSS4 may regulate in vitro cell growth 
through induction of apoptosis rather than regulating cell cycle 
distribution.

Knockdown of TMPRSS4 inhibited in vitro clone-forma-
tion ability

Previous studies have demonstrated that TMPRSS4 was 
involved in the EMT program of CRC cells18 and consistently, we 

Table 1. Clinicopathological parameters

Case number P value

Age

>60 39 0.473

≥60 35

Gender

Male 40 0.821

Female 34

Tumor site

Colon 45 0.562

Sigmoid and rectum 29

Tumor histology

Tubular adenocarcinoma 55 0.385

Mucinous adenocarcinoma 19

TNM stage

I 10 0.002

II 28

III 29

IV 7

Lymph node metastases

Positive 36 <0.0001

Negative 38
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validated this result independently as knockdown of TMPRSS4 
suppressed the invasion and migration of HCT116 cells (Fig. 3A, 
P < 0.01, both). Accordingly, we also detected the expression 
of EMT markers after treatment with siRNA and observed an 
increase of E-cadherin and a decrease of vimentin (Fig. 3B, upper 
panel), implicating a suppression of EMT. Unexpectedly, we 
found that Claudin-1 was also downregulated after TMPRSS4 
knockdown (Fig.  3B, upper panel). We also detected the key 
transcriptional factors of EMT and found a slight decrease of 
Snail, but expression of Slug did not show significant change and 
ZEB1 was not detectable in HCT116 cells (Fig. 3B, lower panel).

As described above, EMT program had been suggested to be 
linked with cancer stem cell state, which could be reflected by 
cell self-renewal ability and the expression pattern of CSC mark-
ers, such as CD44 and CD133. Consequently, we conducted 
plate and soft agarose clonogenic assay to detect self-renewal 
ability change of HCT116 cells after TMPRSS4 knockdown. As 
show in Figure 3C, the colonies formed by shNC treated cells 
were more than those formed by shRNA treated ones on both 
clonogenic assays (plate clonogenic assay, P < 0.01; soft agarose 
clonogenic assay, P = 0.016). We then asked whether knockdown 
of TMPRSS4 could influence the expression of cancer stem cell 

surface markers. Flow cytometry showed that the percentages of 
CD44 and CD133 positive cells decreased in siRNA treated cells 
(Fig. 3D and E). Comparable results were observed in western 
blot (Fig. 3B, upper panel).

Discussion

TMPRSS4, a member of the TTSP family, was first found 
in pancreatic cancer and played a role in the invasion and 
migration of cancer cells and promoted the spread of influ-
enza virus.18-20 Hereby, we reported that TMPRSS4 was highly 
expressed in CRCs and correlated with TNM stage. Knockdown 
of TMPRSS4 in highly expressed colon cancer cells could inhibit 
cell proliferation by inducing apoptosis but without interfering 
with cell cycle. Moreover, knockdown of TMPRSS4 suppressed 
self-renewal ability and reduced the percentages of CD44 and 
CD133 positive cells.

Previous studies had demonstrated that TMPRSS4 was highly 
expressed in different types of cancer, such as pancreatic can-
cer,21 thyroid cancer,22 lung cancer,23 etc. In breast cancer, higher 
expression of TMPRSS4 was associated with positive lymph node 
metastasis, larger tumor size, advanced pathological grade, and 

Figure 1. TMPRSS4 was highly expressed in CRC tissues. The mRNA expression level of TMPRSS4 in: (A) CRC tissues and normal mucosa; (B) different 
stage CRC tissues; and (C) CRCs with and without LN metastases. Immunohistochemical staining of TMPRSS4 (in brown) in: (D) stage IV CRC; (E) stage I 
CRC; and (F) normal mucosa. (G–I) are the matched HE staining of (D–F). (Scale bars: 100 μm. **P < 0.01)
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shorter overall and disease-free survival;16 in non-small cell lung 
cancer, overexpression of TMPRSS4 in patients with squamous 
histology was associated with poor prognosis;24 in malignant 
thyroid neoplasm, TMPRSS4 was identified to be a diagnostic 
marker.25 Of note, Jung et al. had reported TMPRSS4 was upreg-
ulated in colon cancer.14 Hence, TMPRSS4 seems to be a factor 
regulating tumor development and progression. In this study, 

we confirmed that TMPRSS4 was highly expressed in CRCs 
and we went a step further in finding the association between 
TMPRSS4 expression and tumor pathological stage. Expression 
of TMPRSS4 increased as the colon mucosa transformed from 
normal to malignant phenotype and from stage I to stage IV 
CRCs, suggesting a positive correlation between TMPRSS4 and 
CRC progression. Moreover, we found that metastatic tumors 

Figure 2. Knockdown of TMPRSS4 suppressed cell proliferation. (A) mRNA (upper) and protein (lower) expression of TMPRSS4 in different CRC cell 
lines. (B and C) The proliferation rates of HCT116 and SW1116 cells were reduced after TMPRSS4 knockdown. (D and E) Induction of cell apoptosis after 
TMPRSS4 knockdown in HCT116 and SW1116 cells. (F and G) No significant changes of cell cycle were seen in HCT116 and SW1116 cells. (*P < 0.05)
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Figure 3. Knockdown of TMPRSS4 inhibited self-renewal ability. (A) Cell invasion and migration ability were decreased in TMPRSS4 knockdown HCT116 
cells. (B) Upper panel: EMT markers of E-cadherin and vimentin were downregulated and upregulated respectively, indicating a suppression of EMT; 
expressions of CD44 and CD133 were both suppressed after TMPRSS knockdown. Lower panel: Expression of key EMT transcriptional factors in wild 
type (wt), siNC, and siRNA group. Snail was downregulated and expression of Slug did not show significant change. ZEB1 was not detectable. GAPDH 
was used as loading control. (C) Plate clonogenic (upper) and soft agarose clonogenic (lower) assay of HCT116 cells. (D) Percentages of CD44 (upper) 
and CD133 (lower) positive HCT116 cells in the siRNA group (right) were lower than that of siNC group (left). (E) Percentages of CD44 (upper) and CD133 
(lower) positive SW1116 cells in the siRNA group (right) were lower than that of siNC group (left). (Scale bars: 100μm; *P < 0.05; **P < 0.01)
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showed higher TMPRSS4 level than non-metastatic ones, indi-
cating its role in promoting invasion and migration. Considering 
the reported roles of TMPRSS4 in breast and thyroid cancer, 
these findings strongly suggested the importance of TMPRSS4 
in the tumorigenesis and aggressiveness of CRC. However, the 
prognostic value of TMPRSS4 in CRC needs to be further 
evaluated.

The role of TMPRSS4 in colon cancer cell proliferation has 
not been thoroughly discussed before. In our study, we found 
that TMPRSS4 affected cell proliferation in a cell apopto-
sis dependent manner. Transfection of targeted siRNA into 
HCT116 inhibited cell proliferation rate in vitro. This inhibition 
effect was accompanied with an induction of cell apoptosis; but 
no cell cycle changes were seen. Apoptosis and cell cycle arrest are 
two well-established tumor suppressive mechanisms which could 
be induced to inhibit tumor development. In previous studies, 
phospho-ERK1/2 and phospho-p38 MAPK were reported to be 
inactivated after TMPRSS4 suppression.16 Importantly, ERK 
and p38 MAPK are regulators of the MAPK pathways26 and 
they are essential in some apoptotic responses.27 Hence, we pro-
pose that knockdown of TMRPSS4 might induce apoptosis via 
reduced expression of activated ERK and p38 MAPK and further 
studies are warranted to validate this pathway. Interestingly, we 
did not observe any cell cycle changes; this contradicted with 
former study which found suppression of TMPRSS4 reduced 
cyclin D1 and cyclin A to arrest cell cycle progression and led 
to cell growth inhibition.16 Whether TMPRSS4 could modulate 
cell cycle remains to be determined in the future.

TMPRSS4 has been demonstrated to regulate the EMT pro-
gram and invasion ability of colon cancer cell SW480: TMPRSS4 
could upregulate integrin α5 along with its signaling pathway to 
facilitate EMT and invasiveness.14 In this study, we confirmed the 
pro-invasion and -migration function of TMPRSS4 and this may 
explain its higher expression level in CRCs with lymph nodes 
metastases. Unexpectedly, we found claudin-1 expression was 
decreased after TMPRSS4 knockdown. In human liver cancer 
cells, claudin-1 was reported to be able to induce EMT via c-Abl-
ERK signaling pathway28 and contributed to the acquisition of 
invasive ability;29 in lung cancer cells, claudin-1 was found to be a 
mediator of cell migration.30 Furthermore, Snail, a key transcrip-
tional factor in the EMT process, was also downregulated. Snail 
could directly modulate claudin-1 expression31 and its dystopic 
subcellular localizations with claudin-1 helped to form cellular 
morphology.32 Hence, a new regulation pathway composed of 
cAbl/ERK/claudin-1/snail as the downstream of TMPRSS4 in 
EMT regulation of colon cancer cell deserves in-depth investiga-
tion. Additionally, EMT program has been suggested to generate 
cells with features of CSCs33,34 and we found that by inhibiting 
TMPRSS4, possibly suppressing EMT, the self-renewal ability of 
HCT116 could be reduced as reflected by clonogenic formation 
assays and CSC markers. CD44 and CD133 are two canonical 
cancer stem cell markers used in CRC research.35 While CD133 
is more widely expressed, the expression of CD44 confines to 
a smaller population, showing a higher selectivity. Consistently, 
we found percentages of CD44 and CD133 positive cells were 

decreased in TMPRSS4 knockdown group, with CD44 show-
ing a higher reduction. The mechanisms underlying this shift 
deserves further exploration as some transcriptional factors of 
EMT, like Snail, Twist, and ZEB1, have crosstalk with the CSC 
related Wnt/β-catenin signaling pathway.

Conclusively, we demonstrated that TMPRSS4 correlated 
with CRC pathological stages and its downregulation could 
inhibit cell proliferation, induce cell apoptosis, suppress invasion, 
and reduce self-renewal ability. TMPRSS4 could be developed 
for its therapeutic potential and further studies are warranted to 
reveal the underlying mechanisms.

Materials and Methods

Cell culture
Seven human colon cancer cell lines, Caco-2, HT-29, 

HCT116, SW480, SW620, SW1116, and LoVo were purchased 
from American Type Culture Collection (ATCC) and preserved 
by Shanghai Institute of Digestive Surgery. HT-29 and HCT116 
were cultured in McCoy’s 5A medium (10-050-CV, Corning) 
with 10% fetal bovine serum (FBS) (35-076-CV, Corning); 
SW480, SW620, and SW1116 were cultured in L-15 medium 
(GNM41300, Genom) containing 10% FBS; Caco-2 and LoVo 
were cultured in RPMI 1640 (10-043-CV, Corning) contain-
ing 10% FBS and F-12K containing 10% FBS (GNM21127, 
Genom), respectively. Cells were placed in a humiliated incuba-
tor at 37 °C with 5% CO

2
.

Clinical specimens and immunohistochemistry
Seventy-four pairs of matched CRC tissues and normal 

mucosa located at least 5 cm away from the tumor were collected 
from Shanghai Minimally Invasive Surgery Center between Apr 
2011 and Sept 2012. All included patients gave their informed 
consents prior to surgeries and all the processes were conducted 
according to the protocol approved by the Ethical Committee 
of Ruijin Hospital, Shanghai Jiao Tong University School of 
Medicine. Samples were obtained by sharp dissection immedi-
ately after surgical specimens were removed during the opera-
tion, and transported in liquid nitrogen, preserved in −80 °C 
refrigerator and processed within 3 mo. Tissues for immunohis-
tochemistry were fixed with formalin, embedded with paraffin 
and stained with hematoxylin–eosin and primary antibody to 
TMPRSS4 (PA5-18871, Pierce Antibodies), according to estab-
lished protocols.36

RNA isolation and qRT-PCR
TRIZOL reagent (15596026, Invitrogen) was used to extract 

total RNAs and cDNA was synthesized from 1 μg RNA using 
PrimeScript RT Master Mix (RR036A, TAKARA). qRT-PCR 
was performed using SYBR Green PCR Master Mix (4309155, 
Invitrogen) on the Applied Biosystems 7900HT sequence 
detection system (Applied Biosystems). Primers of TMPRSS4 
were: 5′-TCCAAGGACC GATCCACACT-3′ (forward), and 
5′-AAGTTGTCGA AACAGGCAGA G-3′ (reverse); primers 
of GAPDH were: 5′-TTGGCATCGT TGAGGGTCT-3′ (for-
ward) and 5′-CAGTGGGAAC ACGGAAAGC-3′ (reverse). 
The mRNA level of GAPDH was used for normalization.
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Whole cell protein extraction and western blot
Cells were lysed with RIPA (R0010, Solarbio) at a conflu-

ence about 90% and protein concentration was determined by 
BCA Protein Assay Kit (23225, Thermo Scientific). Western 
blot was performed according to established protocols37 and pri-
mary antibodies were: TMPRSS4 (Pierce Antibodies), CD44 
(sc-65412, Santa Cruz), CD133 (130-092-395, Miltenyi Biotec); 
E-cadherin, vimentin, claudin-1, Snail, Slug, and ZEB1 from 
Epithelial Mesenchymal Transition (EMT) Antibody Sampler 
Kit (9782S, Cell Signaling Technology); GAPDH (KC-5G4, 
Kangchen) was used as loading control.

Transient transfection
Commercial siRNAs and shRNAs targeting TMPRSS4 

were purchased from GenePharma, Shanghai. Cells were seeded 
in 6-well culture plates (Corning) at a density of 3 × 105 cells/
well and transfection of siRNAs, shRNA, and negative con-
trols (NCs) were performed 24 h later with lipofectamine 2000 
(12566014, Invitrogen). qRT-PCR was used to examine transfec-
tion efficiency. Cell function assays, RNA isolation and whole 
cell protein extraction were conducted 48 h after transfection.

Cell proliferation assay
Cells were plated in 96-well cell culture plates 24 h after trans-

fection, at a density of 1000 cells/well in sixplicate and incubated 
for 4 d. Cell Counting Kit-8 (CCK8) (CK04-13, Dojindo) was 
used to assess cell proliferation. Percentages of viable cells were 
evaluated by OD values at 450 nm, using microplate reader 
(Epoch, BioTek) at the same time point each day (day 1, 2, 3, 4, 
and 5), in accordance with the manufacturer’s instruction.

Flow cytometry
Cells were seeded in 6-well plates and harvested 48 h after 

transfection. For cell cycle analysis, cells were fixed with ice-cold 
75% ethanol and then stored at 4 °C for 24 h; before analysis, cells 
were washed with PBS, treated with RNase at 37 °C for 20 min, 
and then stained with propidium iodide for 30 min in dark; for 
apoptosis analysis, an Annexin V-FITC Apoptosis Detection Kit 
I (556547, BD Bioscience) was used in accordance with manu-
facturer’s instructions. To analyze CD44 and CD133, cells were 
harvested, rinsed with phosphate-buffered saline (PBS), incu-
bated in 1% PBS-BSA (A2058-100G, Sigma) for 30 min, washed 
with PBS again and stained with PE conjugated CD44 (130-
095-180, Miltenyi Biotec) and CD133 (130-080-801, Miltenyi 
Biotec) for another 30 min before flow cytometry scan. PE con-
jugated Mouse IgG1 (130-092-212, Miltenyi Biotec) was used as 
isotype control.

Invasion and migration assay
For invasion assay, the inner side of the membrane of cell cul-

ture inserts (Millipore) were coated with 100 μl (dilution, 1:9) 
ice-cold basement membrane matrix (356234, BD Bioscience) 
and inserts were incubated at 37 °C for 4 h before use; for migra-
tion assay, cell culture inserts without coating matrix were used. 
All inserts were put in 24-well plates. Then, 1 × 105 single cell 
suspension in 200 μl serum free medium was gently pipetted into 
the chambers of cell culture inserts and medium with 10% FBS 
placed outside the chamber was used as chemoattractant. After 
incubation at 37 °C for 24 (in migration assay) or 48 h (in invasion 
assay), inserts were taken out and cells attached inside the cham-
bers were rubbed off softly with cotton swabs, and cells attached 
at the outside of culture inserts were stained with 1% crystal violet 
for 30 min at room temperature. Inserts were washed and photo-
graphed and stained cells of 5 random fields were counted.

Plate and soft agarose clonogenic assay
To perform plate clonogenic assay, cells were resuspended and 

filtered with a strainer (BD Falcon) to get the single cell sus-
pension; then cells were seeded in 6-well plates at a density of 
1000 cells/well. After macro clones (larger than 5 mm) formed, 
cells were fixed with methanol and stained with 1% crystal 
violet. For soft agarose clonogenic assay, 1.2% and 0.6% PBS-
agarose (A9045-5G, Sigma) and RMPI 1640 medium contain-
ing 20% FBS were prepared. To make the base layer, melted 
1.2% PBS–agarose at 40 °C was mixed with the above medium 
at a ratio of 1:1 and 4 ml mixture was pipetted gently into each 
well. After the base layer solidified, plates were stored at 4 °C for 
future use. To make upper layer, melted 0.6% PBS-agarose at 
40 °C was mixed with 37 °C medium at a ratio of 1:1 and then 
100 cells/10 μl single cell suspension was added to 2 ml of the 
mixture, which was then pipetted onto the base gel in each well. 
After upper gel became solidified, plates were incubated at 37 °C, 
in a humiliated atmosphere for 2 wk.

Statistical analysis
A Student t test was used to analyze differences between two 

groups and one-way ANOVA was employed in case of data con-
sisted of more than two groups. Data represents means ± SD 
from 3 independent experiments. All statistical analyses were 
performed using the SPSS 15.0 software. A two-tailed value of 
P < 0.05 was considered statistically significant.
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