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Twist1 is a potential prognostic marker for colorectal 
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Abstract: Twist1 is a highly conserved basic helix-loophelix transcription factor, and has been shown to play an im-
portant role in carcinogenesis of many tumors including colorectal cancer (CRC). Here we aimed to investigate the 
role of Twist1 in the clinical significance and chemoresistance in CRC. In this study, we examined the correlation be-
tween Twist1 expression and clinicopathological characteristics using immunohistochemistry in patients with CRC. 
The molecular mechanisms of Twist1 expression and its effects on chemosensitivity to 5-Fluorouracil and oxalipla-
tin were also explored by MTT assay, colony forming assay, flow cytometry assay. The results indicate that Twist1 
is overexpressed in cancer tissue, and its positive expression are related to histological grade (P=0.004), T-stage 
(P=0.033), N-stage (P=0.000), M-stage (P=0.040), TNM stage (P=0.002) and recurrence (P=0.023). Moreover, 
positive Twist1 expression is correlated with poor overall survival in CRC patients (P<0.0001), and is a significant in-
dependent prognostic indicator. In addition, we show that knockdown of Twist1 inhibits proliferation, and increased 
the percentage of apoptotic cells of CRC cell lines. Our findings suggest that Twist1 promotes proliferation and 
chemoresistance of CRC cells. Twist1 may be a potential prognostic marker and a molecular target for therapies.
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Introduction

Colorectal cancer (CRC) is the third most com-
mon human malignancies worldwide. Despite 
recent advances in treatment with chemother-
apy, CRC remains the third leading cause of 
cancer death, and patients may have a poor 
prognosis [1]. Thus, there is a crucial need to 
explore novel cancer-related genes that may 
serve as diagnostic markers and molecular tar-
gets in CRC therapy.

The introduction of platinum derivative drugs, 
like oxaliplatin (OXA), shows good therapeutic 
results by increasing survival rates [2, 3]. The 
molecular mechanism of OXA in tumor cells is 
not yet clear but the drug shows powerful cyto-
toxic properties and its function is based on the 
ability to covalently bind DNA, forming plati-
num-DNA adducts which lead to apoptosis [4]. 
5-Fluorouracil (5-FU) exerts its anticancer 
effects by repressing the thymidylate synthase 
and incorporating its metabolites into RNA and 
DNA, and has been extensively used in the 
treatment of solid tumors [5].

Recently, development of multidrug resistance 
(MDR) is an important problem in chemothera-
peutic treatment of metastatic cancers. A num-
ber of researches also displayed that epithelial-
mesenchymal transition (EMT) is involved in 
drug resistance in cancer cells [6, 7]. Although 
cancer cells undergoing EMT develop resis-
tance to anticancer agents, EMT can also be 
induced by anticancer agents. In breast and 
ovarian cancer, cancer cells resistant to cispla-
tin and paclitaxel undergo EMT with increased 
expression of Twist1.

Although many studies have been undertaken 
to disclose the mechanisms of chemoresis-
tance, the mechanisms remain really unclear. 
In this study, the aim was to examine the prog-
nostic effect and the biological significance of 
Twist1 in CRC. Here, we found that Twist1 was 
an independent prognostic factor, and expres-
sion of Twist1 promoted the potential of cancer 
cells against the chemoresistance. Our data 
demonstrated that the Twist1 may play an 
important role in the development of chemo- 
resistance.
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Table 1. Correlations between Twist expression and clinico-
pathological characteristics in colorectal cancer patients

Characteristics
Total (n=95) Twist expression

P-value
n (%) Negative Positive

Sex 0.099*

    Male 58 (61.1) 17 (29.3) 41 (70.7)
    Female 37 (38.9) 17 (45.9) 20 (54.1)
Age (y) 0.515*

    ≤60 49 (51.6) 14 (28.6) 35 (71.4)
    >60 46 (48.4) 16 (34.8) 30 (65.2)
Histological type 0.076*

    Tubular 65 (68.4) 19 (29.2) 46 (70.8)
    Mucinous 15 (15.8) 9 (60.0) 6 (40.0)
    Papillary 15 (15.8) 6 (40.0) 9 (60.0)
Histological grade 0.004*

    G1 17 (17.9) 12 (70.6) 5 (29.4)
    G2 64 (67.4) 18 (28.1) 46 (71.9)
    G3 14 (14.7) 4 (28.6) 10 (71.4)
T-stage 0.033*

    T1-2 15 (15.8) 9 (60.0) 6 (40.0)
    T3-4 80 (84.2) 25 (31.3) 55 (68.8)
N-stage 0.000*

    N0 51 (53.7) 28 (54.9) 23 (45.1)
    N1-2 44 (46.3) 6 (13.6) 38 (86.4)
M-stage 0.040*
    M0 83 (87.4) 40 (48.2) 43 (51.8)
    M1 12 (12.6) 2 (16.7) 10 (83.3)
Tumor differentiation 1.000**

    Moderate/Well 86 (90.5) 31 (36.0) 55 (64.0)
    Poor/other 9 (9.5) 3 (33.3) 6 (66.7)
Colorectal cancer type 0.940*

    Colon cancer 61 (64.2) 22 (36.1) 39 (63.9)
    Rectal cancer 34 (35.8) 12 (35.3) 22 (64.7)
TNM stage 0.002*

    I-II 41 (43.2) 22(53.7) 19 (46.3)
    III-IV 54 (56.8) 12 (22.2) 42 (77.8)
Recurrence 0.023*

    Yes 17 (17.9) 2 (11.8) 15 (88.2)
    No 78 (82.1) 32 (41.0) 46 (59.0)
*Pearson Chi-square test. **Continuity Correction test.

Material and methods

Patients and samples

This study was conducted using the formalin-
fixed, paraffin-embedded tissues obtained 
from 95 patients with primary CRC who under-
went curative surgery at the First People’s 
Hospital of Shunde Affiliated to Southern 

activity. After blocking non-specific binding with 
10% skim milk, the sections were then incubat-
ed with rabbit anti-Twist1 (H-81; Santa Cruz 
Biotechnology, Santa Cruz, CA) at 4°C over-
night. After washing, sections were incubated 
with peroxidase-conjugated Envision second-
ary antibodies (Dako, Glostrup, Denmark). The 
peroxidase activity was visualized with a DAB 
substrate kit (Vector Laboratories, Burlingame, 

Medical University (Foshan, China) 
from January 2005 to December 
2005. Cancer tissues were cut in 
wedge shapes and normal tissues 
were cut at least 10 cm away from 
tumor margin. Inclusion criteria 
were primary resection, no preop-
erative treatment with chemothera-
py or radiotherapy, complete medi-
cal records, and the availability of 
all histopathologic slides of the 
resected specimens, because of 
the difficulty of finding a suitable 
tumor for determining gene expres-
sion in these patients’ surgical sam-
ples. The diagnosis and histological 
differentiation were evaluated ac- 
cording to the World Health 
Organization classification, and the 
tumor staging was based on the 
American Joint Committee on 
Cancer TNM staging system. The 
research protocol was approved by 
the Ethics Committee of the First 
People’s Hospital of Shunde and 
consents were acquired from all 
patients for the study. The clinico-
pathological features of patients 
are summarized in Table 1. 

Immunohistochemical analysis

Immunohistochemical staining of 
sections for Twist1 protein expres-
sion was performed in CRC tissues. 
Briefly, the sections were deparaf-
finized in xylene and rehydrated 
with a series of graded ethanol 
solutions. Antigen retrieval was car-
ried out by heating in a microwave 
oven for 10 min in 0.05% Tween-20 
in 0.1 M sodium citrate buffer, pH 
6.0. The sections were incubated 
with 0.3% hydrogen peroxide in 
phosphate buffer saline (PBS) to 
block the endogenous peroxidase 
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CA, USA). All tissues were examined by at least 
two experienced pathologists and checked for 
the presence of tumor cells. For evaluation of 
Twist expression, staining intensity was scored 
as 0 (negative), 1 (weak), 2 (medium), and 3 
(strong). Extent of staining was scored as 0 
(0%), 1 (1%-25%), 2 (26%-50%), 3 (51%-75%), 
and 4 (76%-100%) according to the percentage 
of the positive staining areas in relation to the 
whole cancer areas. The sum of the intensity 
and extent score was used as the final staining 
score (0-7) for Twist [14]. Negative Twist1 
expression was defined as a final score of <3 
and ≥3 as positive Twist1 expression. 

Patients’ treatment and follow-up

After surgery, adjuvant treatment based on OXA 
and 5-FU was administered to patients with 
stage-III/IV tumors without medical contra-indi-
cations who gave their written informed 
consent.

Patients were followed up until death or until 
June 1, 2014. All patients were monitored by 
physical examination, routine blood tests 
[including serum carcinoembryonic antigen 
(CEA) concentration], chest X-ray and abdomi-
nal ultrasonography every 2 mo in the first year 
after surgery, and every 3-6 mo thereafter. A 
computed tomography scan (CT) or magnetic 
resonance imaging was performed every 6 mo 
or immediately when a recurrence/metastasis 
was suspected. If needed, a whole-body flude-
oxyglucose positron emission tomography/CT 
was performed. The follow-up data were record-
ed during the postoperative examination in our 
hospital, while patients who were examined in 
another hospital were followed up by telephone 
or letter. Recurrence was determined by at 
least two imaging examination results. The 
overall survival (OS) was the interval between 
the surgery and death or the last follow-up 
examination.

Cell culture and culture conditions

Human CRC cancer cell lines, SW480, HCT116 
and LoVo, were obtained from American Type 
Culture Collection (Manassas, VA, USA) and 
routinely maintained in our lab. These cell lines 
were cultured in RPMI 1640 (Gibco, CA, USA) 
with 100 IU/ml penicillin, 100 mg/ml strepto-
mycin and 10% fetal bovine serum in a humidi-
fied 5% CO2 atmosphere at 37°C. 

Immunofluorescent analysis

Cells were grown on glass chamber slides fixed 
with 4% paraformaldehyde in PBS for 30 min. 
Then cells were permeabilized in 0.1% Triton 
X-100 for 30 min and blocked with 0.5% bovine 
serum albumin in PBS for 30 min at room tem-
perature. After washing with PBS, the cells were 
incubated at 4°C overnight with specific prima-
ry antibodies for Twist1. After being washed 
with PBS, the cells were incubated with appro-
priate fluorescein isothiocyanate-conjugated 
secondary antibodies for 1 h and then stained 
with 4’, 6-diamidino-2-phenylindole (DAPI). The 
images were visualized with an Olympus 
microscope.

Chemotherapeutic agents in vitro

5-Fluorouracil (Sigma-Aldrich, MO, USA) was 
reconstructed in normal saline. Oxaliplatin 
(Sigma-Aldrich, MO, USA) was reconstructed in 
glucose saline. For the MTT test, we treated 
cells with different concentrations of OXA and 
5-FU, ranging between 0-200 µg/ml, and deter-
mined the IC50. For the apoptosis and colony 
forming assay evaluations, we used a single 
dose of IC50 for OXA and IC50 for 5-FU in tan-
dem. Evaluations were made 48 hours after 
treatment for cell proliferation. Each drug was 
dissolved at a concentration 100 times of its 
IC50 and stored at 4°C under the protection 
from light and was diluted at appropriate IC50 in 
culture medium immediately before use.

Twist1 SiRNA synthesis and cell transfection 

This study included two human siRNAs 
(GenePharma, Shanghai, China) designed 
against Twist1. One negative random siRNA 
(GenePharma, Shanghai, China) exhibiting no 
significant sequence similarity to human gene 
sequence, served as a negative control. The 
sequences for Twist1 siRNAs and control siRNA 
were: siRNA: Twist1-Homo-864 (sense: 5’- 
GAUGGCAAGCUGCAGCUAUTT-3’; antisense: 5’- 
AUAGCUGCAGCUUGCCAUCTT-3’); and the nega-
tive control siRNA (sense: 5’-UUCUCCGAAC- 
GUGUCACGUTT-3’; anti-sense: 5-ACGUGACACG- 
UUCGGAGAATT-3’). The cells were split into 3 
groups, including the control group supple-
mented with only the transfection reagent, the 
negative control group added with a nontarget-
ing control siRNA and the transfection reagent, 
and the last groups supplemented with differ-
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ent Twist1 siRNA and the transfection reagents. 
For cell transfection, cells were plated on 
96-well (5×103 cells) and 6-well plates (5×105 

cells) in RPMI 1640 with 10% FBS and were 
allowed to attach for 24 h, and then treated 
with 20 pmol siRNA per well. Equimolar 
amounts of siRNAs were incubated with 
Lipofectamine 3000 Transfection Reagent 
(Invitrogen, Madison, WI, United States) accord-
ing to the manufacturer’s instructions. 
Transfected cells were grown at 37°C for 6 h, 
followed by incubation with complete medium. 
Cells were maintained for 48 h before experi-
ments, unless otherwise described.

Twist1 overexpression transfection

For transfection, cells were seeded in culture 
plates, grown to 50-80% confluency and trans-
fected with plasmids (Genechem, Shanghai, 
CHN) using Lipofectamine 3000 according to 
the manufacturer’s protocol. In DNA plasmid 
transfection, 2.5 µg DNA was used per well for 
6-well culture plate. Following transfection, 
cells were incubated for another 48-72 h before 
being harvested for the gene expression test-
ing or functional assays.

Real-time PCR analysis

The relative expression level of Twist1 was 
determined by real-time PCR as our previously 
described [8]. The Twist1 expression level was 
normalized with GAPDH. The primers for Twist1 
were as follows: F: 5’-TTTCGGATGGGGTTGT- 
TATC-3’; R: 5’-AAACGACCTAACCCGAACG-3’.

Western blotting analysis

Protein suspension from the whole-cell lysate 
(30 µg) was loaded onto a sodium dodecylsul-
fate-polyacrylamide gel (SDS-PAGE) for electro-
phoresis and then transferred to a PVDF mem-
brane (Millipore, Biller ica, MA, USA). The mem-
branes were first blocked with 5% (w/v) non-fat 
dry milk in TBST at room temperature for 1 h. 
The membranes were incubated overnight with 
the following primary antibodies at 4°C: Twist1 
(1:1000), GAPDH (1:1000; Santa Cruz, CA, 
USA). After washing with TBST thrice, the mem-
brane was incubated with secondary antibod-
ies against rabbit IgG (1:1000) at room temper-
ature for 2 h. Following three TBST washes, the 
membranes were developed using ECL Plus 
(Millipore, MA, USA) and the signals were visu-

alized by ECL Western Blotting Detection 
System (KO). GAPDH served as an internal load-
ing control. Results represent three indepen-
dent experiments.

3-(4, 5-dimethyl thiazol-2-yl)-2, 5-diphenyl tet-
razolium bromide (MTT) assay

5,000 cells of each line were plated in 6 dupli-
cate wells in 96-well plates and allowed to 
adhere to the plate for 24 h at 37°C. Cells were 
then treated for 48 h at 37°C with either 5-FU 
or OXA at various concentrations as mentioned 
above. Thereafter, 20 µl of 5 mg/ml MTT 
(Sigma-Aldrich, MO, USA) in PBS was added to 
each well, and the microtiter plates were incu-
bated for additional 4 h at 37°C. The yellow tet-
razolium salt MTT was reduced to dark-colored 
formasan by viable cells. After removing super-
natants, formazan crystals were dissolved with 
150 µl of DMSO, and optical densities (OD) 
were measured at 490 nm by an automated 
ELIZA reader (Beckman-Coulter Co., USA). The 
IC50 values were defined as the concentrations 
resulting in a 50% reduction in growth com-
pared to control cell growth.

Colony forming assay

200 cells were seeded per well in 6-well plates 
and IC50 of OXA and 5-FU were added 24 h later 
for 14 days continuously. The cells were fixed in 
70% ethanol and stained with 10% (v/v)  
Giemsa (MERCK, Damstadit, Germany). Colo- 
nies consisted of more than 50 cells were 
counted. Two wells were used for each dose 
and 2 wells treated with solvent were only used 
as controls. Colony forming ability after drug 
treatment was calculated as the ratio between 
the number of colonies in the treated wells and 
the untreated controls multiplied by 100. 
Results represented the average of 3 indepen-
dent experiments.

Apoptosis-flow cytometry 

Early and late cell apoptosis was measured by 
flowcytometry using Annexin V-FITC and PI pro-
vided in a commercial kit (KeyGEN Biotechnology 
Co., Nanjing, China) according to the manufac-
turer’s protocol. Briefly, LoVo, HCT116 and 
SW480 cells were seeded in a six-well plate at 
a density of 1×106 cells/well for 24 h at 37°C. 
Cells were then treated for 48 h at 37°C with 
IC50 of 5-FU and OXA until test. On the test day, 
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1×105 trypsinized cells were washed twice in 
PBS and resuspended in 100 µl of binding buf-

fer. Cells were then exposed to Annexin V-FITC 
(5 µl) and PI (5 µl) for 15 min in dark. Stained 
cells were analyzed for apoptosis by collecting 
10,000 counts per cell line using BD 
LSRFortessa flow cytometer equipped with 
FACSDIVA 6.2 software for cell acquisition and 
data analysis.

Statistical analysis

The SPSS 13.0 software (Chicago, I L, USA) and 
GraphPad Prism software (La Jolla, CA, USA) 
were used for statistical analysis. All the results 
were presented as mean ± SD. Paired t test 
was used to evaluate the difference of Twist1 
expression between tumors and normal tis-
sues. χ2 test was performed to determine the 
correlation between the expression of Twist1 
and clinicopathologic parameters. Survival 
curves were estimated by the Kaplan-Meier 

Figure 1. The expression of Twist1 were performed by immunohistochemistry in clinical speimes. A. Twist expression 
was shown in norma mucos (×200). B. Twist expression was shown incancers (×200).

Figure 2. Kaplan-Meier method used for overall sur-
vival analysis to demonstrate that CRC patients with 
positive Twist1 expressions are significantly associ-
ated with a shorter survival time (P<0.0001).
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Table 2. Univariate and multivariate analysis of clinicopathologic parameters with OS by Cox propor-
tional hazards regression

Factors
Univariate Multivariate

OR 95% CI P OR 95% CI P
Sex 0.853 0.538-1.355 0.502
Age 1.001 0.982-1.020 0.915
Histological type 1.262 0.872-1.827 0.218
Histological grade 0.625 0.424-0.920 0.017
T-stage 1.365 0.736-2.530 0.323
N-stage 6.340 3.300-12.180 0.000 4.981 2.514-9.867 0.000
M-stage 1.810 1.087-3.013 0.023
Tumor differentiation 0.787 0.361-1.715 0.547
Tumor location 0.992 0.617-1.593 0.972
TNM stage 3.058 1.873-4.993 0.000
Recurrence 1.629 0.939-2.827 0.083
Twist1 expression 3.723 2.237-6.196 0.000 2.970 1.734-5.089 0.000
The blank cells correspond to variables that showed no independent relationship with OS in the Multivariate Cox proportional 
hazards regression.

method and compared with the log rank test. 
Multivariate analysis was performed using the 
Cox regression model to assess whether a fac-
tor was an independent predictor of OS. 
Student’s t-test and one-way ANOVA were used 
in either 2 or multiple groups for statistical sig-
nificance. A two-tailed P-value of <0.05 was 
considered statistically significant.

Results

Relationship between Twist1 expression and 
clinicopathological factors

Patients were divided into two groups (negative 
or positive) according to whether the Twist1 
expression level value. The expression of Twist1 
in CRC tissues and matched adjacent non-
tumor tissues were examined by immunohisto-
chemistry. Positive expression of Twist1 was 
detected in 60/95 CRC samples and 19/95 
normal tissues (P<0.01). Twist1 was located 
predominantly on cytoplasm, and showed dif-
ferent staining intensities in normal mucosa 
and cancers (Figure 1). The relationships 
between Twist1 and clinicopathological factors 
were examined (Table 1). On one side, positive 
Twist1 expression was found to be significantly 
correlated with histological grade, T-stage, 
N-stage, M-stage and recurrence. Moreover, 
Twist1 expression was more frequently 
observed in advanced TNM-stage tumors than 
in early TNM-stage tumors. On the other side, 

there were no significant differences between 
groups in age, Sex, histological type, T-stage, 
colorectal cancer type or tumor differentiation. 

Impact of Twist1 expression on overall survival

The overall survival (OS) curves were stratified 
according to Twist1 expression levels. The OS 
was significantly longer in the negative Twist1 
expression group compared to that in the posi-
tive Twist1 expression group (P<0.0001; Figure 
2). In a univariate analysis, expression of Twist1 
and various clinicopathological parameters 
were evaluated for their impact on OS. The OS 
was significantly associated with histological 
grade (P=0.017), N-stage (P=0.0000), M-stage 
(P=0.0023), TNM stage (P=0.0000) and the 
expression of Twist1 (P=0.0000) (Table 2). A 
multivariate Cox regression analysis demon-
strated that the expression of Twist1 was a sig-
nificant prognostic factor for OS (P=0.0000; 
Table 2). Among the other covariates, only 
N-stage was a significant prognostic factor 
(P=0.0000; Table 2).

The expression of Twist1 in CRC cell lines with 
different treatments

The Twist1 expression in CRC cell lines was 
shown in Figure 3A. In addition, the expression 
level of Twist1 was examined by western blot-
ting and Real-time PCR with different treat-
ments in CRC cells (Figure 3B, 3C).
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Figure 3. The expression of Twist1 were performed by immunofluorescence, western blotting and Real-time PCR 
with different treatent in CRC cells. A. The Twist1 expression was significant differences in LoVo or HCT116 com-
pardto SW480 (P<0.05). B. Western blotting and the graph showed the expression of Twist1 with different transfec-
tions compared to control group (P<0.05),and there were no significant difference of the expression of Twist1 in the 
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MTT in CRC cells with different treatments

Preliminary studies were done in order to evalu-
ate the antiproliferative effect of OXA and 5-FU 
on the CRC cells (SW480, HCT116 and LoVo). 
The IC50 values for OXA and 5-FU are presented 
in Table 3. Treated with a dose of IC50 for 5-FU 
and OXA, CRC cells transfected with siRNA-
Twist1 exhibited much lower resistance to the 
anticancer drugs than cells transfected with 
control at 48 h (P<0.05). Likewise, upregulation 
of Twist1 in CRC cells conferred stronger che-
moresistance compared to cells transfected 
with control at 48 h (P<0.05). The MTT values 
48 h post-treatment were represented as 
groups, plotted against OD 490 nm (Figure 4).

Colony forming assay in CRC cells with differ-
ent treatments

The upregulation or knockdown of Twist1 elicit-
ed significant cell chemoresistance and prolif-
eration compared to with the control group 
(P<0.05). In addition, the number of colony for-
mation were significantly differences in CRC 
cells with different treatments (P<0.05) (Figure 
5). 

Apoptosis-Flow Cytometry in CRC cells with dif-
ferent treatments

In the case of the combined treatment, upregu-
lation of Twist1 expression inhibits CRC cells 
apoptosis in vitro. We investigated whether 
Twist1 could reduce CRC cells apoptosis. Cells 
were harvested and disposed by the Annexin 
V-FITC/PI assay with indicated treatment at 48 
h after transfection in the cells. The rates of 
apoptosis were obviously decreased in SW480, 
HCT116 and LoVo (Figure 6). The Twist1 siRNA 
showed the highest apoptosis rate at 48 h in 
early, late or total apoptosis, suggesting that 

Twist1 expression can increase apoptosis of 
colorectal cancer cells in vitro.

Discussion

This study, which investigated the significance 
of Twist1 protein expression in CRC, identified 
some variable factors that had effects on the 
patients’ prognosis. It was showed that Twist1 
expression was positively associated with his-
tological grade, N-stage, M-stage, TNM stage 
and recurrence in patients with CRC. With 
regard to Twist1 in CRC, previous reports dem-
onstrated its role in pathological activities, 
such as the induction of EMT in CRC cells in 
vitro [9]. In addition, there is a report showing 
that Twist expression is significantly associated 
with prognosis in patients with CRC [10, 11]. 
Consistent with their results, the present study 
demonstrated that Twist1 expression is corre-
lated with lymph node metastasis and TNM 
stage, suggesting that Twist may be involved in 
the invasion and metastasis of CRC. Histological 
grade, N-stage, M-stage, TNM stage, recur-
rence and the expression of Twist1 were valu-
able predictors for OS by univariate analysis. 

siCON group or the pcDNA-CON group compared to control group (P>0.05). C. The graph of RT-PCR showed that cells 
were transfected with siRNA or pcDNA-Twist1 compared to control group (P<0.05), the expression of Twist1 in the 
siCON group or the pcDNA-CON group was no differences compared to control group (P>0.05).

Table 3. Overview of IC50 values for SW480, 
HCT116 and LoVo for OXA and 5-FU at 48 h 
(µg/ml)
Compound SW480 HCT116 LoVo
OXA 1.87 11.86 94.83
5-FU 0.66 5.75 27.66

Figure 4. Chemoresistance shown as the number of 
viable colorectal cancer (CRC) cells transfected with 
siRNA or pcDNA-Twist1 compared to control group 
treated with a dose of IC50 for 5-FU and OXA at 48 
h. CRC cells (SW480, HCT116 and LoVo) transfected 
with siRNA-Twist1 exhibited much lower resistance 
to the anticancer drugs than cells transfected with 
control at 48 h (P<0.05). Likewise, upregulation of 
Twist1 in SW480, HCT116 and LoVo cells conferred 
stronger chemoresistance compared to cells trans-
fected with control at 48 h (P<0.05). Cell numbers 
were determined from the absorbance at 490 nm 
(OD 490).
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Figure 5. Chemoresistance and proliferation shown as the number of 
colony formation of colorectal cancer (CRC) cells transfected with siR-
NA or pcDNA-Twist1 compared to control group treated with a dose of 
IC50 for 5-FU and OXA. CRC cells with siRNA-Twist1 exhibited much low-
er chemoresistance and proliferation than the control group (P<0.05). 
Likewise, upregulation of Twist1 in SW480, HCT116 and LoVo cells 
conferred stronger chemoresistance and proliferation compared to the 
control group (P<0.05). In addition, the number of colony formation 
were significatl differences in CRC cells (P<0.05).

After adjustment by multivariate analysis, 
N-stage and Twist1 expression remained as 
independent risk factors for poor OS. Twist1 
expression was identified to be an independent 
risk factor for poor OS. Kaplan-Meier analysis 
displayed that patients with Twist1-negative 
expression had significantly longer OS than the 
positive patients. 

Invasion and metastasis are life-limiting 
aspects of malignant neoplasm. It has been 
shown in a series of researches that cancer 

tic agents were shown to induce EMT in several 
types of cancers, including head and neck car-
cinoma [17], hepatocellular carcinoma [18], 
breast cancer [19], ovarian cancer [7], bladder 
cancer [20]. On the other side, EMT displayed 
that it could enhance the chemoresistance of 
the tumor cells in breast cancer, ovarian can-
cer, colorectal cancer and pancreatic cancer [7, 
19, 21, 22]. As a result, the above studies pro-
vide forceful evidence between MDR and EMT. 
In the present study, we found that CRC cells 
with chemoresistant undergo EMT process and 

cells use EMT to down-regulate 
their cell-cell adhesion and become 
motile and invasive [12]. A variety 
of studies showed that Twist1, a 
highly conserved basic helix-loop-
helix transcription factor, is involved 
in EMT and suggested as an onco-
gene [13, 14]. Besides, Twist1 is in 
relation to the regulation of cell 
movement and tissue reorganiza-
tion during early embryogenesis [9]. 
And it has been shown to play an 
essential role in diverse ways, 
including tumor cell apoptosis, inva-
sion and metastasis, which are 
involved in carcinogenesis and can-
cer progression [15]. Recently, 
some evidences also indicate that 
Twist1 can be a key factor respon-
sible for metastasis of breast can-
cer by promoting EMT in an in vivo 
system, and suppression of Twist1 
inhibits tumor metastasis and 
reduces the presence of tumor 
cells in the blood circulation and 
lymph node involvement [16]. For 
our results, it suggests that Twist1 
could enhance the migration behav-
ior of CRC cells, which is similar to 
their results and thus support these 
recent findings about Twist1.

Chemotherapy is a systemic treat-
ment involving the use of chemical 
agents to stop cancer cells from 
growing. Although the chemothera-
py based on OXA and 5-FU has 
been an effective method for elimi-
nating CRC cells, chemoresistance 
has become a major therapeutic 
obstacle. Recently, a number of 
researches revealed that EMT is 
involved in multidrug-resistance in 
cancer cells. Many chemotherapeu-



Twist1 expression in colorectal cancer

2009 Am J Cancer Res 2015;5(6):2000-2011

the chemoresistant CRC cells were accompa-
nied with enhancing metastatic potential, in 
which the Twist1 expression was up-regulated.

In view of the MDR concomitant EMT and 
Twist1, a question was raised: Did Twist1 play a 
role in the MDR after a certain period of treat-
ment? Previously, numbers of surveys have dis-
covered that Twist1 gene expression is associ-
ated with the development of acquired resis-
tance to an anticancer drug, and overexpres-
sion of Twist1 leads to resistance to chemical 

agents [23-25]. Moreover, silencing of Twist1 
sensitizes lung cancer cells to cisplatin via 
stimulating AMPK-induced mTOR inhibition [18, 
26]. These relationships of evidence made fur-
ther efforts to suggest that Twist1 may be a 
positive factor in promoting resistance to anti-
cancer drugs, which is one of the characteris-
tics of advanced cancers. In order to answer 
the problem, our work revealed that Twist1 may 
assume a dual role because it has intrinsic 
potential effects on EMT as well as an anti-
apoptotic function. In addition, our results also 

Figure 6. A. The effect of Twist1 on apoptosis with 
combined treatment of IC50 of XA and 5-FU in SW480, 
HCT116 and LoVo cells. B. As show in early, late and 
total apoptosis, the apoptotic rate of the Twist1 siR-
NA obviously increased in CRC cells compared with 
the control group (P<0.01). Besides, the apoptotic 
rate of the pcDNA-Twist1 obviously decreased in CRC 
cells compared with the control group (P<0.01). The 
experiment was done in triplicate. The figure repre-
sented one of the 3 experiments performed in du-
plicate.
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implicate that Twist1 may be an important 
oncogene that induces tumorigenesis and pro-
motes tumor progression in malignant cells. 

In conclusion, the present study demonstrates 
that Twist1 plays a crucial role in the chemore-
sistance of colorectal cancer. Downregulation 
of Twist1 expression facilitated apoptosis and 
enhanced the sensitivity of chemotherapy. The 
results of the current study provide support for 
Twist1 to be a potential prognostic marker and 
a therapeutic strategy for chemoresistant 
colorectal cancer. However, further clarification 
of functional characterization must be required. 
Besides, the sample sizes are a limitation of 
our study, and the patients’ follow-up should be 
taken into consideration. Therefore, large sam-
ple sizes are still needed to confirm the molecu-
lar mechanism and effect of Twist1 on CRC in 
further study.
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