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Abstract
AIM: To assess the clinicopathological and biological 
significance of cripto  in human colorectal cancer.

METHODS: Real-time reverse-transcription polymerase 
chain reaction (PCR) was used to examine cripto  mRNA 
levels in primary colon cancer and normal colon tissues 
as well as normal and metastatic lymph nodes from 
colon cancers. Human colon cancer LS-174T cells were 
transfected with cripto  small interfering RNA (siRNA), 
and mRNA and protein levels were evaluated using 
real-time PCR and western blot analysis, respectively. 
The growth of cancer cells was evaluated using the 
MTT assay and colony formation in soft agar. Invasion 
was examined using a Transwell assay, and the expres-
sions of matrix metalloproteinase (MMP)-7 and MMP-9 
were determined using western blot assay.

RESULTS: Cripto was significantly overexpressed in 

primary colon cancer and metastatic lymph nodes. 
Silencing cripto  gene expression with cripto  siRNA re-
sulted in a significant decrease in colony formation in 
soft agar in the colon cancer cell line LS-174T. Cripto 
siRNA treatment decreased the migration and invasion 
capabilities of the colon cancer cell line LS-174T in vi-
tro . Furthermore, cripto  siRNA treatment inhibited the 
expression of matrix MMP-7 and MMP-9. 

CONCLUSION: The results provide evidence that 
cripto  siRNA could be an effective approach for the in-
hibition of cancer cell invasion and migration and thus 
has potential for use in devising novel preventive and 
therapeutic strategies for colon cancer metastasis. 

© 2013 Baishideng Publishing Group Co., Limited. All rights 
reserved.
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Core tip: To assess the clinicopathologic and biological 
significance of cripto  as a novel target for colon cancer 
gene therapy, pathological and in vitro  studies were 
carried out. Cripto  was significantly overexpressed in 
primary colon cancer and metastatic lymph nodes. In 
vitro  studies found that cripto  siRNA resulted in a sig-
nificant reduction in colony formation in soft agar and 
in the migration and invasion abilities of colon cancer 
cells. Furthermore, cripto  siRNA led to an inhibition 
of MMP-7  and MMP-9 . These results suggest that the 
cripto  gene be useful for devising novel preventive and 
therapeutic strategies for colon cancer.
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INTRODUCTION
The cripto gene is a member of  the epidermal growth 
factor-CFC family of  signaling proteins first cloned from 
the human teratocarcinoma cell line NTERA2[1]. Cripto is 
overexpressed in most malignant solid tumors, including 
colon, breast, lung, ovarian, and pancreatic cancers[2-7]. In 
contrast, crypto is generally absent from or found at low 
levels in normal tissues. In vitro, cripto exhibits many of  
the properties of  an oncogene, including transformation 
of  immortalized cells, induction of  cell migration, and 
stimulation of  branching morphogenesis[8]. These find-
ings suggest that cripto serves an important function in 
carcinogenesis and in the development of  some tumors. 

Recent reports show that cripto overexpression may 
be closely related to invasion and metastasis in some hu-
man cancers[9,10]. Ertoy et al[9] evaluated cripto expression 
in matched sets of  non-neoplastic cervical epithelium, 
primary cervical carcinoma, and metastatic tumors in the 
lymph nodes using immunopositivity staining. Strong 
cripto immunopositivity was found to be significantly 
correlated with tumor size and lymphovascular space 
involvement (P < 0.05). More importantly, the level of  
cripto expression increased in metastatic lymph nodes 
compared with their primary tumors. Despite the clear 
association between cripto overexpression and human 
breast cancer, the clinicopathological and biological sig-
nificance of  cripto overexpression in human colon cancer 
remains undiscovered. 

Colorectal cancer is the third most common malig-
nant neoplasm worldwide[10] and the second leading cause 
of  death attributed to cancer[11]. Despite recent advances 
in diagnostic and therapeutic measures, the prognosis of  
colorectal cancer patients with distant metastasis remains 
poor. Enhanced understanding of  the signaling mecha-
nisms that regulate the metastasis of  colon cancer may 
provide important insights with which to establish im-
proved therapeutic strategies.

In this study, we demonstrate that cripto is highly 
overexpressed in primary and metastatic colon cancer tis-
sues. In addition, we demonstrate that RNA interference 
(RNAi) cripto gene expression decreases the proliferation, 

migration, and invasion capability of  colon cancer cell 
lines in vitro. To define the mechanisms underlying cripto 
invasion inhibition, we investigate the effect of  cripto 
small interfering RNA (siRNA) transfection on the ex-
pression levels of  mRNA and proteins of  matrix metal-
loproteinase (MMP)-7 and MMP-9. Based on the results 
of  this study, we conclude that cripto is a potential novel 
target of  gene therapy for colon cancer metastasis. 

MATERIALS AND METHODS
Tissue specimens and treatment
Thirty-nine paired samples of  colon cancer and distant 
normal colon tissue were obtained from 39 inpatients 
who had undergone surgery from 2009 to 2010 in the Af-
filiated People’s Hospital of  Jiangsu University. Eighteen 
metastasized lymph nodes were obtained from patients 

undergoing surgical therapy for the treatment of  colon 
cancer. Tumor histotype and grade of  differentiation were 
defined according to WHO criteria. Clinical and patho-
logical stages were defined according to Dukes Staging’ 
criteria. Inpatients did not receive any chemotherapy or 
radiotherapy prior to surgery. Eleven normal lymph nodes 
without evidence of  cancer were obtained from patients 
undergoing carotid endarterectomy. None of  these pa-
tients had any history or clinical evidence of  cancer.

To facilitate real-time reverse-transcription polymerase 
chain reaction (RT-PCR) analysis, the specimens were 
identified and bisected. One portion was processed for 
real-time RT-PCR, whereas the other portion was sent for 
routine pathology analysis. All specimens were immedi-
ately snap-frozen in liquid nitrogen to prevent RNA deg-
radation. The specimens were then stored at -70 ℃ until 
total RNA processing could be performed. This study was 
conducted with approval from the Medical Ethical Com-
mittee, and all patients provided written informed consent 
to participate in the study (Table 1). 

Cell lines
The human colon cancer cell lines LS-174T and GEO 
were obtained from the Institute of  Cell Biology, Shang-
hai, China. Cells were maintained in RPMI 1640 supple-
mented with 10% fetal bovine serum (FBS) at 37 ℃ 
under a 5%CO2 atmosphere. For 3-(4,5-dimethylthiazol-
2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay, cells 
were plated in 96-well plates at a density of  2 × 103 cells/
well. For real-time RT-PCR, cells were seeded in 6-well 
plates at a density of  1 × 105 cells/well. 

RNA isolation and complementary DNA synthesis
Total cellular RNA was isolated from colon cancer cell 
lines, normal lymph nodes, and lymph nodes from prima-
ry colon cancer patients using Trizol. Final RNA pellets 
were dissolved in 20 µL of  diethyl pyrocarbonate-treated 
water. RNA yield was determined by spectroscopy. For 
complementary DNA (cDNA) synthesis, 5 µg of  total 
RNA was transcribed with cDNA transcription reagents 
using 0.5 µg of  oligo(dT)18 primer for subsequent quan-
titative, RT-PCR. 
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Table 1  Clinicopathologic characteristics of colon cancer 
patients  n  (%)

Characteristic No. of patients

Sex
   Male 21 (53.8)
   Female 18 (46.2)
Age (yr), mean (range)    62 (35–81)
   ≤ 65 20 (51.3)
   > 65 19 (48.7)
Dukes staging
   A + B 12 (30.8)
   C + D 27 (69.2)
Tumor differentiation
   Well 0
   Moderate 29 (74.4)
   Poor 10 (25.6)



Real-time RT-PCR 
Real-time RT-PCR analyses were performed on an ABI 
Prism 7700 sequence detection system (Applied Biosys-
tems, CA, United States). Primers and TaqMan probes were 
designed using Primer ExpressTM 1.0 (Applied Biosystems) 
software, and probes were labeled at the 5’ end with the 
reporter dye molecule FAM (6-carboxy-fluorescein) and 
at the 3’ end with the quencher dye molecule TAMARA 
(6-carboxytetramethyl-rhodamine). Real-time PCR was 
conducted in a total volume of  50 µL with 1 × TaqMan 
Master Mix (Applied Biosystems) and primers. Thermal 
cycler parameters included one cycle at 95 ℃ for 3 min, 45 
cycles involving denaturation at 95 ℃ for 30 s, annealing at 
52 ℃ for 45 s, and extension at 72 ℃ for 45 s, followed by 
a final extension at 72 ℃ for 10 min. The relative amount 
of  cDNA in each sample was calculated by dividing the 
CT value with the corresponding value of  the house-
keeping gene glyceraldehyde-3-phosphate dehydrogenase 
(GAPDH). All reactions were performed in triplicate. The 
data were normalized to the internal control gene, GAP-
DH, to control for RNA preparation. Real time RT-PCR 
results were analyzed using Q-Gene software[12], which 
expresses data as mean normalized expression (MNE). 
MNE is directly proportional to the amount of  RNA of  
the target gene (cripto and MMPs) relative to the amount 
of  RNA of  GAPDH. 

Primer design 
Primers for cripto, MMP-7, and MMP-9 were designed us-
ing Perkin-Elmer Primer Express software. The primer 
sequences are presented in Table 2. 

Cripto siRNA sequence
Cripto siRNAs corresponding to cripto mRNA with 
dTdT on 3’-overhangs were designed and chemically 
synthesized according to the recommendation of  the 
manufacturer (Dharmacon Research, United States). Six 
SiRNAs targeting the coding sequence of  cripto mRNA 
(S1-S6) were used in the current experiment. Informa-
tion on the cripto siRNAs is provided in Table 3. The 
scrambled siRNA served as a control and its sequences 
were 5’-UUCUCCGAACGUGUCACGUTdTd-3’ and 
5’-ACGUGACACGUUCGGAGAATdTdT-3’.

In vitro transfection
Transfection of  siRNA was performed using a commer-
cial reagent, oligofecamine (Invitrogen, United States), in 
6-well plates following the manufacturer’s instructions. 
Briefly, the day before transfection, confluent layers of  

cells were trypsinized, counted, and resuspended. There-
after, 1 × 105 of  cells were plated into each well of  the 
6-well plates, such that approximately 70% confluence 
could be achieved the next day at the time of  transfec-
tion. Oligofecamine was diluted in serum-free RPMI 
1640 and mixed with siRNA at a 1:2 ratio (4 µL of  20 
µmol/L of  siRNA formulated with 8 µL of  oligof-
ecamine). The cells were then incubated for another 48 
h. Cell numbers were determined using a hemocytometer 
before subsequent assays. 

MTT assay
Cells plated in 96-well plates were grown in their respec-
tive media for 48 h after the addition of  siRNA. At each 

time point, cells were checked visually for growth and 
proliferation. MTT (Sigma) was then added to the wells, 
and the cells were incubated at 37 ℃ for 4 h. MTT solu-
bilization solution (10% Triton X-100 in acidic isopropa-
nol, 0.1 mol/L HCl) was added to the wells, and the cells 
were incubated overnight. Colorimetric measurements 

were performed using a microplate reader (Molecular 
Devices) at 560 nm, and the background at 650 nm was 
subtracted. 

Anchorage-independent growth assay 
For the anchorage-independent growth experiments, LS-
174T cells (1 × 104 cells/well) were seeded in 0.3% FBS 
supplemented with complete culture medium. This sus-
pension was layered over 0.5 mL of  0.8% agar-medium 
base layer in 24-well plates. After 15 d, the colonies were 
stained with nitroblue tetrazolium, and colonies larger 
than 50 µm were acquired using a micro-Scopeman 
camera system (Moritex Europe Ltd.) and analyzed with 
Image-Pro Plus (Media Cybernetics) software.

In vitro invasion/migration assay
Transwell migration and invasion assays were performed 
using LS-174T cells cultured in 12-well plates containing 
either 8 µm pore Biocoat® control inserts (migration as-
says) or Matrigel-coated inserts (invasion assays) accord-
ing to the manufacturer’s instructions (Becton Dickinson, 
Bedford, MA, United States). The membranes were rehy-
drated with warm serum-free Dulbecco’s modified Eagle’
s medium (1.0 mL/chamber) for 2 h. The upper chamber 
was filled with 1 × 105 cells in L-15 medium containing 
5% FBS. The lower chamber was filled with L-15 me-
dium containing 25% FBS as a chemoattractant. After 
the chambers were incubated for 24 h at 37 ℃ under a 5% 
CO2 atmosphere, the non-invading cells were removed 
from the upper surface of  the membrane by scrubbing, 
and invading cells on the lower surface of  the membrane 
were fixed and stained with hematoxylin and eosin. 

The number of  cells that penetrated the filter was 
counted by a technician blinded to the experimental set-
tings in four microscopic fields of  each filter under × 20 
magnification. The percentage of  invasion was expressed 
as the ratio of  the mean cell number from the inva-
sion chamber to the mean cell number from the control 
chamber according to the manufacturer’s recommenda-
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Table 2  Primers of cripto , matrix metalloproteinase-7 and 
matrix metalloproteinase-9

Genes Forward(5'-3') Reverse(5'-3')

Cripto CAATTCGGCCTCGGTCTTC TTCAGGCAGCAGGTTCTGTTT
MMP-7 AACTCCCGCGTCATAGAAAT GATACGATCCTGTAGGTGAC
MMP-9 CGGAGTGAGTTGAACCAG GTCCCAGTGGGGATTTAC

MMP: Matrix metalloproteinase.
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expression in cancer tissue was approximately 150-fold 
higher; P < 0.001) than that in normal lymph nodes. 

Screening of cripto siRNA 
The capability of  siRNA to inhibit cripto expression was 
quantified by real-time RT-PCR analysis 48 h following 
siRNA exposure. S1-S6 (targeting the coding sequence 
of  cripto mRNA) showed various suppressant effects on 
cripto mRNA expression in LS-174T cells which express 
high levels of  cripto mRNA[13,14]. Among them, S1, which 
targets nucleotides 175-195, exhibited the strongest ef-
fect. At a concentration of  100 nmol/L, S1 reduced the 
cripto mRNA level by 89% 48 h after the start of  transfec-
tion (Figure 1). In contrast, the control-scrambled siRNA 
treatment showed no effect on cripto mRNA levels, thus 
supporting the specificity of  cripto siRNA. To characterize 
the potency of  S1 further, the dose and time dependency 
of  its effects on cripto mRNA in LS-174T cells were ex-
amined, and results indicated that S1 downregulated the 
cripto mRNA level in a dose-dependent manner (Figure 2).

Effects of cripto siRNA on proliferation in LS-174T cells 
in vitro
We then evaluated the biological effects of  cripto sup-
pression on colon cancer LS-174T cells using different 
types of  assays. The MTT assay showed that cellular 
proliferation in the monolayer culture was unaffected by 
either siRNA (Figure 3A). However, colony formation in 
soft agar was strongly inhibited by treatment with cripto 
siRNA but not by control siRNA (Figure 3B). Figure 3B 
shows that treatment with cripto siRNA induced signifi-
cant anchorage-independent growth inhibition in a dose-
dependent manner (Figure 3). 

Downregulation of cripto decreased cancer cell invasion 
and migration capabilities of colon cancer cell lines in 
vitro
Colony formation in soft agar is a property closely as-
sociated with malignancy. Given the known role of  cripto 
siRNA in the downregulation of  anchorage-independent 
growth of  LS-174T cells, we attempted to determine 
whether or not the cripto gene contributes to cell invasion 
and migration in colon cancer. Cell migration and inva-
sion studies were performed using Matrigel matrix assays. 
Tumor cells require both migration and invasion proper-
ties to invade through the Matrigel matrix. Two indepen-
dent experiments were performed. The results showed 
that S1 treatment, but not scrambled siRNA treatment, 

tion. The percentage of  migration was expressed as the 
ratio of  the mean cell number in control inserts contain-
ing S1 siRNA transfected cells to mean cell numbers in 
control inserts containing untreated cells (untreated cells 
were given a value of  100%). 

Western blot assay for MMP-7 and MMP-9
Seventy-two hours after transfection, cells were washed 
twice in PBS, and total protein was extracted in 150 
mmol/L NaCl, 50 mmol/L Tris·HCl (pH 7.5), 1% 
sodium deoxycholate, 0.1% SDS, 1% Triton X-100, 5 
mmol/L EDTA, 10 mg/mL leupeptin, 1% aprotinin, and 
2 mmol/L PMSF. Ten micrograms of  protein sample 
was loaded onto a 10% SDS-PAGE and electroblotted 
onto a PVDF nylon membrane (Millipore, Bedford). 
Membranes were blocked in 0.05% Tween 20 (v/v) PBS 
containing 5% skimmed milk and then incubated with 
MMP-7, MMP-9, and β-actin antibodies (Santa Cruz 
Biotechnology). Membranes were then incubated with 
a HRP-linked goat anti-rabbit IgG secondary antibody 
(Santa Cruz Biotechnology). Finally, the membrane was 
reacted with DAB reagent and washed with PBS once 
protein bands had appeared. 

Statistical analysis
Statistical analyses included the independent t-test and 
analysis of  variance. Statistical analyses were performed 
using SPSS 11.5 software (SPSS Inc., Chicago, IL, United 
States. 

RESULTS
Cripto is highly expressed in primary colon cancer
To determine whether or not cripto was expressed in hu-
man colon cancer, real-time RT-PCR was conducted on 
39 paired samples to determine cripto mRNA expression 
levels in clinical tissues. The results showed that cripto 
expression in primary colon cancer samples was signifi-
cantly higher (mean expression in cancer tissue was more 
than 16-fold higher; P < 0.001) than that in normal tis-
sues.

Cripto is significantly overexpressed in lymph nodes 
containing metastatic colon cancer
Real-time RT-PCR analysis was performed on 11 normal 
lymph nodes and 18 lymph nodes containing metastatic 
colon cancer. The results indicated that cripto expression 
in metastatic lymph nodes was significantly higher (mean 

Table 3  Cripto  siRNA sequence

siRNA Sense (5' →  3') Antisense (5' →  3') MW Position

S1 UUCGGCCUCGGUCUUCCCATT UGGGAAGACCGAGGCCGAATT 13347.2 175-195
S2 CAGAACCUGCUGCCUGAAUTT AUUCAGGCAGCAGGUUCUGTT 13317.2 236-256
S3 CUGUGAGCACGAUGUGCGCTT GCGCACAUCGUGCUCACAGTT 13347.2 314-334
S4 GAGAACUGUGGGUCUGUGCTT GCACAGACCCACAGUUCUCTT 13332.2 336-356
S5 UGCUGGCACGGUCAGCUCCTT GGAGCUGACCGUGCCAGCATT 13362.2 396-416
S6 CUACCACCGUCUGCACGUATT UACGUGCAGACGGUGGUAGTT 13332.2 495-515 
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resulted in a significant low level of  migration and inva-
sion potential of  LS-174T cells (Figure 4). 

Effects of cripto siRNA on MMP-7 and MMP-9 expression 
in colon cancer cells 
To explore whether or not the invasiveness of  transfected 
cells was associated with MMP induction, real-time PCR 
and western blot assays were conducted to detect altera-
tions in the expression level of  MMP-7 and MMP-9. 
As illustrated in Figure 5, cripto suppression resulted in 
decreases in both mRNA and MMP-7 and MMP-9 pro-
tein levels compared with those in control cells. Another 

experiment on transfection with cripto siRNA in the colon 
cancer cell line GEO also exhibited invasion inhibition 
and downregulation of  MMP-7 and MMP-9 expression 
(data not shown). These results indicate that cripto sup-
pression by RNAi could inhibit invasion and migration 
capabilities by reducing MMP-7 and MMP-9 expression 
in human colon cancer cells.

DISCUSSION
The primary modalities for colon cancer therapy are sur-
gery, radiotherapy, and chemotherapy. One of  the main 
limitations of  current treatment modalities is that sys-
temic therapies for metastatic disease are not curative. To 
improve the choice of  therapeutic strategy, the mecha-
nism of  invasion and metastasis of  colon cancer must be 
clarified.

The cripto gene is known to be overexpressed in nu-
merous solid cancers, and its overexpression appears to 
be associated with enhanced proliferation and malignant 
potential[1,2,5]. We found that cripto was significantly over-
expressed in primary and metastatic colon cancer tissues 
through real-time RT-PCR. To determine whether or not 
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cripto was a potential target for colon cancer gene therapy, 
the colon cancer cell line LS-174T was treated with cripto 
siRNA, and anchorage-independent growth and the 
capacity for invasion and migration were determined us-
ing different assays. The results showed that cancer cells 
transfected with cripto siRNA inhibited the anchorage-
independent growth, invasive capacity, and migration ca-
pability of  colon cancer cells. Finally, our results provide 
mechanistic insight into the function of  cripto in the regu-
lation of  invasion and migration through the suppression 
of  MMP-7 and MMP-9 expression, which suggests that 
cripto may serve as a novel tumor marker for colon cancer 
metastasis. 

The mechanisms by which cripto regulates invasive 
potential and migration capability remain unclear. Nor-
manno et al[15] recently showed that crypto overexpres-
sion enhanced invasion capability by inhibiting anoikis 
in breast cancer. The process of  metastasis is complex, 
occurring in a series of  steps, including cell invasion and 
degradation of  the basement membranes and stromal 
extracellular matrix, ultimately leading to tumor cell in-
vasion and metastasis. MMPs are critically involved in 
the processes of  tumor cell invasion and metastasis[16-19]. 
The MMPs comprise a family of  related enzymes that 
degrade the extracellular matrix and are considered to be 
important factors in facilitating tumor invasion. Among 
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the MMPs, MMP-7 and MMP-9 have been considered 
important factors in facilitating invasion and metasta-
ses in human colon cancer[20-24]. We further investigated 
whether or not cripto-induced invasion of  LS-174T cells 
is mediated through MMP-7 and MMP-9. Real-time RT-
PCR and Western blot analysis were performed to detect 
MMP expression in the colon cancer cell line LS-174T. 
Cripto siRNA-transfected cells showed significantly low 
levels of  mRNA and MMP-7 and MMP-9 proteins. Data 
from these results show that the downregulation of  cripto 
expression after siRNA treatment decreases MMP ex-
pression. To the best of  our knowledge, this study is the 
first to report on the primary mechanism responsible for 
the decrease in invasion potential observed after cripto 
siRNA treatment. 

Based on our studies, we speculate that transfection 
with cripto siRNA decreases invasion and metastasis in 
human colon cancer through MMP downregulation. 
Thus, targeting cripto for molecular intervention may be 
an attractive therapeutic strategy for colon cancer. Many 
studies have proven that RNAi technology siRNA can be 
used successfully for gene silencing in vivo[25,26]. Thus, the 
application of  RNAi mediated by siRNA to knock down 
cripto expression in colon cancer may prove to be a valu-
able strategy for patients with advanced colon cancer. 
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