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Abstract
AIM: To investigate the effect and mechanism of action of
the nitric oxide synthase (NOS) inhibitor NG-nitro-L-arginine
methyl ester (L-NAME) on invasion and metastasis of
human colorectal cancer cell line SL-174T.

METHODS: Human colorectal cancer cell line SL-174T
was cultured and treated separately with four different
dosages of L-NAME for 72 h. Nitric oxide (NO) production
was measured with Griess reagent. The effect of L-NAME
on invasion and migration of SL-174T cells were evaluated
by using Transwell chambers attached with polycarbonate
filters and reconstituted basement membrane (Matrigel).
RT-PCR was performed to determine the mRNA levels of
matrix metalloproteinase-2 (MMP-2) and tissue inhibitor
metalloproteinase-2 (TIMP-2).

RESULTS: L-NAME could significantly inhibit NO production
of SL-174T in a dose-dependent manner. After being
treated for 72 h with 0.2, 0.4, 0.8, and 1.0 mmol/L L-
NAME, respectively, the ability of the L-NAME treated SL-
174T cells to invade the reconstituted basement
membrane decreased significantly (t = 8.056, P<0.05;
t = 14.467, P<0.01; t = 27.785, P<0.01; and t = 29.405,
P<0.01, respectively) and the inhibition rates were 10.29%,
19.62%, 34.08%, and 42.23%, respectively. Moreover,
L-NAME could inhibit migration of SL-174T cells, and the
inhibition rates were 20.76%, 24.95%, 39.43%, and 46.
85% for L-NAME at 0.2, 0.4, 0.8, and 1.0 mmol/L,
respectively (t = 15.116, P<0.01). In addition, after
treatment with L-NAME, expression of MMP-2 mRNA was
significantly decreased (t = 71.238, P<0.01) and that of
TIMP-2 mRNA was markedly increased (t = -13.020,
P<0.01).

CONCLUSION: L-NAME exerts anti-invasive and anti-
metastatic effects on SL-174T cell line via downregulating
MMP-2 mRNA expression and upregulating TIMP-2 mRNA
expression.

© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION

Colorectal cancer is one of the leading causes of cancer
deaths in men and women, and more effective and potent
agents for chemotherapy of colorectal cancer are urgently
needed. A number of in vitro and in vivo investigations have
indicated the possible involvement of nitric oxide (NO) in
promoting tumor carcinogenesis, migration, invasiveness,
and angiogenesis. NO is produced from L-arginine, catalyzed
by three isoforms of  nitric oxide synthases (NOS): (1)
calmodulin- and Ca2+-dependent endothelial NOS (eNOS);
(2) neuronal NOS (nNOS); and (3) calmodulin- and Ca2+-
independent endothelial NOS (iNOS)[1]. An NOS inhibitor
NG-nitro-L-arginine methyl ester (L-NAME) has been
reported to exert anticancer effects against human head
and neck cancer and mammary tumor in vitro[2,3]. However,
the effects of this agent against colorectal cancer remain to
be determined. In the present study, we, therefore, examined
the anticancer effects and mechanisms of L-NAME in
highly metastatic colorectal cancer cell line SL-174T.

MATERIALS AND METHODS

Cell line and treatment
The human colorectal cancer cell line SL-174T was
purchased from Cancer Research Institute of Harbin
Medical University and maintained in RPMI 1640 medium
(Gibco/BRL), supplemented with 100 mL/L heat-inactivated
fetal calf serum (Gibco) and 10 g/L penicillin-streptomycin
solution (10 000 U/mL). The cells were incubated in plastic
tissue culture flasks (Falcon) at 37 ℃ in a humidified
atmosphere containing 50 mL/L CO2 in air. In the experiments
designed to block NO synthesis, L-NAME (Sigma) was
added to the medium at various concentrations (0.2, 0.4, 0.8,
and 1.0 mmol/L).

NO production assay
Using a microplate assay with Griess reagent, NO production
was determined by measuring nitrite accumulation in culture
supernatants. After the cells were treated with different
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concentrations of L-NAME (0.2, 0.4, 0.8, and 1.0 mmol/L)
for 72 h, NOS activity was assessed by measuring nitrite
production following the manufacturer’s instructions. Cell
supernatants (1 000 L) were mixed with 1 000 L of the
Griess reagent. After 10-min incubation at room temperature,
the absorbency was read at 540 nm on a spectrophotometer.

Tumor cell invasion and migration assays
The ability of cells to migrate through control (migration)
or invade through Matrigel-coated filters (invasion) was
measured in a Transwell chamber (Costar). Eight-micron
Transwell filters, which were coated with or without 5 g
Matrigel (Becton Dickinson) and 5 g fibroblast (Promega),
were placed in the lower chamber as a chemoattractant.
Then SL-174T cells, treated with different concentrations
of L-NAME for 72 h, were added into the upper room
and incubated for additional 4 h at 37 ℃ in a humidified
atmosphere containing 50 mL/L CO2 in air. The cells that
had not penetrated the filter were wiped out with cotton
swabs, and the cells that had migrated to the lower surface
of the filter were examined using bright field microscopy,
and photographed. The values for invasion were determined
as the average number of migrated cells bound per
microscopic field over four fields per assay and expressed
as average values for triplicate experiments.

Detection of MMP-2 mRNA and TIMP-2 mRNA expression
After the cells were treated with different concentrations
of L-NAME (0.2, 0.4, 0.8, and 1.0 mmol/L) for 72 h, total
RNA was extracted from SL-174T cells with the TRIzol
reagent (Gibco/BRL, Life Technologies Inc.) according to
the manufacturer’s instructions. The primers were designed
using Primer Premier 5 software. The primers used for
PCR amplification of matrix metalloproteinase-2 (MMP-2)
were 5’-TCTTCAAGGACCGGTTCATTTG-3’ (sense) and
5’-GATGCTTCCAAACTTCACGCTC-3’ (antisense),
500 bp long. The primers used for PCR amplification of
tissue inhibitor metalloproteinase-2 (TIMP-2) were 5’-
ACC TGGATGCCGTCGTGGAC-3’ (sense) and 5’-
TGTGGCAGCACCAGGGCAGC-3’ (antisense), 376 bp
long. The primers used for -actin PCR amplification
were 5’-TACATGGCTGGGGTGTTG AA-3’ (sense) and
5’-AAGAGAGGCATCCTCACCCT-3’ (antisense), 218 bp
long. PCR primers were synthesized by Biology Engineering
Corporation of  Shanghai. Ten-microliter aliquots of  the
PCR product were loaded on 20 g/L polyacrylamide gel.
Absorbency ratios of MMP-2 and TIMP-2 to control
-actin mRNA expression were considered as expression
indices of  the former two genes and used for semi-quantitation.

Statistical analysis
SAS for Windows 6.12 was used to solve the data. The data
were mean value of at least three different experiments
and expressed as mean±SD. The LSD-t test and Dunnett’s t
test were used to compare the data. P<0.05 was considered
statistically significant.

RESULTS

Effect of L-NAME on NO production
NO production was significantly decreased after the

treatment with different dilutions of  L-NAME. We observed
significant differences in NO levels between control group
and treatment groups (Table 1).

Table 1  Effect of different concentrations of L-NAME on NO pro-
duction by SL-174T cells (mean±SD)

Concentration mmol/L             No. of experiments         NO (mol/L) 72 h

Control         3                147.80±0.78b

0.2         3                135.66±0.45

0.4         3                   95.73±0.23

0.8         3                   59.80±0.65

1.0         3                   56.43±0.64

bP<0.01, vs control.

Influence of L-NAME on invasion and migration of SL-174T
cells
Compared with the control group, SL-174T cells treated
with different concentrations of L-NAME for 72 h had
decreasing tendency for invasion and the inhibition rates
were 10.29%, 19.62%, 34.08%, and 42.23% for L-NAME at
0.2 mmol/L (P<0.05), 0.4, 0.8, and 1.0 mmol/L (P<0.01),
respectively. In addition, L-NAME could markedly inhibit
SL-174T cells migration, and the inhibition rates were
20.76%, 24.95%, 39.43%, and 46.85% for L-NAME at
0.2, 0.4, 0.8, and 1.0 mmol/L (P<0.01), respectively
(Figures 1 and 2A-D).

Figure 1  SL-174T treated with different concentrations of L-NAME. A: Control;
B: 0.2 mmol/L; C: 0.4 mmol/L; D: 0.8 mmol/L; E: 1.0 mmol/L. Data are
represented as mean±SD of triplicate determinations.

Expression of MMP-2 mRNA and TIMP-2 mRNA
After the treatment with L-NAME for 72 h, expression of
MMP-2 mRNA and TIMP-2 in SL-174T cells is shown in
Figures 3A and B. The expression of MMP-2 mRNA was
significantly decreased in the treatment groups as compared
to the control (P<0.05). On the contrary, the expression of
TIMP-2 mRNA was significantly higher in the treatment
groups as compared to the control (P<0.05).

DISCUSSION

NO has dual action on tumor growth that may be dependent
on local concentrations, type of tumor, and susceptibility
of tumor cells to NO. Over production of endogenous
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NO would cause tumor toxicity, induce cell apoptosis, and
prevent tumor angiogenesis. NO level produced in tumor
microenvironment usually was up to two orders of magnitude
lower than that associated with NO-dependent tumor
apoptosis. Endogenous NO produced by blood vessel
endothelial cells and tumor cells plays an important role in
supplying tumor blood and maintaining tumor growth,
also in dilating blood vessel and increasing angiogenesis[4,5].
NO can dilate arteriola, decrease leukocyte-endothelial
interactions, and enhance vascular permeability in solid

tumor. Much scientific research has focused on the role
of NO in tumor progression; although two apparently
conflicting views exist, overall an overwhelming amount of
clinical and experimental evidence supports a positive
association between NO production and tumor progression.
The level of NOS protein and/or activity in the tumor has
been shown to be positively correlated with the degree of
malignancy for tumors of the human reproductive tract[6],
breast[7,8], central nervous system[5], lung cancer[10], and
prostate carcinomas[11]. Several studies have shown an
increase of iNOS expression in colorectal cancer tissue when
compared to normal mucosa and its extent correlates with
tumor metastasis[12,13]. A specific cause-effect relationship
between the upregulation of the iNOS gene and colon
cancer has been recently demonstrated by Ahn and
Oshima[14]. It has been demonstrated that tumors derived
from human colon adenocarcinoma cells engineered to
generate NO continuously (iNOS-19) are significantly more
vascularized and more invasive than the wide controls.

This study clearly demonstrated that human colorectal
cancer cell line SL-174T exhibited a strong ability to invade
Matrigel and the NOS inhibitor L-NAME markedly
decreased the invasion and migration. We explored the
mediators of the NO-stimulated invasion, which lead to
essential steps as migration and matrix degradation. MMPs
and TIMPs have the ability to modulate the structure of
the extracellular matrix (ECM), and changes of their
expression level or activation of MMPs weaken the integrity
of the ECM, which is a prerequisite for invasion and
metastasis. Our study demonstrated that NOS inhibitor L-
NAME reduced invasive and migratory capacities of cell
line SL-174T by downregulation of MMP-2 mRNA and
upregulation of TIMP-2 mRNA expression. Further work
needs to demonstrate a corresponding shift in the activities

Figure 3  A: Expression of MMP-2 mRNA in SL-174T cells treated with different
concentrations of L-NAME. M: Marker; lane 1: control; lanes 2-5: SL-174T cells
treated with 0.2, 0.4, 0.8, and 1.0 mmol/L of L-NAME, respectively. The
experiments were carried out in triplicate. Data are expressed as mean±SD; B:
Expression of TIMP-2 mRNA in SL-174T cells treated with different concentrations
of L-NAME. M: Marker; lane 1: control; lanes 2-5: SL-174T cells treated with
0.2, 0.4, 0.8, and 1.0 mmol/L of L-NAME, respectively. The experiments were
carried out in triplicate. Data are expressed as mean±SD.

Figure 2  Invasion and migration of different groups of SL-174T cells (×200). A: Invasion of control group cells; B: 0.8 mmol/L L-NAME invasion group; C: migration
of control group; D: 0.8 mmol/L L-NAME migration group.
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of the enzyme and its inhibitors at the protein level.
Additional mechanisms under lying NO-mediated
stimulation of  cellular invasiveness may exist. For example,
NO has been shown to upregulate urokinase-type
plasminogen activator (uPA) in endothelial cells of  post-
capillary venules during NO-mediated stimulation of
angiogenesis[15]. Since uPA converts plasminogen to plasmin,
which can activate numerous MMPs, this may represent
another pathway of NO-mediated stimulation of matrix
degradation.

In conclusion, the NOS inhibitor L-NAME can reduce
invasive and migratory capacities of SL-174T cell line via
downregulating MMP-2 mRNA expression and upregulating
TIMP-2 mRNA expression. Thus, NOS inhibitors may prove
to be important components of combination therapy
protocols in human tumors, including colorectal cancer.
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