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Abstract: The relationship between the L-Arg-NO pathway and tumor growth has not yet been clearly elucidated.
The aim of this study was to explore the effects of L-arginine (L-Arg) on cell proliferation, inducible nitric oxide
synthase (iNOS) expression and the cell cycle in the human colon carcinoma cell line LS174. LS174 cells were
cultured with L-Arg at different concentrations for different times. The MTT method was employed to evaluate the
level of cell proliferation. The production of nitric oxide (NO) in the culture supernatants was detected by the
enzymatic reduction of nitrate. The distribution of the cell cycle was detected using flow cytometry (FCM). The
expression levels of iNOS were determined by western blot and immunohistochemical staining. The growth of
LS174 cells was promoted by L-Arg at low concentrations (0.125 mmol/L) and inhibited at high concentrations (0.5,
2, 8, or 32 mmol/L). The levels of NO increased with increasing concentrations of L-Arg. Compared with the
control group, the ratio of cells in S phase was increased after 48 hour’ treatments with high concentrations of L-Arg
(0.5, 2, 8 or 32 mmol/L) (P<0.05, P<0.01); but there was no obvious difference after treatments with a low
concentration (0.125 mmol/L) (P>0.05). With the increase in L-Arg concentrations, the expression of iNOS
increased. L-Arg can induce the expression of iNOS resulting in an increase the production of NO. Low
concentrations of L-Arg can promote growth, whereas high concentrations can inhibit the growth and proliferation
of LS174 cells. High concentrations of L-Arg can induce S phase arrest.
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1. Introduction nephrotoxicity (Mahran et al., 2011), among other
L-Arginine (L-Arg), as a conditionally essential effects.
amino acid, can generate nitric oxide (NO), polyamine The available experimental evidences highlight
and L-proline through metabolic processes and is contrasting pro- and anti-tumor effects of iNOS
involved in the regulation of cell growth (Ying ef al., expression, which appear to be reconciled by
2013) (Garcia-Navas et al., 2012). L-Arg acts as the consideration of the concentrations of NO involved, the
donor for NO, and with increasing L-Arg temporo-spatial mode of NO action, intracellular
concentrations, the rate limiting enzyme - inducible targets, cellular redox state and the timing of an
nitric oxide synthase (iNOS) is activated to synthesize apoptotic stimulus. Several clinical and experimental
large amounts from L-Arg. This pathway is called the studies indicate that the presence of NO in tumor
L-Arg-NO pathway (Becker et al., 2009)(Shan et al., microenvironment is detrimental to tumor cell survival
2013). In recent years, extensive researches have been and metastasis (Singh,& Gupta., 2011)(Tate et al.,

conducted on L-Arg-NO pathway and NO in the field 2012) (Frederiksen et al., 2007) (Raber et al., 2012)
of biology and clinical medicine. Extrinsic L-Arg can (Bonavida, & Baritaki., 2011)(Baritaki ef al., 2010). In
promote the increase in NO concentrations in the body contrast, numerous reports suggest that NO can have
through the L-Arg-NO pathway to protect myocardial tumor-promoting effects (Hiraku et al., 2010)(Yang et
cells (Yang ef al., 2013) and lung tissues (Antosova,& al., 2013) (Islam et al., 2012)(Kafousi et al., 2012)
Strapkova., 2013), to protect against liver damage (Safarinejad et al., 2013)(Korde Choudhari et al.,
(Carnovale, & Ronco., 2012), to prevent acute 2012). However, the relationship between the
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L-Arg-NO pathway and tumor growth has not yet been
clearly elucidated. This study aimed to explore the
effects of L-Arg on cell proliferation, iNOS expression
and cell cycle in human colon carcinoma cell line
LS174.

2.Material and Methods

Materials

The human colon carcinoma cell line LS174 was
provided by the Molecular Biology Experiment Center
of Xi’an Jiaotong University. L-Arg, MTT, DMSO,
trypsin and Annexin V/PI kits were all purchased from
U.S. Sigma, Inc. NO kits were purchased from Nanjing
Jiancheng  Bioengineering. = Mouse  anti-human
monoclonal antibody against iNOS was purchased
from U.S. Santa Cruz Biotechnology, Inc. SP-9000 kits
were purchased from U.S. Zymed Corporation.
Methods
Cell culture

The human colon carcinoma cell line LS174 was
cultured in DMEM culture medium and was grown in
monolayer subculture inside a 37°C cell incubator with
5% CO, and saturated humidity. Logarithmic growth
phase cells were obtained for experiments. Cells in the
experimental groups were treated with L-Arg at
different concentrations (0.125, 0.5, 2, 8, or 32
mmol/L), and the control group was maintained in
equal volume of culture solution.

Observation by light microscope and electron
microscope

After LS174 cells were treated with L-Arg at
different concentrations for 48 h, cellular morphology
was observed under an inverted optical microscope and
photographed. LS174 cells were collected in centrifuge
tubes, fixed at 4°C in 2.5% glutaraldehyde, washed 3
times with PBS (pH 7.2), fixed again at 4°C with 1%
osmic acid, and washed again with PBS (pH 7.2).
LS174 cells were subsequently dehydrated with
gradient ethanol, embedded in epoxy resin and cut into
60-nm ultra-thin sections. The sections were,
double-stained with uranyl acetate and lead citrate,
observed under a transmission electron microscope
(TEM) and photographed.

Detection of the effect of L-Arg on LS174 cell
growth (MTT assay)

LS174 cells were mixed in a 1x10°/ml cell
suspension and then seeded in 96-well plates and
cultured for 24 h. After the culture solution was
removed, 200 ul of complete culture solution with
different concentrations of L-Arg was added to every
well in the trial group, and only an equal volume of
culture solution was added in control group. At 24 h,
48 h and 72 h, one plate was removed from the
incubator, and 20 ul MTT was added to every well, and
the plate was returned to the incubator for 4 h. DMSO
was added to dissolve the MTT reduction products
completely. The OD value of every well was measured
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at 490 nm with an ELISA instrument as a measure of
cell viability.
Detection of NO content in the cell culture solution
by nitrate reductase

Supernatants collected from the cell culture
solutions from the above MTT experiment were
centrifuged at 2500 rpm for 5 min. Other steps were
performed according to the operational process in the
specification of kits. Colorimetric analysis was
performed using a 722-type spectrophotometer, and
absorbance values were read at 550 nm to calculate the
NO content (umol/L) in the samples. The formula used
to determine NO content is as follows: (determination
tube absorbance — blank tube absorbance) / (standard
pipe absorbance — blank tube absorbance) % 100.
Detection of cell cycle by flow cytometry (FCM)

Cells were routinely collected after being treated
with L-Arg at different concentrations for 48 h and
trypsinized, centrifuged at 300g Smin and fixed in 75%,
4°C pre-cooled ethanol overnight. The following day,
the cells were centrifuged at 300g for 5Smin, and the
supernatant was removed. RNase was added, and
staining was performed with PI. The flow cytometer
was employed for detection, and the data were
analyzed by computer and printed.
Detection of iNOS proteins with western blot

Cells were routinely collected after being treated
with L-Arg at different concentrations for 48 h and
lysed. Proteins were extracted from the sample,
separated by SDS-PAGE and electrotransferred to
PVDF membranes. Dried skim milk (5%) was used for
blocking, and primary antibodies (B-actin, iNOS
antibodies) were added. After the membrane was rinsed,
the secondary antibody was added, and DAB color
development was performed. Images were stored in a
computer, and western blot results were analyzed with
Quantitative One software to calculate the integral
density of the bands. The B-actin band was used to
normalize the expression of iNOS.
Immunohistochemical staining of iNOS proteins

Cells were routinely collected after being treated
with L-Arg at different concentrations for 48 h and
seeded onto cover slips. The SP method was employed
for immunohistochemical staining of iNOS, according
to the manufacturer’s instructions. Positive granules
were brown. iNOS was distributed in the cell
membrane and cytoplasm, and the cell nucleus was
unstained. High-power fields (HPFs) were randomly
selected as observation zones. The obtained image
information was analyzed by a Leica computer image
analysis system, and gray level was employed to
express the intensity of positively stained cells in
observation zone; the higher the protein content, the
darker the staining, the darker the computer image and
the smaller the gray-level series, and vice versa. The
average gray level of each group was obtained
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according to different group conditions to indirectly
reflect the expression of iNOS proteins.
Statistical analysis

Data were expressed as the mean + standard

deviation (y#s), SPSS 13.0 for Windows was used for
single-factor ANOVA with 0=0.05.
3. Results and  Discussion
The effect of different concentrations of L-Arg on
LS174 cell morphology Changes in cell size and
shape

LS174 cells were colony-centered, and the center
cells were round and grew to the periphery. Peripheral
cells were polygonal or spindle-shaped. The nuclei
were large, round and oval-shaped, the
cytoplasm  was  translucent and intercellular
connections were tight. When treated with low doses
(0.125 mmol/L) of L-Arg, the cell density increased,
intercellular connections tightened, and cell extensions
persisted. However, when the cells were treated with
high concentrations of L-Arg (0.5, 2, 8, or 32 mmol/L),
the cytoplasm became less translucent, intercellular
gaps increased, and cellular extensions were gradually
lost. These changes became more evident with
increasing concentrations (Fig-1).

4

Fig-1 The size and shape of LS174 cells after treated
with different concentration of L-Arg (Original
magnification: x100). LS174 cells were treated with
L-Arg: untreated as control (A), 0.125 mM group (B),
0. 5 mM group (C), 2 mM group (D), 8 mM group (E)
and 32 mM group (F) for 48 h.

Ultrastructural changes

Normal LS174 cells are large and round with an
intact envelope, and microvilli and pseudopodium-like
protrusions on the surface. The nuclear volume is large,
with a high proportion of karyoplasm, rich nuclear
chromatin and a large nucleolus. After LS174 cells
were treated with low concentrations L-Arg (0.125
mmol/L) for 48 h, the cells exhibited no significant
difference from the control group with respect to
ultrastructural morphology. However, when LS174
cells were treated with L-Arg at high concentrations
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(0.5, 2, 8, or 32 mmol/L), the cells became smaller, the
microvilli on cell surface decreased in number or
disappeared, the intracellular vacuole increased, the
cytoplasmic electron density decreased, and the nuclear
chromatin of some cells aggregated peripherally,
condensed and localized close to the nuclear membrane.
With increasing concentrations, apoptosis was more
evident, and apoptotic bodies were observed (Fig-2).
The effect of L-Arg at different concentrations on
LS174 cell growth

MTT analysis revealed that the absorbance values
24 h, 48 h and 72 h after treatment with 0.125 mmol/L
L-Arg increased significantly compared with the
control group (P<0.05); However, when the cells were
treated with 0.5 mmol/L and 2 mmol/L L-Arg, the
detected absorbance values decreased with respect to
the control group, and the difference between the
groups was more significant at 72 h(P<0.05, P<0.01)
than at 24 h or 48 h. At L-Arg concentrations of 8
mmol/L and 32 mmol/L, the detected absorbance
values decreased greatly and were significantly
different from those of the control group (P<0.05,
P<0.01) (Table 1).

Fig-2 Ultrastructual changes of LS174 cells after
treated with different concentration of L-Arg (Original
magnification: x5000). LS174 cells were treated with
L-Arg: untreated as control (A), 0.125 mM group (B),
0. 5 mM group (C), 2 mM group (D), 8 mM group
(E)and 32 mM group (F) for 48 h.

The effect of different concentrations of L-Arg on
NO secretion in LS174 cells

The detected concentration of NO in cell culture
supernatant of LS174 cells tended to increase with
increasing L-Arg concentrations, but there was no
statistically significant difference (P>0.05) in the NO
concentration compared with the control group at low
concentrations of L-Arg (0.125 mmol/L). However,
the NO concentrations after treatment with high
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concentrations of L-Arg (0.5, 2, 8, or 32 mmol/L) were
significantly higher than that of the control group and
the group treated with low-dose L-Arg (0.125 mmol/L)
(P<0.05, P<0.01) (Table 2).
The effect of different concentrations of L-Arg on
LS174 cell cycle

Flow cytometry analysis revealed that low
concentrations (0.125 mmol/L) of L-Arg had little
effect on LS174 cell cycle analysis. However, when the
cells were treated with high concentrations of L-Arg
(0.5, 2, 8, or 32 mmol/L), the proportion of Gy/G,
phase cells declined while the proportion of S-phase
cells increased (P<0.05, P<0.01) (Table 3, Fig-3).

e
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Fig-3 Effect of different concentration of L-Arg on cell
cycle in LS174 cells. LS174 cells were treated with
L-Arg: untreated as control (A), 0.125 mM group (B),
0. 5 mM group (C), 2 mM group (D), 8 mM group (E)

and 32 mM group (F) for 48 h.
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Fig-4 Expression of iNOS after treated with different
concentrations of L-Arg for 48 h detected by Western
blot. Fig.4A: untreated as control (1), 0.125 mM group
(2), 0. 5 mM group (3), 2 mM group (4), 8 mM group
(5)and 32 mM group (6) for 48 h. Fig.4B: statistics
graph for Western blot. Compared with L-Arg group of
32mM, *P<0.05.
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Detection of iNOS proteins by western blot

The gray-scale analysis by Quantitive One
software revealed that with increasing concentrations
of L-Arg, the expression of iNOS increased with
respect to the control group. Higher the concentration
of L-Arg resulted in correspondingly larger effects
(Fig-4).
Detection of iNOS
immunohistochemical staining

Forty-eight hours after LS174 cells were treated
with various concentrations of L-Arg (0, 0.125, 0.5, 2,
8, or 32 mmol/L), the iNOS protein expressions levels
were 181.00 £ 5.20, 180.80 + 3.77, 180.47 + 5.06,
17293 + 5.04, 171.39 + 3.94 and 162.64 + 2.47,
respectively, and there were significant differences
between the control group and the cells treated with
high concentrations of L-Arg (2, 8, or 32 mmol/L)
(P<0.05).

proteins by

4.Discussion

Nitric oxide synthase (NOS) generates NO from
L- Arg, and the body regulates NO primarily through
the regulation of different NOS family members
(Dzugkoev et al,2013) (Rochette et al,2013)
(Movsesyan et al.,2012). NOS exists three isozymes:
neuron NOS (nNOS), endothelial NOS (eNOS) and
inducible NOS (iNOS). The first two are collectively
known as constitutive NOS (cNOS), which is Ca*'-
dependent, is mainly found in nerve and endothelial
cells. cNOS can produce a small amount of
short-acting NO as a neurotransmitter, regulating
regional blood flow and mediating a series of
physiological functions (Hebeda et al.,2011). iNOS is a
Ca*"-independent NOS and is found in almost all
tissues and cells, although it is most abundant in
macrophages and vascular smooth muscle cells. Under
normal physiological conditions, cells will not express
iNOS; iNOS expression activated under pathological
conditions (inflammation, tumor and so on) to catalyze
the synthesis of a large amount of NO that will
participate in the immune process, tumor development,
tumor progression, etc (Raposo et al.,2013)(Belgorosky
et al.,2013) (Singh,& Gupta.,2011). The results of this
study  demonstrated  that increasing L-Arg
concentrations result in increased NO secretion by
LS174 cells, suggesting that L-Arg concentrations and
NO generation are closely related. Furthermore, as
L-Arg concentrations increase in the culture solution,
the expression of iNOS gradually increases, which
suggests that L-Arg could increase the secretion of NO
by increasing the expression of iNOS; that is, L-Arg
could improve the generation of NO by inducing the
expression of iNOS.

Tumor development is a multi-stage process
involving many factors. Studies so far have
demonstrated that NO plays a role in the incidence,
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development and metastasis of tumors, but NO
functions vary widely. Some believed that NO inhibits
tumor growth (Singh, & Gupta., 2011)(Tate ef al., 2012)
(Frederiksen et al., 2007)(Raber et al, 2012)
(Bonavida, & Baritaki., 2011)(Baritaki et al., 2010),
whereas others hold that NO promotes tumor growth
(Hiraku et al., 2010)(Yang et al., 2013)(Islam et al.,
2012) (Kafousi et al., 2012)(Safarinejad et al., 2013)
(Korde Choudhari et al., 2012). This contradiction with
respect to the NO effect on tumor growth has become a
hot spot in NO study. According to the results of this
experiment, when 0.125 mmol/L L-Arg was added to
the cell culture, LS174 cells grew at a high density and
exhibited tight intracellular connections. Additionally,
the color of the culture solution changed quickly,
which suggested that the cells exhibited vigorous
growth and metabolism and that L-Arg at low
concentrations could promote the growth of LS174
cells. However, when high concentrations of L-Arg
(0.5, 2, 8, or 32 mmol/L) were added, the cytoplasm
became less translucent, the intercellular gap increased,
and cell extensions were gradually lost. These changes
became more evident with increasing concentrations,
suggesting that L-Arg at high concentrations could
inhibit the growth of LS174 cells. Meanwhile,
according to the MTT analysis, compared with the
control group, absorbance significantly increased when
the cells were treated with L-Arg was at low
concentrations  (0.125 mmol/L) but decreased
significantly when the cells were treated with L-Arg
was at high concentrations (0.5, 2, 8, or 32 mmol/L),
which further confirmed that L-Arg at low
concentrations could promote the growth of LS174
cells and that L-Arg at high concentrations could
inhibit the growth of LS174 cells.

Cancer is a type of cell cycle disease and a
disease of the gradual destruction of cell cycle
regulation; cell cycle dysregulation is the ‘final
common path’ to the pathogenesis of all tumors. The
complete cell cycle includes the DNA pre-synthesis
phase (G; phase), the DNA synthesis phase (S-phase),
the DNA post-synthesis phase (G, phase) and the
mitotic phase (M phase). Cells in the dormant phase
(Go phase) have withdrawn from the cell cycle and can
re-enter the cell cycle upon stimulation by certain
stimuli; these cells can also be a source of tumor
recurrence. Four specific cell cycle check-points
regulate cell cycle progression: G;-S phase check-point,
S-phase check-point, G, phase check-point and M
phase check-point (Evan, & Vousden., 2001)
(Massague., 2004)(Alabsi ef al., 2012).  Our results
suggest that high concentrations by which of L-Arg can
inhibit LS174 cell growth. To explore the mechanism
by which high concentrations of L-Arg inhibit LS174
cell growth, flow cytometry was performed to detect
the effect of high concentrations L-Arg (0.5, 2, 8, or 32

mmol/L) on the cell cycle of LS174 cells. The results
demonstrated  that ~ with  increasing  L-Arg
concentrations increase the S phase cell population
while decreasing Gy-G; phase cell population. The
increasing proportion of S-phase cells reflects the high
proportion of proliferative cells and overall vigorous
cell growth. High concentration of L-Arg inhibited
tumor cell growth while also increasing the population
of S-phase, demonstrating that the cells were arrested
in S-phase. The S-phase inhibition of the LS174 cells
induced apoptosis because high concentrations of
L-Arg inhibited DNA synthesis and arrested cells in
S-phase. Sarkar et al (1997) have reported that as a NO
donor, S-nitroso-N- acetyl-DL penicillin-amine (SNAP)
can inhibit the growth of vascular smooth muscle cells.
The author indicated that SNAP could inhibit vascular
smooth muscle cells at concentrations of 0.03-0.1
mmol/L, and cell counts revealed that 0.1 mmol/L
SNAP increased the S-phase population by 50%. This
report was consistent with our experimental results.
L-Arg can induce the expression of iNOS,
resulting in an increased  production of nitric oxide
(NO). Low concentrations of L-Arg can promote the
growth of LS174 cells, whereas high concentrations
can inhibit cell growth and proliferation. High
concentrations of L-Arg induced S-phase arrest.

Table 1 Effect of different concentration of L-Arg on cell growth in

LS174 cells
L-Arg 24h 48h 72h
Concentration

Control 0.643+0.019  1.235+0.021 2.219+0.026
0.125mM 0.70240.022"  1.323+0.028"  2.325+0.022
0.5 mM 0.658+0.018  1.176+0.019  1.527+0.027"
2mM 0.663+0.027  1.166+0.017  1.404+0.028""
8 mM 0.515+0.022"  0.924+0.021"  1.361+0.019"
32 mM 0.433+0.023"  0.636+0.024°  0.952+0.025""

Compared with control group, * P<0.05; ** P<0.01

Table 2 Effect of different concentration of L-Arg on excretion of
NO in LS174 cells (pmol/L)

L-Arg 24h 48h 72h
Concentration

Control 10.14+0.98 10.27+0.97 11.00£0.96
0.125mM 11.07£1.07 11.58+1.11 12.56£1.15

0.5mM 14.58+1.10" 15.26£1.21" 15.98+1.23"

2mM 15.46+1.24" 16.32+1.25" 17.03£1.24

8 mM 2432+41.68°  25.03+1.71" 26.12+1.82™

32 mM 26.08+1.83"  27.12+1.89" 28.9241.94™
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Compared with control group, *P<0.05 **P<0.01

Table 3 Effect of different concentration of L-Arg on cell cycle in
LS174 cells for 48 hours (%)

Group Go/Gy S Gy/M
Control group  81.56£2.35 11.30£1.15 7.14£1.05
0.125mM 83.9242.21  10.3540.96  5.73+1.85
0.5mM 78.55+2.09  1427+139"  7.18+1.29
2mM 77.45+3.03  16.51£1.36°  6.04+1.45
8 mM 76.50+1.78°  19.43+1.51°  4.07+1.33"
32mM 71.3243.05° 25.95+1.82"  2.73+1.56"

Compared with control group, * P<0.05; ** P<0.01
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