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Abstract: Objective: To investigate the nitric oxide synthase 2 (iNOS/NOS2) gene expression in colorectal carcinoma 
(CRC) and its association with the patients’ prognosis. Methods: iNOS/NOS2 mRNA expression level between cancer 
and normal tissue of colorectal cancer subjects were compared through the Cancer Genome Atlas (TCGA). Protein-
protein interaction (PPI) network was constructed by the STRING database of iNOS/NOS2 gene. The hub genes 
involved in the network was identified by cytoscape. Biological function, pathway of iNOS/NOS2 and hub genes were 
enriched through GO and KEGG analysis. Correlation between OS, DFS and iNOS/NOS2 expression was analyzed by 
cox proportional hazard regression analysis in the TCGA database. Results: iNOS/NOS2 expression of cancer tissue 
was significantly higher compared to corresponding normal tissue of CRC subjects (P < 0.05). 51 nodes and 366 
edges with the average node degree of 14.4 was constructed which indicated that the PPI enrichment was statisti-
cally significant (P < 1.0e-16). And ten hub genes (NOS2, RPS27A, UBC, UBB, EHHADH, ACOX1, AGXT, CAT, PIPOX 
and IDH1) were identified by the cytoscape. The ten hub genes were mainly enriched in the protein targeting to per-
oxisome, cellular catabolic process, carboxylic acid catabolic process, coenzyme binding, oxidoreductase activity, 
signaling receptor binding, peroxisomal matrix, host cell, cytosol and ect for gene ontology. And peroxisome, carbon 
metabolism, PPAR signaling pathway were enriched in the KEGG pathway analysis. Kaplan-Meier plot showed that 
high expression of iNOS/NOS2 was associated with the poor overall survival (HR=0.6, P=0.019) and disease-free 
survival (HR=0.65, P=0.049) of colorectal cancer patients. Conclusion: iNOS/NOS2 was up-regulated in CRC and 
associated with poor prognosis of CRC which maybe a potential biomarker for this disease.
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Introduction

Epidemiological data indicated that the inci-
dence of CRC ranked fourth among all the 
malignant carcinomas [1]. It was reported that 
there were 143460 new cases of colorectal 
cancer in the United States and 51690 deaths 
in the year 2012 [2]. Although CRC was one of 
the leading causes of malignant carcinoma 
associated death worldwide, the pathogenesis 
of CRC is not completely clear [3, 4]. In recent 
years, with the progression of molecular biolo-
gy technology, the mechanism of malignant bio-
logical behavior of colorectal was known as a 
multi-gene and multi-step molecular biological 
regulation process, in which a variety of genes 
were involved [5-7].

iNOS was up-regulated in some malignant car-
cinomas and correlated with cell proliferati- 
on and migration [8-10]. In our present manu-
script, iNOS/NOS2 expression in CRC and its 
association with the patients’ survival was eval-
uated by integrated bioinformatics analysis in 
order to investigate more information of iNOS/
NOS2 in colorectal carcinoma.

Material and methods

iNOS/NOS2 expression analysis

iNOS/NOS2 mRNA in tumor and corresponding 
normal tissue were analyzed in TCGA database 
through the Gene Expression Profiling Inte- 
ractive Analysis (GEPIA) [11] online data min- 
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ing web site (http://gepia.cancer-pku.cn/index.
html).

PPI network and hub genes analysis

The PPI network of iNOS/NOS2 and related ge- 
nes were established through the Search Tool 
for The Retrieval of Interacting Genes (STRING) 
under the conditions of max number of interac-
tors < 50 and minimum required interaction 
score of 0.4. 10 hub genes was further deter-
mined through cytoscape [12, 13].

and low expression group and compared th- 
rough log-rank test. The overall survival (OS) 
and disease free survival (DFS) was compared 
between the iNOS/NOS2 high and low expres-
sion group.

Results

iNOS/NOS2 mRNA expression

iNOS/NOS2 mRNA expression of cancer tissue 
was significantly higher compared to corresp- 

Figure 1. iNOS/NOS2 mRNA expression in CRC patients (A: iNOS/NOS2 mRNA expression comparison between 
cancer and corresponding normal tissue; B: Correlation between iNOS/NOS2 mRNA level and clinical stage of 
colorectal patients).

Figure 2. PPI network of iNOS/NOS2 and relevant genes.

GO and KEGG analysis

The biological effects and pos-
sible pathways of iNOS/NOS2 
and ten hub genes were en- 
riched by gene ontology and 
KEGG pathway analysis. Bio- 
logical process (BP), cellular 
component (CC) and molecular 
function (MF) were enriched 
for GO. Bubble char was used 
to demonstrated the biological 
function and pathway enrich-
ment [14]. 

Prognosis evaluation 

According the median iNOS/
NOS2 mRNA level, CRC sub-
jects were divided into high 
and low expression group. 
Kaplan-Meier curve was drawn 
according to iNOS/NOS2 high 
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onding normal tissue of CRC subjects (P < 0.05) 
(Figure 1A). But iNOS/NOS2 mRNA expression 
was not correlated with the clinical stages of 
colorectal patients (P > 0.05) (Figure 1B).

PPI network and hub genes 

51 nodes and 366 edges with the average 
node degree of 14.4 were constructed which 
indicated that the PPI enrichment was statisti-
cally significant (P < 1.0e-16) (Figure 2). And 
ten hub genes (NOS2, RPS27A, UBC, UBB, 
EHHADH, ACOX1, AGXT, CAT, PIPOX and IDH1) 
were determined through cytoscape (Figure 3). 

naling pathway and ect were enriched in the 
KEGG pathway (Figure 7).

Survival analysis

Kaplan-Meier plot showed that high expression 
of iNOS/NOS2 was related to the poor OS 
(HR=0.6, P=0.019) and DFS (HR=0.65, P= 
0.049) of CRC patients (Figure 8).

Discussion

iNOS was reported to be up-regulated in vari-
ous malignant carcinoma such as NSCLC, gas-
trointestinal cancer, and breast carcinoma [10, 

Figure 3. Hub genes identification of iNOS/NOS2 and relevant genes of the PPI network (A: 10 hub genes were 
identified; B: PPI network of the 10 hub genes).

Figure 4. Gene ontology analysis of iNOS/NOS2 in the aspect of biological 
process.

GO and KEGG analysis 

The ten hub genes were en- 
riched in the protein targeting 
to peroxisome, cellular cata-
bolic process, carboxylic acid 
catabolic process and ect for 
biological process (Figure 4). 
For molecular function, the ten 
hub genes were enriched in 
coenzyme binding, oxidoreduc-
tase activity, signaling receptor 
binding and ect (Figure 5). And 
in the aspects of cellular com-
ponent, the ten hub genes 
were enriched in peroxisomal 
matrix, host cell, cytosol and 
etc (Figure 6). And Peroxisome, 
Carbon metabolism, PPAR sig-
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Figure 5. Gene ontology analysis of iNOS/NOS2 in the aspect of cellular 
component.

Figure 6. Gene ontology analysis of iNOS/NOS2 in the aspect of molecular 
function. 

Figure 7. KEGG pathway analysis of iNOS/NOS2 and relevant genes.

15-17]. NO is a bioactive fac-
tor, which is produced by L-argi- 
nine catalyzed by nitric oxide 
synthase (NOS) in vivo. There 
are three main types of NOS 
[18]: eNOS, which mainly exists 
in vascular endothelial cells, 
neuronal nitric oxide synthase 
(nNOS) in nerve cells, and iNOS 
which is expressed in many 
kinds of cells in pathological 
conditions. Studies have sho- 
wn that iNOS can be activated 
by inflammatory cytokines or 
endotoxins, and then synthe-
size large amounts of NO [19, 
20]. The level of iNOS can 
reach 1000 times that of eNOS 
and nNOS. Excess NO can 
nitride and modify key pro-
teins, change signaling path-
ways, and lead to many diseas-
es, such as septic shock, can-
cer, asthma, inflammatory bo- 
wel disease, etc [21, 22]. Con- 
centration-dependent mecha-
nism of NO dual effects on 
tumorigenesis or anti-tumori-
genesis is generally believed 
that sustained low concentra-
tion of NO can promote the 
growth of tumor cells, partici-
pate in tumor angiogenesis or 
inhibit the apoptosis of tumor 
cells. The possible mechanism 
of high concentration of NO in 
anti-tumor is to interfere with 
the energy metabolism of tu- 
mor cells, generate oxygen fr- 
ee radicals to produce cytotox-
icity, and mediate macrophage 
activation. The expression of 
iNOS in normal tissues is ex- 
tremely low. The role of NO in 
colon tumorigenesis can be 
evaluated by investigating the 
expression of iNOS. Lv et al 
[23] evaluated the correlation 
between clinicopathological fe- 
atures and iNOS expression in 
CRC patients. The authors fo- 
und that iNOS protein positive 
expression was associated wi- 
th lymph node metastasis and 
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clinical stage (P < 0.05). This indicated that 
iNOS can be used as prognostic indicators of 
CRC.

In our study, we investigated the iNOS/NOS2 
expression in CRC and correlation with the 
patients’ prognosis. We found that iNOS/NOS2 
was up-regulated in cancer tissue compared to 
normal tissue in CRC patients which was in 
accordance with previously relevant studies 
[23, 24]. Ten hub genes (NOS2, RPS27A, UBC, 
UBB, EHHADH, ACOX1, AGXT, CAT, PIPOX and 
IDH1) were identified which were mainly en- 
riched in the aspects of cancer cell prolifera-
tion, migration or invasion. Survival analysis 
indicated that high expression of iNOS/NOS2 
was a poor indicator for CRC patients. Although 
our findings indicated that high expression of 
iNOS/NOS2 was correlated with poor progno-
sis of CRC which maybe a potential biomarker 
for this disease, its molecular mechanism in 
oncogenesis needs further investigation in vivo 
and in vitro.

Disclosure of conflict of interest

None.

Address correspondence to: Jie Li, Department of 
General Surgery, Lishui People’s Hospital, 6th Affi- 
liated Hospital of Wenzhou Medical University, No. 
15 Dazhong Road, Liandu District, Lishui 323000, 
Zhejiang Province, P. R. China. Tel: +86-0578-
2780253; E-mail: s827ro@163.com

References

[1]	 Siegel RL, Miller KD and Jemal A. Cancer sta-
tistics, 2018. CA Cancer J Clin 2018; 68: 7-30.

[2]	 Torre LA, Bray F, Siegel RL, Ferlay J, Lortet-
Tieulent J and Jemal A. Global cancer statis-
tics, 2012. CA Cancer J Clin 2015; 65: 87-108.

[3]	 Huang X, Liu J, Wu G, Chen S, Pc FJ, Xie W and 
Tang W. Development and validation of a no-
mogram for preoperative prediction of perineu-
ral invasion in colorectal cancer. Med Sci Monit 
2019; 25: 1709-1717.

[4]	 Dai W, Mu L, Cui Y, Li Y, Chen P, Xie H and Wang 
X. Berberine promotes apoptosis of colorectal 
cancer via regulation of the long non-coding 
RNA (lncRNA) cancer susceptibility candidate 
2 (CASC2)/AU-binding factor 1 (AUF1)/B-cell 
CLL/lymphoma 2 (Bcl-2) axis. Med Sci Monit 
2019; 25: 730-738.

[5]	 Li X, Lin H, Jiang F, Lou Y, Ji L and Li S. Knock-
down of HOXB8 prohibits proliferation and mi-
gration of colorectal cancer cells via Wnt/β-
catenin signaling pathway. Med Sci Monit 
2019; 25: 711-720.

[6]	 Li HY, Zhao QJ and Liu J. Expression of TLR4/
MyD88 signaling pathway proteins and corre-
lation with clinical and pathological features of 
colorectal cancer patients. Int J Clin Exp Med 
2019; 12: 6388-6396.

[7]	 Gao L, Gan XN, Ye ZH, Liang L, Chen G and Qin 
XG. MiR-452-5p may serve as an oncogene in 
colorectal cancer through targeting CDKN1B: 
a study based on bioinformatics analysis and 
dual-luciferase reporter assay. Int J Clin Exp 
Med 2019; 12: 2151-2166.

Figure 8. Kaplan-Meier plot showed that high expression of iNOS/NOS2 was associated with the poor overall sur-
vival and disease-free survival of CRC patients.

mailto:s827ro@163.com


Over expression of iNOS/NOS2 is associated with the poor prognosis of colorectal cancer

13287	 Int J Clin Exp Med 2019;12(12):13282-13287

[8]	 Basudhar D, Somasundaram V, de Oliveira GA, 
Kesarwala A, Heinecke JL, Cheng RY, Glynn SA, 
Ambs S, Wink DA and Ridnour LA. Nitric oxide 
synthase-2-derived nitric oxide drives multiple 
pathways of breast cancer progression. Anti-
oxid Redox Signal 2017; 26: 1044-1058.

[9]	 Chen CN, Hsieh FJ, Cheng YM, Chang KJ and 
Lee PH. Expression of inducible nitric oxide 
synthase and cyclooxygenase-2 in angiogene-
sis and clinical outcome of human gastric can-
cer. J Surg Oncol 2006; 94: 226-33.

[10]	 Raspollini MR, Amunni G, Villanucci A, Boddi V, 
Baroni G, Taddei A and Taddei GL. Expression 
of inducible nitric oxide synthase and cyclooxy-
genase-2 in ovarian cancer: correlation with 
clinical outcome. Gynecol Oncol 2004; 92: 
806-12.

[11]	 Tang Z, Li C, Kang B, Gao G, Li C and Zhang Z. 
GEPIA: a web server for cancer and normal 
gene expression profiling and interactive anal-
yses. Nucleic Acids Res 2017; 45: W98-W102.

[12]	 Muetze T and Lynn DJ. Using the Contex- 
tual Hub Analysis Tool (CHAT) in cytoscape to 
identify contextually relevant network hubs. 
Curr Protoc Bioinformatics 2017; 59: 8.24.1-
8.24.13.

[13]	 Muetze T, Goenawan IH, Wiencko HL, Bernal-
Llinares M, Bryan K and Lynn DJ. Contextual 
Hub Analysis Tool (CHAT): a cytoscape app for 
identifying contextually relevant hubs in bio-
logical networks. Version 2. F1000Res 2016; 
5: 1745.

[14]	 Fortino V, Alenius H and Greco D. BACA: bubble 
chArt to compare annotations. BMC Bioinfor-
matics 2015; 16: 37.

[15]	 Son HJ, Kim YH, Park DI, Kim JJ, Rhee PL, Paik 
SW, Choi KW, Song SY and Rhee JC. Interaction 
between cyclooxygenase-2 and inducible nitric 
oxide synthase in gastric cancer. J Clin Gastro-
enterol 2001; 33: 383-8.

[16]	 Uotila P, Valve E, Martikainen P, Nevalainen M, 
Nurmi M and Härkönen P. Increased expres-
sion of cyclooxygenase-2 and nitric oxide syn-
thase-2 in human prostate cancer. Urol Res 
2001; 29: 23-8.

[17]	 Speranza L, De Lutiis MA, Shaik YB, Felaco M, 
Patruno A, Tetè S, Tetè A, Mastrangelo F, Mad-
happan B, Castellani ML, Conti F, Vecchiet J, 
Theoharides TC, Conti P and Grilli A. Localiza-
tion and activity of iNOS in normal human lung 
tissue and lung cancer tissue. Int J Biol Mark-
ers 2007; 22: 226-31.

[18]	 Takimoto Y, Aoyama T, Keyamura R, Shinoda E, 
Hattori R, Yui Y and Sasayama S. Differential 
expression of three types of nitric oxide syn-
thase in both infarcted and non-infarcted left 
ventricles after myocardial infarction in the rat. 
Int J Cardiol 2000; 76: 135-45.

[19]	 Hseu YC, Wu FY, Wu JJ, Chen JY, Chang WH, Lu 
FJ, Lai YC and Yang HL. Anti-inflammatory po-
tential of Antrodia Camphorata through inhibi-
tion of iNOS, COX-2 and cytokines via the NF-
kappaB pathway. Int Immunopharmacol 2005; 
5: 1914-25.

[20]	 Csont T, Viappiani S, Sawicka J, Slee S, Altare-
jos JY, Batinić-Haberle I and Schulz R. The in-
volvement of superoxide and iNOS-derived NO 
in cardiac dysfunction induced by pro-inflam-
matory cytokines. J Mol Cell Cardiol 2005; 39: 
833-40.

[21]	 Vannini F, Kashfi K and Nath N. The dual role of 
iNOS in cancer. Redox Biol 2015; 6: 334-343.

[22]	 Kielbik M, Szulc-Kielbik I and Klink M. The po-
tential role of iNOS in ovarian cancer progres-
sion and chemoresistance. Int J Mol Sci 2019; 
20.

[23]	 Lv YM, Hu JN, Xu NN, Sheng JJ and Wang XZ. 
Study on the correlation and clinical signifi-
cance of iNOS, eNOS, VEGF and PTEN expres-
sion in colorectal cancer. Chin J Curr Adv Gen 
Surg 2015; 18: 929-933.

[24]	 Fransén K, Elander N and Söderkvist P. Nitric 
oxide synthase 2 (NOS2) promoter polymor-
phisms in colorectal cancer. Cancer Lett 2005; 
225: 99-103.


