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ABSTRACT 
Aim: Evaluating and screening of genes related to colorectal inflammation of mice for finding critical ones in this disease was the aim 
of this study. 
Background: Many studies are shown direct relationship between inflammation and colorectal cancer onset and development. 
Several molecular aspects of inflammation are investigated to discover molecular mechanism of this disease.  
Methods: Profiles of differentially expressed genes (DEGs) of mice inflamed colorectal tissue in comparison with normal samples are 
obtained from Gene Expression Omnibus (GEO) database. The significant and characterized DEGs were screened via protein-protein 
interaction (PPI) network. Hubs of the network were determined and backbone network was constructed. Moreover, action network 
for the critical nodes was constructed and analyzed.  
Results: Eight central genes including IL6, ALB, PRDM10, AKT1, GAPDH, IL8, INS and TNF were determined as hub nodes. 
Findings indicate that insulin plays critical role in regulation of hub genes. This finding shows association between inflammation and 
metabolism dysregulation. Except PRDM10 and GAPDH, the other hubs show considerable regulatory effects on each other.  
Conclusion: Inflammation of colorectal tissue is strongly depended on metabolism especially to insulin function. 
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Introduction  
  1 Inflammation has a direct connection with development 
of cancer. In this respect, accompanied studies support 
these relationships from genetics, pharmacological, and 
epidemiological perspectives (1). On the other hand, 
colorectal cancer (CRC) as the fourth most frequent type 
of cancers in the U.S. and the most cause of cancer 
associated-death in the world accounts for 600,000 cases 
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yearly (2, 3). There are some known genetics and 
environmental risk factors for colon cancer onset and 
development (4). For instance, some molecules such as 
microRNAs are introduced as early detection biomarkers 
for CRC (5). Inflammation as one of which, has an 
important role in colon tumor progression, invasion, and 
metastasis (2) via a network of inflammatory elements 
including cytokines, distinct immune cells, chemokines, 
and mediators of immune response (2). There are some 
evidence about association between metabolism disorders 
especially insulin dysregulation and inflammation (6). 
Based on this understanding, application of NSAIDs has 
been shown valuable in dealing with cancer. Inflammation 
could be triggered from different reasons (7) and with 
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different shapes in colorectal tissue including 
ulcerative colitis and Crohn's disease as inflammatory 
bowel disease (IBD) (1, 8). The association between 
colitis and colon cancer is called UC-CRC. The risk of 
cancer from UC increases after 8-10 years at the diagnosis 
time of UC (9). The important thing is that the 
contribution of inflammation in this domain has been 
remained elusive. The study of molecular concept could 
be promising to decipher the mechanisms and 
understanding the place of the contributing molecular 
factors (4). Genomics and proteomics have identified 
some markers of interest including RNAs and 
microRNAs. Some of which are miR-21, miR-193a-3p, 
IRS, and mitochondrial regulator protein such as STEAP4 
(3, 8). There is a need for more established and reliable 
biomarkers in this field. One of the novel approaches is 
the complementary study known as bioinformatics. This 
method could be applied for evaluating high throughput 
data and adding some more information for this category 
(10). The information could be beneficial for developing 
the knowledge of interacting biomarkers and pinpoint the 
most crucial ones. One of which is the network-based 
approach that identifies the potential biomarkers linked 
with the disease of study (11). In this way, genes are 
distinguished based on their central contribution in a 
network of interacting agents.  
Therefore, the aim of this study is to analysis the protein-
protein interaction (PPI) network of inflammation in colon 
tissue to possibly get a better view of transition to 
tumorigenesis of colon.   

 

Methods 
Data collection 

Microarray Data was obtained from GEO database; 
series GSE31106, GPL1261, GSM770092-94 as 
normal colorectal mucosa group and GSM770095-97 
as inflamed colorectal mucosa group. Five-week-old 
male mice were intraperitoneal injected with 10mg/kg 
Azoxymethane and treated three cycles with Dextran 
sulfate sodium (2%, 1.5%, and 1.5%). Instead, the 
control group were injected with saline and treated with 
disttiled water drinking. After two weeks, colorectal 
tissue was collected and evaluated microscopically. The 
extracted RNAs were detected by Affymerix GeneChip 
Mouse Genome 430 2.0 Array. The 250 top significant 

DEGs were selected based on p-value less than 0.05 via 
GEO2R (https://www.ncbi.nlm.nih.gov/geo/geo2r/).  

The uncharacterized DEGs were excluded and the 
rest genes with the fold change (FC) less than 0.5 and 
more than 2 were identified as significant DEGs 
candidates then used as an interactome units.  

PPI network analysis 
The selected DEGs were included in PPI network 

via STRING database and the network was constructed 
by Cytoscape software version 6.3.2. Network 
Analyzer plugin of Cytoscape was used to analysis the 
network (12-14). The nodes with higher value of degree 
(mean+2SD) were determined as hub nodes. Backbone 
network was created for hubs and analyzed to confirm 
hub-nodes (15). Action map network of hub nodes was 
made by CluePedia v 1.5.0 application of Cytoscape 
software (16). The action pattern was built via directed 
edges to map expression, binding, activation, and 
inactivation actions. 

Statistical analysis 
Value distribution of gene expression profiles of 

groups of samples are matched via boxplot analysis to 
show if they are normalized and cross-comparable for 
continuing the analysis. In addition, p-value <0.05 was 
considered for significant findings.  

 

Results 
Gene expression profiles of three inflamed samples 

were compared by three healthy normal rats via box 
plot analysis. As it is showed in the figure 1 the 
samples are median center and comparable. Among top 
250 significant DEGs which differentiate treated rats 
from healthy controls, 9 genes were not characterized. 
241 query genes were imported to STRING to 
construct PPI network. A number of 67 genes were not 
recognized by STRING and the 174 remained genes 
interacted in poor style so the network was not very 
informative. A number of 50 neighbor genes were 
added to 174 query genes and the network including 46 
isolated nodes, 3 paired, and a main connected 
component counting 172 nodes were constructed. The 
main connected component is shown in the figure 2. 
The network was analyzed and eight hub nodes were 
identified (see table 1).  To validate findings, a 
backbone network regarding the eight hub nodes by 
searching via general databases was constructed.  
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 Figure 1. Box plot analysis of three treated rats relative to 
three health controls. Blue colored boxes represent control 
and pink ones represent inflamed samples. Lateral axis: 
names of samples, longitudinal axis: the genes. 

 
As it is illustrated in the figure 3, the network 

including a main connected component characterized 
with 218 nodes, one paired nodes, and 34 isolated ones 
were obtained. Hub nodes of backbone network are 
tabulated in the table 2. Action map of the eight hubs of 

main network (not backbone network) is shown in the 
figure 4. Expression, binding, activation, and inhibition 
properties of hubs relative to each other are schemed in 
this figure. As depicted in table 2, INS, AKT1, TNF, 
PRDM10, ALB, IL6, and GAPDH are the common 
central nodes between backbone network and the main 
connected component of network. 
 

Discussion 
Inflammation is one of the important incidences in 
digestive system. In colon tissue, IBD is one of which 
that can result in a cancerous condition. Researchers are 
aimed to understand the mechanisms of inflammation 
and its development to tumorigenesis. Recently PPI 
network analysis is attracted attention of scientists (17, 
18) as in this work, induce of inflammation in 
colorectal tissue of mice is compared to normal 
condition in this regard via analysis expression 
profiling of DEGs. As it is depicted in the figure 1, 
gene expression profiles of groups of samples are 
comparable via box plot analysis. The DEGs are 
interacted to construct a scale-free network (see figure 
1). However, built of network was dependent to 50 
additional relevant genes to the query ones. Network 
analysis led to determine 8 central nodes; however, the 
hubs were not included among the query genes. IL6, 
ALB, PRDM10, AKT1, GAPDH, IL8, INS and TNF 
are the eight hub nodes that are tabulated in the table 1. 
To validate the 8 hubs for centrality properties, a 
backbone network was constructed (see figure 3). As it 
is shown in table 2, the hub nodes of backbone network 
are as INS, AKT1, TNF, PRDM10, ALB, IL6, INSR, 
and GAPDH. Comparison between hubs of the main 
and the backbone networks, indicated that 7 hubs of 
main network are involved in the backbone network as 
hub nodes.  

 
Table 1. Hubs of Main connected component of treated rats relative to controls network are presented 
R Gene Name Description Degree 
1 IL6 interleukin 6 81 
2 ALB Albumin 77 
3 PRDM10 PR domain containing 10 77 
4 AKT1 v-akt murine thymoma viral oncogene homolog 1 75 
5 GAPDH glyceraldehyde-3-phosphate dehydrogenase 74 
6 IL8 interleukin 8  73 
7 TNF tumor necrosis factor 70 
8 INS Insulin 69 
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On the other hand, except IL8, all of the other hubs of 
the network are appeared in the backbone network as 
hubs. INSR, which is an insulin receptor, is apparently 
as hub node in the backbone network; however, it is 
well known that INSR is correlated to the INS. The 

construction of backbone network confirmed the 
introduced hub nodes are the central genes that are 
involved in onset and development of colorectal tissue 
inflammation. For getting more resolution of hub 
nodes, action analysis of them were analyzed.  

  
Figure 2. Main connected component of treated rats relative to controls network is presented. Bigger size and color from red to 
blue refer to higher degree values. 
 
 
Table 2. Hubs of backbone network are presented. 
R display name description Degree 
1 INS Insulin 100 
2 AKT1 v-akt murine thymoma viral oncogene homolog 1 69 
3 TNF tumor necrosis factor 67 
4 PRDM10 PR domain containing 10 65 
5 ALB Albumin 63 
6 IL6 interleukin 6 (interferon, beta 2) 58 
7 INSR insulin receptor 57 
8 GAPDH glyceraldehyde-3-phosphate dehydrogenase 56 
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Figure3. Backbone network of hub nodes of main connected component of inflamed samples relative to controls network is 
presented. Bigger size and color from red to blue refer to higher degree values.  

 

Figure 4. Action map of the eight hubs of main network including expression, binding, activation, and inhibition are shown in 
yellow, blue, green, and red, respectively.  
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The regulatory effect of hub nodes on each other is 
illustrated in figure 3 and highlighted considering 
expression, binding, activation and inhibition actions.  
At first glance, inhomogeneous behavior of genes on 
each other is obvious. For instance, GAPDH is 
regulated by INS for expression and activation actions 
while it has no regulatory effect on the other genes. 
Thus, GAPDH cannot be considered as a regulatory 
element in the network of inflamed colorectal tissue. 
PRDM10, the other hub node, that is the third 
important central node in table 1, not only did not show 
any regulatory effect on the elements of hub nodes, but 
also it is not regulated by any of agents of this action 
network. Therefore, this gene can be considered as an 
isolated gene in this action network. IL6 and IL8 
(CXCL8), are two chemokines that except mutual 
regulatory effect on each other, have no regulatory 
impact on the other hub nodes. These two genes are 
affected by the numbers of the central nodes. INS and 
TNF, the highly influential genes, show regulatory 
effects on the central nodes.  It can be concluded that 
the recent two genes are more prominent than the other 
nodes. INS is a key gene in metabolism pathways 
especially in regulation of glucose and lipids. The well-
known disease related to the dysregulation of insulin is 
diabetes. It has been reported that insulin has some 
associations with colorectal cancers pathogenicity (19). 
Insulin is an interesting agent that is involved in 
different kinds of diseases. Some studies claim that 
insulin is correlated to the neurological disorders in 
including Alzheimer's disease and bipolar disorder (20, 
21). In view of the fact that different diseases are 
correlated with metabolism dysfunction, it may be 
concluded that insulin has vast roles in many diseases 
(22). TNF, on the other hand, is known as a tumor 
necrosis factor that is usually related to the cancerous 
tissues. In a study that was aimed to reduce the colon 
inflammation, it was resulted in lessening of TNF 
expression (23). Two chemokines of IL6 and IL8 are 
main agents of immune and inflammatory system (24, 
25). Yet, their presence in this suggested panel of 8 
important genes is justified. The contribution of ALB 
and GAPDH, the two important housekeeping genes 
(26) refer to the overall changes in body maintenance 
due to the alteration of this condition based on 
inflammation occurrence (27). The close relationship 
between the recognized central panel of genes and 

inflammation indicates that regulation of these 
dysregulated genes possibly has key influence on 
inhibition of inflammation (28, 29). The oncogenesis 
features of some of these genes, shows that a patient 
with inflamed colorectal is susceptible to colon cancer 
onset.    
In conclusion, insulin accompanied with 7 genes of 
central properties, are responsible for integrity of 
inflamed colorectal tissue. Three features including 
metabolic, oncogenic and immunologic of inflamed 
colon tissue emphasized by this investigation. 
 

Acknowledgment  
This paper is supported by Proteomics Research 

Center, Shahid Beheshti University of Medical 
Sciences. 

Conflict of interests 

The authors declare that they have no conflict of 
interest. 

References  
1.  Terzić J, Grivennikov S, Karin E, Karin M. Inflammation 
and colon cancer. Gastroenterology 2010;138:2101-14.  
2. Janakiram NB, Rao CV. The role of inflammation in colon 
cancer.  Inflammation and Cancer: Adv Exp Med 
Biol.Springer2014;816:25-52. 

3.  Larki P, Gharib E, Yaghoob Taleghani M, Khorshidi F, 
Nazemalhosseini-Mojarad E, Asadzadeh Aghdaei H. 
Coexistence of KRAS and BRAF Mutations in Colorectal 
Cancer: A Case Report Supporting The Concept of Tumoral 
Heterogeneity. Cell J. 2017;19:113-117.  

4.  Xue X, Bredell BX, Anderson ER, Martin A, Mays C, 
Nagao-Kitamoto H, et al. Quantitative proteomics identifies 
STEAP4 as a critical regulator of mitochondrial dysfunction 
linking inflammation and colon cancer. Proc Natl Acad Sci U 
S A 2017:114:9608-17. 

5.  Huang Z, Huang D, Ni S, Peng Z, Sheng W, Du X. Plasma 
microRNAs are promising novel biomarkers for early 
detection of colorectal cancer. Int J Cancer 2010;127:118-26. 

6.  Sharifian A, Pourhoseingholi MA, Emadedin M, Rostami 
Nejad M, Ashtari S, Hajizadeh N, et al. Burden of Breast 
Cancer in Iranian Women is Increasing. Asian Pac J Cancer 
Prev. 2015;16:5049-52. 

7.  Lasry A, Zinger A, Ben-Neriah Y. Inflammatory networks 
underlying colorectal cancer Nat Immunol 2016;17:230-40. 

8.  Pekow J, Meckel K, Dougherty U, Huang Y, Chen X, 
Almoghrabi A, et al. miR-193a-3p is a Key Tumor 
Suppressor in Ulcerative Colitis–Associated Colon Cancer 



Naderi N. et al S91 

Gastroenterol Hepatol Bed Bench 2018;11(Suppl. 1):S85-S91 

and Promotes Carcinogenesis through Upregulation of 
IL17RD. Clin Cancer Res 2017:23:5281-91. 

9. Yashiro M. Ulcerative colitis-associated colorectal cancer. 
World Journal of Gastroenterology: WJG 2014;20:16389-97. 

10. Farahani M, Rezaei–Tavirani M, Zali H, Arefi Oskouie 
A, Omidi M, Lashay A. Deciphering the transcription factor-
microRNA-target gene regulatory network associated with 
graphene oxide cytotoxicity. Nanotoxicology 2018:1-13.  

11. Zamanian-Azodi M, Rezaei-Tavirani M, Rostami-Nejad 
M, Tajik-Rostami F. New Molecular Aspects of Cardiac 
Arrest; Promoting Cardiopulmonary Resuscitation 
Approaches. Emerg (Tehran) 2018;6:40.  

12. Tajbakhsh M, García Migura L, Rahbar M, Svendsen CA, 
Mohammadzadeh M, et al. Antimicrobial-resistant Shigella 
infections from Iran: an overlooked problem? J Antimicrob 
Chemother. 2012;67:1128-33. 

13. Rostami Nejad M, Nazemalhosseini Mojarad E, Nochi Z, 
Fasihi Harandi M, Cheraghipour K, Mowlavi GR, et al. 
Echinococcus granulosus strain differentiation in Iran based 
on sequence heterogeneity in the mitochondrial 12S rRNA 
gene. J Helminthol. 2008;82:343-47. 

14. Szklarczyk D, Morris JH, Cook H, Kuhn M, Wyder S, 
Simonovic M, et al. The STRING database in 2017: quality-
controlled protein–protein association networks, made 
broadly accessible. Nucleic acids research 2016;45:362-8. 

15. Rezaei-Tavirani M, Rezaei-Tavirani S, Ahmadi N, Naderi 
N, Abdi S. Pancreatic adenocarcinoma protein-protein 
interaction network analysis. Gastroenterol Hepatol Bed 
Bench 2017;10:85-92. 

16. Bindea G, Mlecnik B, Hackl H, Charoentong P, Tosolini 
M, Kirilovsky A, et al. ClueGO: a Cytoscape plug-in to 
decipher functionally grouped gene ontology and pathway 
annotation networks. Bioinformatics 2009;25:1091-3. 

17. Rezaei-Tavirani M, Rezaei-Tavirani S, Mansouri V, 
Rostami-Nejad M, Rezaei-Tavirani M. Protein-Protein 
Interaction Network Analysis for a Biomarker Panel Related 
to Human Esophageal Adenocarcinoma. Asian Pac J Cancer 
Prev: APJCP 2017;18:3357-63. 

18. Rezaei–Tavirani M, Tavirani SR, Rostami FT. 
Biochemical pathway analysis of gastric atrophy. 
Gastroenterol Hepatol Bed Bench 2018;11:118-24. 

19. Chen X, Liang H, Song Q, Xu X, Cao D. Insulin 
promotes progression of colon cancer by upregulation of 
ACAT1. Lipids Health Dis 2018;17:2-7. 

20. Craft S. Insulin resistance syndrome and Alzheimer's 
disease: age- and obesity-related effects on memory, amyloid, 
and inflammation. Neurobiol Aging 2005;26:65-9. 

21. Calkin CV, Ruzickova M, Uher R, Hajek T, Slaney CM, 
Garnham JS, et al. Insulin resistance and outcome in bipolar 
disorder. BJPsych Int 2015;206:52-7. 

22. Kashfi SM, Behboudi Farahbakhsh F, Nazemalhosseini 
Mojarad E, Mashayekhi K, Azimzadeh P, Romani S, et al. 
Interleukin-16 polymorphisms as new promising biomarkers 
for risk of gastric cancer. Tumour Biol. 2016;37:2119-26. 

23. Zhang H, Kovacs-Nolan J, Kodera T, Eto Y, Mine Y. γ-
Glutamyl cysteine and γ-glutamyl valine inhibit TNF-α 
signaling in intestinal epithelial cells and reduce inflammation 
in a mouse model of colitis via allosteric activation of the 
calcium-sensing receptor. Biochim Biophys Acta 
2015;1852:792-804. 

24. Hunter CA, Jones SA. IL-6 as a keystone cytokine in 
health and disease. Nat Immunol 2015;16:448. 

25. Russo RC, Garcia CC, Teixeira MM, Amaral FA. The 
CXCL8/IL-8 chemokine family and its receptors in 
inflammatory diseases. Expert Rev Clin Immunol 
2014;10:593-619. 

26. Eisenberg E, Levanon EY. Human housekeeping genes, 
revisited. TRENDS in Genetics 2013;29:569-74. 

27. Nazemalhosseini Mojarad E, Farahani RK, Haghighi 
MM, Aghdaei HA, Kuppen PJ, Zali MR. Clinical 
implications of BRAF mutation test in colorectal cancer. 
Gastroenterol Hepatol Bed Bench. 2013;6:6-13. 

28. Rostami Nejad M, Rostami K, Cheraghipour K, 
Nazemalhosseini Mojarad E, Volta U, Al Dulaimi D, et al. 
Celiac disease increases the risk of Toxoplasma gondii 
infection in a large cohort of pregnant women. Am J 
Gastroenterol. 2011;106:548-49. 

29. Zamanian Azodi M, Peyvandi H, Rostami-Nejad M, 
Safaei A, Rostami K, Vafaee Ret al. Protein-protein 
interaction network of celiac disease. Gastroenterol Hepatol 
Bed Bench. 2016;9:268-277. 

 


