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Introduction

Colon cancer is one of the most common cancers af-
fecting many people worldwide. Although colon cancer is 
the most related to chronic inflammation among all types 
of cancer, the relationship between inflammation and the 
pathogenesis of this cancer has not yet been correctly de-
termined (1). This disease is generally associated with im-
mune dysregulation in the presence of cells and molecules 
that create an inflammatory environment (2). Colonoscopy 
is the most critical method in screening and early diagno-
sis of colon cancer. However, this diagnostic screening 
method is not very welcome due to the invasive nature of 
this method and causing problems such as the possibility 
of intestinal rupture and the resulting pain and discomfort 
(3). Therefore, the current research is necessary to find an 
easy and non-invasive method for screening this cancer 
in its early stages.  In general, the use of different cellular 
and molecular components of blood as a non-invasive tool 
in the early screening of colon cancer and its timely dia-
gnosis is discussed (4). Since chronic inflammation plays 
an essential role in cancer development, especially colon 
cancer. Various inflammatory markers have been reported 

as useful markers in patients with cancers, including colon 
cancer (5). Meanwhile, counting peripheral blood mono-
cytes and examining the expression profile of erysipelas 
genes in them are relevant markers in the poor prognosis 
of colon cancer (3).

The activity of inflammation in the matrix of invasive 
cancers depends on the type of immune cells involved, the 
number of cells per square millimeter, and the location of 
immune cells are factors that are effective in the prognosis 
of this cancer (6). The gene expression profile of periphe-
ral blood cells, predominantly neutrophils, monocytes, and 
macrophages, of people with colon cancer differs from that 
of healthy people (7). In this regard, a group of immune 
system cells plays an important role in the initial and rapid 
response of the host to infections and cancers. Monocytes 
are 2 to 10% of human white blood cells. Monocytes are 
made from myeloid precursors in the bone marrow, known 
as monoblasts (8). Then they enter the bloodstream, and 
in the presence of inflamed cytokines in the tissue space, 
they turn into macrophages or dendritic cells, which play 
an important role in the body's defense against cancer (9). 
Based on their phenotypic receptors, these cells include at 
least three subsets:
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1. High expression of CD14 surface receptor (10)
2. Low expression of CD14 with CD16 expression (11)
3. High expression of CD14 and low expression of CD16 
(12, 13).

Through phagocytosis, secretion of inflamed cytokines, 
production of oxygen free radicals, and NO (nitric oxide), 
monocytes initiate inflammatory responses in the form of 
the innate immune system (14). Controlling the homeos-
tasis of inflammatory responses, such as decreasing or in-
creasing the expression of specific genes in cases of inflam-
matory responses by monocytes, is particularly important 
in regulating immune responses. In addition to their role 
in the homeostasis of immune responses, these cells are 
also important in tissue repair and fighting cancers such 
as colon cancer (15). On the surface of monocytes, there 
are various pattern recognition receptors, especially TLRs, 
which, by recognizing the presence of microbes and their 
products in their signaling pathway, initiate primary im-
mune responses against infection and tissue damage (16). 
NLRs, as another group of pattern recognition receptors 
in monocytes, by starting several inflammatory messenger 
pathways, lead to the initiation of the inflammasome com-
plex and the secretion of mature forms of IL-18 and IL-
1β, which create chronic inflammatory conditions in the 
microenvironment of cancer cells (17).

On the other hand, pro-inflammatory factors such as 
NO play an essential role in regulating inflammatory res-
ponses. The production and secretion of large amounts 
of NO by activated macrophages infiltrating and residing 
around cancer cells may cause survival and prolong the 
time of tissue damage (18). Following the stimulation 
of monocytes and macrophages by lipopolysaccharide 
or inflammatory cytokines such as TNF-a, the inducible 
nitric oxide synthase enzyme is activated, which causes 
the release of nitric oxide. Activating this enzyme leads 
to the production of increased and potentially cytotoxic 
amounts of NO in the long term (19). Also, it leads to in-
creased angiogenesis around cancer cells and facilitating 
their metastasis. Therefore, it is necessary to investigate 
the expression profile of inflammatory genes expressed by 
monocytes of people with colon cancer to examine the role 
of chronic inflammation in developing this cancer and to 
contribute to the standard screening methods based on the 
existing immune-pathological profile (15). Based on this, 
the present study evaluated the expression levels of TLR4, 
TLR2, NLRP3, and NOS2 genes in two groups of colon 
cancer patients and controls at the mRNA level by qPCR 
method.

Materials and Methods

The type of this study was a case-control study that was 
done in a descriptive-analytical manner according to the 
purpose of this study.

Selection of study groups and entry and exit criteria
In this study, 15 patients were selected and included 

from patients with confirmed stage II colon cancer accor-
ding to TNM 1 classification, who were diagnosed by 
colonoscopy, CT scan, and histology methods before che-
motherapy and radiotherapy. Also, 15 of the clients who 
were male and aged between 60 and 70 years old were 
considered the control group.

The criteria for entering this research were the same 
gender of cancer patients and healthy people, the same 
stage of cancer patients was confirmed by TNM method, 
and no chemotherapy and radiotherapy were performed 
on the patients. Those cancer patients who had received 
chemotherapy or radiotherapy, whose gender was different 
from the control group, or who had died during the study 
were excluded.

Taking peripheral blood samples from cancer patients 
and healthy people

After filling out the relevant forms and obtaining the 
consent of the people of both groups following medical 
ethics, venous blood samples were taken in 10 ml each 
and sent to the laboratory as soon as possible to isolate 
monocytes and RNA extraction.

Isolation of peripheral blood monocytes
This work used the Faicol gradient (p=1.077) and 

concentration gradient centrifugation (20). Then isolation 
of monocytes was done by sticking to plastic. Briefly, pe-
ripheral blood mononuclear cells (PBMC) were washed 
twice with cold RPMI-1640 medium after harvesting. 
Their number and viability were determined by the trypan 
blue method. Then, the number of 5x106 cells per ml was 
poured into 24-well plates, and after 2 hours of incubation 
at 37°C, 5% CO2, and 95% humidity, the non-adherent 
cells were separated, and the monocytes attached to the 
bottom of the plate were separated in RPMI-medium. 
1640 enriched with 10% FBS 100 unit/ml penicillin, 100 
g/ml gentamicin, and 0.30 mg/ml L-glutamine were cultu-
red and isolated.

RNA extraction and cDNA preparation
To extract RNA and make DNA of desired genes from 

peripheral blood monocyte samples, RNA was extrac-
ted using the RNX kit of Synaclon company using Tri-
zol reagent, and using the Revert Aid FIRST Strand DNA 
synthesis kit using Oligo-dT primers, and the random 
hexamer was converted into cDNA according to the rele-
vant instructions.

The quantitative polymerase chain (qPCR) reaction 
In the PCR technique, first, to find the optimal bin-

ding temperature of primers, two cDNA samples prepa-
red from monocytes of cancer patients were tested using 
a master mix kit of Qiagen Company (Germany), two 
binding temperatures of 58°C and 61°C. According to 
the melting curves, the binding temperature of 61°C was 
optimal for the above genes. Also, to ensure the designed 
primers' optimal performance and the qPCR performance 
accuracy, the PCR product's amplified genes were electro-
phoresed on a 1.5% agarose gel. PCR test with a protocol 
of 10 minutes at 95°C, cycles of 10 seconds at 95°C, 20 
seconds at 61°C and 20 seconds at 72°C, 40 cycles with 
the specified program was done for TLR2, TLR4, NLRP3, 
and NOS2 using Rotor-Gene Q series software. The refe-
rence gene was β-actin and 2-ΔΔct of genes was evaluated by 
Mann-Whitney statistical method. Table 1 shows Primer 
sequences and product length for studied genes.

Results

In this study, after taking blood from the group of colon 
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the decrease in the expression of the TLR2 and TLR4 
genes in the monocytes of patients with colon cancer. The 
amount of fold change of the mentioned three genes in the 
monocytes of the cancer group had a significant difference 
(p<0.05) compared to the control, and this may be indica-
tive of the production of variable or unstable mRNA levels 
of the mentioned genes in the monocytes of the patient 
group.

According to the study of Honda et al. (22), the gene 
expression profile of monocytes of patients with colon 
cancer is different from that of ordinary people. Based 

cancer patients and healthy control subjects, the peripheral 
blood monocytes of the two groups were separated using 
the plastic adhesion method. After dissolving and confir-
ming the survival rate of 95% of them, smears were pre-
pared and stained with Giemsa dye. The other molecular 
work was done. To ensure the performance of the primers 
used in this study, after performing PCR on the relevant 
genes, electrophoresis was also performed on 1.5% aga-
rose gel. The gel electrophoresis results confirmed the 
melting curves. Each single band represented the specific 
function of the corresponding primers, and a single band 
was obtained for all genes. After extracting RNA and 
making DNA from monocytes of both groups of cancer 
patients and healthy control and performing PCR tests, the 
test results were analyzed by SPSS statistical software sys-
tem and the Mann-Whitney method. These results can be 
seen in the graphs of Figure 1A and 1B.

Based on graphs A and B, the expression level of 
TLR2, TLR4, and NOS2 genes in monocytes of the can-
cer patients group significantly decreased, decreased, 
and increased, respectively (P<0.05). The NLRP3 gene 
showed a relative increase in cancer patients, which was 
insignificant compared to the healthy control group. In 
cancer patients, TLR2 had the most significant decrease 
in expression compared to the healthy control group. In 
other words, in this series, NOS2 gene expression changes 
in colon cancer patients were associated with up-regula-
tion. However, the expression of TLR2 and TLR4 genes in 
cancer patients was down-regulated compared to controls. 
NLRP3 gene expression was up-regulated in cancer pa-
tients but was insignificant compared to the control group.

Discussion

This research aimed at the timely diagnosis and treat-
ment of colon cancer based on the immunopathological 
profile of this cancer in its early stages. The results of this 
research described the relative immunopathological status 
of 15 monocyte samples obtained from stage II colon can-
cer patients. The evaluation of the expression of essential 
inflammatory genes in these cells showed significant ex-
pression changes in TLR2, NOS2, and TLR4 genes com-
pared to the monocytes of healthy controls.

The genes studied in this study were each somehow 
involved in immune responses. Of course, the results of 
this research were partially consistent with the results of 
Chang et al. (21). The most precise result of this research 
was the increase in the expression of the NOS2 gene and 

Table1. Primer sequences and product length for TLR2, TLR4, NLRP3, NOS2 and β-ACTIN.

Gene Primer Sequence (5’-3’) Product length
TLR2 Forward: ATCCGATGATTCTTACCAGCG 103 bp

Reverse: GCTGACTGTCTCTTGAGGAT
TLR4 Forward: CGGATGATTCAGTGCGATCGA 211 bp

Reverse: CGATGTCGGTGTTATCATGGCGA
NLRP3 Forward: AGGCTCAGTCATGGATC 88 bp

Reverse: GCGCTACATGACTGCGTATA

NOS2 Forward: 
TCGTCAGTGTCAGGTACTGCATAT 156 bp

Reverse: AGCAGTGTACACGGCTAA
β-actin Forward: TGCACGTCAGTCATACGTA 134 bp

Reverse: GGATGCACGTTAGCAGCTAC

Figure 1. A) The graph of the threshold cycle (CT) of the studied 
genes in the groups of colon cancer patients and healthy controls in 
the qPCR test, the white rectangles are the mean threshold cycle of 
the control group, and the black rectangles are the mean threshold 
cycle of the cancer patients group. B) Fold change diagram (ΔΔct) 
expression level of NLRP3, TLR4, TLR2, and NOS2 genes resulting 
from PCR test on different cDNAs obtained from peripheral blood 
monocytes of cancer patient groups (n=12) compared to the healthy 
control group (n=12). The fold change data compared to the control 
group is displayed based on the base two logarithms (In), and the sign 
* indicates the significance (p<0.05) of the gene expression level of 
the cancer patients group compared to the healthy control group.
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on the findings of this research, the expression of three 
genes, TLR4, TLR2, and NOS2, in the monocytes of can-
cer patients was significantly decreased, decreased, and in-
creased, respectively, compared to regular patients. Howe-
ver, the level of NLRP3 gene expression in monocytes of 
cancer patients did not increase significantly compared to 
ordinary people. This issue may be due to intermittent spli-
cing in the mRNA of this gene and as a result of ineffective 
mRNA production in the monocytes of cancer patients or 
affected by the increased expression of the NOS2 gene, 
which of course, needs further investigation. According 
to the proposal of Fridman et al. (23), the change in the 
amount of gene expression indicates the immune system's 
reaction in fighting cancer. On the other hand, the type of 
tumor cells infiltrated into the cancer microenvironment 
depends on the type of cancer and its stage, and this infor-
mation can be used in the prognosis of timely diagnosis 
and even immunotherapy of the patient. On the other hand, 
since the count of peripheral blood monocytes reflects the 
number of macrophages associated with cancer per square 
millimeter of the cancer microenvironment, it is an impor-
tant prognostic factor in the search for the initial stages of 
the development of this cancer (24, 25).

According to the increase in NOS2 gene expression in 
monocytes of cancer patients, it seems that after mono-
cytes are attracted to the colon cancer microenvironment 
due to the loss of the epithelium barrier and, of course, the 
penetration of microbes located in the intestinal lumen into 
the lamina propria area at first The purpose of identifying 
these microbial agents may be to increase the expression 
of TLR2 mRNA and TLR4 as well as NLRP3 to initiate the 
immune response. Then, by signaling downstream of these 
receptors, the production of inflammatory cytokines and 
NO, H2O2, superoxide radicals, etc., occurs in monocytes. 
Of course, the cooperation of these factors with TNF-a in 
increasing angiogenesis in the cancer microenvironment 
can be justified. On the other hand, the high expression of 
NO has an inhibitory effect on cancer. But due to the high 
level of immunosuppressive cytokines such as 1-TGF-B, 
IL, and PGE2 in the cancer microenvironment, which are 
mainly secreted by M2 macrophages and also by the cal-
ling of MDSC 1 cells from the bone marrow in the cancer 
microenvironment and enter the blood of lymphatic tissues 
and become cancerous and the inflammatory inhibition ap-
plied by TGF-L10 NO and PGE decreased the expression 
of TLR2 and TLR4 genes on the level of monocytes as 
the main executive cells of innate immunity. According to 
Green et al. (26), in some cancers such as colon cancer and 
breast cancer, circulating cancer cells (CTCS) can have a 
reducing effect on the TLR2 and TLR4 gene expression of 
blood cells, including monocytes, by secreting inhibitory 
cytokines.

According to Kesselring et al.'s study (27), it was 
found that the IRAK-M molecule, which is expressed by 
cancer cells, is one of the negative regulators of TLRs ex-
pression, reducing its downstream signaling and reducing 
NF-KB levels. This, in turn, may be another justification 
for reducing the expression of TLR2 and TLR4 genes in 
the monocytes of cancer patients. Another finding of this 
research was the insignificant increase in NLRP3 gene 
expression in the monocytes of cancer patients compared 
to the control group. It seems to be due to the activation of 
the inflammasome complex and the production of two cy-
tokines, IL-1 and IL-18, to create inflammation in dealing 

with the ligands resulting from the destruction of unstable 
cancer cells such as migratory cancer cells in the blood cir-
culation and creating anti-cancer immunity. But apparent-
ly, the expression of this molecule was decreasing, which 
is probably one of the reasons for the release of inhibitory 
factors from these cancer cells, as Green et al. (26), have 
expressed in their study. On the other hand, according to 
Qin He et al.'s study (28), the exact role of inflammasomes 
in cancers is strongly dependent on the heterogeneity of 
cancer cells and their accompanying cells, such as fibro-
blasts and endothelial cells, as well as the lack of oxygen 
in the cancer microenvironment, which affects the func-
tion of inflammasomes. This may be another reason why 
the increase in NLRP3 expression is insignificant in can-
cer patients. From the point of view of the instability of 
the mRNA of this gene, it is worth pondering. Of course, 
proving this issue requires more studies.

In this research, according to the increase in NOS2 
gene expression in monocytes of stage II cancer patients, 
it seems that the increase in the expression of genes rela-
ted to signaling downstream of TLRs in peripheral blood 
monocytes is probably associated with the infiltration of 
monocytes from the bloodstream to the cancer tissue along 
with the transformation of these cells into macrophages or 
the initial upregulation of TLRs expression on the surface 
of these cells is due to their stimulation towards cancer cell 
growth. This causes the stimulation of more NO secretion. 
As mentioned in the study of Ye Xu et al. (29). In addition, 
according to Sara Benkhelifa et al.'s study (30), NOS2 
mRNA expression has a significant relationship with the 
colon cancer stage. In the present study, the exact relation-
ship is significant in the case of stage II colon cancer. Of 
course, more research is still needed in this case. In all the 
sources that have been used in the implementation of this 
research, only some limited criteria have been emphasized 
in colon cancer immunopathology. In the present study, 
the expression of four critical genes of inflammation in 
patients with stage II colon cancer has been evaluated. 
Considering the relationship between the development 
of colon cancer and cancer, studying the gene expression 
changes of immune cells, mainly monocytes, as the lea-
ding players of immunity, is an intrinsic diagram of the 
immunopathological status of colon cancer because the 
expression of genes is different according to the epigenetic 
conditions that govern them. In one way, these conditions 
have an inhibitory effect on the expression of genes in the 
microenvironment of cancer cells by releasing cytokines 
that inhibit the immune system. In such a way, these inhi-
bitory cytokines, by secretion in blood and lymph, also 
have an inhibitory effect on the expression of peripheral 
monocyte edema genes. Therefore, these changes can be 
used according to the pathological grade of colon cancer 
as a prognosis of the disease and a diagnostic field in the 
future, along with other diagnostic methods for targeted 
treatment of this cancer in the early stages.

References 

1.	 Ahmed M. Colon cancer: a clinician’s perspective in 2019. Gas-
troenterol Res  2020; 13(1): 1-10.

2.	 Pacal I, Karaboga D, Basturk A, Akay B, Nalbantoglu U. A com-
prehensive review of deep learning in colon cancer. Computer 
Biol Med  2020; 126: 104003.

3.	 Aiello P, Sharghi M, Mansourkhani SM et al. Medicinal plants 



107

Feilong Meng et al. / NOD-like and Toll-like receptors’ genes in colon cancer patients, 2023, 69(15): 103-107

in the prevention and treatment of colon cancer. Oxid Med Cell 
Longev  2019; 2019.

4.	 Islam MR, Akash S, Rahman MM et al. Colon cancer and colorec-
tal cancer: Prevention and treatment by potential natural products. 
Chemico-Biol Interact  2022: 110170.

5.	 Papila Kundaktepe B, Papila C. The clinical significance of preo-
perative plasma fibrinogen levels and platelet counts in resectable 
colon cancer. World J Surg Oncol  2021; 19: 1-7.

6.	 Ruan H, Leibowitz BJ, Zhang L, Yu J. Immunogenic cell death in 
colon cancer prevention and therapy. Mol Carcinog  2020; 59(7): 
783-793.

7.	 Pan J-h, Zhou H, Cooper L et al. LAYN is a prognostic biomarker 
and correlated with immune infiltrates in gastric and colon can-
cers. Front Immunol  2019; 10: 6.

8.	 Waldner M, Schimanski CC, Neurath MF. Colon cancer and the 
immune system: the role of tumor invading T cells. World J Gas-
troenterol  2006; 12(45): 7233.

9.	 Angell HK, Bruni D, Barrett JC, Herbst R, Galon J. The immu-
noscore: colon cancer and beyond. Clin Cancer Res  2020; 26(2): 
332-339.

10.	 Carlin LM, Stamatiades EG, Auffray C et al. Nr4a1-dependent 
Ly6Clow monocytes monitor endothelial cells and orchestrate 
their disposal. Cell  2013; 153(2): 362-375.

11.	 Imhof BA, Jemelin S, Ballet R et al. CCN1/CYR61-mediated me-
ticulous patrolling by Ly6Clow monocytes fuels vascular inflam-
mation. Proc Natl Acad Sci  2016; 113(33): E4847-E4856.

12.	 Yang J, Zhang L, Yu C, Yang X-F, Wang H. Monocyte and macro-
phage differentiation: circulation inflammatory monocyte as bio-
marker for inflammatory diseases. Biomarker Res  2014; 2(1): 
1-9.

13.	 Stanilov NS, Miteva LD, Dobreva ZG, Jovchev JP, Cirovski GM, 
Stanilova SA. Monocytes expression of IL-12 related and IL-10 
genes in association with development of colorectal cancer. Mol 
Biol Rep  2012; 39: 10895-10902.

14.	 Zhou R, Zhang J, Zeng D et al. Immune cell infiltration as a bio-
marker for the diagnosis and prognosis of stage I–III colon cancer. 
Cancer Immunol Immuother  2019; 68: 433-442.

15.	 Shen C, Luo C, Xu Z et al. Molecular patterns based on immu-
nogenomic signatures stratify the prognosis of colon cancer. Front 
Bioeng Biotechnol  2022; 10: 61.

16.	 Murray NP, Villalon R, Hartmann D, Rodriguez MP, Aedo S. Im-
provement in immune dysfunction after FOLFOX chemotherapy 
for Stage III colon cancer is associated with improved minimal 
residual disease prognostic subtype and outcome. Colorect Dis  
2021; 23(11): 2879-2893.

17.	 Huang W, Su D, Liao X, Yang T, Lu Y, Zhang Z. Prognostic cos-
timulatory molecule-related signature risk model correlates with 

immunotherapy response in colon cancer. Sci Rep  2023; 13(1): 
789.

18.	 Sun X, Xue Z, Yasin A et al. Colorectal cancer and adjacent nor-
mal mucosa differ in apoptotic and inflammatory protein expres-
sion. Eng Regen  2021; 2: 279-287.

19.	 Wang H, Wang L, Xie Z et al. Nitric oxide (NO) and NO syn-
thases (NOS)-based targeted therapy for colon cancer. Cancers  
2020; 12(7): 1881.

20.	 Stanilov N, Dobreva Z, Stanilova S. Higher TNF-alpha produc-
tion detected in colorectal cancer patients monocytes. Biotech 
Biotech Equipt  2012; 26(sup1): 107-110.

21.	 Chang Y-T, Huang C-S, Yao C-T et al. Gene expression profile 
of peripheral blood in colorectal cancer. World J Gastroenterol  
2014; 20(39): 14463.

22.	 Honda M, Sakai Y, Yamashita T et al. Differential gene expression 
profiling in blood from patients with digestive system cancers. 
Biochem Biophys Res Commun  2010; 400(1): 7-15.

23.	 Fridman WH, Pagès F, Sautès-Fridman C, Galon J. The immune 
contexture in human tumours: impact on clinical outcome. Natr 
Rev Cancer  2012; 12(4): 298-306.

24.	 Shibutani M, Maeda K, Nagahara H et al. The peripheral mono-
cyte count is associated with the density of tumor-associated 
macrophages in the tumor microenvironment of colorectal cancer: 
a retrospective study. BMC cancer  2017; 17(1): 1-7.

25.	 Ercisli MF, Kahrizi D, Aziziaram Z. Environmental factors affec-
ting the risk of breast cancer and the modulating role of vitamin D 
on this malignancy. Cent J Environ Sci Tech Innovat  2021; 2(4): 
175-183.

26.	 Green TL, Santos MF, Ejaeidi AA, Craft BS, Lewis RE, Cruse 
JM. Toll-like receptor (TLR) expression of immune system cells 
from metastatic breast cancer patients with circulating tumor 
cells. Exp Mol Pathol  2014; 97(1): 44-48.

27.	 Kesselring R, Glaesner J, Hiergeist A et al. IRAK-M expression in 
tumor cells supports colorectal cancer progression through reduc-
tion of antimicrobial defense and stabilization of STAT3. Cancer 
cell  2016; 29(5): 684-696.

28.	 He Q, Fu Y, Tian D, Yan W. The contrasting roles of inflamma-
somes in cancer. Am J Cancer Res  2018; 8(4): 566.

29.	 Xu Y, Xu Q, Yang L et al. Gene expression analysis of periphe-
ral blood cells reveals toll-like receptor pathway deregulation in 
colorectal cancer. PLoS One  2013; 8(5): e62870.

30.	 Benkhelifa S, Rafa H, Belhadef S et al. Aberrant up-regulation of 
iNOS/NO system is correlated with an increased abundance of 
Foxp3+ cells and reduced effector/memory cell markers expres-
sion during colorectal cancer: Immunomodulatory effects of ce-
tuximab combined with chemotherapy. Inflammopharmacology  
2019; 27: 685-700.


