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cancer related mortality, worldwide. Chronic inflammation is
one of the underlying mechanisms leads to this cancer. The
final aim of this research was to assess the expression level
of pattern recognition receptors (PRRs)-related genes TLR2,
TLR4, NLRP3, NF-kβ, MBL1, GAL1 and oxidative agent NOS2 in
colon tissue and blood monocytes of CRC patients to find the
relative role of chronic inflammation in the initiation of the
CRC development. By this approach, the expression level of
mentioned genes was assessed in colon tissues and monocytes
of 24 cases (12 CRC and 12 healthy control persons) with 65±11
years old. In CRC patients’ monocytes, the expression level of
TLR2, TLR4, GAL1 and MBL1 genes were significantly less than
those of healthy controls (p<0.05). The expression level of NOS2
and NF-kβ genes in CRC patients’ monocytes was significantly
higher than those of in healthy controls (p<0.05). In cancerous
colon tissues, the expression level of TLR2, TLR4 and NLRP3
was significantly higher and in the case of NOS2 and NF-kβ
the difference was not significant. But, the expression level of
MBL1 was significantly lower than normal tissues (p<0.05). In
conclusion, since CRC development is normally accompanied
by chronic inflammation, the observed significant differences
at the expression level of some key inflammatory genes in
monocytes and cancerous colon tissues of CRC patients, is
highly related to chronic inflammatory reactions in tumor
microenvironment.
Keywords: Toll like receptors2, 4, NLR family pyrin domain
containing 3 (NLRP3), Nitric oxide synthase2 (NOS2), Mannose
binding lectin1 (MBL1), Galectin1 (GAL1), Nuclear factor kappa
binding, beta actin (ACTB), Colorectal cancer (CRC)
INTRODUCTION
Colorectal cancer (CRC) is the third common cancer and forth
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cancer mortality causative agent, all over the world [1]. Its
incidence is increasing in developing countries [2]. On the
basis of global cancer statistics, it is the third and second cancer
in men and women respectively. Accordingly, 1.2 million new
cases and 608700 mortality cases occurred in 2008 [3]. The
CRC incidence rate is age related; thus, the highest incidence
has been reported in ages 75 and up [4]. Indeed, CRC has
been one of the commonest cancers in Iran in year 2008, and
also, as GLOBOCAN statistics, it has been in year 2012, the
third and fourth common cancer in Iranian men and women
respectively [5,6].
Although, CRC within all kinds of cancers, has the most
relationship to chronic inflammation, but, the exact
relationship of CRC with chronic inflammation remained
to be determined. However, in this cancer, the immune
dysregulation by inflammatory cells and molecules has been
shown [7]. As estimated, approximately 40% of cases, develop
to fatal metastasis, of which 80% tend to liver and 20% to other
viscera and organs [8,9]. On the basis of broad investigations,
the involvement of pattern recognition receptors (PRRs),
especially TLRs, has important roles to cancer initiation and
development. In this regard, the damage associated molecular
patterns (DAMPS) released from damaged epithelial tissues
during an infection in colon, have important role in PRRs’
continuous signaling stimulation followed by the creation of
chronic and permanent inflammation [10]. Generally, PRRs
trigger primary immune responses against infection and
tissue damage to save the host from microbial invasion. In
this context, it has been shown the significant relationship
between TLR4 expression by tumor cells and high risk of
tumor recurrence in CRC patients [11]. The recognition of
pathogen associated molecular patterns (PAMPs) by PRRs
activates several cell signaling that in turn affects the host
defense, inflammation development, cell death, amplification
and tissue repair. Furthermore, this signaling can activate the
dendritic cells to trigger and amplify the anti-tumor immunity.
The damage or transformation creates intra epithelial cell
induction of PRRs ligands. In this regard, it is possible that,
the targeted manipulation of PRRs signaling seems to be a
fortune to develop new diagnostic and therapeutic methods
for many gastrointestinal malignancies [12]. Therefore, these
receptors have central roles in many inflammatory diseases
and gastrointestinal tumorigenesis. In response to any tissue
damage, The PRR signaling starts the tissue repair process.
Recent studies have suggested that because of the role of
cancer induction as well as anti-tumor immunity progression
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for receptors like TLR4, the PRR signaling dysregulation
followed by inflammatory damages, can be as a pre-request
to intestinal neoplastic changes [11,12]. It is possible that,
signaling by these receptors leads to amplification and survival
of cancer cells by producing Nuclear Factor-kappa β (NF-kβ).
NF-κβ is a ubiquitous transcription factor that mediates a
cytoplasmic/nuclear signaling pathway and regulates gene
expression of various cytokines, cytokine receptors and
adhesion molecules involved in inflammatory and immune
reactions. Furthermore, there is a correlation between the
activation of NF-κB and control of apoptotic pathway, cell
proliferation, differentiation, migration, and angiogenesis as
well as resistance to chemo/radiotherapies in tumor cells [13].
The NF-κβ signaling pathway plays an important role in the
regulation of cell proliferation and cell survival. Constitutive
activation of this pathway leads to the constitutive expression
of proliferation-associated genes including cyclin D1, cyclin
E, and cyclin-dependent kinase (CDK)-2, as well as IL-6 and
Myc. Standing with aberrant regulation of NF-κβ is frequently
reported in tumor cells. Hence, the inhibition of this cascade
may limit cell proliferation [13].
On the basis of clinical studies, the expression of PRRs, is not
restricted to immune cells, but their expression increases
in many human epithelial tissue cancers. Thus, the PRRs’
signaling is emerged by double roles, the immune system
stimulation and tumor growth augmentation, that followed
by homeostasis, chronicity and dysregulation, respectively
[14].
Generally, the peripheral blood monocytes’ gene expression
profile in CRC patients is different from those of healthy
persons, and this difference derived from immune systems’
different reactions against tumor cells [15]. These blood
cells initiate the inflammatory responses via phagocytosis,
inflammatory cytokine secretion, and producing the free
oxygen and nitric oxide radicals within innate immune system
(see appendix) [16,17]. Also, the regulation of the inflammatory
response homeostasis by monocytes, is important; one of
these homeostasis is the decreasing or increasing of the
exclusive gene expression rate in the inflammatory responses.
Therefore, these cells, besides possessing a role in immune
response homeostasis, have important roles in tissue repair
and combating against tumor cells such as CRC [17].
Here, we hypothesized that the expression rate of key PRRs,
such as, TLR2, TLR4, NLRP3, MBL1, GAL1, and inflammatory agents
(e.g., NF-kβ and NOS2) genes in colon tissues and peripheral
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blood monocytes of CRC patients is different from those in
healthy persons. By this approach, the aims of this research
was to assess the role of chronic inflammation in promoting
CRC by estimating the expression rate of the mentioned key
PRRs-related genes and NF-Kβ, NOS2 in colon tissues and
blood monocytes of stage II CRC patients against healthy
persons referred to Ghaem, Omid and Imam Reza hospitals in
Mashhad holy city, Iran by CYBR green qPCR method.
PATIENTS AND METHODS
I- Sampling
This research conducted in Iran, University of Tehran,
Faculty of Veterinary Medicine, Department Microbiology
and Immunology, matching with three Mashhad hospitals,
(Ghaem, Omid, and Imam Reza) approved by the Ethical
Committee of Mashhad University of medical sciences by
ethical code: ID IR.FUBS.REC.1395.42456 with the commitment
of the principles of the declaration of Helsinki. All subjects
signed their informed consents before participation (January
2017 to December 2019).
We obtained samples from CRC patients underwent surgery
(cancerous colon tissues, n=12, 10 cm adjacent to cancerous
colon tissues, n=12, venous blood samples, n=12 from those
patients) and healthy non-CRC persons (only venous blood
samples, n=12) diagnosed by colonoscopy and CT scan
(subsequent confirmed by microscopic examination) [18],
with signed consent forms and questionnaires, colonoscopy,
and CT scan. Before conducting any sampling, colonoscopy,
CT scan, and biopsy of site of the CRC were carried out for
early detection and confirmation of the type and the stage of
CRC by Tumor-Node-Metastasis (TNM) method [18]. Patients
who died during study or underwent to chemotherapy or
radiotherapy were excluded. All samples taken from stage
II CRC as well as the same gender (all from men) and 65±11
years of age [19,20].
II- Monocyte isolation, RNA extraction and cDNA synthesis
from samples
Very briefly, The PBMCs were isolated using density gradient
centrifugation (eppendorf ) on a Histopaque- 1.077 gradient
Ficol. Centrifugation was performed at room temperature, 400
g, for 30 min. Then, cells were washed twice in phosphatebuffered saline (PBS) with 2% fetal calf serum (FCS) and 1
mM EDTA. Subsequently, monocytes were isolated by plastic
adhesion method [21]. In this way, The PBMCs were washed
twice with cold RPMI- 1640 medium, and then, 5×106 PBMCs

/ml were plated in 1 NuclonTM Delta surface treated T-75
cell culture flasks. After incubation for 2 hrs at 37⁰C, 5% CO2,
and 95% moisture, the non-adherent cells were removed by
thorough washing with RPMI-1640 medium and the adherent
monocytes on the bottom of the plate, harvested and
resuspended into RPMI-1640 enriched with 100U/ml penicillin,
100µg/ml gentamycine, and 0.3mg/ml L-glutamin [21]. RNA
extraction was performed using Trizole reagent. Briefly, by
adding 1ml Trizole reagent to any cell pellet ingredients, the
microtubes were incubated for 5 min at room temp and then
200µl cold chloroform added them on ice for 5 min and then,
centrifuged at 12000rpm 4⁰C. Then, isopropanol was added
and incubated for 15 min on ice and again centrifuged at
12000rpm 4⁰C. Finally, the 75% ethanol added to pellet and
centrifuged for 5 min at 7500rpm and incubated at room temp
to form RNA mass. RNA integrity was then, assessed using an
RNA 2000C nanodrop. RNA integrity number was more than
1.6. RNA was solubilized in DEPC treated water and maintained
until the next use, at -80⁰C. For each sample, 200 ng of total
RNA was reversed transcribed into cDNA using Revert Aid
FIRST Strand cDNA synthesis [21].
III- qPCR performing
After primer designing for mentioned genes, by Oligo7
software (DBA Oligo,Inc,USA), and achieving their genuinity
by NCBI-BLAST [20, 22-24], The gradient PCR was conducted to
obtain the annealing temperatures for primers, and then, the
qPCR technique was performed (using Quiagen Rotor gene Q
series) by 0.25ng cDNA from each sample, using Yekta Tajhiz
Azma Co IRAN, CYBR Green mastermix including 400µmol
each dNTPs, 5mMol MgCL2, and 0.1U/ µL Taq DNA polymerase
enzyme. In each amplification, the specific primer was used
by 0.2µMol. The cycling programs, on the basis of annealing
temperature, were as: 10 min at 95⁰C (Hold 1), 40 cycles, 10sec
at 95⁰C, 20sec at 61⁰C (for TLR2,TLR4, NLRP3, NOS2 and NF-kβ
genes) and 58⁰C( for GAL1, MBL1, and ACTB genes), 20sec at
72⁰C, 1min at 95⁰C (Hold 2), for a total of 40 cycles. All samples
were run in duplicate and ACTB gene used as internal reference
gene and relative quantification of the total gene products in
each sample was done by ∆∆Ct method, as Schmittgen et al.
[25].
IV- Statistical analysis
The data were assessed by SAS statistical software (Version
21.C, USA). Meanwhile, the plots was drown by Graphpad
Prism (Soft98 Version, IRAN). Regarding to abnormality of
distribution, and also low sample numbers, the Mann-Whitney
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test was applied for comparing gene expression alterations
between CRC and healthy persons, and p<0.05 was considered
as significant difference between the groups [21].

RESULTS
As representatively demonstrated, a sample of isolated
monocytes stained by Giemsa method is shown in Figure 1:

Figure 1. A sample from Giemsa-stained smear of pure monocytes, isolated by the plastic adhesion technique (×1000).

I- The qPCR results about monocytes genes of interest
The results of qPCR have shown in figure 2.

Figure 2. The bars of fold change of interested genes expression of isolated monocytes of CRC patients (at right) and
healthy controls (at left). As shown by fold change bars, the expression rate of GAL1 and TLR4 genes in CRC comparing to
control have significantly decreased (p=0.04 and p=0.009 respectively), NOS2 gene, has significantly increased (p=0.02),
but NLRP3 and NF-Kb genes have not significantly decreased (p=0.27 and p=0.40 respectively). On the other hand,
the expression rates of MBL1 and TLR2 genes compared to control, were not significant changed (p=0.25 and p=0.77
respectively). The DATA here is on the basis of Naperian logarithm (Ln).
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II- The qPCR results about colon tissues
The results have shown in figure 3:

Figure 3. The bars of fold change of interested genes expression of cancerous (at right) compared to adjacent healthy
colon tissues (at left). As shown by fold change graphs, the expression of all interested genes in this research significantly
differed in cancerous compared to adjacent healthy colon tissues. Thus, the expression rates of TLR2 and TLR4 genes, have
significantly decreased, but NLRP3, NF-Kb, NOS2, MBL1, and GAL1 significantly increased (p<0.05). The data here is on the
basis of Naperian logarithm (Ln).

DISCUSSION
CRC, is the third common cancer and the forth cancer
mortality globally [1]. Since the chronic inflammation due
to key PRRs dysregulated hyper or hypo genes’ expression,
initiates and promotes some gastrointestinal cancers, such
as CRC [7]. In this approach, the estimation of the expression
rate of TLR2, TLR4, NLRP3, MBL1, GAL1, NF-Kβ and NOS2 genes in
monocytes, cancerous and non-cancerous colon tissues of 12
CRC patients as a beneficial approach to CRC prognosis, early
diagnosis, and treatment in its early stages was evaluated in
this research.
In monocyte samples of CRC patients, the expression
level of GAL1, and TLR4 genes were significantly decreased
(p<0.05). This could presumably be related to variable mRNA
transcription levels, under some epigenetics conditions, and
the mRNAs’ instability in tumor cells because of genome

instability. Also, it could be the result of the cell differentiation
degree and even the various type of blood monocytes and
thus monocytes-derived macrophages; because, in monocyte
derived M1 macrophages at tumor microenvironment, the
expression level of the mentioned genes can be increased.
This phenomenon, maybe, due to monocyte’s exposure
to bacterial lipopolysaccharide and peptidoglycan in gut
lamina propria and blood [26, 27]. It has been proposed
that, the expression level of some genes in blood cells of
cancer patients is affected by extracellular vesicles derived
from circulatory tumor cells, because of some suppressor
cytokine secretion [28]. The expression level of NOS2 gene was
significantly increased (p<0.05). The exact role of NOS2 in CRC
pathogenesis is still ambiguous and controversial. In previous
studies, the expression level of NOS2 gene, was upregulated in
tumor samples both at systemic (in leukocytes) and local levels
compared to healthy controls, which is significantly associated
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with the pathological stage [29]. However, other researchers
observed higher NOS2 expression in the unaffected mucosa
than in colorectal tumor tissues [30]. In our study, also, the
expression level of NOS2 gene in cancerous colon tissues
was significantly higher than unaffected healthy epithelia
(P<0.0001). We suggest that NOS2, has protective effects in this
stage. Studies also demonstrated that high expression level of
NOS2 and following NO secretion in monocytes-derived M1
macrophages has both cytostatic and cytotoxic roles to CRC
cells [31]. In cancerous colon tissues, the significant decreased
expression level of TLR2, TLR4 genes was considerable,
probably due to deletion mutations in mentioned genes,
as reported elsewhere [32]. This issue was relatively due to
polymorphisms occurred in these two genes. Also, TLR2 can
increase the tendency towards sporadic CRC [18]. Therefore,
it seems possible that the decreased expression level of TLR2
and TLR4 in our study, herein, may be due to a kind of negative
host defense mechanism in stage II CRC; nevertheless, it
can be affected by mutations as well. On the other hand,
TLR4 expressed by human cancerous colon cells can induce
immunosuppression, as well as, apoptosis resistance, which
help tumor to escape from immune system [1]. As such, we
suppose the notion that the decreased expression level of
TLR4 gene in stage II CRC patients may be beneficial towards
decreasing colorectal cancerous cells’ resistance to apoptosis
and inhibiting their immune evasion (see appendix).
The significantly increased expression level of both NF-Kβ
and NOS2 genes in colorectal cancerous tissues points the
notion to the central role for NF-Kβ as a transcription factor
for causing inflammation in gut; this is due mainly to the
significantly increased expression level of NLRP3 gene, which
might possibly be caused by NLRP3 polymorphisms and
also, alternative splicing even in its promoter that occurred
in this gene and leads to its upregulation [33]; however, it
seems possible that this issue can be a compensatory factor
against decreased TLR2 and TLR4 genes’ expression level.
Also, supposedly the increased level of MBL1 and GAL1 genes
in colorectal cancerous tissues, was due to linking feature
of these two receptors on the surfaces of cancerous cells to

ease metastasis help them invade other tissues. Following
complement activation, MBL molecule can link to colon
cancerous cells, increasing phagocytosis and dubbing the
inflammatory reactions, as explained by Ytting, et al, [34].
Also, The expression level of the GAL1 gene, is increased in
cancerous tissues as an apoptosis promoter, as mentioned
by Hannah, et al, [35]. Therefore, here it was supposed that
the increased level of GAL1 gene is a defense mechanism,
by which the tumor cell amplification is inhibited and makes
tumor cells more apoptotic.
This research had several limitations, including: 1) the expression
level of some inflammatory genes was estimated and other
screening factors for CRC such as CEA (carcinoembryonic
antigen) was not considered, 2) the expression rate of isolated
stages of this cancer was not considered, and 3) involvement
of isolated monocytes populations and sex factor was not
considered. Therefore, we recommend the study of the
mentioned factors and their relationship to the expression
levels of the studied genes of interest is worthwhile.
CONCLUSIONS
Considering relationship between the mentioned gene
expression and CRC promotion, it seems that, the observed
significant up/down-regulation in the expression level of some
inflammatory genes in monocytes and cancerous colon tissues
of the CRC patients could relate to chronic inflammation and
these changes may be benefits to early diagnosis of CRC. But,
it needs more investigation.
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Appendix

epithelia, possible boosting colorectal tissues’ repair; as such,
these double-edged sword cellular and molecular interactions
can lead to CRC development.
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