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Objective: The present study planned to investigate the changes in the mRNA expression of
inflammatory genes and their association with colorectal cancer (CRC). Our findings could be
useful for noninvasive early screening of CRC patients.

Patients and methods: Venous blood of 20 CRC cases and 15 healthy controls was col-
lected. The mRNA expression of COX-2, TNF-a, NF-xB and IL-6 genes was carried out by
using real-time polymerase chain reaction. Relative quantification was done to find out the fold
change of these genes.

Results: The mean age of cases and controls was 55 and 50 years, respectively. The ACt of COX-2,
TNF-o, NF-xB and IL-6 genes was significantly (p < 0.05) lower in cases as compared to con-
trols. Subsequently, the mRNA expression of these genes was, respectively, 3.56-, 3.4-, 1.71- and
3.86-fold higher in CRC cases as compared to controls. Positive correlation of ACt of COX-2 was
found with ACt of TNF-o. (r=0.461, p=0.041) and NF-xB (»=0.536, p =0.015) in CRC cases.
The mRNA expression of COX-2 was significantly lower in T2 stage, while mRNA expression
of NF-xB was significantly lower in both T2 and T3 stages of CRC as compared to T4 stage.
Conclusion: The increased mRNA expression of COX-2 along with the high mRNA expres-
sion of TNF-o, NF-xB and IL-6 genes may be associative risk factors for CRC. COX-2 and
NF-xB genes were more expressed in advanced stages of CRC indicating their role in tumor
progression. Our findings support the possible role of blood biomarker in the screening of CRC
patients in the early stages.

Keywords: colorectal cancer, nRNA expression, COX-2, TNF-a, NF-kB, IL-6, blood biomarker

Introduction
Colorectal cancer (CRC) is the fourth leading cause of cancer-related mortality world-
wide. It is the third most diagnosed cancer in males and second in females.! The inci-
dence of CRC is on the rise among the Saudi population, particularly in young females.?
The development of CRC is multifactorial which may include genetics, environmental
factors, dietary habits, smoking, lifestyle and pathological conditions.>* In developed
nations, early screening of CRC in asymptomatic population has led to a recent decline
in its incidence. The relative survival rate of CRC patients was reported to be up to 5%,
with the survival rate up to 65%, in the US population in the last 35 years.’
Presently, screening methods include fecal occult blood testing, flexible sigmoidos-
copy, colonoscopy, barium enema, CT colonography and methylation changes in fecal
DNA.%7 However, these methods are not widely accepted for screening the general
population, possibly because of patient discomfort and distaste for the procedures, high
cost, low sensitivity/specificity, etc. Although the recent technological advancement in
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diagnosis clearly revealed the biology and genetics of CRC,
its exact etiology is still under investigation. Noninvasive
screening methods could be more comprehensive to start the
early diagnosis, reducing disease incidence and mortality.

The blood-based assay is a noninvasive, easily accessible
and early detection screening tool which could be used for
detection of circulating tumor cells originated from the pri-
mary tumor site.®? Its accessibility is also because of higher
compliance by the CRC patients, high feasibility, no require-
ment of colonoscopy, reduction of cost, etc.

Prostaglandins (PGs) play a predominant role in cancer
development through promoting cell proliferation, inva-
sion, angiogenesis and immunosuppression.'® The COX-
2-regulated synthesis of PGs, particularly PGE-2, causes
various types of cancers including CRC.!! COX-2 gene is
highly expressed in 85% of adenocarcinoma cases with a
poor survival rate.'?

NF-xB, IL-6 and TNF-a have been shown to regulate
COX-2 gene expression, and these genes were also reported
to be more expressed in CRC cases.!>!* Thus, the regulated
expression of COX-2 gene is important for minimizing the
risk of CRC and normal physiology. Although many studies
have been conducted for the identification of mRNA blood
biomarker alternative to surgical and tissue biopsy,®*!1:1>1¢ an
established and conclusive blood marker does not exist. The
mRNA expression in blood epithelial cells could be used as
an alternative to surgical and tissue biopsy.

Patients and methods

In the present study, a total of 20 CRC cases and 15 controls
were recruited from the Department of Gastroenterology,
Prince Sultan Military Medical City (PSMMC), Riyadh.
The ethical clearance was obtained from the institutional
ethical clearance committee, PSMMC, Riyadh. Written
informed consent was taken from each of the participants in
the study. Pathologically confirmed cases of adenocarcinoma
were referred for surgery. The controls were age-matched
and were free from any chronic, communicable or noncom-
municable diseases.

RNA isolation and synthesis of cDNA

Venous blood (2 mL) was drawn in EDTA vials from each
subject. The blood samples were fixed with TRI Reagent BD
(Sigma-Aldrich, St. Louis, MO, USA), stored at —80°C and
processed for total RNA isolation as per the manufacturer’s
instructions (Sigma-Aldrich). The concentration and purity
of total RNA were determined using NanoDrop 2000 spec-
trophotometer (Thermo Fisher Scientific Inc., Waltham, MA,

USA). The quality and integrity of the RNA were determined
by the ratio of absorbance at 260/280 nm, with values between
1.8 and 2.0 considered to indicate good quality. The quality of
RNA was further checked by agarose gel electrophoresis by
mixing with RNA gel loading dye (Thermo Fisher Scientific
Inc.). The 28s rRNA band was found to be more intense than
the 18s rRNA band, and there was no intense smearing down
from the 28s and 18s bands. Any sample having degraded
RNA was considered low quality and was excluded from
the study. On the same day, total RNA (2 pg) was converted
into single-strand cDNA using Maxima first-strand cDNA
synthesis kit (Thermo Fisher Scientific Inc.) as per the manu-
facturer’s protocol. cDNA was further diluted four times in
nuclease-free water (Thermo Fisher Scientific Inc.) before
use in the real-time quantitative polymerase chain reaction
(RT-qPCR). The volume of cDNA did not comprise >1/10
of the total PCR volume.

An RT-qPCR experiment was conducted to measure the
mRNA expression of inflammatory genes. The reactions
were performed on LightCycler 480 II, RT-qPCR system
(Roche, Basel, Switzerland). Briefly, the PCR amplification
master mix of 45 pL contained 6.75 pL of diluted cDNA,
10 uL of SYBR green master mix (Thermo Fisher Scientific
Inc.), 10 pmol each of forward and reverse specific primer
pairs and 4 pL of nuclease-free water. Out of 45 pL. master
mix, 20 uL was dispensed into two PCR tubes. Duplicate of
each sample along with no-template control wells was kept
for PCR amplification. The primer sequences and annealing
temperatures used for COX-2, TNF-o, NF-xB and IL-6 genes
are mentioned in Table 1. The thermal profile for COX-2 gene
consisted of initial denaturation for 1 min at 95°C, 40 cycles
of denaturation for 30 s at 95°C, annealing for 30 s at 55°C
and extension for 30 s at 72°C. In this analysis, gene expres-
sion normalization was done by using GAPDH, a constitutive
gene, and its primer sequences are also shown in Table 1. The
amplification program was similar for TNF-a,, NF-xB, IL-6
and GAPDH genes except that annealing temperatures were
kept at 50, 55, 50 and 55°C, respectively.

Cumulative fluorescence was measured at the end of the
extension phase of each cycle. The amplified product was con-
firmed for specification by melt curve analysis using LC 480 II
melt curve analysis software (Roche). The amplified product
was also run on 2% agarose gel (Sigma-Aldrich) to check the
specific amplification. Relative quantification was done to see
the expression pattern of different genes. In RT-qPCR assay,
a positive reaction is detected by the accumulation of fluores-
cent signals, and Ct (threshold cycle) is the number of cycles
required for the fluorescent signal to cross the threshold (i.e.
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Table | Primers sequence and annealing temperature used for RT-PCR amplification

Genes Primer sequence Annealing temperature (°C)
COX-2 Forward: 5-CCGGGTACAATCGCACTTAT-3’ 55
Reverse: 5-GGCGCTCAGCCATACAG-3’
TNF-a Forward: 5-TCTGGGCAGGTCTACTTTGG-3’ 50
Reverse: 5-TCTTCTCAAGTCCTGCAGCA-3’
NF-xB Forward: 5-~AAGACCCACCCCACCATCAA-3’ 55

Reverse: 5-AAACTGTGGATGCAGCAGCGGTC-3’
IL-6 Forward: 5-AAACAACCTGAACCTTCCAAAGA-3’ 50
Reverse: 5-GCAAGTCTCCTCATTGAATCCA-3’

GAPDH

Forward: 5-CAGTGATGGCATGGACTGTG-3’ 55

Reverse: 5-CACATCGCTGAGACACCA-3’

Abbreviation: RT-PCR, real-time polymerase chain reaction.

exceeds background level). Ct value is inversely proportional
to the amount of target nucleic acid in the sample. Here, ACt=
average Ct of target —average Ct of normalizer. The difference
of mean Ct values between test and control was determined
as AACt, where AACt = ACt control — ACt test. Further, true
fold change (FC) was represented as follows: if FC > 1, true
FC =FC and if FC < 1, true FC=-1/FC."”

Statistical analysis

Statistical software SSPS for Windows, version 16.0 (SPSS
Inc., Chicago, IL, USA), was used for data presentation and
statistical analysis. Unpaired Student’s ¢-test was applied to
compare quantitative data. Spearman’s coefficient of corre-
lation test was applied to find out correlation between ACt
of COX-2 and ACt of TNF-o, NF-kB and IL-6 genes if any.
p < 0.05 was considered as significant.

Results

The mean age of cases and controls was 55 and 50 years,
respectively; 55% of the cases were <60 years old, and 45%
were >60 years. The present study included equal number of
males and females as controls. However, among CRC cases,
the proportion of male patients was 35%, while that of female
patients was 65%. In the present study, 70% of the tumors
were localized in descending colon and 30% in ascending
colon. The data stratification based on tumor stages revealed
that 40% of the patients were in T3 stage of CRC followed
by 30% each in T4 and T2 stages. When the patients were
grouped based on differentiation grade into well, moderate
and poor, 80% of the cases were found in moderate grade
followed by well and poor grade of CRC. Lymph node
metastasis in one to three regional lymph nodes (N1) was
found in 35% of the cases, while metastasis in four or more
lymph nodes (N2) was reported in 20% of the cases. Distant
metastasis was reported in 35% of the CRC cases (Table 2).

Table 2 Clinical and pathological features of CRC cases

Characteristics Number of patients (%)

Gender

Male 7 (35)

Female 13 (65)
Age

<60 years 11 (55)

>60 years 9 (45)
Tumor localization

Ascending colon 6 (30)

Descending colon 14 (70)
Tumor stage

T2 6 (30)

T3 8 (40)

T4 6 (30)
Differentiation grade

Well 3 (15)

Moderate 16 (80)

Poor 1 (5)
Lymph node metastasis 11 (55)

NI 7 (35)

N2 4 (20)
Distant metastasis (M1) 7 (35)

Note: T2: tumor growth in muscularis propria; T3: tumor growth in pericolorectal
tissues; T4: tumor invaded to adjacent organ; N |: metastasis in one to three regional
lymph nodes; N2: metastasis in four or more lymph nodes; M|: metastasis to distant
site.

Abbreviation: CRC, colorectal cancer.

The ACt of COX-2, TNF-0, NF-xB and IL-6 genes was
significantly (p < 0.05) lower in CRC cases as compared to
controls. The mRNA expression of COX-2, TNF-o, NF-xB
and IL-6 genes was, respectively, 3.56-, 3.40-, 1.71- and
3.86-fold higher in cases as compared to controls (Table 3).
When the data were analyzed to find the correlation between
ACt of COX-2 and ACt of TNF-a, NF-xB and IL-6 genes,
we found significant positive correlation of ACt of COX-2
with ACt of TNF-o (» = 0.461, p = 0.041) and NF-xB (r =
0.536, p = 0.015) in CRC cases (Figures 1 and 2). We did
not find any significant association of mRNA expression of
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Table 3 Comparison of expression of COX-2, TNF-0, NF-xB and IL-6 genes in CRC cases and controls

ACt of genes Controls (mean * SD) Cases (mean * SD) p values Fold change
COX-2 6.54 +0.487 298 £ 1.40 0.001* 7356
TNF-o 12.15 £ 0.936 8.75 % 1.06 0.001* T3.40
NF-xB 9.85+ 1.23 792+ 1.72 0.001* T1.71
IL-6 11.46 + 1.47 7.60 £3.19 0.001* 1386

Note: *p < 0.05 was considered as significant.
Abbreviation: CRC, colorectal cancer.
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Figure | Correlation between ACt of COX-2 and TNF-a. genes in CRC cases. Spearman’s correlation (r) was applied to analyze the correlation data. p < 0.05 was

considered as significant.
Abbreviation: CRC, colorectal cancer.

COX-2, TNF-a, NF-xB and IL-6 genes with gender, age,
tumor localization, lymph node metastasis and the presence
of distance metastases. However, COX-2 mRNA expression
was significantly (p < 0.05) lower in T2 stage of CRC, and
NF-xkB mRNA expression was significantly (p < 0.05) lower
in both T2 and T3 stages of CRC as compared to T4 stage
(Figure 3).

Discussion

Our study demonstrates the ACt of COX-2, TNF-a, NF-xB
and IL-6 genes was significantly lower in peripheral blood
of CRC cases as compared to healthy controls (Table 3).
Accordingly, the FC of COX-2, TNF-a, NF-xB and IL-6
genes was higher in cases as compared to controls (Table 3).
We also found significant positive correlation between
ACt of COX-2 and ACt of TNF-o and NF-xB in CRC
cases (Figures 1 and 2). There are numerous studies which
revealed the role of COX-2 upregulation as a key setup
in the colorectal tumorigenesis.'>'®!1° Klampfer reported
COX-2 gene expression was elevated in 50% of adenomas
and in 85% of adenocarcinomas cases.?’ The experimental
studies also supported that overexpression of COX-2 causes
tumorigenesis and its inhibition results in reduction in tumor
incidence and progression.! COX-2 enzyme acts as a link
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Figure 2 Correlation between ACt of COX-2 and NF-xB genes in CRC cases.
Spearman’s correlation (r) was applied to analyze the correlation data. p < 0.05 was
considered as significant.

Abbreviation: CRC, colorectal cancer.

between inflammation and cancer through its involvement in
the synthesis of prostaglandin, especially PGE2, which can
promote cancer by stimulating angiogenesis, cell invasions,
cell growth and cell survival.?? It may also change adhesion
properties of extracellular matrix, and enhance apoptotic
resistance and metastatic potential which could enhance
cancer progression.”® The strong positive relation between
COX-2 expression and production of PGE2 in tumor tissue
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Figure 3 Comparison of mMRNA expression of COX-2, TNF-o, NF-kB and IL-6 genes in T3 and T4 stages with mRNA expression of these genes in T2 stage of CRC. T2:
tumor growth in muscularis propria; T3: tumor growth in pericolorectal tissues; T4: tumor invaded to adjacent organ. *p < 0.05 was considered as significant.

Abbreviation: CRC, colorectal cancer.

has been reported earlier.* Although its role in tumorigen-
esis is now well known, COX-2 could not be used as a gene
therapy target and diagnostic marker because of conflicting
reports, with some supporting its independent role in cancer
while others did not.

The mechanism of cancer development is very complex
which includes cell-to-cell interaction, cell signaling, envi-
ronmental factors and gene—environment interaction. There-
fore, we intended to evaluate the relationship between high
COX-2 expression and other factors of known importance
for tumor cell division, apoptosis and metastasis.

The COX-2 gene is located on chromosome 1 having
NF-xB, IL-6 and TNF-a. response elements on its promoter
region. Therefore, it can be regulated by TNF-co., NF-xB and
IL-6.% Hence, targeting the expression of NF-kB, IL-6 and
TNF-a is a matter of importance because it ultimately tar-
gets the expression of COX-2. Moreover, COX-2 inhibition
may trigger apoptosis of tumor cells and/or sensitize them
to cytotoxic treatments indicating that COX-2 could be used
as a prognostic marker.?

NF-xB is an important pro-inflammatory transcription
factor that regulates COX-2 gene expression.””?® Yu et al®
reported the role of NF-kB in transition from colorectal
adenoma with low-grade dysplasia to adenocarcinoma.
The activated NF-kB translocates into the nucleus and may
induce the expression of TNF-a and IL-6 and chemokines,
all contributing to inflammation-related tissue damage. This

could lead to aberrant upregulation of certain tumorigenic
factors, adhesion proteins, chemokines and inhibitors of
apoptosis that promote cell survival.?**° The IL-6 is a multi-
functional NF-kB-regulated cytokine that acts on epithelial
and immune cells and regulates pre-neoplastic growth during
CRC tumorigenesis.’! The effect of IL-6 in cancer is medi-
ated by a transcription factor STAT3. NF-kB and STAT3
are constitutively activated in a variety of tumors, and their
role in initiation and progression of the tumorigenic process
has been revealed. Both can bind to the endogenous COX-2
promoter leading to the transcriptional regulation of the
COX-2 gene.?? The increased gene expression of TNF-o may
increase the production of reactive oxygen species leading to
DNA damage and tumor initiation. The activated NF-xB may
also induce TNF-o. production leading to further increase of
NF-kB activation after binding to TNF receptor.*

We also observed that the COX-2 mRNA expression
was significantly (p < 0.05) lower in T2 stage, while NF-kB
mRNA expression was significantly (p < 0.05) lower in both
T2 and T3 stages of CRC as compared to T4 stage (Figure
3). Our findings of decreased expression of COX-2 and
NF-kB genes in low-grade carcinomas suggested that the
upregulation of these genes could occur at later stages of
tumor progression from low- to high-grade tumors. Our
findings are corroborated with previous studies showing
high expression of COX-2 and NF-kB genes in higher
stages of tumors.>
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