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Abstract

Purpose: Colorectal cancer (CRC) is one of the most commonly diagnosed cancers in the world. Early detection
would be greatly enhanced if accurate and cost-effective diagnostic biomarkers for CRC were accessible. The
development of blood tests would evidently lower the screening cost of CRC detection. The aim of the present study
was to examine the prospective of plasma miRNAs as non-invasive biomarkers for CRC screening. Methods: The
expressions of miR-21 and miR-145 in the plasma of colorectal adenocarcinomas and normal healthy controls were
quantified by using TagMan miRNA assays. MiRNA expression levels were also correlated with commonly used
clinicopathological features of CRC. Results: Out of 30 CRC patients, 19 were male and 11 were female. The Mean
age of patients was 51.3 £14.6 years. A statistically significant increase in expression of miR-21 was observed in CRC
patients’ as compared to healthy controls (p<0.001). A significant association between miR-21 expression and age group
(p=0.002) was noticed. Also, a statistically significant difference (p=0.015) between miR-21 expression and tumor
location in the proximal and distal sites of the colon was observed in CRC patients. Further, a statistically significant
downregulation of miR-145 expression was observed in the plasma of CRC patients as compared to healthy controls
(p<0.05). This is the first study to report a significant association between miR-21 expression, age group, and tumor
location in CRC patients. Conclusion: The present study thus emphasises that the appraisal of miR-21 and miR-145
plasma levels may serve as a promising non-invasive screening tool for the early detection of colorectal cancer.
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inactivity, excess weight and obesity, excessive red and
processed meat consumption, and excessive alcohol
consumption [7]. It has been found that if the disease was
diagnosed at an early or premalignant stage, more than

Introduction

Colorectal cancer (CRC) is the third most frequently
diagnosed malignancy and the second leading cause of

cancer-related death worldwide [1, 2]. CRC incidence
rates also vary by population, with North America,
Australia, and New Zealand having the highest rates
and Western Africa having the lowest [3]. In Asia, the
prevalence rates of CRC also differ dramatically and are
invariably low in almost every South Asian country and
high in every developed Asian country. The burden of CRC
has risen rapidly, especially in some of the economically
developed Asian countries [4]. Although, there has been
a little rise in CRC cases in India, it is still the fifth most
common cancer death among Indian men and women
[5, 6].

CRC incidence rates are rapidly increasing due to the
effects of many risk factors, including smoking, physical

95% of CRC cases would benefit from curative surgery
[8,9]. There have been several early detection procedures
developed for the early detection of colorectal cancer that
are being used more frequently, including stool-based tests
and endoscopic examinations.

Currently, traditional methods like colonoscopy are
precise and enable the excision of adenomas, which
helps lower the incidence of cancer. However, its use has
been impeded by its invasive nature, high cost, and the
discomfort it causes to patients [10-12].

The majority of non-invasive molecular diagnosis
tests for CRC rely primarily on the analysis of faeces
and/or blood samples. The most commonly used test for
finding blood in stool is guaiac-based faecal occult blood
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testing (FOBT). Its screening has been linked to a 15%
-33% decline in CRC mortality [13]. However, this test
has a number of limitations, including low specificity and
sensitivity in the detection of colon adenomas (11%) and
CRCs (33-50%) [14]. The faecal immunochemical occult
blood test (FIT), which particularly detects human-specific
globin, has helped to partially overcome this issue [14].
The sensitivity is quite poor for advanced adenomas,
however both of these tests have demonstrated potential
for CRC identification in asymptomatic patients if they are
performed annually. Further, the proteome of circulating
blood has also been used as biomarkers for CRC, such
as carcinoembryonic antigen (CEA) and carbohydrate
antigen 19-9 (CA19-9), but their sensitivity and specificity,
especially for the primary stage of CRC, seem to be
insufficient [15].

Therefore, efforts are being made in a focused
manner to develop new diagnostic screening biomarkers
for the early diagnosis of CRC. Since miRNAs can
act as both oncogenes and tumor suppressors, research
on them has received a lot of attention in recent years
[16]. MiRNAs are a class of endogenous, short (17-22
nucleotides), noncoding, single-stranded, evolutionarily
conserved RNA molecules known to be involved in the
post-transcriptional regulation of gene expression in
protozoa, plants, and vertebrates [17]. Dysregulation of
miRNAs may be the ideal tool for the early identification
of cancer, according to several studies that have shown
that levels of miRNA expression are altered throughout
the development of cancer [18-20], thereby suggesting
that dysregulation of miRNAs might be the ideal tool for
the early detection of cancer.

Although emerging evidence suggests the possibility
of miRNA-based biomarkers in tumor tissues, faeces,
serum, and urine as a promising method for the early
diagnosis of tumors [21, 22], little information is currently
known on the utility of plasma miRNAs as diagnostic
markers. Hence, the current study has been planned to
investigate whether miRNAs have the potential to serve as
cutting-edge biomarkers for colorectal cancer screening.

Materials and Methods

Patients

To carry out this study, 30 patients prior to surgery
were enrolled after obtaining informed written consent
from the study subjects and approval from the Ethics
Committee of Postgraduate Institute of Medical Education
and Research (PGIMER), Chandigarh. Based on their
pathologic diagnosis, CRC patients who underwent
treatment at the hospital were recruited for this study. A
5 ml blood sample was obtained from 30 CRC patients,
and plasma was immediately isolated from whole blood
collected in EDTA vacutainers by centrifugation and
then frozen at -80°C for miRNA expression studies.
MiRNA isolation was performed within a week. Patients’
information about smokers or non-smokers, alcohol
consumption, family history, and clinical history was
recorded. 30 apparently healthy subjects, who were not
relatives of CRC patients and gave consent for the study,
were also recruited.
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Plasma RNA Isolation

Plasma miRNAs were extracted from total RNA
using the mirVana™ miRNA Isolation Kit (Ambion,
Life Technologies, Texas, USA), according to the
manufacturer’s instructions. A quantity of 0.25 ml of
plasma was used to extract total RNA from each patient
and control sample. The Ambion TRIzol LS reagent
protocol was optimised to get good quality and quantity
of total RNA. Total RNA was eluted into 100 pl of
pre-heated (95°C) RNase-free water. A Nanodrop 2000
spectrophotometer (Thermo Scientific, Middlesex, MA)
was used to measure total RNA concentrations and purity
from plasma samples for further miRNA quantification.

Micro RNA Quantification

Real-time quantification was performed at the central
facility of PGIMER, Chandigarh, using StepOnePlus™
Real-Time PCR Systems (Applied Biosystems) for
miR-21 and miR-145 expression. Quantification of
miR-21 and miR-145 was accomplished using TagMan
miRNA Assays (Applied Biosystems). Approximately
20 ng of RNA was reverse transcribed into miRNA-
specific cDNAs, miR-21 and miR-145, using the
TagMan™ MicroRNA Reverse Transcription Kit (Applied
Biosystems). The MiR-16 was used as an internal control.
MiR-16 was recommended as an endogenous control due
to its relatively constant expression levels across many
different sample types [23].

The differences between the groups were shown as
ACt, which represented the difference between the Ct
value of the target miRNA and the normalizer miRNA. The
objectives for normalisation were chosen based on prior
research and the coherence of endogenous Ct signals [24].

Statistical Analysis

The statistical analysis was done with the help of
SPSS 20.0 software. A one-sample t-test and a Mann-
Whitney test were used to determine whether there was
any statistical difference in the expression of miR-2/and
miR-145 between the two groups. While the Kruskal-
Wallis test was used to assess significance among more
than two groups. Statistical significance was defined as
a p value less than 0.05. Standard error (S.E.) and mean
are used to represent all results.

Results

The current study included human subjects from North
India, which includes the neighboring states of Punjab,
Haryana, and Himachal Pradesh, Jammu and Kashmir,
as well as Uttarakhand and Uttar Pradesh. For the study,
30 healthy subjects and 30 patients with colorectal cancer
were enrolled. Of the 30 patients with colorectal cancer,
19 were male and 11 were female. while out of 30 healthy
controls, 18 (19---75 years.) were males and 12 (40---66
years.) were females. The male patients were in the age
group of 19-75 years, with a mean age of 50.21+3.73
years. In the case of females, the age range of patients was
40-68 years, with a mean age of 52.45+3.12 years. The
number of male patients was found to be high relative to
females (19/30) (63%). The 30 cases included in this study
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were divided into two groups: patients below 50 years
of age and those above 50 years of age. Sixteen subjects
(53%) had cancer of the colon and fourteen (47%) had
cancer of the rectum. The detailed clinical characteristics
of the patients with colorectal cancer are given in Table 1.

MicroRNA-21 and MicroRNA-145 Expression

The relative expressions of miR-21 and miR-145
were analysed in the plasma of CRC patients and
healthy controls. A statistically significant increased
expression of miR-21 was observed in CRC patients,
i.e., 4.1 fold as compared to healthy controls (p <0.001).
Where the expression of miR-145 was significantly
downregulated in the plasma of CRC patients, i.e.,
-2.1 fold as compared to healthy controls (p < 0.001).
Figures 1 and 2 show real-time PCR analyses of
miR-21 and miR-145 in plasma samples, respectively.

Relationship between miR-21 Expression and
Clinicopathological Features of Colorectal Cancer
Patients

The associations between miR-21 expression and
clinicopathological features are presented in Table 2. The
quantitative relative expression of miR-21 was observed
to be significantly higher (p<0.001) in the plasma of CRC
patients as compared to healthy controls (Figure 1). There
was a significant association between miR-21 expression
and age group (p=0.002; Table 2). Further, there was a
statistically significant difference (p=0.015) between
miR-21 expression and tumor location in CRC patients
in the proximal and distal sites of the tumor (Table 2).
(a): Relationship between miR-21 expression and age

group

Table 1. Clinical Characteristic of Patients with
Colorectal Cancer
Clinical Characteristics N (%) N (%)
Patients (n) 30 30 Controls (n)
Age Age
<50 years 14 (47%) 16 (53%) <50 years
>50 years 16 (53%) 14 (47%) >50 years
Sex Sex
Male 19 (63%) 18 (60%) Male
Female 11 (37%) 12 (40%) Female
Tumor Location
Proximal 16 (53%)
Distal 14 (47%)
Clinical Stage (TNM)
Early (I-1I) 21 (70%)
Advanced (III-1V) 9 (30%)
Histopathological Type
Adenocarcinoma 22 (73%)
Other Types 8 (27%)
Histopathological grade
Well differentiated 2 (7%)

Moderately differentiated 26 (86%)

Poorly differentiated 2 (7%)

The level of miR-21 was measured to be 6.69+1.04
(Mean=SE) in colorectal cancer patients younger than 50
years old and 2.90+0.46 (Mean+SE) in colorectal cancer
patients older than 50 years old. There was a significant
association between miR-21 expression and age group (p
=0.002; Table 2).

(b): Relationship between miR-21 expression and sex

Female CRC patients showed expression of miR-21
(4.14+ 0.82, Mean=SE) than male CRC patients
(5.76x 0.94, Mean+SE), which was not statistically
significant (p = 0.255; Table 2).

(c): Relationship between miR-21 expression and tumor
location

In CRC patients, we found a significant difference (p
= 0.015) between the amount of miR-21 present and the
location of the tumor. The difference was most noticeable
at the proximal site (6.8340.99) than the distal site
(3.61%0.77) of the tumor (Table 2).

(d): Relationship between miR-21 expression and TNM
stage

Early stages of CRC showed higher expression
(5.77+£0.94) (Mean=SE) of miR-2] as compared to
advanced stages of CRC (4.12+ 0.68 (Mean=SE).
However, there was no significant (p = 0.286) change in
miR-21 expression between the early and advanced stages

Table 2. Relationship between miR-21 Expression and
Clinicopathological Features of Colorectal Cancer
Patients

Clinicopathological Number of RQ p-value
parameters Cases (%)  (Mean=SE)
Patients (n) 30 (100 %)
Age group
<50 years 14 (47%) 6.69+ 1.04  0.002*
>50 years 16 (53%) 2.90+ 0.46
Sex
Male 19 (63%) 576+ 094  0.255
Female 11 (37%) 4.14+0.82
Tumor Location
Proximal 16 (53%) 6.83+0.99 0.015*
Distal 14 (47%)  3.61+0.77
TNM stage 0.286
1+11 21(70%)  5.77+0.94
11 9 (30%) 4.12+0.68
Lymph node metastasis 0.286
Yes 9 (30%) 4.12+0.68
No 21 (70%) 5.77 +0.94
Histopathological Type 0.549
Adenocarcinoma 22 (73%) 5.61+£0.95
Other Types 8 (27%) 4.60 +0.83 0.86
Histopathological grade 28 (93%) 5.16+£0.74
Good + Moderate 2 (7%) 5.67+0.61

Poor

Colorectal cancer, RQ relative quantification *p<0.05, statistically
significant difference
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miR-21 expression in the plasma of CRC patients and healthy controls
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Figure 1. miR-21 in CRC as well as Healthy Controls was Determined by Real-Time PCR. miR-16 was used to
normalise miR-21 expression. The one-sample t-test was used for the statistical analysis. ***p <0.001

Table 3. The miRNA-Specific Primer Sequences Used
in the Study

miRNA/Gene  Primer Sequence (5" — 3')

miR-16 5’-UAGCAGCACGUAAAUAUUGGCG - 3°

miR-21 5’- UAGCUUAUCAGACUGAUGUUGA -3°

miR-145 5’GUCCAGUUUUCCCAGGAAUCCCU-3’
of CRC (Table 2).

(e): Relationship between miR-21 expression and
Histopathological Type

No significant difference (p = 0.549) was found
between the amount of miR-21 and the type of cancer in
patients with adenocarcinoma (5.61+ 0.95 (Mean+SE)) or
other types of tumors (4.60+ 0.83 (Mean+SE)) (Table 2).

(f): Relationship between miR-21 expression and Lymph
node metastasis

There was no significant difference (p = 0.286)
between miR-21 expression and lymph node metastasis

present 4.12+ 0.68 (Mean+SE) and absent 5.77 + 0.94
(Mean+£SE) in patients with CRC (Table 2).

Discussion

Studies have demonstrated that molecular methods,
such as gene expression profiling, are commonly
employed to enhance the classification of CRC, clarify
patient prognosis, and predict therapeutic response [25,
26]. Notably, our study has several advantages in terms of
the analysis techniques. Methodologically, we employed
the sensitive and validated TagMan qPCR assay, which
is more reliable than SYBR Green assays or most of
the microarray methods [27]. Early detection of tumors
increases the overall survival rate of CRC patients. Thus,
there is an imperative need to find sensitive, specific,
and non-aggressive molecular biomarkers for the early
diagnosis of CRC [28, 29]. MiRNAs have recently
received attention from scientists because of their interest
in identifying blood biomarkers for cancer screening.
This is due to the potential impact miRNAs may have on

miR-145 expression in the plasma of CRC patients and healthy controls
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Figure 2. miR-145 in CRC as well as Healthy Controls was Determined by Real-time PCR. miR-16 was used to
normalise miR-145 expression. The Mann-Whitney test was used for the statistical analysis. ***p < 0.05
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clinical and translational science with regard to prognosis,
treatment, and diagnosis. The regulation of cellular
metabolism, development, proliferation, differentiation,
and apoptosis is greatly influenced by miRNAs [30].
The natural process of miRNA dysregulation is still
mysterious. However, functional studies have specified
that the dysregulation of miRNAs may be involved in
the process of human carcinogenesis [31]. MiRNAs also
play significant roles in tumorigenesis, and the expression
level of miRNAs (as anti-oncogenes) is often decreased
in cancers because of chromosomal aberrations [32],
transcriptional regulation, or methylation [33, 34].

Numerous clinical studies in CRC patients revealed
that a large number of miRNAs are actively involved in
carcinogenesis, cancer development, and progression
by acting both as tumor suppressors (i.e., miR-143
and miR-145) and oncogenes (i.e., miR-20a, miR-21,
miR-31, miR-92, and miR-181b) [35, 36]. These
epigenetic signatures can now be efficiently assessed
in circulating DNA (cfDNA) extracted from plasma,
thereby accelerating the diagnosis and optimising disease
monitoring. Specific diagnostic advantages of miRNAs
also include their rapid release from target tissues into
the circulation and their high stability, as these small
non-coding RNA sequences are scarcely vulnerable
to degradation [37, 38]. MiR-21 is believed to have a
crucial role in the control of apoptosis, proliferation, and
migration since it primarily exerts its oncogenic activity
by targeting the PDCD4 tumor suppressor 3’-UTR,
PTEN, Spry-1, and NF-kB [39, 40].There is currently
limited knowledge available regarding the diagnostic
presentation of plasma miR-21 in CRC patients, despite
a large number of studies exploring the potential role of
tissue expression of miR-21. In a prior study by Chang et
al. [41], they examined the tissue expression of miR-21
in 48 colorectal tumors and discovered that it steadily
increased from healthy mucosae to cancer tissues [41].
Schmitz et al. (2009) also measured the expression
levels of miR-21 in 18 hyperplastic polyps, 19 sessile
serrated adenomas without cytological dysplasia, and 20
normal colonic mucosal specimens, but concluded that
assessment of tissue miR-21 did not differentiate the two
forms of colorectal disease [42].

The findings of the current investigation made it
abundantly evident that plasma samples obtained from
CRC patients strongly up-regulate miR-21. The results
of present study may also suggest a relationship between
the levels of miR-21 expression in the plasma and tumor
tissues of CRC patients and those in cancer cells. These
findings differ from those of earlier research, which
similarly found considerably higher expression levels of
miR-21 in CRC cancer tissues [43, 29]. Our results, as
well as other studies, have also reported elevated plasma
miRNA levels in CRC patients, raising concern about the
source of plasma miRNAs. Although in the present study,
we did not evaluate the levels of these miRNAs in primary
tissue, recently published study has reported elevated
levels of miR-21 in CRC tissue as compared to normal
mucosa [45]. Further, these results show that increased
plasma miRNAs may come from primary tumors, but
additional studies are needed to evaluate the association

between circulating plasma miRNA levels and the levels
in matched CRC tissues.

Interestingly, a substantial association between
miR-21 expression levels and patient clinical and
demographic traits, like age and cancer site, was
discovered. Additionally, earlier research has demonstrated
that miR-21 expression is elevated across the TNM stages
of CRC, from early to late [45, 29].

However, there were no significant variations in
miR-21 expression levels between early stages I, 11, and
advanced stage III in the current investigation. Instead,
miR-21 expression levels were found to be higher in the
early stages than in the advanced stages. The fact that
there were fewer cases at each stage of the subgrouping
could account for this difference.

At present, few studies have examined the pattern of
miRNA expression at different stages of cancer. We are
among the few early studies that have classified the stages
and grades of colon cancer based on the expression of
the miR-21 gene. The pattern of miR-21 gene expression
in different stages of colon cancer has shown different
results. However, most studies have reported a higher
expression of miR-21 in stage Il compared to other stages,
with no significant differences observed in other stages.
Some authors showed that if the miR-21 gene expression
is high in patients with colon cancer stage II, they are
prone to recurrence [46].

According to Kanaan et al. [47], who examined a
broader sample size, plasma miR-21 appeared to be
particularly promising as a CRC biomarker. Luo et al.
[48] reported similar findings [47, 48]. Chen et al. [49]
and Sazanov et al. [50] both found that miR-21 in plasma
could be a good biomarker for CRC screening [49, 50].
According to Wang et al. [51], there is a connection
between the expression levels of circulating miRNAs
and the development of CRC, and miRNAs can serve
as a non-invasive biomarker for CRC detection with a
relatively high sensitivity and specificity [51]. Contrary to
our observations, Montagnana et al. [52] observed in their
study that plasma miR-21 valuation does not seem to be
a useful biomarker for diagnosing and staging CRC [52].

In the present study, miR-145, which is a tumor
suppressor, was down-regulated. An earlier study by
Wang et al. [S3] observed that miR-145 might have an
affirmative function in colorectal cancers development
but not in their advancement [53]. Another study by
Feng et al. [54] found that miR-145 inhibits the invasive
and metastatic abilities of CRC, most likely by targeting
Fascin-1 directly; as a result, it appears to be implicated
in the initiation and progression of CRC [54].

Al-Sheikh et al.’s [55] research yielded similar results,
amply demonstrating a similar pattern of decreasing miR-
145 miRNA expression levels in the patients’ tissue and
plasma [55]. Furthermore, the trends observed by these
authors regarding miR-145 expression levels were similar
in the patients’ tissue and plasma. A new study by Qin et al.
[56] showed for the first time that miR-145 directly targets
KLF5 in colon cancer cell lines and stops the cell cycle
in the G1 phase [56]. Thus, it is important to emphasise
that miR-145 may be a promising therapeutic target for
colorectal cancer.
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The present study estimated the levels of two
microRNAs (miR-21 and miR-145) in the plasma samples
of patients with colorectal cancer and healthy controls.
Previous studies have demonstrated that blood-based
miRNAs are stable and reproducible in expression levels
over time or throughout freezing and thawing cycles, as
well as resistant to RNase degradation [57]. Also, due
to their easy access and non-invasive nature, circulating
miRNAs (plasma miRNAs) may have a vital role in the
diagnosis and monitoring of colorectal cancer.

In conclusion, these findings will shed light on the
molecular development of colorectal cancer and highlight
the potential applications of miR-21 and miR-145 as
non-invasive, early diagnostic biomarkers. The results
of this study demonstrate that measuring the levels of
miR-21 and miR-145 expression in plasma could be useful
for diagnosing CRC.

As a result, the current work emphasizes that
measuring miR-21 plasma levels may be a useful non-
invasive screening method for early CRC diagnosis.
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