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Abstract

Colorectal cancer (CRC) ranks as the third most frequently diagnosed malignancy globally and is a
primary contributor to cancer-related mortality. Notwithstanding advancements in treatment, late-stage
diagnosis continues to be a significant obstacle to enhancing survival outcomes. MicroRNA-21 (miR-
21), an oncogenic modulator of tumor-associated pathways, has surfaced as a potential biomarker for
cancer diagnosis. This study sought to assess the diagnostic significance of circulating miR-21 in Iraqi
individuals with colorectal cancer (CRC). A total of 30 colorectal cancer patients and 30 healthy
controls were recruited, and serum samples were obtained for RNA extraction utilizing the TRIzol™
method. Quantitative real-time PCR (RT-gPCR) was conducted to evaluate miR-21 expression,
normalized to U6 as an internal control. Results indicated a substantial elevation of circulating miR-21
in colorectal cancer patients, with a 3.4-fold increase relative to controls. Expression levels exhibited a
correlation with illness stage, varying from 1.89-fold in stage | to 4.70-fold in stage IllA. These data
underscore circulating miR-21 as a prospective non-invasive biomarker for colorectal cancer diagnosis
and disease progression. Integrating miR-21 into screening methodologies may augment early detection
and enhance patient prognoses, especially in resource-constrained environments. Extensive, multicenter
investigations are necessary to confirm its clinical efficacy.
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1. Introduction

In 2020, colorectal cancer was the third most frequently detected type of cancer and the
second foremost reason for cancer-related mortality globally, with over 1.9 million new
reported cases and 900,000 fatalities recorded . Incidence and mortality rates, along with
trends and future projections, exhibit considerable variation across diverse regions and
nations 2 3. Significantly, there has been a transformation in the age distribution of cases,
with an increasing prevalence of diagnoses among younger individuals, particularly in
developed nations [, These disparities likely arise from differing exposures to risk factors,
including lifestyle and environmental influences Bl Mitigating modifiable risks such as
alcohol consumption, tobacco use, obesity, and poor dietary habits, while enhancing
protective factors like physical activity, aspirin usage, and balanced nutrition, is crucial for
primary prevention. Moreover, screening initiatives aimed at detecting and excising
precancerous colorectal lesions constitute a crucial aspect of secondary prevention and are
broadly acknowledged as effective in cancer control strategies 671,

Although numerous studies have explored different facets of colorectal cancer, key
challenges remain in pinpointing its primary risk factors and determining the most effective
prevention methods for varied populations. A clear and current synthesis of this knowledge
could greatly assist researchers, clinicians, and policymakers. This review delves into the
most recent literature to offer updated insights into the epidemiology, risk factors, and
prevention of colorectal cancer [, Additionally, discovering a more sensitive, easily
identifiable, and representative biomarker is essential for enhancing early detection, tracking
disease development, forecasting outcomes, and uncovering new treatment opportunities.
Genetic mutations, such as those in KRAS, NRAS, and BRAF, impact how patients respond
to treatments, especially targeted therapies like EGFR inhibitors [,
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MicroRNAs are short, non-coding RNA molecules, roughly
20 nucleotides long, which help regulate gene expression
during and after transcription. They are involved in key
biological processes, including cell differentiation, growth,
and programmed cell death 1'%, Growing evidence suggests
that miRNAs hold promise as effective biomarkers for
identifying and managing cancer.

2. Materials and Methods

2.1 Sample collection

This research encompassed 30 patients with CRC and 30
healthy individuals serving as controls. Recruitment
occurred from September 2024 to January 2025 at the
Oncology Teaching Hospital in Medical City and Al-
Yarmook Hospital in Baghdad. Participants’ ages varied
from 33 to 72 years. An aliquot of 5 mL of venous blood
was extracted from both patients and healthy subjects.
Patients were diagnosed with primary colorectal cancer via
histological analysis. Blood samples were collected in gel
tubes, incubated at ambient temperature for 30 min, and
subsequently centrifuged for 10 min to isolate the serum.

2.2 Protocol of miRNA extraction from the serum blood
samples

https://www.biochemistryjournal.net

The extraction of total RNA, which included microRNA,
was performed on the serum samples following the standard
procedure outlined in the TRIzol™ Reagent manual.

2.3 RNA Quantitation by Qubit 4.0

The Qubit® RNA HS Assay Kits quantified total RNA,
yielding accurate measurements of RNA concentrations
across a wide range (4.7-46.1 ng/ul). No substantial
disparities in RNA concentrations were observed between
tumor and control samples. Likewise, RNA purity was
uniform across the identical sample groups.

2.4 Reverse transcription for complementary DNA
(cDNA) synthesis

A mixture of 4 pl of RNA and 1 pl of stem-loop reverse
transcription primers targeting miR-21 was prepared, and
expression analysis was quantified. This was normalized
with the U6 housekeeping gene in the normal sample.

2.5 Primers
The primer three designs online and the NCBI-GenBank
database were used to design the U6 primer. Macrogen
Company provided all these primers that are given in the
table below:

Table 1: Information on the reference gene used for primers

Gene Sequence
U6 F GAGAAGATTAGCATGGCCCCT
Primer R ATATGGAACGCTTCACGAATTTGC

The miR-21 primers were custom-designed for this study
based on the Sanger Center miR database registry, delivered

as given in the table below:

Table 2: Information of the reference gene used for primers

Gene Sequence
Has-miR-21 GTTGGCTCTGGTGCAGGGTCCGAGG
RT Primer TATTCGCACCAGAGCCAACTCAACA
Has-miR-21 F GTTTGGTAGCTTATCAGACTGA
Primer R GTGCAGGGTCCAGGT

2.6 Quantitative Real-Time polymerase chain Reaction
(RT-gPCR)

Table 3 provides the composition of the PCR master mix,
and Table 4 specifies the RT-PCR program and thermal

cycling conditions used for miR-21 amplification. While
Figures 1 and 2 show the Amplification plots for MIR-21
expression obtained by RT PCR and the miR-21 expression
melting curve, respectively.

Table 3: Components of gRT-PCR for miRNA-21

Master mix components Volume Reaction (ul)

SYBR Green master mix 5

Forward primer 0.5

Reverse primer 0.5
Nuclease-free water (N.F.W.) 3
cDNA 1

Total volume 10

Aliquot per single rxn 9 pl of master mix per tube, and add 1 pl of template

Table 4: RT-PCR program

Cycle Step Temperature (°C) Time (sec) Cycles
Initial Denaturation 95 8 1
Denaturation 95 15 50
Extension 55 30 (+plate read)
Extension 72 20 (min) 1
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Fig 1: MIR-21 expression amplification plots collected using RT PCR.
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Fig 2: The miR-21 expression Melting Curve
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Alterations in mature RNA expression were measured using
the relative CT method, denoted by the formula (244,
This method, established by Livak and Schmittgen in 2001,
is a reliable and widely utilized technique for assessing
relative gene expression alterations. It elucidates the
regulatory mechanisms underlying variations in miRNA
expression.

3. Results

3.1 Results of clinical characteristics of the studied
samples

The ages of participants in both the CRC group and the
healthy controls ranged from 33 to 72 years. The Body Mass
Index (BMI), derived from weight and height, served as an
index of body size, with the majority of adults classified as
overweight or obese. Genetic predisposition, particularly the
presence of relatives with colorectal cancer, significantly
influences disease risk. Table 5 indicates that a significant
proportion of CRC patients possessed a familial history of
the ailment. Smoking significantly increases the risk of
CRC, and the risk rises with duration and intensity of
smoking.

Table 5: Age, family history, smoking, and BMI in subjects

Age (years) CRC patients Control
33-44 6 9
44-55 10 10
55-72 14 11

Family history
Yes 20 0
No 10 30
Smoking
Yes 25 10
No 5 20
BMI
25.0-29.9 13 11
30.0-39.9 17 19

3.2 Distribution of CRC patients according to stages of
disease
Table 6 illustrates the CRC patient group; the results reveal
that patients with stage IIA CRC represent the highest
number.

Table 6. Distribution of patients according to stages

Stages CRC
| 2
A 9
11B 9
1A 10

3.3 Molecular analyses of the circulating miRNA-21
expression level

Using relative quantification based on CT values, the RT-
gPCR analysis revealed that miR-21 expression was
significantly elevated in all patients, showing a 3.402-fold
increase relative to healthy controls, whose expression level
was normalized to 1.00. Table 7 shows a comparison of
mMiRNA-21 expression between the two studied groups.

Table 7: Comparison of miRNA-21 expression among study
groups

Descriptive statistics
Median Fold of change

CRC patients
3.402

Healthy control
1
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The relationship between miRNA-21 expression and CRC
stages is shown in Table 8. These molecules demonstrate
unique expression signatures in tumor cells and tissues and
remain detectable in bodily fluids due to their strong
chemical stability.

Table 8: Fold change in miRNA-21 expression in the CRC patient

group
Stage Fold
| 1.890
1A 3.077
1B 3.303
A 4.699
4. Discussion

Various factors can enhance the possibility of colorectal
cancer. These encompass age, where the possibility of
developing colorectal cancer escalates with increasing age,
particularly after 50 years old. Having a first-degree relative
(parent, sibling, or child) with colorectal cancer or polyps
significantly elevates an individual’s likelihood of
developing the condition %, Hereditary Cancer Syndrome,
certain genetic mutations passed down through families, can
significantly raise the risk of colorectal cancer. The most
well-known hereditary conditions associated with this
cancer are Lynch syndrome and FAP.

Research suggests that around 20% of colorectal cancer
patients diagnosed before the age of 50 may carry one of
these syndromes. For such individuals, genetic counseling
and testing are highly advised [4. Obesity people with a
BMI higher than the normal range are at a certain risk for
several diseases, including colorectal cancer. Maintaining a
BMI between 19 and 24 is considered healthy and can help
reduce this risk. Tobacco Consumption, smoking, or
utilizing tobacco increases the risk of colorectal cancer.
Diet, A high intake of processed and red meats, coupled
with a low consumption of fruits, vegetables, and fiber, may
elevate the risk of colorectal cancer. Inflammatory Bowel
Disease (IBD) patients, such as Crohn's disease or ulcerative
colitis, are at a very high hazard of developing colorectal
cancer 23 A personal history of colorectal cancer or the
presence of polyps also raises the chance of future
occurrences. The risk is further influenced by characteristics
such as the number, size, and type of polyps found (41,
Excessive alcohol use is associated with an increased risk of
colorectal cancer. Reducing alcohol consumption is an
effective strategy to lower this risk. Also, a lack of regular
physical activity can elevate the risk of developing
colorectal cancer. Engaging in consistent exercise is a vital
preventive measure. Five-year survival rates for colorectal
cancer represent the proportion of patients who survive five
years post-diagnosis. These rates are contingent upon the
extent of cancer dissemination.

The details of the stages are illustrated below:

Localized (Stages 0-11): The neoplasm is fixed to the colon
or rectum. The 5-year survival rate is approximately 90-
91%. Diagnosis rate: Approximately 35% of cases are
identified at this stage.

Regional (Stage Ill): The malignancy has metastasized to
adjacent lymph nodes but not to distant organs. The 5-year
survival rate is approximately 73-74%. Diagnosis rate: 36%
of instances. Distant (Stage 1V): The cancer has
disseminated to remote organs such as the lungs or liver.
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The 5-year survival rate is 15-16%, and the diagnosis rate is
23% of instances.

Unstaged Cases: The survival rates for these cases are less
predictable, averaging approximately 49% %1,

The miR-21 overexpression has been identified as a central
player in the progression of colorectal cancer, and most
importantly, in terms of promoting metastasis. Recent
research shows that miR-21 enhances the progression of
colorectal cancer mainly by enhancing its metastatic
capability. This underscores the complex interplay between
the genetic and epigenetic factors in cancer and hence
positions miR-21 as a key promoter of metastasis [161. A
good comprehension of the molecular mechanisms
underlying miR-21 will also enhance the creation of targeted
therapeutic approaches and methods for enhanced colorectal
cancer control. MiR-21 is an oncomir that regulates the
expression of many cancer-related genes like PTEN, TPM1,
and PDCD4, and has been consistently reported to be
overexpressed in numerous human cancers 17181,

In colorectal cancer, elevated tumor tissue expression levels
of miR-21 have been identified as an independent
prognostic and predictive biomarker 1'% 201, This necessitates
the need to investigate the diagnostic utility of circulating
miR-21 in CRC. While a number of studies have implicated
the diagnostic promise of miR-21 in blood samples of CRC
patients, the findings are not consistent, and the sample sizes
in such studies are generally small 2% 22, To resolve these
inconsistencies, a meta-analysis was conducted to examine
the diagnostic value of circulating miR-21 in colorectal
cancer with the purpose of seeking the optimal biomarker
for CRC diagnosis.

5. Conclusion

This study shows that CRC patients overexpress circulating
miRNA-21 compared to healthy controls, which might
present its use as a non-invasive biomarker for early
detection. MiRNA-21's elevated levels in CRC patients
suggest its role in tumor progression and metastasis,
supporting previous findings that it regulates oncogenic
pathways. These findings demonstrate miRNA-21's clinical
potential for CRC diagnosis, particularly in resource-
constrained countries like Iraq. More large, multi-center
studies are needed to confirm its diagnostic accuracy and
explore its prognostic and therapeutic potential. Adding
miRNA-21 to screening protocols could improve CRC
patient outcomes by improving early detection.
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