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Abstract

Background: Colorectal cancer (CRC) is a leading cause of cancer-related mortality worldwide, necessitating
the development of reliable prognostic biomarkers. Circulating microRNAs (miRs) have emerged as promising, non-
invasive biomarkers. This study was designed as a comprehensive evaluation, conducted in two independent stages, to
identify circulating miRs capable of providing an accurate prognosis of CRC. Subjects: The study included 225 subjects
(150 Egyptian CRC patients and 75 healthy controls). We selected 25 miRs based on recent studies and our previous
work and evaluated their expression in the Evaluation Group (65 subjects). The miRs showing significant differential
expression were further confirmed in the Validation Group (160 subjects: 110 CRC patients and 50 controls). For all
samples, miRNAs were extracted, and their concentration, integrity, and purity were measured using a NanoDrop,
followed by cDNA synthesis and qRT-PCR analysis. Results: The serum levels of eight miRNAs (Let-7¢, miR-21,
miR-26a, miR-26b, miR-126, miR-146a, miR-223, and miR-374) were significantly higher in CRC patients and
were able to discriminate between CRC patients and healthy controls. The combined analysis of all eight miRNAs
showed higher specificity, with an AUC of 0.92 and a specificity of 99.73% for CRC patients. The combination of
five miRNAs, which exhibited a greater fold change in CRC patients, achieved an AUC of 0.97 and a specificity of
99.6%. In contrast, the combination of miR-21, miR-26a, and miR-26b demonstrated the highest AUC value of 0.974,
with a specificity of 99.27%. Computational analysis revealed that CCND1 and TP53 function dually as efficacy and
prognostic biomarkers for CRC, and that these roles are regulated by let-7a-5p. Collectively, the data indicate that this
novel miRNA signature panel improves prognostic accuracy compared to individual miRNA analysis and may support
enhanced patient screening and personalized treatment strategies in CRC. Conclusion: We established a circulating
miRs signature panel for the first time to accurately predict the prognosis of Egyptian CRC patients.
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Introduction

Colorectal cancer (CRC) remains a significant public
health challenge, accounting for substantial morbidity
and mortality worldwide [1]. CRC is the third most
commonly diagnosed cancer and the second leading
cause of cancer-related deaths in the Western world [2]. In
Egypt, CRC is becoming an increasingly prevalent health
issue. Historically, the incidence of CRC in Egypt was
relatively low compared with that in Western countries.
However, recent years have seen a rising trend, with CRC
now considered one of the most common cancers in the
Egyptian population [3]. The CRC ranks seventh among
males and females with 5,940 new cases in 2022. The
incidence rate is 6.4, the mortality rate is 3.4, and the
S-year prevalence per 100,000 is 4.5. The ASR incidence

rate is 6.6 in males and 6.3 in females [4]. This increase
is attributed to changes in dietary habits, environmental
factors, lifestyle features, and genetic diversity.
Interestingly, the median age of CRC diagnosis
in Egypt is younger compared to Western countries,
suggesting potential genetic and environmental influences
unique to the region. By 2030, the incidence rate of CRC
in patients aged 20 to 34 is expected to increase by 90.0%
and 124.2%, respectively [1]. The CRC in young adult
patients differs from CRC in older adults in terms of
clinicopathology and genetics. Moreover, many researches
are needed to study the CRC pattern in young people [5].
Early CRC screening, innovative multimodal
treatment approaches, and intensive knowledge of the
molecular and genetic mechanisms promoting CRC
development can improve CRC patients’ clinical outcomes
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[6, 7]. It has been documented that screening techniques
like sigmoidoscopy, colonoscopy, CT colonography,
stool DNA testing, and fecal immunochemical testing can
lower the incidence and mortality of colorectal cancer [8].
Despite advancements in medical science, the prognosis
for CRC patients remains bleak, especially in regions with
limited access to advanced medical care and screening
programs. It was reported that 30% of CRC patients were
diagnosed at a late stage, had distant metastases with low
5-year survival rates and could experience death from their
disease [9, 10]. Moreover, some CRC patients don’t show
any symptoms, and their recovery is usually impossible.
In Egypt, this challenge is compounded by disparities in
healthcare access and resources, emphasizing the need
for innovative, accessible diagnostic tools and effective
prognostic biomarkers [11].

Recent advances in molecular biology have
underscored the potential of microRNAs (miRs) as
non-invasive biomarkers for various cancers, including
CRC [12]. The miRs can have diverse impacts on the
translation of various proteins and affect their function.
It is thought that the translation of approximately 50% of
human genes is controlled by miRs [13, 14]. MiRs can
identify a wide variety of mRNA transcripts and exert
epigenetic control over fundamental cellular functions.
In cancer progression, miRs may function as oncogenes
or suppressors. Dysregulation of miRs in CRC patients
has been associated with cancer initiation, development,
metastases, and treatment response [15, 12, 16, 17].

Recently, several miRs have been identified as
potentially promising prognostic, diagnostic biomarkers
and can be used as therapeutic targets in CRC patients
[18-20]. MiRs exhibit remarkable stability in different
clinical samples, such as serum, plasma, urine, stool,
exosomes, formalin-fixed paraffin-embedded tissues,
and tissues [21]. MiR expression in serum is better than
in tissues, as tumor cell heterogeneity yields variable
results. Therefore, miR profiling in serum is a valuable,
cost-effective, and practical tool for the diagnosis and
prognosis of many types of cancer, including CRC.
The expression and function of these miRs can vary
significantly depending on diet habits, environmental
changes, population demographics, and ethnic origin,
highlighting the importance of context-specific biomarker
development [22-26].

Notably, the knowledge about miRs dysregulation
in Egyptian CRC patients is scarce and the studies are
very limited [27-29]. Moreover, most of the previous
studies were conducted on different populations other
than the Egyptian. Therefore, this study investigates a
novel circulating miRs signature panel comprising eight
specific miRs as prognostic biomarkers for CRC. The
findings highlight the potential of this miR panel to predict
patient prognosis, thereby aiding in personalized treatment
strategies. Computational analysis has been performed to
investigate the interactions between the selected miRNAs
and CRC-associated genes.
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Materials and Methods

Clinical Samples

Serum samples were collected from 225 subjects
enrolled in two groups (Evaluation and Validation). We
selected, for the first time, 25 specific miRs from CRC
studies across different populations and from our previous
work. We assessed their expression in the evaluation
group, which contained 65 subjects (40 CRC patients,
25 controls). Then, the miRs that showed significant
differential expression were further validated in the
validation group, which included 160 subjects (110 CRC,
50 controls).

All patients were investigated and done colonoscopy at
the colonoscopy unit in the Endemic Medicine Department,
Faculty of Medicine, Cairo University. The selection of
CRC patients was based on inclusion/exclusion criteria.
Patients who received treatment, had surgery, or had a
clinical diagnosis of hereditary nonpolyposis or familial
adenomatous polyposis were excluded from the study.
Every patient underwent a diagnostic interview, including
a detailed disease history and clinical examination.
Furthermore, diagnostic colonoscopy and pathological
examination were performed for all patients. The
G-grade scale was used to evaluate the degree of CRC
differentiation, and tumor size was also measured to
determine the CRC clinical stage.

The healthy control subjects had normal colonoscopic
and pathological examinations. None of the controls
has any cancer or any other indication of colorectal
neoplasia. The collected serum samples were stored at
-80 C until use. The study was reviewed and approved
by the National Research Centre’s Ethics Committee
reg. Number 13060119-1 in accordance with the Helsinki
Declaration. All study subjects provide written informed
consent before participating in the study and before their
blood samples are collected.

Quantitative Real-Time PCR (q RT-PCR) reaction

The first step of the study was to extract total RNA,
including miR, from 225 serum samples using the RNeasy
Serum/Plasma Kit from Qiagen, Germany, in accordance
with the manufacturer’s instructions. The extracted RNA
was measured and kept for further cDNA synthesis at
-20°C.

For RT-PCR analysis, the RNA was initially reverse-
transcribed to produce cDNA using the miScript Reverse
Transcription Kit (Qiagen, Germany). In the reverse
transcription reaction, 60 ng of total RNA was used as
the starting material, and the reverse transcription was
carried out under the manufacturer’s conditions. Then, the
reaction was incubated at 37°C for 60 minutes, and finally,
the miScript Reverse Transcriptase mix was inactivated at
95°C for 5 minutes. Following that, the cDNA was kept
at -20°C till the real-time PCR reaction was carried out.

Next, Quantitative RT-PCR (Qiagen, Germany) was
used to profile 25 mature miR (Let-7c, -9, -21, -26a,
-26b, -92a, -93, -126, -128, -146a, -184, -193a, -204,
-205, 208a, -210, -221, -223, -296, -374a, -375, -423,
-499a, -574, -885) in 24 CRC patients and 15 healthy
controls (Evaluation Group). The final volume was 20
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pl, comprising 2 pl of cDNA, 2 pl of universal primer,
2 ul of a specific miRNA primer, and 8 pl of miScript
SYBR Green mix. The SNORD95 housekeeping gene
was used to normalize relative miR expression levels. The
RT-PCR reaction mix was first activated at 95°C for 15
minutes. Next, it underwent a three-step cycling process:
denaturation at 94°C for 15 seconds, annealing at 55°C
for 30 seconds, and extension at 70°C for 40 cycles (30
s). The reaction was performed on the Qiagen Rotor-Gene
Real-Time PCR machine (Qiagen, Germany).

After that, the highly expressed 8 miRs (Let-7c,-
21,-26a,-26b,-126,-146a,-223,-374a) were chosen to
be further confirmed in the (Validation Group). The
expression of the 8 miRs was evaluated in an additional
160 serum samples (110 CRC patients and 50 healthy
controls) using qRT-PCR.

miRs Data Analysis

Each miR’s relative expression was determined using
the 224" method, and fold-changes were used to represent
the differences in miR expression. The t-test was used to
obtain the p-value, which is considered significant if <.05
and highly significant if <.01. The correlation between
miR expression levels and clinicopathological parameters
in CRC was detected.

Statistical analysis

All statistical analyses were performed using Prism
GraphPad version 9 (GraphPad Software, Inc., Boston).
The data were statistically represented as mean and SD.
The Mann-Whitney test was used to compare the studied
groups. To test the diagnostic efficacy, the receiver
operating characteristic (ROC) analysis was performed on
each miRNA separately and combined to detect the best
cut-off, sensitivity, and specificity values. P-values less
than 0.05 were considered statistically significant with a
confidence interval of 95%.

Computational analysis for the studied miRNAs with CRC

To examine the effect of significantly expressed
miRNAs on colorectal cancer-interrelated pathways,
in silico analyses were carried out. The prediction of
target gene, biomarker identification, and subcellular
localization annotation were carried out using QTAGEN’s
Ingenuity Pathway Analysis (IPA) software (QIAGEN
Inc., https://www.qiagenbioinformatics.com/products/
ingenuity-pathway-analysis). The basic algorithms
applied in IPA were formerly done by Kramer et al.2013
[30].

Results

The subjects’demographic and clinical-histopathological
Data

For the Evaluation Group, 65 subjects (40 CRC
patients and 25 controls) were enrolled, and for the
Validation Group, 160 subjects (110 CRC patients and 50
controls) were examined. The age of all subjects ranged
from 25 to <65 years. The mean age of the subjects in
the Evaluation Group was (55.21+11.28), while in the
Validation Group it was (53.50+12.3). All clinical and

pathological parameters of the screening and validation
sets are shown in Table 1. None of the CRC patients has
any other disease complications. In the Evaluation Group,
15 (37%) of CRC patients were Grade I and 25 (63%)
were Grade II while in the Validation Group 35 (32%) of
CRC patients were Grade I and 75(68%) were Grade II.

The gRT-PCR of the selected miRs
a) Screening Group

The dysregulation of 25 circulating miRs levels was
investigated in the screening group (40 CRC patients,
25 controls) by Quantitative RT-PCR. The expression of
the 25 miRs was shown in Table 2. The 40 CRC patients
were 15 Grade I and 25 Grade II, and the miRs expression
levels in different grades were evaluated and displayed in
Table 3. Out of 25 expressed miRs, 8 miRs (Let-7¢c,-21,-
26a,-26b,-126,-146a,-223,-374a) showed high differential
regulation when compared to healthy controls with
statistical significance difference P<.05.

b) Validation Group

To confirm the 8 miRs upregulation we evaluated their
level in the Validation group (110 CRC, 50 controls).
The SNORD 95 gene was used to normalize the miRs
expression levels. The data analysis showed highly
significant upregulation of the eight miRs. They can
discriminate between CRC patients and healthy controls
(P=.001), as shown in Figure 1. Also, the expression of
the 8 miRs differed significantly between CRC grades
I and II. These results highlight an association between
the upregulation of the 8 miRs and the development of
colorectal cancer.

ROC curve analysis of differentially expressed miRs

The ROC curve was used, and the AUC was calculated
for each expressed miR to assess their efficacy as diagnostic
biomarkers for CRC. The sensitivity, specificity, and AUC
for the 8 miRs are listed in Table 4. The ROC curves for
the individual and combined miRs demonstrated higher
accuracy in distinguishing CRC patients from the control
group. The combination of the eight miRs showed higher
specificity, with an AUC of 0.92, sensitivity of 68.4, and
specificity of 99.73 (P = 0.0001) in CRC patients. The
combining of the 5 miRs (miR-21, miR-26a, 26b, 233,
374a), which showed higher fold change in CRC patients,
had an AUC of 0.97 and specificity of 99.6, while the
combining of miR-21, miR-26a, 26b showed the highest
AUC significance of 0.974, and specificity 99.27 (P =
0.0001) as shown in Figure 2. The 5 miRs had higher fold
regulation in both the Evaluation and Validation Group
associated with high diagnostic accuracy and specificity.
This signature panel provides a more comprehensive
prognostic assessment than individual miRs, enhancing
patient screening and informing personalized treatment
strategies.

Exploring interactions and detecting biomarkers
included in miRNA-intermediated regulation of colorectal
cancer (CRC) pathways by in-silico analysis.

To explore the possible functions of selected miRNAs,
thousands of networks between miRNAs and their mRNA
targets were computer-generated. As a result, 40 mRNAs
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Table 1. The Clinicopathological Parameters of Evaluation and Validation Groups

Evaluation Group (n=65)

Validation Group (n=165)

CRC Patients Healthy Control CRC Patients Healthy Control
(n=40) (n=25) (n=110) (n=50)

Age 55.21+11.28 44.60+12.96 53.50+12.3 43.88+11.56
Gender M/F 20 /20 15/10 58/52 28/22
Vomiting 25 (62%) 3 (12%) 39 (35%) 13 (26%)
Abdominal Pain 23 (57%) 13 (52%) 65 (59%) 28 (58%)
Bleeding 20 (50%) 6 (24%) 66 (60%) 17 (34%)
Weight loss 28 (70%) 6 (24%) 18 (17%) 16 (34%)
Constipation 19 (47%) 6 (28%) 13 (11%) 19 (38%)
Diarrhea 11 (27%) 4 (16%) 27 (25%) 14 (28%)
Grade e e

Gl 15 (37%) 35 (32%)

G2 25 (63%) 75 (68%)
Tumor Site e e

Colon 32 (80%) 66 (60%)

Rectum 8 (20%) 44 (40%)
Tumorsize e e

<S5cm 14 (35%) 53 (48%)

>5cm 26 (65%) 57 (32%)

Table 2. The Fold Regulation of 25 miRs in CRC Patients
Compared to Healthy Controls

No. MicroRNA  Fold Regulation in CRC ~ P-value

Patients
1 let-7¢-5p 4.8104 0.0864
2 miR-9-5p 2.7777 0.3905
3 miR-21-5p 5.0809 0.0018
4 miR-26a-5p 7.4234 0.0006
5 miR-26b-5p 8.5209 0.0177
6 miR-92a-3p 1.5627 0.9097
7 miR-93-5p 1.1215 0.3294
8 miR-126-3p 2.5522 0.0050
9 miR-128-3p 3.103 0.0773
10 miR-146a-5p 5.7038 0.0009
11 miR-184 1.8756 0.5255
12 miR-193a-5p 2.3401 0.0293
13 miR-204-5p 1.9566 0.7942
14 miR-205-5p 2.0904 0.8320
15 miR-208a-3p 3.5743 0.1015
16 miR-210-3p -2.4267 0.7072
17 miR-221-3p 1.2691 0.7681
18 miR-223-3p 9.8976 0.0003
19 miR-296-5p -1.3186 0.4962
20 miR-374a-5p 7.2925 0.0001
21 miR-375 -1.1582 0.9468
22 miR-423-5p 3.0101 0.4349
23 miR-499a-5p 2.9199 0.2989
24 miR-574-3p -2.1964 0.0307
25 miR-885-5p -1.2259 0.9962
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were recognized to be regulated by 7 selected miRNAs
(Figure 1). Despite miR-26b-5p and miR-26a-5p having
diverse roles, they are labeled as miR-26a-5p. Similarly,
let-7a-5p and let-7c-5p, which also have different
functions, have the same designation in the IPA database.

Most miRNA-target genes are within transmembrane
receptors (17 genes), then nuclear proteins (10 genes),
with some cytoplasmic ones (7 genes), and extracellular
space proteins (6 genes). Underlining the importance
of interactions with extracellular cytokines such as
WNTI1, WNT3A, 116, WNT7A, IFNG, and TNF. FZD3
transmembrane receptor is regulated by four miRNAs,
underscoring its importance in CRC signaling pathways.
Both let-7a-5p and miR-146a-5p target the same mRNAs,
namely WNT1 and TLR4. Two miRNAs control STAT1,
while STAT3 is regulated only by miR-21. Notably, only
miR-26a can control the IFNG target gene.

The analysis showed that let-7a-5p could interact with
18 mRNA genes, while miR-146a-5p and miR-21-5p
could target 9 different mRNA genes. MiR-26a-5p targets
7 genes; however, miR-223-5p targets only 4 mRNAs.
Finally, miR374b-5p interacts with two mRNAs, and miR-
126a-5p connects with only one mRNA target (Figure 4).

Figure 5 illustrates the potential of the studied miRNAs
to interact with biomarker genes. Some of these interacting
genes are compatible for use as biomarkers for CRC. The
analysis revealed that Cyclin D1 (CCND1) and TP53 can
serve as promising prognostic and efficacy biomarkers.
While interleukin 6 (I16) is the only disease diagnosis
biomarker. Analysis has identified TP53 as a biomarker
to evaluate response to therapy. While SMAD4 acts only
as a prognostic biomarker for colorectal cancer.
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Figure 1. Diagrammatic Representation of the Expression Level of A) miRs (Let 7c, -21, -26a, -26b) B) miRs (-126,
-146a, -223, 374a) in CRC patients versus the healthy controls. The dysregulation of miRs was evaluated by qRT-
PCR. The data was normalized using the SNORD 95 expression and displayed as fold-change relative to the healthy

controls.

Discussion

Different miRs can regulate multiple targets rather than
just one gene, and they are crucial for gene regulation.
Other cancer types have dysregulated miRs expression.
Several studies have examined the roles of miRs in the
initiation, proliferation, and migration of colorectal cancer.
MiRs have been found to function as tumor suppressor
genes, oncogenes, controllers of cell division, and
enhancers of cancer development. MiRs are useful because
of their exceptional stability and specificity across many
bodily fluids.

CRC has been extensively studied in Western countries,
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whereas its etiology and the high prevalence of early-onset
CRC in Egypt are less well understood, and fewer data are
available. In the current study, we evaluated the expression
of 25 miRs in Egyptian CRC patients. To our knowledge,
this is the first study to assess this signature miRNA
panel in Egyptian patients with CRC (Grades I and II).
The results highlighted a novel circulating miR signature
panel consisting of five miRs (miR-21, miR-26a, miR-26b,
miR-223, and miR-374a). Furthermore, the upregulation
of these miRs was confirmed in the validation group.
The results showed a statistically significant difference in
these miRs between CRC patients and healthy controls.
Also, this miR upregulation was associated with clinical
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Figure 2. ROC Analysis of the Combining miRs in CRC Patients Compared to Healthy Controls. A) Combining of the
three miRs (-21, -26a, -26b) AUC=0.9738 AUC=0.9738. AUC=0.9707 (c) Combining of the 8 miRNAs (Let 7c, 21,
26a, 26b, 126, 146a, 233, 374a) AUC=0.9299, p=0.0001.
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Figure 3. The Interaction between the Signature miRNAs Panel and Both TGF-§ and Wnt Signaling Pathways. MiRs
target different proteins and regulators that activate WNT pathway which is main stimulator of epithelial-mesenchymal
transition that lead to carcinogenesis and colorectal cancer progression.

and pathological parameters in patients and has garnered
attention for its prognostic potential in CRC.

These findings confirmed the previous studies on
the function of these miRs in CRC development and
progression. The substantial upregulation of miR-21
in CRC patients in our study confirms the findings of
previous researches which highlighted the significance of
miR-21 expression as a valuable and reliable biomarker
in oncogenesis [31, 32]. In accordance with our results,
[33, 34] reported that human and mouse CRC sera and
tissues have higher levels of miR-21, which promote
CRC metastasis. MiR-21 has long been recognized as
an “oncomir” in several epithelial malignancies, such as
esophageal, colorectal, and breast carcinomas. MiR-21
suppresses the programmed cell death 4 (PDCD4) protein,
which stimulates cancer invasion [35]. Recently, the role
of miR-21 in the development, proliferation, survival, and
prognosis of CRC [36-40].

Considering miR-26a & 26b, our results confirmed the
previous studies, which documented that the upregulation
of miR-26a targets the retinoblastoma (Rb) tumor
suppressor gene that enhances the E-cadherin—catenins
and CRC [41, 42]. Additionally, align with our results
Fanetal., 2018, revealed that upregulation of miR-26b in
CRC patients with activated EMT and cancer stem cells.
MiR-26b was reported to suppress WNT5A and PTEN
expression, which encourages CRC metastasis. Recently,

1740 Asian Pacific Journal of Cancer Prevention, Vol 27

[43] showed that HCG11 stimulates miR-26 b, which
promotes cellular malignancy and induces antiapoptotic
activity in CRC cells. The study results provide a rationale
for both miR 26a & 26b being very important for CRC
oncogenesis and metastasis.

Our results regarding miR-223, which showed higher
expression in CRC patients, demonstrated its crucial
role in CRC development. These findings confirmed
the previous studies on miR-223 conducted in different
populations [18, 27, 28, 44] which highlighted its role
in the promotion and progression of CRC. MiR-223
is an oncogenic miR that targets GTPase-activating
protein 1 (RASAT1) and suppresses the tumor suppressor
F-box/WD repeat-containing protein 7 (FBXW7), which
accelerates the development of CRC. Moreover, miR-
223 stimulates the WNT/TGF-f§ pathway, which in turn
promotes colorectal cell proliferation [45, 46]. This makes
it unsurprising that higher miR-223 expression level has
been previously linked to worse clinical and survival
outcomes in CRC.

Notably, only one study documented the upregulation
of miR-374a expression level in CRC patients [47]. So, the
higher fold change in miR-374a in our study highlights its
uniqueness and potential role in carcinogenesis. MiR-374a
has been identified as a modulator of cell proliferation
and apoptosis. Its dysregulation in many cancers has
been correlated with tumor aggressiveness, severe
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Table 3. The Fold Regulation of 25 miRs in CRC Grade I and II Patients Compared to Healthy Controls

miRNAs

No. MicoRNA Fold Regulation in CRC Grade | P-value  Fold Regulation in CRC Grade I ~ P-value
1 let-7¢-5p 7.0524 0.0012 3.8238 0.0395
2 miR-9-5p 3.5881 0.2344 2.3823 0.6988
3 miR-21-5p 3.6097 0.0040 6.2376 0.0020
4 miR-26a-5p 5.3373 0.0045 9.0484 0.0003
5 miR-26b-5p 9.3459 0.0006 8.0612 0.0282
6 miR-92a-3p 1.7028 0.7863 1.4842 0.9617
7 miR-93-5p -1.0863 0.5620 1.2625 0.4174
8 miR-126-3p 2.1103 0.0221 2.8606 0.0047
9 miR-128-3p 2.5813 0.1963 3.4653 0.0700
10 miR-146a-5p 4.8947 0.0103 6.2521 0.0005
11 miR-184 3.1025 0.9251 1.3867 0.4435
12 miR-193a-5p 2.4196 0.0407 2.2937 0.0474
13 miR-204-5p 2.171 0.9417 1.8383 0.6817
14 miR-205-5p 3.8861 0.9841 1.4409 0.7653
15 miR-208a-3p 4.8639 0.0709 29711 0.1798
16 miR-210-3p -1.5717 0.6887 -3.1492 0.7543
17 miR-221-3p -1.3018 0.6066 1.7151 0.4481
18 miR-223-3p 7.1795 0.0038 12.0003 0.0002
19 miR-296-5p -2.0931 0.3917 1.0007 0.5568
20 miR-374a-5p 6.9158 0.0004 7.5283 0.0001
21 miR-375 -1.0571 0.9664 -1.2235 0.9094
22 miR-423-5p 2.5162 0.5172 3.3519 0.4904
23 miR-499a-5p 3.8957 0.2300 2.456 0.4961
24 miR-574-3p -2.0752 0.2885 -2.2726 0.0433
25 miR-885-5p -1.3315 0.7734 -1.1666 0.8039
Table 4. The ROC Analysis of the 8 Individual and Combined miRs in CRC Patients

AUC  Cutoff Sensitivity% 95% CI Specificity% 95% CI P value
Let 7¢c 09113 >2.314 76.29 66.93% to 83.65% 97.73 88.66% t0 99.89%  <0.0001*
MiR-21 0.9786 >3.734 83.18 74.97% to 89.09% 97.83 88.66% t0 99.89%  <0.0001*
MiR-26a 0.9624 >2.463 83.65 75.37% to 89.54% 97.83 88.66% t0 99.89%  <0.0001*
MiR-26b 0.9813 >2.375 95.96 90.07% to 98.42% 97.8 88.43% 10 99.89%  <0.0001*
MiR-126 0.8246 >2.990 54.55 45.24% to 63.54% 97.74 88.43% t0 99.89%  <0.0001*
MiR-146 0.8808 >3.283 66.35 56.83% to 74.70% 95.74 85.75% t0 99.24%  <0.0001*
MiR-223 0.9547 >3.959 79.44 70.83% to 86.01% 97.83 88.66% t0 99.89%  <0.0001*
MiR-374 0.9534 >2.370 83.81 75.59% to 89.64% 97.81 88.43% t0 99.89%  <0.0001*
Combined the best 0.9738 > 3.721 78.06 73.13% to 82.31% 99.27 95.98% 10 99.96%  <0.0001*
3 miRNAs
Combined the best  0.9707 >3.918 77.41 70.81% to 79.25% 99.6 97.56% t0 99.98%  <0.0001*
5 miRNAs
Combined the all 8  0.9299 >3.904 68.43 65.19% to 71.49% 99.73 98.47% t0 99.99%  <0.0001*

clinicopathological features, and poor patient survival [48,
49]. It targets genes involved in the Wnt/B-catenin signaling
pathway [50, 51]. Furthermore, a positive correlation was
observed between the expression level of miR-374a and
serum TGF-B1 levels, suggesting the potential value
of assessing miR-374a in future translational research

studies. As part of our miRs panel, miR-374a contributes
to the overall prognostic accuracy and is highly specific
for Egyptian CRC patients. Computational investigation
showed that miR-21-5p, miR-146a-5p, and let-7a-5p
regulate key oncogenic genes, including STAT3, STAT,
and MYC, respectively. Moreover, let7a-5p influences

Asian Pacific Journal of Cancer Prevention, Vol 27 1741
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Figure 4. Computer-Generated Analysis of Predicted Target Genes Distributed within Subcellular Compartments in
Colorectal Cancer by using Ingenuity Pathway Analysis (IPA). Different shapes are utilized to characterize molecular
types: kinases are displayed as triangles, transcriptional regulators as ovals, cytokines as squares, G-protein-coupled
receptors as rectangles, transmembrane receptors as stretched hexagons, and mature miRNAs as incomplete ovals.
The color scheme emphasizes expression status, with red indicating elevated expression levels and blue denoting
predicted components. Suppresive interactions are exemplified by blue lines, indicating predicted relationships.

the WNT signaling pathway through WNT1, WNT3A,
and WNT7A, in addition to regulating TGF, TP53, and
FZD3, thereby boosting tumorigenesis (Figures 4 and 5).

To understand the relationship between the different
miRs in the signature panel, we used www.mirdb.org
and www.targetscan.org. We found that our miRNAs
affect the TGF-B1 and WNT signaling pathways, which
regulate EMT, a process crucial for cancer progression,
as shown in Figure 3. In the WNT pathway, Let-7¢ targets
DVL3 directly, whereas B-catenin targets it indirectly.
Nevertheless, miR-21 regulates Wnt expression through
the FZD8-TGFp complex [52]. It also stimulates TGF-p1,
which leads to EMT. Notably, both miRNAs 26a and
26b upregulated matrix metalloproteinase-9 (MMP9),
facilitating extracellular matrix remodeling and cancer

1742 Asian Pacific Journal of Cancer Prevention, Vol 27

cell invasion [42, 53]. Also, they target WNTSA, a
non-canonical WNT ligand that can promote EMT and
develop cancer [54]. Interestingly, miRs 126 interact with
low-density lipoprotein receptor-related protein 6 (LRP6)
and Glycogen synthase kinase-3 beta (GSK-3[) [55]
while miR-146a induced B-catenin/Wnt Signaling [56]
On the other hand, miRs-223 and -374a downregulate
the adenomatous polyposis coli (APC) and affect TGFBI1
which enhances WNT signaling, stabilizing B-catenin and
promoting transcription of WNT target genes [51, 57].
Finally, the ROC curve confirmed that the unique five-miR
(21, 26a, 26b, 223, 374a) signature can distinguish CRC
patients from healthy controls with a strong diagnostic
accuracy of 0.97 and specificity of 99.6, while the three
miRs (21, 26a, 26b) had an AUC of 0.973 and specificity
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Figure 5. In- silico Analysis of Biomarkers in Colorectal Cancer. The figure was done using IPA (Ingenuity Pathway

Analysis).

0f 99.27. These results highlight the potential of our five
miRs panel as a prognostic and diagnostic biomarker
for Egyptian patients with CRC. However, further
translational research is needed to improve the current
diagnosis and treatment for CRC patients.

In conclusion, the high diagnostic accuracy of our 5
miR panel underscores its potential for non-invasive CRC
screening, which could complement existing screening
methods such as colonoscopy and fecal occult blood
tests. The integration of miR-based biomarkers into
clinical practice could revolutionize the management
of CRC, particularly in resource-limited settings.
The comprehensive miRs signature panel could hold
promise for enhancing the accuracy of CRC prognosis,
guiding personalized treatment strategies, and ultimately
improving patient outcomes worldwide. However, future
studies should focus on validating these findings in larger,
independent cohorts and exploring the mechanistic roles
of these miRs in CRC biology.
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