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Abstract

Background: Recently studies reported that miRNAs play vital 
roles in pathogenesis of many human diseases including cancer, 
which may serve as diagnostic, prognostic markers and may pro-
vide means for cancer treatment. The study aimed to investigate 
the feasibility of using miRNAs as molecular markers for colorectal 
cancer detection.

Methods: Paired tumour/normal tissues of 81 CRC patients 
were investigated to measure the expression level of six miRNAs 
(miR-20a, 21, 29a, 31, 92a and 224), evaluate mRNA and protein 
expressions in a further six genes (SMAD4, PTEN, TGFBRII, BCL2, 
KLF4 and RASA1) genes using RT-qPCR and immunohistochemistry 
analysis respectively. 

Results: In relative to the normal tissue mucosa, statistical analy-
sis revealed a significant increase in the tumour expression level 
of (miR-20a (p=0.007), miR-21 (p=0.0003), miR-29a (p=0.001) and 
miR-31 (p=0.0003) with a decrease in the mRNA expression level 
of TGFBRII. Spearman’s rank order correlation demonstrated that 
high miR-20a expression was inversely correlated with PTEN-mRNA 
level (r= -0.238, p=0.033) and PTEN-protein level (r= -0.253, p= 
0.023). High miR-21 and miR-224 expression were associated with 
low expression of TGFBRII-mRNA [(r= -0.358, p=0.001), (r= -0.276, 
p=0.013)] and TGFBRII-protein [(r= -0.328, p= 0.003), (r= -0.319, 
p=0.004)] respectively. In addition, over expression of both miR-
29a and miR-31 inversely correlated with RASA1-mRNA level [(r= 
-0.217, p=0.014), (r= -0.276, p=0.013)] and RASA1-protein level [(r= 
-0.222, p=0.046), (r= -0.209, p=0.010)] respectively.

Conclusions: The presence of a high degree of correlation be-
tween upregulated miRNAs and downregulation of some of target 
genes involved in different signalling pathways, indicated that miR-
NAs may have roles in CRC carcinogenesis. Additionally, upregula-
tion of (miR-20a, 21, 29a and 31) may be suitable to differentiate 
CRC with a high degree of accuracy from a normal mucosa of CRC 
patients and can play a critical role on screening CRC in general 
population. 

Keywords: Colorectal cancer; miRNA; mRNA; IHCIntroduction

There is convincing evidence that screening and early detec-
tion of CRC has been a pivotal strategy for reducing the inci-
dence and mortality rates of the disease [1]. For example, the 
5-year survival rate is as high as 93.2% for TNM stage I as com-
pared to only 8.1% for stage IV [2]. However, existing screen-
ing tools such as (1) colonoscopy screening, which is currently 

the most reliable screening tool, has been hampered because 
of its invasive nature and high cost, (2) the Faecal Occult Blood 
Test (FOBT), which has low sensitivity and requires dietary re-
striction, impedes compliance and use. Additionally, studies 
have investigated several molecular biomarkers for CRC detec-
tion, such as Carcinoembryonic Antigen (CEA), and shown that 
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high CEA levels are associated with CRC progression. However, 
its utility in the disease screening is limited due to the serum 
level of CEA not being elevated after the tumour has entered 
the serosa membrane [3]. In view of these caveats, there is an 
urgent need for new specific molecular markers to improve the 
diagnosis of CRC. In the recent past, researchers have focused 
on miRNAs due to the roles they play in a variety of cellular 
processes including development, cell cycle progression, cell 
differentiation, proliferation and apoptosis [4,5]. Others found 
aberrant miRNA expression has been associated with several 
types of cancers [6,7] as these act as either tumour suppressors 
or oncogenes [8]. Furthermore, miRNAs have been shown to 
successfully discriminate various types of cancers and predict 
outcomes in both haematological and solid malignancies [9]. In 
CRC difference in profiles of miRNA expression between tumour 
and paired adjacent colorectal normal tissue [10], highlights 
their potential for early diagnostic and prognostic applications 
[11, 12]. However, inconsistencies about the diagnostic accu-
racy of differentially expressed miRNAs still exists. 

In the present study, we have chosen a panel of 6 miRNAs 
including (miR-20a, 21, 29a, 31, 92a and 224) which previous 
studies have shown to be upregulated in CRC and which could 
be used as diagnostic and prognostic markers [11,13-18]. The 
study aimed to investigate whether this panel of miRNAs: (1) 
have roles in the activation of common singling pathways in-
volved in CRC carcinogenesis, by measuring mRNA and protein 
expression of some of genes that are targeted by the panel of 
miRNAs. (2) are suitable to use as screening biomarkers for CRC. 
miRNA and mRNA were measured using RT-qPCR and immu-
nohistochemistry was used to measure protein expression in a 
series of 81 CRC samples.  

Methods 

Selection Criteria 

This study utilized paired Formalin Fixed Embedded Paraffin 
(FFPE) cases, comprising primary Colorectal Cancer (CRC) tissues 
and corresponding normal mucosa samples, procured from 81 
patients. Normal tissue specimens included a combination of 
margin blocks and tissue immediately adjacent to the tumor, 
exclusively derived from mucosal tissue. All patients underwent 
surgery at Queen's Medical Centre (QMC) in Nottingham, UK, 
between 2012 and 2014. Case selection was based on the avail-
ability of comprehensive clinicopathological data and the pres-
ence of at least 50% tumor cells in the tumor block, additional 
file 1. The samples were sourced from the Nottingham Health 
Science Biobank, and ethical approval was granted by Notting-
ham Research Ethics Committee (REC reference C02.310). Ad-
ditionally, it is noteworthy that all tissue samples analyzed in 
this study originated from adenocarcinomas and were acquired 
through surgical procedures.

Macrodissection 

Due to the fact that stromal cells can confound the interpreta-
tion of the tumour gene expression profiles, tumour specimens 
were macrodissected after haematoxylin–eosin slide evaluation 
by a pathologist to ensure a minimum of 50% tumour tissue 
content as recommended by Chretien et al, [19]. Two 20µm-
thick serial sections were cut from each paraffin block and 
placed on glass slides (unstained section). The area containing 
the region of tumour was identified by trained pathologist after 
examining Haematoxylin–Eosin (H&E) slides that were used as 
templates to mark the region on unstained sections. The un-

stained sections were all prepared in the same orientation as 
the original H&E slides and the region of tumours and normal 
stroma were correctly identified. Before starting macrodissec-
tion the area of tumour was marked on the underside by using 
an indelible marked pen. Then the area within the mark settled 
scraped off with the disposable scalpel and collected in Eppen-
dorf® vials. The same procedure has been done for the normal 
stroma as well. Total RNA and miRNA isolation was performed 
using the miRNAeasy FFPE kit (Qiagen, Hilden, Germany).

Reverse Transcriptase-Quantitative Polymerase Chain Re-
action 

Following the generation of cDNA using the miScript II RT kit 
and QuantiTec Reverse Transcription Kit (Qiagen, Hilden, Ger-
many) for miRNA and mRNA, respectively, the identified genes 
underwent quantification employing the miScript SYBR Green 
PCR kit (Qiagen) on a 7500 Fast Real-Time PCR System (Applied 
Biosystems). The primer sequences and primer efficiencies, 
derived from assay optimization, are detailed in Additional file 
1. The ΔΔCt method of relative mRNA quantification was used 
to quantify the relative miRNA and mRNA expression between 
normal and CRC tissues using RNU6B and HPRT as reference 
genes for both miRNA and mRNA, respectively [18, 19]. 

Evaluation of Protein Expression 

Immunohistochemistry (IHC)

Tissue microarray: Following the verification of specific-
ity and optimal antibody concentrations, Tissue Microarray 
(TMA) sections from colorectal cancer tissue underwent pro-
tein expression measurement through staining. Prior to Immu-
nohistochemistry (IHC) staining, Western blotting analysis was 
employed to assess the primary antibodies' specificity, with a 
detailed procedure provided in Additional file 2. TMAs, a recent 
advancement in pathology, offer high-throughput evaluation of 
biomarker expression across numerous tissue samples. These 
arrays consist of paraffin blocks generated from minute tis-
sue samples (single core/tumor) in an array configuration for 
multiplex histological analysis. Antibodies used in this study 
are detailed in additional file 1. TMA sections were prepared 
at Nottingham Health Science Biobank/QMC/Nottingham/UK, 
with 4-μm paraffin-embedded CRC TMA sections stained using 
Novolink Polymer Detection Systems (Leica Microsystems) for 
anti-SMAD4, anti-KLF4, anti-RASA1, anti-PTEN, anti-TGFBRII, 
and anti-BCL2 antibodies. Each run included positive and nega-
tive controls to validate experimental success. The detailed pro-
cedure of the IHC stinging is in the Additional file 3.

Assessment of protein expression: Initially the stained TMA 
slides were checked with the light microscope to confirm the 
validity and staining, followed by scanning slides with a Nano-
zoomer Digital Pathology scanner (Hamamatsu Photonics) at 
20x magnification, a semi-quantitative method (H-score) was 
used to assess protein expression in tumour cells. In the H-scor-
ing method, presence and intensity of immunoreactivity were 
assessed. Staining intensity of each core was assessed as (0 was 
negative, 1 was weak, 2 was moderate and 3 was strong stain-
ing), then H-scores were calculated by multiplying the percent-
age of positive tumour cells (minimum 0 and maximum 100) by 
the staining intensity. [20]. After that to ensure reproducibility, 
slides were all assessed by a second scorer and intraclass cor-
relation coefficient was applied to assess concordance between 
both scorers.
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Statistical Analysis: Statistical analysis was performed us-
ing the SPSS software package (version 22). Categorical data 
was tested for assessing the statistical significance using a chi-
square test and continuous data was tested for assessing the 
statistical significance of the differences between data sets us-
ing Wilcoxon test. Fisher’s exact test correlation was used for 
association between unpaired tumour groups. Spearman’s cor-
relation was used for detecting correlation between targets. 
Multiple corrections testing (Bonferroni step-down (Holm) cor-
rection) and for both statistical analyses, P-values of <0.05 were 
statistically significant.

Results

MiRNA Quantification

MicroRNA quantification by real-time quantitative RT-PCR: 
The expression levels of miRNAs, including miR-20a, miR-21, 
miR-29a, miR-31, miR-92a, and miR-224, were assessed in 81 
Colorectal Cancer (CRC) samples and their corresponding nor-
mal mucosa using RT-qPCR assay, normalized to RNU6B. All as-
says were conducted in triplicate, and the Ct values for all targets 
in all samples were below 27 (range 16.1-26.8), with a standard 
deviation less than 0.5 between replicate Ct values. Statistical 
analysis, specifically the Wilcoxon test (due to non-normal dis-
tribution of data), was employed to identify miRNAs with signif-
icantly different expression in CRC samples compared to normal 
mucosa, considering a fold change greater than 1.5. Among the 
six miRNAs studied, four exhibited significantly higher expres-
sion levels in CRC samples compared to normal mucosa (Figure 
1). Specifically, miR-31 showed an average 10.83-fold higher 
expression in CRC than in adjacent normal colon tissue (0.52-
161.69 fold, p=0.0003), miR-29a exhibited an average 8.11-fold 
higher expression in CRC compared to adjacent normal colon 
tissue (0.52-108.36 fold, p=0.001), miR-21 demonstrated a 6.42-
fold higher expression in CRC than in normal tissue (0.5-63.84 
fold, p=0.0003), miR-20a showed a 3.27-fold higher expression 
in CRC than in normal tissue (0.53-109.16 fold, p=0.007), miR-
92a displayed a 2.2-fold higher expression in CRC than in normal 
tissue (0.37-34.8 fold, p=0.2), and miR-224 exhibited a 2.68-fold 
higher expression in CRC than in normal tissue (0.51-19.35-fold, 
p=0.042). However, after applying the Bonferroni correction for 
multiple testing, miR-224 no longer retained statistical signifi-
cance (p=0.22), while the significance of the others persisted 
(miR-20a, p=0.04; miR-21, p=0.001; miR-29a, p=0.006; miR-31, 
p=0.001) (Table 1).

Association of the expression of biomarkers and clinico-
pathological variables: We have defined normal and high level 
of the selected miRNAs level (using <0.5 fold as showing down-
regulation and >1.5 fold as showing up-regulation). Pearson Chi-
square test was applied to identify association between miR-
NAs and clinicopathological features, and the results showed 
that normal miRNA92a expression was associated with grade 
two (X2=7.037, d.f.=2, p=0.03). High miRNA21 expression was 
associated with Duke`s B stage (X2=6.115, d.f.=2, 0.04). How-
ever, following multiple correction testing using the Bonferroni 
correction, they both failed to retain significance (p=0.28 and 
p=0.36, respectively) (Table 2).    

mRNA Quantification by Real-Time Quantitative RT-PCR

The mRNAs exhibiting significant differences in expression 
between CRC samples and normal mucosa were identified 
through rigorous statistical analysis, specifically a paired t-test. 
Downregulation was defined as <0.6 fold, while up-regulation 

Table 1: Expression profiles of candidate microRNAs.
Genes Fold of change p value Bonferroni correction test

miRNA20a 3.27 0.007 0.04
miRNA21 6.42 0.003 0.001
miRNA29a 8.11 0.001 0.006
miRNA31 10.83 0.003 0.001
miRNA92a 2.2 0.29 0.87
miRNA224 2.68 0.042 0.22

Table 2: Association between miRNAs expression and clinic-patholog-
ical variables.

Variables Normal High P Value Correction
miR-20a

Tumour Grade
well 1 (2.6%) 1 (2.3%) 0.8 0.2
good 34 (89.5%) 40 (93.0%)
poor 3 (7.9%) 2 (4.7%)

Nodal State
pN 0 21 (55.3%) 29 (67.4%) 0.3 0.7
pN I 12 (31.6%) 12 (27.9%)
pN II 5 (13.2%) 2 (4.7%)

Duke's Stage
A 5 (13.2%) 7 (16.3%) 0.5 0.9
B 16 (42.1%) 22 (51.2%)
C 17 (44.7%) 14 (32.6%)

EMVI
0 15 (39.5%) 26 (60.5%) 0.1 0.3
1 22 (57.9%) 16 (37.2%)
2 1 (2.6%) 1 (2.3%)

miR-21

Tumour Grade
well 2 (6.3%) 0 (0.0%) 0.1 0.3
good 29 (90.6%) 45 (91.8%)
poor 1 (3.1%) 4 (8.2%)

Nodal State
pN 0 15 (46.9%) 35 (71.4%) 0.08 0.2
pN I 13 (40.6%) 11 (22.4%)
pN II 4 (12.5%) 3 (6.1%)

Duke's Stage
A 2 (6.3%) 10 (20.4%) 0.04 0.1
B 13 (40.6%) 25 (51.0%)
C 17 (53.1%) 14 (28.6%)

EMVI
0 12 (37.5%) 29 (59.2%) 0.05 0.1
1 20 (62.5%) 18 (36.7%)
2 0 (0.0%) 2 (4.1%)

miR-29a

Tumour Grade
well 1 (2.8%) 1 (2.2%) 0.9 0.9
good 33 (91.7%) 41 (91.1%)
poor 2 (5.6%) 3 (6.7%)

Nodal State
pN 0 22 (61.1%) 28 (62.2%) 0.6 0.9
pN I 12 (33.3%) 12 (26.7%)
pN II 2 (5.6%) 5 (11.1%)

Duke's Stage
A 4 (11.1%) 8 (17.8%) 0.6 0.9
B 18 (50.0%) 20 (44.4%)
C 14 (38.9%) 17 (37.8%)

EMVI
0 19 (52.8%) 22 (48.9%) 0.4 0.8
1 17 (47.2%) 21 (46.7%)
2 0 (0.0%) 2 (4.4%)

miR-31

Tumour Grade
well 1 (2.9%) 1 (2.1%) 0.1 0.3
good 29 (85.3%) 45 (95.7%)
poor 4 (11.8%) 1 (2.1%)

Nodal State
pN 0 22 (64.7%) 28 (59.6%) 0.1 0.3
pN I 7 (20.6%) 17 (36.2%)
pN II 5 (14.7% 2 (4.3%)

Duke's Stage
A 2 (5.9%) 10 (21.3%) 0.1 0.3
B 19 (55.9%) 19 (40.4%)
C 13 (38.2%) 18 (38.3%)

EMVI
0 14 (41.2%) 27 (57.4%) 0.3 0.7
1 19 (55.9%) 19 (40.4%)
2 1 (2.9%) 1 (2.1%)

miR-92a

Tumour Grade
well 1 (1.8%) 1 (4.2%) 0.03 0.2
good 55 (96.5%) 19 (79.2%)
poor 1 (1.8%) 4 (16.7%)

Nodal State
pN 0 38 (66.7%) 12 (50.0%) 0.2 0.6
pN I 14 (24.6%) 10 (41.7%)
pN II 5 (8.8%) 2 (8.3%)

Duke's Stage
A 9 (15.8%) 3 (12.5%) 0.3 0.7
B 29 (50.9%) 9 (37.5%)
C 19 (33.3%) 12 (50.0%)

EMVI
0 31 (54.4%) 10 (41.7%) 0.3 0.7
1 24 (42.1%) 14 (58.3%)
2 2 (3.5%) 0 (0.0%)

miR-224

Tumour Grade
well 1 (2.3%) 1 (2.7%) 0.4 0.8
good 39 (88.6%) 35 (94.6%)
poor 4 (9.1%) 1 (2.7%)

Nodal State
pN 0 29 (65.9%) 21 (56.8%) 0.6 0.9
pN I 11 (25.0%) 13 (35.1%)
pN II 4 (9.1%) 3 (8.1%)

Duke's Stage
A 6 (13.6%) 6 (16.2%) 0.5 0.9
B 23 (52.3%) 15 (40.5%)
C 15 (34.1%) 16 (43.2%)

EMVI
0 23 (52.3%) 18 (48.6%) 0.9 0.9
1 20 (45.5%) 18 (48.6%)
2 1 (2.3%) 1 (2.7%)
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was set at >1.8 fold. All assays were meticulously conducted in 
triplicate, and replicates with a Ct standard deviation greater 
than 0.5 were excluded from further analysis to ensure data in-
tegrity. Among the six targets examined, two mRNAs from dis-
tinct genes, namely RASA1 (p=0.002, with a fold change of 0.66 
± SD 0.74, 95% CI 0.5-0.82) and TGFBRII (p=0.0001, with a fold 
change of 0.46 ± SD 0.78, 95% CI 0.29-0.63), demonstrated sig-
nificantly lower expression levels in tumor samples compared 
to normal tissues. Conversely, BCL2 exhibited a significantly 
higher expression level (p=0.05, with a fold change of 3.72 ± 
SD 8.2, 95% CI 1.93-5.53). For the remaining genes, including 
SMAD4 (p= 0.12, with a fold change of 0.98 ± SD 0.92, 95% CI 
0.78-1.18), PTEN (p=0.22, with a fold change of 0.97 ± SD 0.91, 
95% CI 0.77-1.17), and KLF4 (p=0.8, with a fold change of 1.16 
± SD 1.6, 95% CI 0.81-1.51), the mRNA expression levels were 
relatively similar in tumor and normal tissues. However, sub-
sequent to meticulous multiple correction testing using the 
Bonferroni correction, RASA1 and TGFBRII retained their signifi-
cance (p=0.01 and p=0.006, respectively), underscoring their 
robust association with CRC. On the other hand, BCL2 failed to 
maintain statistical significance (p=0.2), (Table 3).

Cut-off point to detect mRNAs: Prior to analyzing samples 
to discern mRNA expression levels, we aimed to establish a cut-
off point to delineate high and low expression levels. To accom-
plish this, RNA was extracted from 20 individual pure normal 
colon tissues and pooled with equal volumes. Subsequently, the 
expression levels of all mRNAs were assessed in each normal 
colon tissue sample in comparison to the pooled sample. On av-
erage, the minimum fold of expression for all mRNAs in normal 
colon tissues was 0.6, while the maximum was 1.8. Downregu-
lation was defined as <0.6 fold, and up-regulation was charac-
terized as >1.8 fold. This approach allowed us to set a robust 
benchmark for differentiating between high and low mRNA ex-
pression in subsequent analyses.

Protein Evaluation 

Optimisation of primary antibodies for IHC: Prior to Im-
munohistochemical (IHC) staining of the proteins of interest 
in Colorectal Cancer (CRC) tissues, the specificity of antibodies 
against SMAD4, TGFBR2, RASA1, and KLF4 was validated through 
Western blotting. These primary antibodies target proteins with 
molecular weights of 65 KDa (SMAD4), 75 KDa (TGFBR2), 140 
KDa (RASA1), and 55 KDa (KLF4). In Figure 2A, the anti-SMAD4 
antibody successfully detected the expected band (65 KDa) in 
the SW480 cell lysate but not in other human colorectal cell 
lines (HCT116, HT29, RKO, and Lovo). For RASA1 (Figure 2B), the 
Western blotting displayed the anticipated band (140 KDa) in 
HT29 and Lovo. Meanwhile, the anti-KLF4 antibody (Figure 2C) 
exhibited the predicted bands (55 KDa) in the HT29 cell lysate 
but not in other human colorectal cell lines. Finally, as illustrated 
in Figure 2D, the TGFBR2 antibody detected the expected band 
at approximately 75 KDa in HT29 and SW480. These Western 
blotting results served to confirm the specificity of the antibod-

ies intended for use in staining target proteins within CRC Tissue 
Microarrays (TMAs) through IHC. Other antibodies employed in 
our project were sourced from our group and the histopatho-
logical department at Nottingham Queens Medical Centre, with 
prior confirmation of their specificity. Furthermore, the concen-
tration of each antibody utilized in IHC underwent additional 
optimization.

Different concentrations of each antibody were employed 
to achieve an optimal concentration. In Figure 3, anti-SMAD4 
at 1:100 exhibited a heterogeneous staining pattern with no 
background staining, while 1:50 was excessively high, and 1:200 
was too low for expression detection. TGFBR2 at 1:400 showed 
heterogeneous staining but was too high at 1:200 and 1:300. 
Anti-RASA1 at 1:40 resulted in a heterogeneous staining pat-
tern with no background staining, whereas 1:50 and 1:100 gave 
weak staining. The optimal concentration for anti-KLF4 was de-
termined to be 1:100, as 1:50 presented background staining, 
and 1:200 yielded weak staining. For BCL2 and PTEN, staining 
was performed by the Histopathology department at Queens 
Medical Centre.

Protein expression of target genes: To delve deeper into the 
expression of miRNA target genes, namely SMAD4, PTEN, TGF-
BRII, BCL2, KLF4, and RASA1, an evaluation was conducted in 
a cohort of primary operable invasive Colorectal Cancer (CRC) 
patients. The staining patterns for all markers exhibited hetero-
geneity both between and within certain tumor cores, ranging 
from weak to intense, as illustrated in Figure 4. Three distinct 
cores were stained per case, and the average scores of the three 
cores were used for subsequent analysis. The H-score, repre-
senting staining intensity, was determined for the six markers 
as follows: SMAD4 had a median H-score of 85, ranging from 
0 to 300; PTEN had a median H-score of 95, ranging from 0 to 
300; TGFBRII had a median H-score of 70, ranging from 0 to 225; 
BCL2 had a median H-score of 125, ranging from 0 to 300; KLF4 
had a median H-score of 90, ranging from 0 to 300; and RASA1 
had a median H-score of 65, ranging from 0 to 200.

As previously mentioned, the single measure Intra-class Cor-
relation Coefficients (ICC) between scorers were 0.78, 0.81, 
0.73, 0.77, 0.71, and 0.82 for SMAD4, PTEN, TGFBRII, BCL2, 
KLF4, and RASA1, respectively, indicating excellent concordance 
between scorers. The mean scores were used to categorize 
specimens into low and high expression groups. Specifically, 
for SMAD4, 51 (63%) CRC cases exhibited low expression, while 
30 (37%) cases displayed high expression compared to normal 
mucosa. For PTEN, 67 (83%) CRC cases demonstrated low ex-
pression, with 14 (17%) cases characterized by high expression 
relative to normal mucosa. Similarly, for TGFBRII, 65 (80%) CRC 
cases were categorized as low expression, and 16 (20%) cas-
es showed high expression compared to normal mucosa. For 
BCL2, 47 (58%) CRC specimens had low expression, whereas 34 
(42%) were characterized by high expression compared to nor-

Table 3: Expression profiles of candidate target genes mRNA.

Genes
Fold of change from 
tumour to normal

p value
Bonferroni multiple  

correction

SMAD4 0.98 0.12

PTEN 0.97 0.22

BCL2 3.72 0.05 0.2

TGFB-
RII

0.46 0.001 0.006

KLF4 1.18 0.8

RASA1 0.66 0.002 0.01

Table 4: Association between miRNAs and target genes (mRNA and protein).
Variables TGFBRII-mRNA TGFBRII-protein RASA1-mRNA RASA1-protein

miR-21 CC -0.358 -0.328

p-value 0.001 0.003

miR-29a CC -0.217 -0.222

p-value 0.01 0.004

miR-31 CC -0.276 -0.209

p-value 0.01 0.01

miR-224 CC -0.276 -0.319

p-value 0.01 0.004
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mal mucosa. In the case of KLF4, 36 (44%) CRC cases exhibited 
low expression, while 45 (56%) cases displayed high expres-
sion compared to normal mucosa. Lastly, for RASA1, 61 (75%) 
CRC cases demonstrated a low H-score, and 20 (25%) cases 
exhibited high expression compared to normal mucosa. A chi-
square test was conducted to examine the correlation between 
mRNA and protein levels of the markers. The results indicated 
a significant correlation between mRNA and protein levels in 
SMAD4 (r=0.466, p<0.0001), TGFBRII (r=0.708, p<0.0001), BCL2 
(r=0.623, p<0.0001), and RASA1 (r=0.728, p<0.0001). However, 
no correlation was observed between mRNA and protein levels 
in PTEN (r= -0.085, p= 0.450) and KLF4 (r=0.114, p=0.313).

Association the Expression of Biomarkers (target genes) 
and miRNAs

Spearman’s rank-order correlation was employed to evalu-
ate the associations between the markers investigated in this 
study. Elevated expressions of miR-21 and miR-224 were found 
to be linked with decreased TGFBRII-mRNA levels [(r= -0.358, 
p=0.001), (r= -0.276, p=0.01)] and TGFBRII-protein levels [(r= 
-0.328, p= 0.003), (r= -0.319, p=0.004)], respectively. Further-
more, overexpression of both miR-29a and miR-31 demonstrat-
ed an inverse correlation with RASA1-mRNA levels [(r= -0.217, 
p=0.01), (r= -0.276, p=0.01)] and RASA1-protein levels [(r= 
-0.222, p=0.004), (r= -0.209, p=0.01)], (Table 4).

A significant correlation was identified between miR-20a and 
miR-29 (r= 0.380, p=0.0001) and miR-31 (r= 0.403, p=0.0001). 
Likewise, a noteworthy correlation was observed between miR-
21 and miR-29a (r= 0.526, p=0.0001) and miR-31 (r= 0.285, 
p=0.01). Additionally, a high correlation was noted between 
miR-29a and miR-31 (r= 0.275, p=0.01) and miR-92a (r= 0.324, 
p=0.003). Moreover, a significant correlation was established 
between miR-31 and miR-224 (r= 0.328, p=0.003) and between 
miR-92a and miR-224 (r= 0.382, p=0.0001), (Table 5).

Discussion 

It is undeniable to say that a supreme screening method 
must have both high sensitivity and high specificity. Biomark-
ers with high false positive or negative rates will be considered 
ineffective and cannot be used [22,23]. Then, an improved, 
reliable, accurate and non-invasive biomarker is still a need to 
improve the detection of CRC, mainly at early disease stages 
before the cancer metastasizes and becomes incurable [24]. 
Now researchers and clinicians are focused on miRNAs as bio-
markers for cancer screening because recently different studies 
reported that miRNAs play a vital role in the development and 
progression of CRC [25,26]. In this part of our study we investi-
gated the expression of a panel of six oncogenic miRNAs to see 
whether these miRNAs could be suitable to be used as a marker 
for CRC detection. 

The accurate quantification of mRNA of the targeted genes 
is reliant upon the selection of a good endogenous control for 
normalizing quantitative qPCR data. The HPRT was tested and 
results showed that expression is almost similar between tu-
mour and normal corresponding tissue samples. This result 
is in line with the study identified HPRT as the best reference 
gene that could be used as an accurate endogenous control for 
the measurement of multiple housekeeping genes [27]. Next, 
the efficiency of the primers was evaluated and results dem-
onstrated that all primers used to estimate expression of tar-
geted mRNAs are more reliable as R2 linear regression ranged 
between 90-99% [28].   

The present study evaluated the expression level of six miR-
NAs which are potential diagnostic biomarkers and prognostic 
factors in cancers. For example, For example, Chai et al, [29] 
reported that miR-20a has an oncogenic effect in CRC tissue 
samples and overexpression contributed to the resistance 
of colorectal adenocarcinoma to chemotherapeutics. Other 
studies highlighted that overexpression of miR-21 is associ-
ated with poor survival and response to chemotherapy in CRC 
[15,16,30,31]. Moreover, others found that miR-21 expression 
correlates with clinical stage and could be a potential diagnos-
tic marker, a prognostic marker and it could predict the patho-
logical tumour response to chemotherapy [32,33-35]. Further-
more, Tang et al, [36] found that high expression of miR-29a has 
a great role in cancer metastasis in CRC tumorigenesis through 
upregulation of MMP2 and downregulation of E-cad via target-
ing.

The study profiled 81 paired tumours and matched normal 
mucosa samples and statistical analysis identified significantly 
elevated levels of MiR- miR-20a (p=0.04), miR-21 (p=0.001), 
miR-29a (p=0.006) and miR-31 (p=0.001), this result is in line 
with other data reported before and detecting that the above 
miRNAs expression increases dramatically and are diagnostic 
and prognostic markers in CRC tissue [17,38,39-41]. However, 
Ahmed et al, [42] and Tao-Wei et al, [43] showed down regu-
lation of miR29a and miR224 in CRC. On the other hand, the 
study also found a non-significant increase in the expression 
of, miR-92a and miR-224 in CRCs when compared to normal 
matched mucosa. This result is not consistent with other stud-
ies conducted before and demonstrated an increased level of 
expression of miR92a and miR224 in CRCs [11,12,41,44]. Dif-
ferential expression of selected miRNAs makes it possible to use 
them as diagnostic biomarkers for CRC.  

Although the sample size in this study is limited, clinical as-
sociations were also analysed and results highlighted no sig-
nificant correlation between miRNAs and clinic-pathological 
features. Whereas other studies reported contrary results, for 
example, Expression level of miR-21 was clearly discernible, 
with significantly higher levels in stage IV patients compared 
with stage I or II patients [45]. Schepeler et al, [46] found that 
miR-31 is significantly increased in stage IV tumours compared 
to stage II CRC tumours and Zhou et al, [47] showed that high 
expression of miR-92a correlated with advanced clinical stage, 
lymph node metastases, and distant metastases. 

As many studies, have demonstrated that miRNAs, which 
have been chosen in this study, are overexpressed and promote 
colon cancer formation by either up-regulating oncogenic or 
down-regulating tumour suppressor genes. For example, the 
miR-20a regulated tumour suppressor gene PTEN, which has a 
vital role in the inhibition of progression of survival pathways 
including PI3K/Akt and mitogen activated protein kinase path-

Table 5: Association between miRNAs.
Variables miR-29a miR-31 miR-92a miR-224

miR-20a CC 0.380 0.403

p-value 0.0001 0.0001

iR-21 CC 0.526 0.285

p-value 0.0001 0.0001

miR-29a CC 0.275 0.324

p-value 0.01 0.003

miR-31 CC 0.328

p-value 0.003

miR-92a CC 0.382

p-value 0.001
CC= Correlation Coefficient
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ways [48]. Thus, the study analysed mRNA and protein levels of 
the targeted genes to see is there any correlation between tar-
get genes and selected miRNAs, if yes then find whether miR-
NAs suppress or activate targeted genes at mRNA or protein lev-
els. Despite finding high correlation between mRNA and protein 
expression in SMAD4, TGFBRII, BCL2 and RASA1, only down reg-
ulation of RASA1 and TGFBRII were significantly associated with 
the miRNAs upregulation as follow; High miR-21 and miR-224 
expression were associated with low expression of TGFBRII, and 
over expression of both miR-29a and miR-31 inversely correlat-
ed with RASA1. This result is in line with previous data reported 
before [49-51]. However, into our knowledge no one reported 
any correlation between miR 224 and miR 29a with TGFBRII and 
RASA1 expression respectively. Moreover, downregulation of 
RASA1 and TGFBRII in CRC samples is in line with other data 
reported before and detecting that the RASA1 and TGFBRII de-
creases dramatically in CRC tissue [49,52]. Additionally, finding 
no correlation between mRNA and protein levels of PTEN in one 
hand and high correlation between upregulated miR-20a and 
low protein expression of PTEN not mRNA in the other hand 
indicated that miR-20a suppress PTEN at protein level.   Despite 
the present study did not do any functional invitro study, the 
high correlation between miRNAs and target genes indicated 
that selected miRNAs may have roles in CRC carcinogenesis as 
they control some genes which have role in different signalling 
pathways involved in the development of CRC. For example, up-
regulation of miR-31 has the potential to drive tumour progres-
sion by down regulating RASA1, which acts as a suppressor of 
RAS function [53]. Suppressing RASA1 leads to the activation 
of the Ras protein, thereby leading to aberrant intracellular 
signalling through the RAS-Raf-MAPK and RAS-PI3K-AKT path-
ways, causing an increase in cell proliferation, anti-apoptosis 
pro-survival signals and induce cell malignant transformation 
[54]. The design of the current study has some strengths. For 
example, tissues of CRC tumours and matched normal mucosa 
were used and by including the miR expression profiles of adja-
cent normal tissue, the influence of non-tumorous miRs on the 
tumours miRs expression was further minimized. However, this 
study has several limitations. First, the number of samples and 
the amount of measured miRs were relatively small. Second, 
the data was not validated by other methods. Third we did not 
do screening of mutations to find what the correlation is be-
tween them.  

In conclusion, the study highlights the potential of miRNAs 
as diagnostic and prognostic markers for CRC. Despite some lim-
itations, the research contributes valuable information about 
the expression patterns of specific miRNAs and their potential 
impact on CRC carcinogenesis. Further studies with larger sam-
ple sizes and validation methods are recommended for a more 
comprehensive understanding of the role of miRNAs in CRC.
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