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Abstract  

Background: Colorectal cancer (CRC), caused by abnormal cells growing in the 
colon or rectum, has a high mortality rate worldwide. On the other hand, microRNAs 
are small non-coding RNAs that contain approximately 22 nucleotides in length. 
They are upregulated in a wide range of human cancers such as CRC. MiRNA-21 
post-transcriptionally regulates the expression of many tumor suppressor genes such 
as P53 gene. This indicates that miRNA-21 interacts like oncogenes and is required 
for CRC development.  

Method: The current original study was conducted in the National Liver Institute, 
Menofyia University, Egypt. We collected a total of 40 blood samples from CRC patients 
40 samples from healthy individuals who served as controls. Quantitative real-time 
PCR detected the levels of miRNA-21 and the fold changes of phosphates-tensin 
homology (PTEN) gene expression, as a tumor suppressor gene, in blood samples.  

Results: The expression levels of miR-21 were upregulated in all obtained samples 
from patients with CRC in association with aging, gender, and tumor-node-metastasis 
staging. Furthermore, patients with poor and well-differentiated CRC revealed reduced 
levels of PTEN gene expression. We observed a putative binding site of miR-21 in 
PTEN gene sequences. This indicates the direct cleavage between miR-21 and PTEN 
coding sequence. Prediction analysis for other potential targets identified several 
malignancy factors and tumor suppressor genes with putative seeding regions for 
miR-21 such as STAT3, transforming growth factor-beta, tumor necrosis factor-α 
(TNF-α), and programmed cell death CD4.  

Conclusion: The current data exhibited the potential dual role of hsa-miR-21 in regulating 
cancer progression and showed that hsa-miR-21 is an efficacious biomarker for CRC 
development and an attractive candidate for CRC treatment during early transformation.    
Keywords: Colorectal cancer, Hsa-miR-21, Dual response   
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Introduction  

Colorectal cancer (CRC) is a type of cancer 
commencing at colon or rectum, known as bowel 
cancer or colon cancer. There are many causes 
associated with CRC, including aging, obesity, 
smoking, inflammatory bowel disease, and genetic 
disorders.1,2 CRC is the third leading cause of 
cancer-related morbidity and mortality with an 
approximate 700.000 annual deaths.3,4 In Egypt, 
CRC is the 7th common malignancy occurring in 
3% of female cancers and 3.4 % of male cancers. 
In 2015, The number of colon cancer patients in 
Egypt, excluding rectal cancer, was estimated at  
more than 3000.5 Usually, CRC starts as a benign 
tumor which is then converted  into a malignant 
tumor invading normal tissues, and ultimately, 
spreading all over the body.6 A wide range of 
diagnostic tests for CRC is currently being 
employed, including visual exams, stool-based 
tests, fecal occult blood test, and tumor markers 
assays such as assessing of  carcinoembryonic 
antigen.7,8 Basically, a variety of intracellular 
signaling proteins are activated in CRC evolution 
such as protein kinase C, the mutant proteins K-
Ras/B-Raf in the mitogen activated protein kinases 
signal, human epidermal growth factor receptor-
2, kelch-like ECH-associated protein 1, hippo 
signaling, nuclear factor erythroid 2-related factor 
2, and pro-inflammatory cytokines pathways.9-

12 Other inactivated pathways have been reported 
through CRC progress, including P53, deleted 
CRC, and transforming growth factor-beta (TGF-
β) signaling cascades.13,14 

Noteworthy, microRNAs (miRNAs) are small 
non-coding RNAs: approximately 18-23 
nucleotides that can post-transcriptionally regulate 
the expression of their cleaved messenger RNAs 
(mRNAs). Hundreds of miRNA genes have been 
identified in various animals and many of phy-
logenetically conserved species.15 In mammalian 
cells, miRNAs are upregulated upon several 
microbial infections to modulate a variety of 
intracellular signaling. Other cumulative evidence 
indicates that some endogenous miRNAs are able 
to interact as a tumor suppressor or oncogenes 
during cancer development. For instance, miR-

21 was constantly upregulated in gastric cells 
caused by Helicobacter pylori infection, leading 
to CRC disorder.16 The direct targets of miR-21 
include tumor suppressor protein tropomyosin 1 
and metastasis suppressor reversion-inducing-
cysteine-rich protein.17 Therefore, in this study, 
we sought to investigate the expression levels of 
hsa-miR-21 in Egyptian CRC patients in parallel 
with the expression profile of tumor suppressor 
PTEN gene. We also exploited prediction tools 
to further confirm the direct cleavage between 
hsa-miR-21 and cellular tumor suppressor genes 
and anti-inflammatory cytokines. This was done 
to claim the essential role of miR-21 in the 
regulation of programmed cell death and 
inflammatory events.  

 
Materials and Methods  

Samples’ conditions  
We collected a total of 40 blood samples from 

CRC patients (25 males and 15 females) and 40 
blood samples from healthy individuals who 
served as controls (25 males and 15 females). 
Blood sample collection from CRC patients was 
done at the outpatient’s clinic of the general 
surgery department and oncology department, 
Menofyia University, Egypt. We obtained the 
approval of the ethics committee and patients 
consent from December 2016 to February 2018. 
CRC was diagnosed according to clinical 
examination, laboratory investigation, ultrasound 
assay, computed tomography that associated with 
age,gender, smoking condition, and tumor, node, 
and metastasis (TNM) staging.18   

 
Total RNA extraction and cDNA synthesis  

Total RNA was extracted from a fresh blood 
sample using PureLink® RNA Mini Kit (Ambion, 
Life Technology, USA) and QIAzol (Ambion, 
USA) according to the manufacturer’s instructions. 
Complementary DNA (cDNA) was synthesized 
using a high capacity cDNA reverse transcriptase 
kit according to the manufacturer’s instructions 
(Applied Biosystems, USA). We synthesized 
cDNA using 1 µg of total RNA that was genteelly 
mixed with 2 µl reaction buffer, 1 µl  free 
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nucleotides (dNTPs), 1 µl  oligo (dT) primer, 1 
µl RNase inhibitor, and one unit of reverse 
transcriptase in a total volume of 25 µl. The 
programming of the thermal cycler condition was 
heating at 55 °C for 10 min, 37 °C for 2 hours, 
and 85 °C for 5 min to stop the reaction.19 

 
Quantitative real-time PCR (qRT-PCR) assay  

We detected PTEN relative gene expression 
by use of the Universal TaqMan master mix 
(Applied Biosystems, Thermo Fisher scientific, 
USA) according to the manufacture's protocol. 

Figure 1. Expression levels of hsa-miR-21 and PTEN gene in obtained blood samples.; (A) ROC curve analysis of hsa-miR-21 indicated 
by qRT-PCR. (B) The mean expression levels of hsa-miR-21in all CRC obtained blood-samples indicated by qRT-PCR in comparison 
with control samples. (C) The relative expression levels of PTEN gene in patients with CRC compared with healthy individuals. (D) The 
represented relationship between hsa-miR-21 expression and PTEN gene expression in each obtained sample. Error bars in qRT-PCR 
analysis indicate the standard deviation (SD) between collected samples. Student two tailed t-test was performed to obtain significance 
presented by (*). P≤0.01 is **, P≤0.05 is *; CRC: Colorectal cancer. 

Table 1. Oligonucleotides sequences used for detecting steady state mRNA for the indicated genes 
Description Primer sequences 

5'-3' 

PTEN-sense ACCAGGACCAGAGGAAACCT 
PTEN-antisense GCTAGCCTCTGGATTTGACG 
GAPDH-sense TGGCATTGTGGAAGGGCTCA 
GAPDH-antisense  TGGATGCAGGGATGATGTTCT 
MiR-21-sense AGAAATGCCTGGGTTTTTTTGGTT  
MiR-21-antisense TTGGGAATGCTTTTCAAAGAAGGT 
MiR-16-sense GCGGCGGTAGCAGCACGTAAAT 
MiR-16-antisense ATCCAGTGCAGGGTCCGAGG 
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The cycling conditions used for the amplification 
of the PTEN gene were initial denaturation step 
at 95º C for 10 min, followed by 40 cycles of 95º 
C for 15s and 60 º C for 60s. TaqMan Germany 
provided the primers specific for PTEN and 
housekeeping GAPDH genes (Table 1).20  

 
MiRNA extraction and cDNA synthesis 

We extracted MiRNAs from a fresh blood 
samples using a miRNA extraction kit and QIAzol 
(Qiagen, USA) according to the manufacturer’s 
instructions. The cDNAs were generated via 
TaqMan® MicroRNA reverse transcription Kit 
(Applied Biosystems, Foster City, CA) through 
mixing 5 μl total miRNAs, 3 μl RT Primer, 1.5 
μl 10X RT Buffer, 0.5 μl RNase inhibitor, 0.5 μl 

dNTP mix, 1 μl MultiScribe™ reverse 
transcriptase, and 8.5 μl nuclease-free water. The 
programming of the thermal cycler condition 
was: holding for 30 min at 16°C and 30 min at 
42°C, then heating for 5 min at 85°C to stop the 
reaction. 

 
qRT-PCR assay for miRNA-21  

We showed the levels of miR-21 in the derived 
samples by TaqMan miRNAs assay (Applied 
Biosystems, Thermo Fisher Scientific, USA) 
according to the manufacturer’s protocol. The 
parameters of qRT-PCR were performed as 
follows: initial denaturation at 95°C for 10 min, 
followed by 40 cycles of 95°C for 15s and 60°C 
for 60s. Table 1 describes the oligoneulcotids 

Table 2. The mean fold changes in miR-21 expression on the samples obtained from CRC patients in comparison with healthy 
individuals   
Studying Conditions No.    Mi-21 expression Standard  Student two P-values 

  Mean fold changes deviation   tails t-test 

Age  
        Healthy individuals   

(20-45) 20 1.03      0.17  
(46-80) 20 1.13      0.21  

        Patients  
(20-45) 23 19.87      9.5       0.002     ≤ 0.01** 
(46-80) 17 24.22      9.5       0.001     ≤ 0.01** 

 
Gender  
        Healthy individuals 

Male 25 1.03     0.21  
Female 15 1.14     0.18  

        Patients  
Male 25 20.9      9.2       0.001      ≤ 0.01** 
Female 15 24.08    10.5       0.002      ≤ 0.01** 

 
Smoking 
        Healthy individuals 

Nonsmokers 25 1.05      0.21  
Smokers 15 1.11      0.21  

       Patients   
Nonsmokers 25 21.76     9.90       0.003      ≤ 0.01** 
Smokers     15 21.58     9.91       0.003      ≤ 0.01** 

TNM 
       Healthy individuals 40 0.96     0.10 
       Patients  

I 12 13.6     8.01      0.002      ≤ 0.01** 
II 12 19.8     3.10      0.003      ≤ 0.01** 
III 11 25.76     5.38      0.001      ≤ 0.01** 
IV 5 38.35     4.20      0.001     ≤ 0.01** 

**P ≤ 0.01; TNM: Tumor, node, and metastasis; CRC: Colorectal cancer. 
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sequences specific for miRNA-21 and miRNA-
16 (internal miRNA control).  

 
Prediction tools 

We employed IntaRNA software to test the 
direct interaction and potential binding site of 
miR-21 and PTEN genes sequences.21 PicTare 
website was used for monitoring and screening 
the potential targeted genes by miR-21 indicated 
by the affinity of the binding site and PicTar score 
at the lowest free energy.22   

 
Statistical analysis 

Student two-tail t-test determined the 
significance of miR-21 levels and PTEN relative 
gene expression were indicated by qRT-PCR. 
SDS 2-2.2 software was used to analyze the Ct 
values of the qRT-PCR and to derive  the relative 
miR-21 up-regulation and relative PTEN gene 
expression using ΔΔCt equations.23,24,25  

 
Results  

Upregulation of miR-21 in CRC patients is in 
line with the depletion of PTEN gene expression. 
Blood samples were collected from CRC patients 
(n=40) and healthy individuals (n=40) who served 
as controls. We divided the samples obtained 
from CRC patients into four groups according to 
aging condition, gender, smoking case, and TNM 
staging. The relative expression of both miR-21 
and PTEN gene in the derived blood samples 

was assessed using qRT-PCR with a satisfactory, 
sensitive, and specific assay as indicated by the 
ROC curve (Figure 1A). Based on the aging 
condition, the mean levels of miR-21 significantly 
increased in all patients’ samples (Approximately 
20 fold changes) in comparison with healthy 
individuals; however, aged patients showed the 
highest levels of miR-21 compared with middle-
aged patients (24 and 19 fold changes, 
respectively). Similarly, females with CRC 
showed higher miR-21 expressions than male 
patients (24- and 20-fold changes, respectively). 
Smoker and non-smoker patients showed 
negligible differences in terms of miR-21 
expression, which increased in both samples by 
more than 20 folds compared with healthy controls 
(Table 2). Based on TNM staging, miR-21 
gradually increased at the start of CRC 
development with 13-fold changes during the 
initial stage of TNM; in the advanced stages of 
TNM, an almost 40-fold increase was seen (Figure 
1B and Table 2). In contrast, the relative gene 
expression of PTEN was significantly depleted 
in all patient-derived samples compared with 
healthy individual samples (Table 3). The lowest 
expression of PTEN gene belonged to females 
and aged CRC patients as compared with males 
and younger patients. Smoking and non-smoking 
patients showed the same PTEN gene expression 
level, which was significantly depleted in 
comparison with healthy controls (Table 3). 

Figure 2. The direct binding site between hsa-miR-21 and PTEN gene sequences. The seeding region of miR-21 presented on PTEN 
coding sequences is indicated by IntaRNA software which reveals the location of the binding site on both query (miR-21) and target 
(PTEN) and the lost free energy. 
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During TNM staging, the relative expression of 
the PTEN gradually decreased in CRC patients 
compared with healthy individuals (Figure 1C 
and Table 3). Collectively, as indicated in figure 
1D, the qRT-PCR analyses revealed a 
contradictory relationship between miR-21 and 
PTEN gene expression profile in CRC patients.  
Together, these data showed that miR-21 was 
markedly upregulated in CRC patients in 
association with the low expression profile of 
PTEN gene. This reveals the possible regulation 
of PTEN gene expression, as a tumor suppressor 
gene, via miR-21 upregulation.  

MiR-21 potentially regulates PTEN gene 
expression. To determine whether miR-21 could 

interfere with PTEN messenger RNA (mRNA), 
we utilized IntaRNA software to detect the 
possible binding site and the direct interaction 
between miR-21 and PTEN gene. Docking 
interaction in figure 2 indicates the binding site 
of miR-21(11-22nt) on PTEN-mRNA at 967-
980nt with a low energy of -12.1 kcal/mol. This 
predicted binding site  between miR-21 and 
PTEN-mRNA indicates the possible interaction 
and regulation of PTEN gene expression as a 
result of miR-21 upregulation.  

 
MiR-21 targets tumor suppressor factors to 
prevent programmed cell death in cancer   

To further investigate the other potential targets 

Table 3. The mean fold changes in PTEN gene expression on the samples of CRC patients in comparison with healthy individuals’ 
samples  
Studying Conditions No.    PTEN expression Standard  Student two P-values 

  mean fold changes deviation   tails t-test 

Age  
        Healthy individuals   

(20-45) 20 1.16      0.22  
(46-80) 20 1.10      0.22  

        Patients  
(20-45) 23 0.66      0.65       0.02                   ≤ 0.05* 
(46-80) 17 0.58      0.52       0.001     ≤ 0.01** 

 
Gender  

        Healthy individuals 
Male 25 1.06     0.27  
Female 15 1.20     0.26  

        Patients  
Male 25 0.69      0.6       0.01      ≤ 0.01** 
Female 15 0.54      0.3       0.002                   ≤ 0.05* 

 
Smoking 

        Healthy individuals 
Nonsmokers 25 1.21     0.21  
Smokers 15 1.15     0.23       0.6      ≤ 0.05        

        Patients   
Nonsmokers 25 0.62      0.44       0.003      ≤ 0.01** 
Smokers     15 0.61      0.84       0.14                     ≤ 0.05* 

 
TNM 

       Healthy individuals 40 0.01     0.12 
       Patients  

I 12 0.68     0.89      0.05      ≤ 0.05* 
II 12 0.57     0.33      0.01      ≤ 0.01** 
III 11 0.43     0.16      0.003      ≤ 0.01** 
IV 5 0.37     0.31      0.005      ≤ 0.01** 

* P≤ 0.05 ; **P ≤ 0.01; TNM: Tumor, node, and metastasis; CRC: Colorectal cancer 
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of miR-21, we employed PicTar software based 
on the sequences of homosapiens-miR-21(hsa-
miR-21). Our investigation showed a variety of 
targeted genes at low energy and high PicTar 
score, including tumor suppressor genes and 
programmed cell death factors. We detected two 
seeding regions in the signal transducer and 
activator of transcription 3 (STAT3) at 2056 and 
2386 with the highest PicTar score (4.04) and the 
lowest free energy observed in both locations (-

21.8 and 17.6 kcal/mol, respectively) (Figure 3A 
and Table 4). The other two binding sites were 
recognized on the proliferator-activated receptor 
alpha (PPARA) at 995 and 1181 with free energies 
of -20.9 and -18.01 kcal/mol, respectively, and a 
PicTar score of 3.5 (Figure 3B and Table 4). We 
detected a binding site at the location 461 of 
TGF-β with a PicTar score of 2.9 and a free 
energy of -20 kcal/mol (Figure 3C and Table 4). 
TNF-α showed a binding site with miR-21 at 

Table 4. Potential targeted genes and seeding regions for hsa-miR-21 indicated by PicTar software  
Gene category PicTare Score Probability Seeding region         Free energies kcal/mol 

STAT3         4.05 0.91-0.91 2056, 2386 -21.8, -17.6 
PPARA         3.5 0.73-0.73 995, 1181 -20.9 , -18.01 
TGF-β         2.9 0.94 461 -20 
TNF         2.5 0.9 475 -16.2 
CDC25A         2.1 0.86 868 -19.16 
PDCD4        1.55 0.73 399 -17.8 
STAT3: Signal transducer and activator of transcription 3; PPARA: Peroxisome proliferator-activated receptor alpha; TGF-β: Transforming growth factor beta; TNF: Tumor 

necrosis factor; CDC25A: Cell division cycle 25 A; PDCD4:  Programmed cell death protein. 

Figure 3. Predicted genes potentially targeted by hsa-mi-R21. The potential seeding regions and binding affinity of hsa-miR-21 on 
targeted genes carried out by PicTar software; (A) Two seeding regions detected on STAT3 sequences (SR1 and SR2). (B) Two detected 
SR on PPARA gene sequences. (C) The indicated binding site of miR-21 on TGF-β. (D) TNF-SF6 binding affinity with miR-21. (E) 
CDC25A-miR-21 potential binding site. (F) PDCD4-miR-21 indicated seeding regions.  
STAT3: Signal transducer and activator of transcription 3; PPARA: Peroxisome proliferator-activated receptor alpha ; TGF-β: Transforming growth factor beta; TNF: Tumor 
necrosis factor; CDC25A: Cell division cycle 25 A; PDCD4: Programmed cell death protein 4 
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475 with a PicTar score of 2.5 and a free energy 
of -16.2 kcal/mol (Figure 3D and Table 4). 
Furthermore, cell division cycle 25 A (CDC25A) 
revealed one binding site at 868 with a PicTar 
score of 2.1 and a free energy of -19.6 kcal/mol 
(Figure 3E and Table 4). Finally, programmed 
cell death 4 (PDCD4) showed a binding site at 
399 with a PicTar score of 1.5 and a free energy 
of -17.8 kcal/mol (Figure 3F and Table 4). 
Collectively, these data revealed the crucial impact 
of hsa-miR-21 on the regulation of programmed 
cell death and identified hsa-miR-21 as an 
attractive candidate for cancer treatment, 
particularly CRC.  

 
Discussion  

In the current work, we investigated the 
expression levels of hsa-miR-21 and PTEN gene 
expression in patients with CRC and compared 
them with healthy individuals using qRT-PCR. 
The expression levels of both miR-21 and PTEN 

gene correlated with smoking, aging, gender, and 
TNM staging. IntaRNA-RNA interaction software 
indicated the direct interference between miR-
21 and PTEN gene, revealing the seeding region 
and binding affinity of both interacted RNAs. 
Additionally, using online prediction tools, we 
identified the putative binding sites of miR-21in 
a variety of tumor metastasis factors and tumor 
suppression genes. Interestingly, our findings 
showed that miR-21 was significantly upregulated 
in all CRC-obtained samples; meanwhile, the 
highest levels of miR-21 belonged to females 
and older patients at the late stage of CRC. On 
the contrary, the relative expression of the PTEN 
gene significantly decreased in the samples 
obtained from patients compared with healthy 
individual samples. Similar to miR-21, the lowest 
expression of PTEN gene was related to aged 
and female patients at late TNM staging. IntaRNA 
software identified a putative binding site in the 
3- untranslated region of the PTEN gene, 

Figure 4. Graphic representation of hsa-miR-21 and its potential targeted genes.The cooperation between miR-21 and RISC in CRC 
cells through which, the up-regulation of miR-21 can regulate the expression of STAT3 and its associated factors PPARA and TGF-β. To 
prevent cell death, miR-21 potentially targets TNF-SF6, PTEN, and PDCD4 as predicted by PicTar software.       
STAT3: Signal transducer and activator of transcription 3; PPARA: Peroxisome proliferator-activated receptor alpha; TGF-β: Transforming growth factor beta; TNF: Tumor 
necrosis factor; CDC25A: Cell division cycle 25 A; PDCD4:  Programmed cell death protein 4 
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indicating the direct cleavage of the PTEN gene 
by miR-21. The PicTar prediction analysis showed 
multiple genes with binding sites of miR-21, 
including tumor metastasis factors and tumor 
suppressor genes. Our data suggested that hsa-
miR-21 expression was upregulated in CRC 
patients according to patients’ age, gender, and 
TNM staging. Furthermore, our data indicated 
the dual function of miR-21 during CRC evolution 
through targeting tumor suppressor genes at early 
initiation and regulating metastasis factors at late 
TNM staging. The biogenesis pathway of miRNAs 
includes the incorporation of mature miRNA with 
RNA induced silencing complex (RISC), where 
miRNA can post-transcriptionally regulate targeted 
gene expression. Upregulation of miR-21 in CRC-
obtained samples may result in a direct interaction 
with so many genes, including STAT3, PPARA, 
TGF-α, and PDCD4 as predicted in our study 
(Figure 4). Importantly, STAT3 belongs to STAT 
protein family and is implicated in cancer 
development through its regulatory role in cell 
proliferation, malignancy transformation, tumor 
angiogenesis, and metastasis.26 Activation of 
STAT3 signaling  was reported to stimulate cellular 
miR-21during oocyte maturation and human 
cancer, indicating the potential connection between 
STAT3 pathway and upregulation of mature miR-
21 in CRC.27,28 The possible dual function of 
hsa-miR-21 was primarily observed in breast 
cancer evolution through targeting and regulating 
STAT3 protein expression.29 Likewise, the 
presented prediction data confirmed that a STAT3 
gene sequence has two putative binding sites with 
miR-21. Furthermore, our prediction analysis 
revealed that tumor metastasis factors PPARA 
and TGF-β have unique seeding regions for miR-
21. In contrast, our findings showed that the 
programmed cell death factors TFN-SF6, PTEN, 
and PDCD4 have potential binding sites with 
miR-21. This corroborates the well-known 
function of miR-21 in the regulation of cell death 
during cancer evolution. Taken together, our data 
showed the over-expressed levels of hsa-miR-21 
in Egyptian CRC patients based on their age, 
TNM stage, and gender. Moreover, miR-21 had 
a dual function during cancer development and 

could be considered as an efficacious candidate 
in cancer diagnostic and therapy during initial 
stages.  
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