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Abstract  
Purpose: MicroRNAs (miRNAs) are a group of small regulatory non-coding RNAs, which are 
dysregulated through tumor progression. let-7 and MIR-145 are both tumor suppressor microRNAs 
that are downregulated in a wide array of cancers including colorectal cancer (CRC). Methods: This 
study was aimed to investigate the effect of simultaneous replacement of these two tumor suppressor 
miRNAs on proliferation, apoptosis, and migration of CRC cells. HCT-116 with lower expression levels 

of hsa-let-7a-3p and MIR-145-5p was selected for functional investigations. The cells were cultured 

and transfected with hsa-let-7a and MIR-145, separately and in combination. Cell viability and 

apoptosis rates were assessed by MTT assay and flow cytometry, respectively. Cell cycle status was 

further evaluated using flow cytometry and qRT-PCR was employed to evaluate gene expression.  

Results: The obtained results showed that exogenous overexpression of MIR-145 and hsa-let-7a in 

HCT-116 cells could cooperatively decrease CRC cell proliferation and induce sub-G1 cell cycle arrest. 

Moreover, hsa-let-7a and MIR-145 co-transfection significantly increased apoptosis induction 

compared to separate transfected cells and control through modulating the expression levels of 

apoptosis-related genes including Bax, Bcl-2, P53, Caspase-3, Caspase-8, and Caspase-9. Furthermore, 
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qRT-PCR results illustrated that hsa-let-7a and MIR-145 combination more effectively downregulated 

MMP-9 and MMP-2 expression, as the important modulators of metastasis, compared to the controls.  

Conclusion: Taken together, considering that exogenous overexpression of MIR-145 and hsa-let-7a 

showed cooperative anti-cancer effects on CRC cells, their combination may be considered as a novel 

therapeutic strategy for the treatment of CRC. 

 
Keywords: Colorectal cancer, MIR-145-5p, hsa-let-7a-3p 
 
Introduction 
Colorectal cancer (CRC) is one the most frequent form of human cancer, with a high rate of metastasis 
and invasion that causes thousands of deaths worldwide, making CRC the second fatal malignancy.1 
In 2018, around 1.8 million new cases and 881,000 deaths were recorded,2,3 young patients suffering 
from CRC are increasing.4 It affects both men and women equally. CRC is a heterogeneous disease, 
and its risk factors may include lifestyle, diet, obesity, physical inactivity, smoking, stress, and ethnic 
genetic and epigenetic variations.5,6 Despite the recent advances, due to resistance to chemotherapy 
and the development of metastatic diseases after tumor resection, as the main treatment options, 
CRC largely remains an incurable malignancy. Hence, exploring the molecular mechanisms that drive 
CRC tumorigenesis and metastasis could offer valuable insights for advancing innovative therapeutic 
strategies to enhance CRC treatment.7 The non-coding RNA (ncRNA) molecules were identified as 
essential regulatory factors that may function as tumor suppressors or oncogenes in human cancers. 
Their abnormal expression dysregulates many biological pathways through cancer pathogenesis.8-10 
Increasing evidence has demonstrated that ncRNAs, particularly microRNAs (miRNAs), possess high 
potential as diagnostic and therapeutic targets for better managing human malignancies.11-14 miRNAs 
are small, single-stranded, endogenous ncRNA molecules with a length of approximately 19–22 
nucleotides.15 The special features are low abundance and high sequence homology between family 
members.16 miRNAs exhibit efficacy as post-transcriptional regulators, suppressing gene expression 
by binding to their target mRNAs' 3'-untranslated regions (3′‐UTR) and subsequently influencing 
various biological processes.17 Recent studies have illustrated that miRNAs are dysregulated in human 
cancers, including CRC, and play crucial roles in tumorigenesis, metastasis, invasion, and drug 
resistance,18 introducing them as valuable targets for cancer therapy.19 As the well-established gene 
therapy methods, miRNAs are recruited in miRNA replacement therapy. One therapeutic approach 
involves restoring tumor suppressor miRNA mimics through transfection, aiming to restore their 
function and explore the therapeutic potential of miRNAs. In particular, MIR-145 and let-7 are 
remarkably downregulated in various cancers, including breast, gastric, lung, and CRC, and function 
as the tumor suppressor miRNAs through inhibition of tumor growth, metastasis, and 
chemoresistance, possessing great potential as therapeutic targets.20  
The MIR-145 gene is located in the 1.6 kb region of chromosome 5q33.1, a conserved location in the 
genome, with 4.08 kb length, which is often deleted through tumorigenesis.21 It was shown that MIR-
145 regulates cell apoptosis, proliferation, and differentiation of stem cells.22 In various human 
cancers, this tumor suppressor miRNA is commonly downregulated and influences carcinogenesis via 
targeting multiple genes and pathways.23 MIR-145 was reported to be downregulated in CRC primary 
tumors, which was correlated with the aggressive form of malignancy. Overexpression of MIR-145 was 
further demonstrated to inhibit CRC cell growth, migration, and invasion.24,25 Furthermore, let-7, 
another promising tumor suppressor miRNA involved in human cancer progression,26 is also 
downregulated during CRC tumorigenesis, and its reduced expression contributes to CRC cell 
proliferation, migration, and stemness.27  
In this study, given the critical role of these two miRNAs in CRC, for the first time, we tried to combine 
these two miRNAs as a novel cancer gene therapy approach in CRC. Our results demonstrated that 
MIR-145 and hsa-let-7a were cooperatively able to reduce cell viability through apoptosis induction 
and induce sub-G1 cell cycle arrest. Furthermore, their combination more effectively downregulated 
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metastasis-related genes, including MMP-2 and MMP-9, suggesting MIR-145 and hsa-let-7a 
combination presents a hopeful therapeutic approach to the treatment of CRC. 
Materials and Methods 
Cell culture and cell line selection  
CRC cell lines, including HT-29 (ATCC; HTB-38), HCT-116 (ATCC; CCL-247), and SW-480 (ATCC; CCL-228), 
were purchased from the Pasteur Institute of Iran. The cells were grown in RPMI-1640 medium (Gibco) 
enriched with 10% fetal bovine serum (FBS) and 1% penicillin/streptomycin (Sigma). Incubation of the 
cells occurred at 37 °C in a humidified environment with 5% CO2. They were passaged at 70-80% 
confluency and used in all experiments in the logarithmic phase of growth. To select the appropriate 
cell line, the expression levels of hsa-let-7a and MIR-145 in HCT-116, HT-29, and SW-480 cell lines were 
evaluated by qRT-PCR, which will be explained in the following. 
Transfection of miRNAs  
According to the qRT-PCR results, HCT-116 with the lowest expression levels of hsa-let-7a and  
MIR-145 was used for functional investigations. The cell precipitate was first dissolved in the 
electroporation buffer, then 1×106 transferred to 500 mL cuvette, then MIR-145-5p and hsa-let-7a-3p 
(in different doses including 10, 20, and 40 pmol) were added. Gene Pulser Xcell electroporation 
(BioRad) was employed to transfect miRNA. The cells were incubated for 48 h to determine the 
optimal dose. 2×105/well of transfected cells (with optimal dose) were seeded in 6-well plates and 
incubated for different times (24, 48, and 72 h) to select the optimal incubation time. Afterward, using 
qRT-PCR, the optimum dose and time of miRNAs were determined for further transfection. 
Furthermore, to assess the transfection efficiency, the cells were transfected with control miRNA 
conjugated with FITC and visualized using Flow Cytometry (Miltenyi Biotec). 
RNA extraction, cDNA synthesis and qRT‐PCR 
The Trizol RNA extraction kit (GeneAll, Korea) was utilized for RNA extraction, following the provided 
protocols. The concentration and purity of the extracted RNA were assessed using the NanoDrop 
spectrophotometer by measuring the absorbance at A260/A280 (Thermo Scientific, USA). The 
integrity of RNA was assessed on %1 agarose gel by electrophoresis of total RNA. To determine the 
expression levels of hsa-let-7a and MIR-145, 1 microgram of RNA was utilized to synthesize 
complementary DNA (cDNA) employing the Universal cDNA Synthesis miRCURY LNATM kit. 
Additionally, equal quantities of total RNA were converted into cDNA using the BioFact RT-PCR Pre 
Mix Synthesis Kit (South Korea) to evaluate the expression levels of the target genes. Real-time PCR 
was then employed to determine the expression levels of Bcl-2, Bax, P53, Caspase-3, Caspase-8, 
Caspase-9, MMP-9, MMP-2, hsa-let-7a, and MIR-145. U6 and GAPDH served as internal controls for 
normalizing the expression of miRNA and target genes, respectively. The oligonucleotide sequences 
are displayed in Table 1. Each reaction was conducted independently three times, and the relative 
expression levels of genes were quantified using the 2−ΔΔCt method. 
 
 
Table 1. List of oligonucleotide sequences 

Primer sequence Forward and reverse Name 

5′‐ GAGCGTCAACAGGGAGATGTC‐ 3′ F Bcl2 

5′‐ TGCCGGTTCAGGTACTCAGTC‐ 3′ R 

5′‐ TTTGCTTCAGGGTTTCATCCA‐ 3′ F Bax 
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5′‐ CTCCATGTTACTGTCCAGTTCGT‐ 3′ R 

5′- TTGCAATAGGTGTGCGTCAGA-3′ F P53 

5′- AGTGCAGGCCAACTTGTTCAG-3′ R 

5′-GGTCTGAAGGCTGGTTGTTC-3′ F Caspase- 8 

5′-AATCTCAATATTCCCAAGGTTCAAG-3′ R 

5′-CCGGAATCCTGCTTGGGTATC-3′ F Caspase- 9 

5′-CATCGGTGCATTTGGCATGTA-3′ R 

5′-TGTCATCTCGCTCTGGTACG-3′ F Caspase-3 

5′-AAATGACCCCTTCATCACCA-3′ R 

5′-GGTTCTTCTGCGCTACTGCTG-3′ F MMP-9 

5′-GTCGTAGGGCTGCTGGAAGG-3′ R 

5′-GGCCTTGCAACCTTGGTCTCTTC-3′ F MMP-2 

5′-CTCCCTGTGTCAGACTGCTCTTT-3′ R 

5′- CAAGATCATCAGCAATGCC-3′ F GAPDH 

5′- GCCATCACGCCACAGTTTCC-3′ R 

5′-CTTCGGCAGCACATATACTAAAATTGG-3′ F U6 

5′-TCATCCTTGCGCAGGGG-3′ R 

5′-UGAGGUAGUAGGUUGUAUAGUU-3′ 

 

Target sequence hsa-let-7a-3p 

5′-GUCCAGUUUUCCCAGGAAUCCCU-3′ 

 

Target sequence MIR-145-5p 

 
MTT assay  
MTT assay was employed to determine the cell viability and proliferation rates.HCT-116 cells (1×106 
cells/500 mL) were transfected with hsa-let-7a and MIR-145, in combination or separately, next, 1×104 
cells were distributed into individual wells of a 96-well plate, followed by an incubation period of 48 
hours. The transfected cells with miR-control were used as the negative control (NC). Then, 50 μl of 3-
(4, 5- dimethyl thiazolyl-2)-2, 5-diphenyltetrazolium bromide (MTT, 2 mg/ml) solution were added to 
the wells, and cells were further incubated for 4 hours. Using DMSO, formazan crystals were dissolved, 
and then UV-visible absorbance was read at the wavelength of 570nm using the 96-well plate reader 
(Tecan, Switzerland). All reactions were performed in triplicate. 
Annexin V/ Propidium Iodide (PI) Apoptosis Assay 
To evaluate apoptosis induction, HCT-116 cells were transfected with MIR-145 and hsa-let-7a mimics, 
then 2 × 105 cells per well of cells were seeded into 6-well plates. After 48-hour incubation, cells were 
trypsinized, harvested, and rinsed with PBS. Then, cells were treated with annexin V (5 μl) and 
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propidium iodide (5 μl) in annexin V binding buffer (100 μl) for 15 min in a dark. Subsequently, 
apoptosis induction was investigated by MACS Quant Flow Cytometry. Data were analyzed using 
FlowJo software.  
Cell cycle analysis 
To analyze cell cycle progression through treatment groups, HCT-116 cells were transfected with hsa-
let-7a or MIR-145 mimics, separately or in combination, and 2 × 105 cells of transfected cells were 
cultured into each well of a 6-well plate. After 48 hours of incubation, the cells were harvested, rinsed 
with cold PBS, and fixed in 70% ethanol (1 ml). After overnight incubation at  
-20° C in ethanol, the cells were rewashed and suspended in 500 ml PBS. Next, 5 μL RNase A was added 
and incubated for 30 minutes. The cells were then subjected to a washing step, followed by staining 
with a DAPI solution containing 0.1% Triton X100 and 0.1% DAPI. Subsequently, the cells were 
incubated in the dark for 30 minutes. The cell cycle status was then evaluated using flow cytometry, 
and the acquired data were analyzed using FlowJo software. 
Statistical Analysis 
The experimental results were expressed as the mean ± standard deviation. Statistical analysis was 
conducted using GraphPad Prism 8.0 Software. The student's t-test was utilized to assess statistical 
variances between two groups, while comparisons among multiple groups were analyzed using one-
way analysis of variance (ANOVA). A P value below 0.05 was considered statistically signific Results 
and Discussion  
 Cell line selection  
We used qRT-PCR to assess the expression levels of hsa-let-7a and MIR-145 in human CRC cell lines, 
including SW480, HCT-116, and HT-29. As shown in Figure 1, the expression level of MIR-145 in HCT-
116 and HT-29 cell lines was the same (nonsignificant (ns)) but significantly (p<0.05) lower than that 
of SW-480 cells. Furthermore, hsa-let-7a was remarkably downregulated in HCT-116 cell line in 
comparison with HT-29 cell line (p<0.01) and SW-480 cell line (p<0.0001). Considering these results, 
HCT-116 was selected as the proper cell line for further investigations. 
Transfection efficiency  
To evaluate the efficiency of miRNA transfection, cells were transfected with NC miRNA labeled with 
FITC and analyzed with flow cytometry. The results showed that 80.5% of FITC-conjugated miRNAs 
were successfully transfected into HCT-116 cells (Figure 2). Furthermore, to evaluate the optimum 
doses and time for transfection, we used qRT-PCR techinque. As illustrated in Figure 3, results showed 
that remarkably higher expression levels of miRNAs were observed at transfection of mimics in the 
concentration of 20 pmol. This overexpression was stable till 48h. After that, 20 pmol was determined 
as the optimal dose for transfection during 48 hours in all following experiments. Besides, significant 
(p<0.0001) overexpression of hsa-let-7a and  
MIR-145 was confirmed in the combination group compared to the control (Figure 4). 
Effect of MIR-145 and hsa-let-7a exogenous overexpression on HCT-116 cell proliferation 
MTT assay was used to evaluate the effect of the hsa-let-7a and MIR-145 combination on cell viability 
and proliferation. The results showed that hsa-let-7a and MIR-145 separately could significantly 
decrease HCT-116 cell viability compared to control and NC groups. As illustrated in Figure 5, no 
significant difference was observed between the cells without transfection and cells transfected by 
miR-control. However, combining two miRNAs significantly reduced cell viability more effectively than 
individual treatments. These results are consistent with previous research findings. Marques et al. 
reported the overexpression of hsa-let-7a in Papillary thyroid carcinoma (PTC) cells markedly inhibited 
cell growth and proliferation.28 Zhou et al. showed that the expression of MIR-145 was downregulated 
in gastric cancer (GC) cells. The transfection of GC cells with MIR-145 could significantly suppress the 
proliferation, and migration of cancer cells.29  
hsa-let-7a and MIR-145 combination increased apoptosis induction in HCT-116 cells  
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To investigate how combination therapy exerts its cytotoxic effect, flow cytometry analysis was 
conducted using Annexin V/PI staining. Our results showed an increased rate of apoptosis induction 
in HCT-116 cells transfected with mimic hsa-let-7a and mimic MIR-145 separately and simultaneously, 
compared to control cells, as shown in Figure 6. According to the results, the transfection of hsa-let-
7a and MIR-145 individually could significantly induce apoptosis in HCT-116 cells compared to the 
control (p<0.0001). However, the combination of two miRNAs was able to significantly increase 
apoptosis induction more effectively than individual treatments (p<0.0001). To evaluate the 
underlying mechanism through apoptosis induction, using qRT-PCR, we quantified the expression 
levels of the main modulators of apoptosis. According to the results (Figure 7), significant 
overexpression of the pro-apoptosis genes, including Caspase‐3/8/9,  
and Bax, was observed after transfection hsa-let-7a and MIR-145 separately in HCT-116 cells 
compared to the control. However, combination therapy of two miRNAs upregulated the gene 
expression more effectively than individual treatments. According to the results of qRT-PCR, MIR-145 
and hsa-let-7a cooperatively led to significant downregulation of Bcl-2 as an important pro-survival 
gene within the treated groups compared to the control group. More decreased levels of Bcl-2 were 
achieved through combination therapy. 
The Caspase family plays a significant function in the regulation of cell programmed death. Between 
caspases, Caspase-3 is known to be the most common executioner caspase during apoptosis. 
Furthermore, Caspases-8 and Caspase-9 are the main initiator Caspases of the intrinsic and extrinsic 
pathways of apoptosis, respectively.30 Therefore, it could be suggested that MIR-145 and hsa-let-7a 
could simultaneously upregulate apoptosis pathways in CRC cells and subsequently increase cell 
death. let-7 microRNA family was previously reported to inhibit the expression of Bcl-xL gene and 
potentiate apoptosis induction in human hepatocellular carcinoma.31 Pan et al. showed that increasing 
the expression of MIR-145 leads to Bax upregulation and eventually induces apoptosis in lung cancer 
cells.32 Furthermore, MIR-145 was also shown significantly induces apoptosis by modulating multiple 
cell death pathways.33 Previous studies have further shown that MIR-145 overexpression leads to 
upregulation of pro-apoptotic proteins like  
Caspase-3, Caspase-9 in glioma cells and subsequently induces caspase-dependent cell death.32,34 
MIR-145 and hsa-let-7a cooperatively inhibited the expression of migration regulators 
Studies have illustrated that MIR-145 and hsa-let-7a could inhibit cell migration and invasion in various 
cancer cell lines by modulating multiple genes.35,36 Using qRT-PCR, we conducted additional 
investigations to explore the impact of combination therapy on inhibiting genes that regulate the 
migration of CRC cells. We found that MIR-145 and hsa-let-7a could be important modulators of 
metastasis-related genes MMP-2 and MMP-9 in CRC cells. As shown in Figure 8, the transfection of 
cells individually with MIR-145 and hsa-let-7a could significantly reduce the expression levels of MMP-
2/9 compared to the control. However, the lowest expression levels of these migratory genes were 
observed through combination therapy, suggesting that MIR-145 and hsa-let-7a might cooperatively 
suppress CRC cell migration via the downregulation of these metastasis-related genes.  
Among the various proteins involved in the degradation of the extracellular matrix (ECM), MMPs, 
specifically MMP-9, play a significant role. This degradation process is crucial in tumor invasion, 
progression, and metastasis, particularly in CRC. MMP-9 has been proposed as a marker for assessing 
the advancement of this form of cancer.37,38 Epithelial‐mesenchymal transition (EMT) is identified as 
a crucial step in the induction of CRC metastasis and invasion.39 During this biological process, 
epithelial cells undergo a transition where they acquire mesenchymal characteristics, enabling them 
to invade and migrate to other organs.40 A previous study illustrated that let-7 silencing increased 
expression levels of MMP-2 and MMP-9 and promoted the proliferation, migration, and invasion of 
extravillous trophoblast cells.41 Pan et al. showed that MIR‐145 upregulation potentially triggered 
apoptosis of A549 cells (non-small cell lung cancer) by decreasing the expression of MMP‐2 and MMP‐
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9.32 Wu et al. found that let-7 imitations implicitly decreased the expression of MMP-2, MMP-9, and 
other epithelial-mesenchymal transition (EMT) markers.36  
hsa-let-7a and MIR-145 combination induced cell cycle arrest at the sub-G1 phase 
After transfection, cell cycle inhibition in different treatment groups was evaluated by flow cytometry. 
Results revealed that overexpression of hsa-let-7a and MIR-145 separately could arrest the cell cycle 
at the sub-G1 phase in HCT-116 cells. MIR-145 increased from 0.705% to 13.9% in the sub-G1 phase 
of the cell cycle. In cells treated with hsa-let-7a, the population of the sub-G1 cells also increased from 
0.705% to 19.6%. However, the combination of MIR-145 and hsa-let-7a increased cell cycle arrest at 
the sub-G1 phase more than separate treatments to 28.9%. (Figure 9A); confirming apoptosis 
induction results. To validate the results of the cell cycle assay, the expression level of P53, which is a 
related gene to the cell cycle, was evaluated by qRT-PCR. Our results illustrated that transfection of 
cells with hsa-let-7a and MIR-145 could considerably enhance the expression level of P53. This 
increase was significantly more in the combination group than individual groups (p<0.001) (Figure 9B).  
These data suggested that hsa-let-7a and MIR-145 may act as regulators cell cycle and could 
cooperatively induce cell cycle arrest at the sub-G1 phase, confirming apoptosis induction results. 
Wang et al. demonstrated that in breast cancer cells, overexpression of MIR-145 increased cell cycle 
arrest at the sub-G1 phase.42 Samadi et al. reported that transfection of CRC cells with  
let-7 increased the cell arrest at sub-G1 and enhanced the radiosensitivity of cancer cells by targeting 
IGF‐1R.43 The p53 protein is known as a key player in cell cycle arrest “p53 is a transcription factor for 
p21 gene” and apoptosis inducer “p53 activates Bax and blocks antiapoptotic function of Bcl2 and Bcl-
xL on the mitochondria.44 Shi et al. reported that in cervical cancer cells, MIR-145 enhanced the effects 
of P53 via suppressing the inhibitors of P53, and they showed that MIR-145 plays an essential role in 
P53 tumor suppression.45 A study indicated that P53 induces the Tristetraprolin expression in cancer 
cells. Tristetraprolin, in turn, increased the expression level of let-7 through the down-regulation of 
Lin28a. So, Tristetraprolin provides an important link between P53 activation and let-7 biogenesis.46  
Conclusion 
Since conventional cancer treatments have many side effects, finding better and more effective 
treatments with fewer side effects is necessary in the medical and biological world today. Given the 
previous knowledge that miRNAs are involved in cancer suppression, their dysregulation leads to 
increased cancer cell proliferation. However, many miRNAs have been studied to treat cancer; so far, 
studies have been conducted on the association between miRNAs and different genes involved in the 
development and spread of cancer. Targeting these modified miRNAs in different ways has opened up 
new horizons for tumor inhibition and cancer treatment. In conclusion, given the specific expression 
pattern of MIR-145-5p and hsa-let7a-3p in CRC and their involvement in tumor progression through 
different signaling pathways, it may be possible in the future to serve as a molecular target for 
diagnostic and therapeutic aims. Due to study limitations, we did not use siRNAs, antibodies or other 
specialized assays, so further research is needed to confirm our conclusions through clinical studies 
and in vivo experiments. 
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