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Introduction
Colorectal cancer (CRC) is still parading as a global 
issue, with a cumulative lifetime risk of 5% in the general 
population.1 As with other types of digestive tract 
cancers, CRC is a multi-step process2 and is instigated by 
gradually accumulated genetic and epigenetic changes 
that ultimately lead to uncontrolled cell proliferation.3 

The poor prognosis of CRC patients is the main reason 
for their low survival rate.4 Thus, during the first 5 years 
of incidence, 30% to 50% of CRC patients develop post-
operation metastasis to other organs (particularly the 
liver), culminating in therapy failures.5 Besides the surgery, 
common therapies for CRC include chemotherapy 
and radiotherapy. However, despite their relative 
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Abstract
Introduction: Colorectal cancer (CRC) 
is regarded as a serious global issue 
and is presently ranked second in the 
classification of gastrointestinal (GI) 
malignancies, with fast incidence and 
high mortality patterns. As the key 
“gene expression regulators”, miRNAs 
critically contribute to tumor progression 
and development. For example, miR-21 
(an oncomiR) and miR-143 (a tumor 
suppressor) are dysregulated through 
colorectal tumorigenesis. Accordingly, 
this study assesses the concomitant therapeutic impacts of “miR-21 suppression” (anti-miR-21) 
and “miR-143 restoration” (miR-143) on CRC cell proliferation and migration. 
Methods: SW-480 cell lines (with overexpressed “miR-21” and downregulated “miR-143”) were 
transfected via “anti-miR-21” and “miR-143” mimics, either independently or in combination. 
Next, cell viability assessment was performed through MTT assay. Then, apoptosis induction was 
examined with “Annexin V-FITC Kit”, and via Propidium Iodide (PI) assay and DAPI staining. 
In the next step, “cell cycle condition” and “autophagy induction” were studied through flow 
cytometry. “Wound-healing assay” and “clonogenic assay” were employed to investigate the 
migration and proliferation of tumor cells. Ultimately, qRT-PCR was utilized to quantify the 
intensity of the effects of “anti-miR-21” and “miR-143” on gene expression profiles.
Results: Downregulation of “miR-21” expression and overexpression of “miR-143” were found to 
synergistically reduce the viability (while elevating apoptosis) of SW-480 cells by modulating Bcl-2 
and Bax expression profiles. Combined therapy increased the number of cells in the sub-G1 phase 
and reduced cell proliferation by modulating expression levels of PTEN and AKT-1. Additionally, 
miR-21 suppression and miR-143 restoration concomitantly reduced cell migration by modulating 
the expression of MMP-9.
Conclusion: Considering anti-cancer effects on cell growth, survival, and migration, it can be 
concluded that the concomitant suppression of “anti-miR-21” and “miR-143 restoration” might be 
introduced as a promising method for the therapy of CRC.
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efficacy, these therapies suffer from some shortcomings 
such as side effects and development of resistance all 
preventing achievement of measurable results.6 Thus, 
identifying molecular mechanisms involved in colorectal 
tumorigenesis is crucial to develop tailored therapies 
for getting these barriers addressed and ensuring the 
successful treatment of CRC.7

miRNAs are small (~19 to 22 nucleotides) and 
endogenous ncRNAs that, by targeting 3′-UTR of 
intended mRNAs, function to control gene expression 
post-transcription.8,9 They serve a unique function in a 
multitude of biological and pathological events by adjusting 
cell growth, survival, differentiation, proliferation, and 
apoptosis.4,10 Further, research advocates that miRNAs 
are dysregulated during tumorigenesis and (while serving 
as oncomiRs and/or suppressors of tumors) contribute to 
the progression and development of human malignancies 
such as CRC, suggesting their therapeutic and diagnostic 
importance.7,11

“miR-21” and “miR-143” are supposed to be dysregulated 
through colorectal tumorigenesis and are thus involved in 
its pathogenesis.12,13 miR-21 is a key miRNA and is viewed 
as a potent target for CRC prognosis, diagnosis, and 
treatment.8 Mediating the progression of tumor and cell 
growth, miR-21 expression is supposed to be upregulated 
in a sort of human malignancies (e.g., pancreatic cancers, 
lung cancers, leukemia and osteosarcoma, gastric cancers, 
and brain tumors).8,14, 15 miR-21 is further overexpressed 
in CRC and serves as an oncomiR by modulating 
multiple pathways, culminating in non-regulated cell 
proliferation, apoptosis blockade, as well as stimulation 
of tumor growth and metastasis.4,16 For example, miR-
21 is capable of downregulating “PTEN” expression and 
elevating the activation of “PI3K/AKT” plus “NF-πB” 
pathways, thereby promoting cancer cell proliferation.17 
Similarly, research advocates that “miR-143” serves a 
unique function in gene expression regulation through 
multiple cellular processes.18 This miRNA appears in 
“miR-143-5p” and “miR-143-3p” isoforms, which are 
expressed in most human tissues.19 miR-143 is involved in 
regulating biological events such as cell survival, growth, 
apoptosis, and differentiation by affecting multiple target 
genes (e.g., ELK1, Bcl-2, DNMT3A, ERK5, MYO6, and 
K-Ras).19,20 Furthermore, considering its target mRNAs, 
miR-143 can modulate multiple signaling pathways 
through tumorigenesis.19 In CRC cells, “miR-143” is 
downregulated and functions as a tumor inhibitor, 
while its overexpression could remarkably prevent CRC 
cell proliferation and growth, implying its ability as a 
therapeutic target for CRC.9

RNA oligonucleotides exhibit certain features that 
cause drug design and efficacy to be adversely affected by 
shortcomings, including (i) poor penetration in the cell 
membrane, (ii) degradation by nucleases in biological 
systems, (iii) entrapment in the endosome, (iv) low binding 

affinity for complementary sequences (CS), (v) off-target 
and unwanted toxicities, (vi) inadequate delivery to target 
tissues, and (vii) activation of innate immune responses. 
Emerging as a novel therapeutic modality, miRNA delivery 
has enabled addressing several associated challenges 
using versatile procedures. For example, the problem of 
rapid degradation of naked miRNAs by nucleases can 
be handled by introducing chemical modifications to 
the oligonucleotides. Yet, a deeper understanding of the 
functional and biological mechanisms and chemistry of 
miRNAs and their bioengineering will assuredly promote 
the versatility of this new therapeutic modality.21

Accordingly, given the importance of miR-21 and 
miR-143 through colorectal tumorigenesis, this study 
investigates the concomitant influence of “suppressing 
miR-21 and restoring miR-143” on CRC cell proliferation, 
apoptosis, and migration as a new therapeutic modality. 
The findings obtained imply that anti-miR-21 and miR-
143 can supportively hamper tumorigenesis of CRC cells 
by regulating the expression profiles of various target 
genes.

Materials and Methods
Cell culture and selection of cell lines
“HCT-116”, “HT-29”, and “SW-480” (i.e., cell lines of 
CRC) were procured from IPI (Pasteur Institute of Iran-
National Cell Bank) and grown in T25 flasks for cell 
culture with a medium of “RPMI-1640” (USA Gibco,) 
with 10% Gibco™ FBS and “10 000 U/mL penicillin” and 
“1000 μg/mL streptomycin” (as antibiotics). The cells 
were then kept under controlled conditions (i.e., Tm: 
37°C; (%) of CO2: 5; (%) of humidity: 95). The appropriate 
cell line was chosen by evaluating the rates of “miR-21” 
and “miR-143” expressed in the concerned cell lines using 
qRT-PCR.22

Cell transfection
Due to its high expression level of miR-21 and low 
expression level of miR-143, the SW-480 cell line was 
selected. Both “anti-miR-21” and “miR-143” mimics (at 
various concentrations of 10, 20, and 40 pmol) along with 
“FITC conjugate controls” (GenePharma Co, Shanghai) 
were transferred into “SW-480 cells” at the concentration 
of 1 × 106 utilizing the Bio-Rad Gene Pulser Xcell System 
in accordance with the specified protocols (TC = 12.5ms, 
and Volts = 160v). Totally, 2 × 105 cells were then cultured 
into six-well plates. The best transfection time (duration) 
and dosage were determined based on the qRT-PCR-
based evaluation of the amounts of miRNA expression 
in the transfected groups. Transfection efficiency was 
assessed by employing a MACSQuant® Analyzer10 flow 
cytometry (Germany).23

RNA extraction and qRT-PCR
The process of total RNA isolation from the concerned 
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cell lines was accomplished by employing the “Trizol 
RNA Extraction Kit” (GeneAll, S-Korea). RNAs were 
measured for their purity and concentration by the 
“Thermo Scientific NanoDrop Spectrophotometer” based 
on absorbance at “260” and “280” nm. The intended 
cDNA was then obtained via the reverse-transcription 
of the extracted mRNAs by the “Universal cDNA 
Synthesis miRNACURY LNATM kit”. For measuring 
the expression amounts for the target genes, cDNA was 
synthesized utilizing the “Takara PrimeScript RT Master 
Mix”. Next, the expression profiles for “Bcl-2”, “Bax”, 
“MMP-9”, “PTEN”, “AKT”, “miR-21”, and “miR-143” 
were determined with a “BioFACT™ 2X RT-PCR Master 
Mix” (S-Korea) in a “US Applied Biosystems qRT-PCR 
instrument”. Ultimately, endogenous housekeeping 
genes “U6” and “GAPDH” were employed to normalize 
the expressed rates for concerned genes and miRNAs 
through the 2-ΔΔCt methodology. The related primers as 
well as their forward and reverse sequences are reported 
in Table 1.24

MTT assay
MTT assay was implemented for visualizing the 
cytotoxicity of “miR-143” and “anti-miR-21” against 
the studied SW-480 cells. Briefly, these cells were first 
transfected with miRNAs (in combination or alone) and 
then cultured (i.e., 1 × 104 cells in each single well) in 96-w 
plates. Two days post-transfection, the wells underwent 
incubation (Tm: 37°C) with a “50 μL solution of MTT”. 
Following culture medium removal to dissolve the 
formazan crystals, each well was treated with “dimethyl 
sulfoxide” (100 μl). After 30 min of incubation, the optical 
density (OD) value of each well was read (at 570 nm) 
using a “Switzerland Tecan Microplate Reader. All steps 
were replicated three times.25

Wound healing assay
The scratch analysis was conducted for assessing the 

impacts of combination therapy via miRNA transfection 
on cell migration ability. For this purpose, SW-480 cells 
were transfected with anti-miR-21 and miR-143 mimics. 
Next, each single well was supplied with 3 × 105 transfected 
cells in 12-well plates (having RPMI-1640 enriched with 
10% FBS). When the concerned cells reached a confluency 
of about 70–80%, cellular monolayers were scratched 
from the central point via a sterile “yellow pipette tip” 
for creating a “wound-like gap” through the cells. The 
wounds were imaged at specific time points (i.e., 0, and 48 
hours) via an “OPTIKA Series Inverted Microscope”. The 
rate of migration was quantified in ImageJ.26

Apoptosis assay
“Annexin V-FITC Kit” and “PI staining”
The rate of apoptosis instigation was evaluated via the 
“Annexin V-FITC/PI Staining Kit” (Exbio- Czech). 
Upon transfecting SW-480 cells using “anti-miR-21” and 
“miR-143”, the cells were transported to six-well plates 
(i.e., 2 × 105 cells in each single well). Two days post-
incubation, the cells were first detached with trypsin/
EDTA and subsequently harvested. Next, the flow 
cytometer instrument (Milteny Biotec™, Germany) was 
employed to analyze samples in accordance with the 
suggested protocols. FlowJo (v10.10, USA) was further 
utilized to evaluate the rate of apoptosis. All experiments 
were repeated three times.27

DAPI staining
The DAPI staining method was performed as a qualitative 
way to further investigate the induction of apoptosis in 
treatment groups based on chromatin condensation and 
nuclear fragmentation. After seeding transfected cells into 
96-well plates followed by two days of incubation, the cells 
underwent fixation with 100 μL of 5% paraformaldehyde 
for 60 min, and subsequently three washes with PBS. 
Afterward, a 10-minute permeabilization process was 
achieved using “Triton-X-100” (0.1%), continued with 

Table 1. Primer sequences

Gene Forward(F)/Reverse(R) Primer sequence

U6
F 5ˊ-CTTCGGCAGCACATATACTAAAATTGG-3ˊ
R 5ˊ-TCATCCTTGCGCAGGGG-3ˊ

GAPDH
F 5ˊ-CAAGATCATCAGCAATGCCT-3ˊ
R 5ˊ-GCCATCACGCCACAGTTTCC-3ˊ

Bcl-2
F 5ˊ-CTGTGGATGACTGAGTACCTG-3ˊ
R 5ˊ-GAGACAGCCAGGAGAAATCA-3 ˊ

Bax
F 5′-GACTCCCCCCGAGAGGTCTT-3′
R 5′-ACAGGGCCTTGAGCACCAGTT-3′

MMP-9
F 5ˊ-TTGACAGCGACAAGAAGTGG-3ˊ
R 5ˊ-GCCATTCACGTCGTCCTTAT-3ˊ

AKT
F 5ˊ-GCTGCACAAACGAGGGGAG-3ˊ
R 5ˊ-CCGCTCCGTCTTCATCAGCT-3ˊ

PTEN F 5′- TGAGTTCCCTCAGCCGTTACCT-3′
R 5′- GAGGTTTCCTCTGGTCCTGGTA-3′

miR-21 Target sequence 5ˊ-CAACACCAGUCGAUGGGCUGU-3′
miR-143 Target sequence 5′-GGUGCAGUGCUGCAUCUCUGGU-3′
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additional washes and staining with a “0.1% DAPI 
solution” (Sigma Aldrich, USA) for 10 min under 
darkness. Ultimately, the “Biotek Cytation-5 FI System” 
was employed to visualize cell morphology.26

Cell cycle assay
Flow cytometry analysis (FCA) evaluated the combined 
influence of “anti-miR-21” and “miR-143” on the 
progression of the cell cycle. It was initiated by seeding 
the transfected cells in six-well plates (i.e., 2 × 105 cells 
in every single well), followed (after 48 hours) by 
collecting the cells and fixing them with ethanol (70%) 
and incubation overnight at Tm: -20°C. After 24 hours, 
the cells were incubated for 30 min with “1% RNase A” 
(Bioneer, Daejeon, Korea), underwent permeabilization 
with “0.1% Triton-X-100”, and stained by “0.1% DAPI 
solution” for half an hour at 25°C under darkness. 
Finally, the FCA quantified the amount of cells (by %) 
arrested in the different phases, with the results analyzed 
in FlowJo.28

Colony formation assay (CFA)
The clonogenic evaluation was conducted to scrutinize the 
impact of the “anti-miR-21 and miR-143” combination on 
the colony-forming ability of SW-480 cells (as a distinctive 
feature of CSCs – cancer stem cells). To conduct the 
experiment, SW-480 cells were transfected and seeded 
into six-well plates at a low (i.e., 1 × 10³) density of cells 
in each well. The cells were cultured for a weak, followed 
by PBS-based cell rinsing and then cell fixing with “5% 
paraformaldehyde”. The cells (post-fixation) were stained 
for half an hour with “0.5% crystal violet”, followed by 
washing the plates and counting the colonies after 20 min 
using an inverted microscope.29

Autophagy assay
The cells were first transfected with miRNAs (combined 
and alone); subsequently, each well was supplied by 
2 × 105 cells in six-well plates. Two days post-transfection, 
the cells underwent PBS washing and were stained 
with monodansylcadaverine (MDC, 50 µM). After a 
10-minute incubation, PBS was used for rinsing, and 
trypsin was employed to detach and harvest the cells. The 
samples then underwent FCA assessment by means of an 
FCA instrument. The collected data were subsequently 
analyzed in FlowJo.29

Statistical analysis
All tests were conducted three times. The obtained data 
for continuous variables were reported as “mean ± SD”. 
Further, the “T-test” and “one-way ANOVA” were run 
to identify the significance of differences between study 
variables. All analyses were done in GraphPad Prism 9, 
and results with a P < 0.05 were supposed to be statistically 
significant.30

Results
Levels of “miR-21” and “miR-143” expression in CRC 
cell lines
The expression rates for both “miR-21” and “miR-143” 
in three concerned cell lines of CRC (i.e., i) SW-480, 
ii) HT-29, and iii) HCT-116) were investigated using 
qRT-PCR. The obtained results (Fig. 1) revealed no 
statistically significant difference in expressed of “miR-
143” between the cell lines of CRC, with the SW-480 cell 
line exhibiting significantly higher miR-21 expression 
levels than other cell lines (P < 0.0001). Therefore, 
according to these results, malignant features of the SW-
480 cell line were suggested to be more influenced by 
miR-21, it was thus preferred (as the optimum option) 
for additional examinations.

Evaluation of transfection efficiency in SW-480 cells
The transfection efficiency of miRNAs was assessed 
through flow cytometry using a control miR conjugated 
with FITC. The results (Fig. 2A) indicated that the 
transfection rate of FITC‐conjugated control miR in SW-
480 cells is about 96.6%. qRT-PCR was run to measure 
the optimal transfection dose and time for anti-miR-21 
plus miR-143 in SW-480 cells. As displayed in Fig. 2B, 20 
pmol of “anti-miR-21” and “miR-143” could significantly 
modulate their expression as opposed to other groups 
(P < 0.0001). In addition, it was found that after 48 hours, 
the miR-21 expression was significantly downregulated, 
whilst that of miR-143 was significantly upregulated 
(P < 0.0001). Thus, based on these results, a dose of 
“20 pmol” of miRNAs and a duration of “48 hours” 
were selected as the optimal dose and incubation time, 
respectively.

Fig. 1. The expressed amounts for both “miR-21” and “miR-143” in 
“SW-480”, “HT-29”, and “HCT-116”, as opposed to each other utilizing 
qRT-PCR. As demonstrated, the expression rate for “miR-21” in the SW-
480 cell line is significantly higher than its expression level in other cell 
lines. The data are presented as “mean ± SD”; (no. of replications: three); 
(****P < 0.0001; ns = non-significant).
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“miR-21 suppression + miR-143 restoration” reduces 
SW-480 cell viability
The influences of “anti-miR-21” and “miR-143” 
transfection (alone or simultaneously) on SW-480 
cell survival were examined through MTT assay. As 
demonstrated in Fig. 3, miR-21 suppression significantly 
diminished cell survival in transfected cells than in 
“control” and “negative control” groups (P < 0.0001). 
Likewise, exogenous overexpressed rates of “miR-143” 
led to a noticeable decline in the viability of SW-480 cells 
(P < 0.0001) than in the control groups. However, in the 
combination treatments, cell survival dropped noticeably 
(P < 0.0001) than in alone treatments.

“Anti-miR-21 + miR-143” induces apoptosis in SW-480 
cells
Annexin V-FITC/PI Staining assay revealed that 
“miR-143 overexpression” and “miR-21 suppression” 
remarkably triggered apoptosis induction in SW-480 cells 
(i.e., up to 12.17% and 15.03%, respectively) compared 
to the corresponding 3.52% in the control group 
(P < 0.0001). Contrary to single groups, the apoptosis rate 
in combination treatments was significantly increased 
to 32.08% (P < 0.0001) (Fig. 4A). Additionally, DAPI 
staining revealed that miR-21 suppression and miR-143 
overexpression can synergistically enhance the rate of 
DNA fragmentation more than that in cells treated with 
single miRNA (Fig. 4B). 

Furthermore, aiming to verify apoptosis induction in 
the transfected cells, the expressed rates for genes that 

regulate the apoptosis process were examined by qRT-
PCR. As presented in Fig. 4C, the expression rates for the 
anti-apoptotic gene “Bcl-2” have significantly declined 
in cells individually transfected with “anti-miR-21” and/
or “miR-143” (P < 0.0001) than in the control group. 
Contrarily, co-transfection of “anti-miR-21” and “miR-
143” noticeably lowered the expression levels of Bcl-2 
(P < 0.0001), compared to single transfections. It was 
also found that the levels of Bax mRNA (a proapoptotic 
gene) increased via cell transfection by “anti-miR-21” 

Fig. 2. A) The efficiency of transfection of miR-21 and miR-143 evaluated using flow cytometry. As shown, the transfection rate is estimated at 96.6%. B) SW-480 
cells have been treated with three doses (10, 20, and 40 pmol) of miRNAs and incubated for varying durations (24, 48, and 72 hours). The dose of “20 pmol” and 
duration of “48 hours” for “anti-miR-21” and “miR-143” were evaluated by qRT-PCR; (****P < 0.0001; *** P < 0.001; ** P < 0.01; * P < 0.05; “ns = non-significant”).

Fig. 3. Cell survival assessment in various treatment groups using MTT 
assay. SW-480 cells have been treated with “anti-miR-21” and with “miR-
143” (alone or concomitantly). As can be seen, the combined group 
exhibits a significant reduction in cell survival rate than the individual 
groups treatments; (****P < 0.0001; “ns = non-significant”).
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Fig. 4. “anti-miR-21 + miR-143” have simultaneously induced apoptosis in SW-480 cells. A) Graphically illustrated results for the induction of apoptosis in 
diverse treatments as evaluated by the “Annexin V-FITC/PI Staining” assay. Transfecting cells with “anti-miR-21” or “miR-143” can remarkably enhance 
apoptosis rate, but in the combination group, this increase has been significantly higher than in the single groups (****P < 0.0001). B) Fragmentation of 
chromatin in transfected cells followed by DAPI staining. C) A qRT-PCR assessment of expressed levels for Bcl-2 and Bax genes in the transfected groups 
than in controls; (****P < 0.0001; *** P < 0.001).

(P < 0.001) and “miR-143” mimics (P < 0.0001), contrary 
to controls. However, in combined treatments, Bax 
expression levels were higher (P < 0.0001) compared to 
single treatments.

Inhibition of SW-480 cell migration by merged “anti-
miR-21 + miR-143”
In this study, scratch evaluation was performed to assess 
the influence of “anti-miR-21” and “miR-143” on cell 
migration ability. It was found that “suppression of miR-
21 + overexpression of miR-143” can significantly reduce 
the migration intensity in SW-480 cells relative to the 
individually treated groups (P < 0.0001) (Fig. 5A).

To further clarify the influences of polytherapy on cell 
migration, the expression rate for the metastatic gene 
“MMP-9” was investigated. As displayed in Fig. 5B, the 
downregulated expression for “MMP-9” is evident in SW-
480 cells transfected utilizing “anti-miR-21” and “miR-
143” mimics individually, compared to cells in the control 
group (P < 0.0001). On the other hand, the combination 
therapy culminated in a significantly lower expression of 
MMP-9 than cells transfected individually. Collectively, 

we postulate that “anti-miR-21” and “mimic-miR-143” 
may prevent CRC migration by regulating metastasis-
associated genes such as “MMP-9”.

“Anti-miR-21 + miR-143” effect on cell cycle advancement
FCA was performed to evaluate the influence of 
“polytherapy” on cell cycle status in cells. As illustrated 
(Fig. 6), the cell cycle was arrested at the “sub-G1 phase” in 
transfected cells than in the control group. “Anti-miR-21” 
and “miR-143” can be expressively increased in the sub-G1 
cell population from 0.35% (in the control group) to 
6.20% and 5.92%, respectively (P < 0.001). Subsequently, 
it was found that simultaneous “suppression of miR-21” 
and “miR-143 overexpression” more effectively triggered 
the arrest of the cell cycle at the sub-G1 phase (13.4%), 
compared to the separately transfected cells (P < 0.0001).

“Suppression of miR-21 + miR-143 overexpression” 
reduces clonogenic power of SW-480 cells 
Considering the antiproliferative effects of “anti-miR-21” 
and “miR-143”, the clonogenic capacity of SW-480 cells 
was measured via CFA. Transfection of anti-miR-21 and 
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Fig. 6. The status of the cell cycle in transfected cells assessed utilizing FCA compared with the control group. As shown, combination therapy can provoke 
the arrest of the cell cycle more effectively at the sub-G1 phase, than separately transfected cells; (****P < 0.0001).

Fig. 5. The status of “migration inhibition” in different treatment groups evaluated using a wound healing assay, with the results demonstrated graphically. 
A) 48 h post-incubation, the combination group contributed to a significantly higher migration inhibition than other groups. B) qRT-PCR-based assessment 
of MMP-9 gene expression levels in the transfected groups in contrast to the controls; (****P < 0.0001; *** P < 0.001; and ** P < 0.01).
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miR-143 lowered “colony formation capacity” in SW-
480 cells than in controls, as demonstrated in Fig. 7A 
(P < 0.0001). Further, the combined therapy revealed a 
highly noticeable suppressive impact on the capacity of 
SW-480 cells to form colonies than anti-miR-21 or miR-
143 alone (P < 0.0001). For further evaluation of the impact 
of polytherapy in CRC cell proliferation, a qRT-PCR 
analysis quantified the expression amounts of genes that 
contribute to cell growth. The results in Fig. 7B indicate 
that transfection with “anti-miR-21” (P < 0.01) and 
“miR-143” (P < 0.0001) reduces the expression amount 
of the pro-survival gene “AKT-1” than in controls. In 
addition, AKT-1 gene expression was more significantly 
downregulated in cells simultaneously transfected 
utilizing “anti-miR-21 + miR-143”, in contrast to single 
treatments (P < 0.0001). Likewise, the expressed amount 
for the tumor-suppressing gene “PTEN” was enhanced 
in cells treated with anti-miR-21, in contrast to controls 
(P < 0.0001). Contrarily, no significant difference was 
observed in the expression of this gene in cells transfected 
utilizing miR-143 than in cells in the control group. 
However, the expression rate for PTEN was uplifted more 
in the polytherapy group than in the alone treatments 
(P < 0.0001). Eventually, it was revealed that combination 

therapy with anti-miR-21 and miR-143 mimics can 
suppress SW-480 cell “growth” and “proliferation” via 
modulating PTEN and AKT-1 expression.

“anti-miR-21 + miR-143” effect on autophagy
In this study, MDC staining and FCA were used to evaluate 
autophagy induction in SW-480 cells. The findings 
revealed that “suppressed miR-21” and “restored miR-
143” alone can remarkably induce autophagy in SW-480 
cells (P < 0.0001). The autophagy rate was elevated from 
0.26% (in the control group) up to 10.7% and 13.5% in anti-
miR-21 and mimic miR-143 transfected cells, respectively. 
In addition, the combination therapy exhibited a higher 
rate of autophagy induction (30.6%) compared to the 
“anti-miR-21” and “miR-143” groups (Fig. 8).

Discussion
CRC still remains a serious health threat due to poor 
prognosis and failure of conventional treatments. Thus, 
identifying novel therapeutic settings and modalities that 
can improve the outcomes for CRC patients is desperately 
required.31,32 Today, miRNA replacement therapy is 
pondered as a versatile gene therapy methodology to 
develop new treatment strategies for human cancers such 

Fig. 7. A) Transfection by “anti-miR-21” and “miR-143” culminates in a reduction of the colony formation capacity of SW-480 cells, as opposed to controls. 
However, the combined therapy exhibits a highly noticeable suppressive impact on the colony formation capacity of SW-480 cells when compared with 
anti-miR-21 or miR-143 alone (****P < 0.0001). B) qRT-PCR assessment of AKT-1 and PTEN gene expression levels in the transfected groups, contrary to 
controls; (****P < 0.0001; ***P < 0.001; and **P < 0.01; “ns = non-significant”).
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as CRC.33,34 Recent research advocates that miRNAs can 
directly influence the expression of tumor suppressors/
oncogenes and subsequently modulate multiple signaling 
pathways. In other words, impaired expression of 
miRNAs can contribute to the progression of an array 
of human cancers by regulating cell invasion, metastasis, 
angiogenesis, and resistance to chemotherapy.35 Thus, 
miRNAs are considered promising therapeutic targets for 
developing novel treatment strategies for malignancies 
such as CRC.36

Based on earlier reports, dysregulated “miR-21” and 
“miR-143” serve a unique function in CRC progression.10,37 

Previous studies on miR-21 have shown that this miRNA 
(serving as an oncomiR, especially in CRC) holds great 
potential as a diagnostic, prognostic, and therapeutic 
target. As claimed, upregulated expression of miR-21 may 
foster the process of metastasis to the liver and lymph 
nodes in patients suffering from CRC.37 Research further 
demonstrates that miR-21 upregulation by impairing the 
expression of several proteins (e.g., Pdcd4 and Sec23A) 
increases migration and invasion of SW-480 cells.38,39 In 
addition, miR-21 has been illustrated to be an important 
predictor for colorectal adenocarcinoma and to contribute 

to cancer progression by regulating profiles of expression 
for genes such as ABCB1, HPGD, Bcl-2, TIAM1, TLR3, and 
PDCD4.40 Likewise, functioning as a tumor suppressor, 
miR-143 is believed to exhibit meaningful assistance in 
tumorigenesis of CRC and various cancers. Decreased 
expression of “miR-143”, which is deemed as a promising 
diagnostic biomarker for CRC, is shown to be correlated 
with tumor progression, chemotherapy (CHT) resistance, 
metastasis, and poor prognosis of patients.2,41 Research 
shows that miR-143 could block cell proliferation and 
migration in CRC cells by modulating several genes, 
including Bcl-2, ERBB3I, K-Ras, MMP-9, c-Myc, and 
MACC1.42 Therefore, given the importance of both “miR-
21” and “miR-143”, this study investigated the impact of 
suppressing miR-21 using antisense sequence along with 
exogenous overexpression of miR-143 expression through 
mimic sequences on CRC cells as a promising therapy.

In this study, MTT assay illustrated that suppression 
of miR-21 or miR-143 overexpression would lower SW-
480 CRC cell viability and that co-transfection of these 
miRNAs can markedly reduce cell proliferation. In line 
with these findings, research reports that the suppression 
of “miR-21” in multiple myeloma cell lines can notably 

Fig. 8. Induction of autophagy in different treatment groups based on results from MDC staining. As shown, the combination therapy culminates in a higher 
autophagy induction rate than the anti-miR-21 and miR-143 groups; (****P < 0.0001).
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reduce cell survival.43 According to Nabipoorashrafi et al, 
transfecting miR-143 results in decreased proliferation of 
WM-115 melanoma cells in vitro.44

Further analysis with Annexin V-FITC/PI and DAPI 
staining supported that a decline in cell viability in 
transfection groups can be attributed to apoptosis 
induction. It was discovered that “anti-miR-21 + miR-
143” simultaneous transfection can improve apoptosis 
induction in SW-480 cells, which further qualifies the 
combination therapy as a more effective strategy to 
overcome cancer cell progression. Further, qRT-PCR 
results indicated upregulation of Bax expression and 
lowered levels of Bcl-2 in transfection groups, confirming 
apoptosis induction by the combination therapy. In a 
similar study, Xiong et al. postulated that the apoptosis 
rate is enhanced in HCT-116 cells that are transfected 
with an anti-miR-21 inhibitor.14 Further, miR-143 
overexpression was shown to hamper SW-480 CRC cells 
from proliferation through apoptosis provocation and 
modulating Bax/Bcl-2 expression ratio.45 Liu et al found 
that overexpression of miR-143 in HeLa cells reduced 
Bcl-2 expression, and knocking down miR-143 with anti-
miR-143 increased Bcl-2 expression.20

Cell cycle analysis results revealed that simultaneous 
transfection of SW-480 cells with anti-miR-21 and miR-
143 would inhibit cell cycle progression at the sub-G1 
phase, more effectively than transfections with single 
treatments. These findings support those in previous 
studies that indicate miR-21 overexpression can increase 
CRC cell growth by mitigating “sub G1 cell cycle arrest” 
as well as promote resistance to 5-fluorouracil treatment 
by downregulating the expression of hMSH2.46 Similar 
results imply “miR-143 overexpression” would contribute 
to the accumulation of cells in the sub-G1 cell cycle phase 
in cervical cancer.26

Consistent with previous results, CFA evidenced that 
miR-21 suppression and miR-143 overexpression can 
cooperatively diminish the self-renewal and growth of SW-
480 cells. Considering the synergistic anti-growth effects 
of anti-miR-21 and miR-143, we further investigated 
AKT1 and PTEN expression in treatment groups. 
Notably, the “PTEN/AKT signaling pathway” plays a 
decisive role in CRC advancement by influencing multiple 
cellular events, including cell growth and proliferation. 
The tumor-suppressing gene PTEN (phosphatase and 
tensin homolog) can inhibit cell proliferation through 
dephosphorylation and deactivation of AKT.47 Activated 
AKT in turn promotes cell proliferation and migration in a 
sort of human malignancies such as CRC.48 Furthermore, 
the present study showed that the combination of 
“suppressed miR-21 + miR-143 overexpression” would 
lead to PTEN upregulation and AKT-1 downregulation 
in SW-480 CRC cells. Consistently, PTEN has been 
documented as a “direct target” for miR-21. Again, miR-
21 overexpression can induce the proliferative potential 

of cancerous cells (e.g., CRC cells) by regulating the 
PTEN/AKT pathway.11,49 It has also been denoted that the 
expression of miR-21 is directly linked with the expression 
of AKT, PTEN, and CD44, which ultimately regulate 
the growth and migration of keloid keratinocytes.50 In 
addition, miR-21 suppression through restoring PTEN 
gene expression leads to reduced proliferation in liver 
cancer cells.51 As reported by Noguchi et al. overexpressed 
“miR-143” in human bladder cancer (BC; T24 cells) can 
significantly reduce AKT expression by modulating 
PI3K/Akt plus MAPK signaling pathways.52 Thus, it can 
be assumed that inhibition of miR-21 expression (plus 
overexpressed miR-143) can hinder the abnormal growth 
of cancer cells by increasing PTEN tumor suppressor and 
reducing AKT expression.

Epithelial mesenchymal transition (EMT) is viewed as 
one of the key stages in the transformation of primary 
(initial) tumors into metastatic forms of colon cancer.53 
In this process, the adhesion properties of epithelial cells 
are reduced, and, as a result, the process of migration and 
invasion of tumors to other organs occurs.54 According to 
the scratch assay results in this study, low levels of miR-
21 (due to anti-miR-21) reduce cell migration, as opposed 
to controls. Further, a similar finding was obtained for 
increasing the expression of miR-143 using mimic-
miR-143. In particular, results demonstrated a substantial 
decline in the potency of SW-480 cells to migrate and 
metastasis in the case of simultaneous transfection 
of “anti-miR-21” and “miR-143” relative to single 
treatments. Extensive research has explored the function 
of miR-21 and miR-143 in cell migration in different 
cancers, whose results concur with the present research 
findings. In a similar study, it has been reported that up-
expressed “miR-21” is associated with the capabilities of 
CRC cells to migrate and invade. Findings have shown 
that miR-21 directly hinders tumor-suppressive genes 
such as TIMP3, PDCD4, PTEN, TPM1, RECK, and 
Maspin. Such an inhibition triggers several degradation 
enzymes, thereby increasing cell migration and invasion 
as well as promoting distant metastases.55 Similarly, miR-
143 overexpression hampers migration, cell growth, 
and invasion in CRC cells by affecting MACC1 (i.e., 
metastasis-associated in colon cancer-1). Thus, in CRC 
tissues, an inverse association exists between the level of 
“miR-143” and the expression of MACC1 mRNA.42 For 
example, Li et al illustrated that miR-143 overexpression 
can hamper CRC cell proliferation, invasion, and EMT 
by downregulating the expression of the HMGA2 gene. 
This finding suggests that miR-143 reduces the malignant 
progression of CRC by suppressing HMGA2.56

Research advocates that cancer cell migration 
inhibition is accomplished by influencing the different 
genes (e.g., MMP-9) that participate in the metastasis 
process, which was further analyzed in this study. Matrix 
metalloproteinase-9 (MMP-9) degrades important 
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extracellular matrix proteins (e.g., collagen proteins) and 
enhances the migration ability of various cancer cells. 
Further, MMP-9 activity enables tumor cells to access 
blood vessels and migrate to other areas of the body, 
eventually causing metastasis.57 Importantly, MMP-9 
upregulation has been recognized to be closely linked 
with cell metastasis and poor prognosis in CRC patients. 
We further displayed that suppression of “miR-21” and 
restoration of “miR-143” cooperatively reduced MMP-
9 expression in SW-480 cells. In line with our results, 
restoring miR-143 expression has been shown to diminish 
SW-480 cell migration through downregulating MMP-9 
expression.43 Wang et al stated that miR-21 leads to cystic 
fibrosis by downregulating the expression of the MMP-
9 gene.57 Again, research has found that increasing the 
expression of miR-143 would lower the migration of oral 
squamous cell carcinomas by declining the expression of 
invasive genes including MMP-9, C-Myc, and K-Ras.58 
Further, miR-21 was previously reported to directly 
target tissue inhibitors of metalloproteinase-3 (TIMP3), 
which indeed can increase the expression of both “MMP-
9” and “MMP-2”, thereby promoting the migration and 
tube formation of endothelial cells.59 Research shows 
that overexpression of miR-143 in melanoma cancer 
cells suppresses metastasis-related genes, including 
E-cadherin, Vimentin, CXCR4, and MMP-9.44 Thus, it 
can be stated that the combined use of anti-miR-21 and 
miR-143 might be a promising technique to significantly 
reduce metastasis and invasion in CRC cells.

This study evaluated the effect of suppressing miR-21 
expression along with increasing miR-143 expression 
on autophagy induction in SW-480 cells. Under normal 
cellular conditions, autophagy is a mechanism for 
maintaining biological activity through the recovery of 
damaged proteins and organs. However, in cancer cells, it 
may inhibit tumorigenesis by reducing cell proliferation 
and inducing cell death.60 Our results also revealed a 
significantly enhanced autophagy rate in the groups that 
were transfected utilizing “anti-miR-21” and “miR-143”, 
as opposed to the control groups. However, suppression 
of miR-21 expression along with increased miR-143 
expression further elevated the induction of autophagy 
in SW-480 cells. Despite our limited knowledge about 
the contribution of miRNAs to autophagy induction, it 
was shown that targeting miR-21 increased autophagy-
linked proteins “Vps34”, “Beclin-1”, and “LC3-II” as 
well as induced autophagy in leukemia cells.61 Wei et al 
demonstrated that miR-143 serves a decisive function 
in regulating autophagy by targeting ATG2B and 
suppressing gene expression in autophagy in NSCLC (i.e., 
non-small cell lung cancer) cells.62

Conclusion
Collectively, the findings reported here indicated that 
simultaneous “suppression of miR-21 + restoration of 

miR-143” can effectively and cooperatively inhibit in 
vitro tumorigenesis in SW-480 CRC cells. The designed 
combination therapy was found to hamper cell viability 
through Bcl-2/Bax expression and subsequent apoptosis 
induction. Again, it was found that the “anti-miR-21 
and mimic-miR-143” combination would reduce cell 
migration by downregulating MMP-9 and inhibit cell 
growth by modulating AKT-1 and PTEN expression. 
It is suggested that anti-miR-21 and mimic-miR-143 
functions are far more pronounced when they are used 
in combination. Thus, their simultaneous use can be 
deemed as a novel therapeutic technique to improve the 
treatment of CRC.
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