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Abstract

Background: Cardiac Progenitor Cells (CPCs) can grow, move, and change into other cell types. These abilities are important for treating Is-
chemic Heart Failure (IHF). MicroRNAs (miRNAs) help control heart-related processes after genes are read. This study tested how miR‑199a‑5p 
affects c‑kit⁺ cardiac progenitor cells. 

Methods: We took c‑kit⁺ cells from mouse hearts. C57BL/6 mice were used. The cells were separated with immunomagnetic beads. Tests showed 
the cells were pure. The markers c‑kit, Sca‑1, and CD34 were all found in 100% of cells. CD45 was not found. Cells were placed into three groups: a 
control group, a negative control mimic group, and a miR‑199a‑5p mimic group. A lentivirus was used to make cells produce more miR‑199a‑5p. We 
then measured cell activity with the CCK‑8 test. Cell division was checked with EdU staining. A scratch test measured cell movement. We also tested 
for Nkx2.5, CD31, and α‑SMA using RT‑qPCR and immunofluorescence. 

Results: Compared with the NC mimic group, the miR-199a-5p mimic group exhibited significantly reduced cell viability (p<0.001), EdU-posi-
tive cell rate markedly decreased (p<0.01), and 24-hour cell migration rate significantly declined (p<0.001). Furthermore, mRNA and protein expres-
sion levels of Nkx2.5, CD31, and α-SMA were all significantly downregulated (p<0.001).

Conclusions: These results show that miR‑199a‑5p slows the growth, movement, and change of c‑kit⁺ cardiac progenitor cells. This suggests 
miR‑199a‑5p could be a target for treating ischemic heart failure.

Keywords: C-kit⁺ cardiac progenitor cells, MiR-199a-5p, Ischemic heart failure, Cell proliferation, Cell migration, Cell differentiation

Abbreviations: IHF: Ischemic heart failure, c‑kit: Stem Cell Factor receptor, Sca‑1: Stem-cell antigen-1, CD45: Pan-leukocyte lineage marker, CD34: 
Hematopoietic and vascular progenitor cells marker, Nkx2.5: Cardiomyocyte marker, CD31: Platelet-endothelial cell adhesion molecule-1, α-SMA: 
Myofibroblast differentiation marker, HIF-1α: Hypoxia-inducible factor-1α, CPCs: Cardiac progenitor cells, OD: Optical density values.

Introduction
Ischemic Heart Failure (IHF) continues to cause many heart-re-

lated deaths across the world. After a heart attack, the heart muscle 
gradually changes shape and loses cells that cannot be recovered  

 
[1,2]. There are now better drugs, medical procedures, and surgical 
treatments available. Still, these methods do not lead to actual re-
growth of heart muscle at the cellular scale [3]. Because of this, re-
searchers are focusing more on heart regeneration as an important 
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new direction. Among the options being studied, cardiac progeni-
tor cells — called CPCs — show potential for helping the damaged 
heart muscle work properly again [4-6]. Among different types of 
cardiac progenitor cells, c-kit⁺ cells have received much attention. 
These cells can grow rapidly. They can also develop into several 
cell types. Studies show they help repair heart muscle [7]. Both 
animal studies and patient trials have reported benefits. Trans-
planting c-kit⁺ cells can improve heart function. It can also reduce 
harmful changes in hearts with poor blood supply [8,9]. Still, how 
these cells are controlled is not fully clear. This is especially true 
in the diseased heart environment of ischemic heart failure. This 
lack of knowledge slows their use in treatments and limits ways to 
improve their effects.

MicroRNAs (miRNAs：endogenous, ≈22-nucleotide, non-cod-
ing RNAs that mediate post-transcriptional gene silencing via 
base-pairing with complementary sequences in target mRNAs) 
are small molecules that help control how genes work after they 
are read. They play a role in many heart-related processes such as 
heart thickening, scarring, and damage after a heart attack [10,11]. 
Changes in miRNA levels have been tied to the worsening of isch-
emic heart failure. They also affect how stem cells and progenitor 
cell’s function [12,13]. One miRNA, called miR‑199a‑5p (microR-
NA-199a-5p, a mature 5′-strand microRNA derived from the 3′ arm 
of the pre-miR-199a hairpin), is involved in heart formation, blood 
vessel growth, and cell death. Altered levels of miR‑199a‑5p have 
been found in human heart tissue that is ischemic or failing [14,15]. 
Previous studies show that miR‑199a‑5p can affect pathways re-
lated to low oxygen by targeting molecules like HIF‑1α [16,17]. 
However, how miR‑199a‑5p directly controls important activities 
of c‑kit⁺ cardiac progenitor cells — especially their growth, move-
ment, and ability to change into other cell types — remains unclear 
and has not been fully studied.

To fill this research gap, we studied how miR-199a-5p affects 
c-kit⁺ cardiac progenitor cells. We increased miR-199a-5p levels in 
these cells using a lentiviral method. Then, we tested cell activity, 
growth, movement, and ability to become heart cell types. Our re-
sults show that miR-199a-5p clearly reduces these important cell 
functions. This suggests miR-199a-5p could be a target for treat-
ment aimed at improving heart repair in IHF. This study helps us 
better understand how miRNAs control heart progenitor cells. It 
also offers a scientific basis for creating miRNA-based methods to 
improve heart muscle repair. Our findings show that miR-199a-5p 
acts as an inhibitor. This provides new ideas about the molecular 
processes that could be targeted. These targets may help make 
stem cell treatments for ischemic heart disease work better.

Materials and Methods
Animals and Cell Isolation

All animal experiments were approved by the Animal Ethics 
Committee of Hebei General Hospital. The experiments followed the 

relevant guidelines. We used male C57BL/6 mice. The mice were 
8 weeks old. Their weight was 18–23 g. They were bought from 
Guangzhou Laidi Biomedical Research Institute. The mice were 
kept under standard lab conditions. The temperature was 22 ± 1 °C. 
The humidity was 55 ± 5 %. The light/dark cycle was 12 h/12 h. 
Food and water were available at all times. The mice adapted for 
two weeks. Then, they were anesthetized. We used pentobarbital 
sodium (50 mg/kg) given by intraperitoneal injection. Next, heart 
tissues were taken out under sterile conditions. Connective tissue 
and major vessels were removed. The heart muscle was cut into 
small pieces. Each piece was about 1 × 1 × 1 mm³ in size. These 
pieces were digested with enzymes [18]. The digestion solution 
contained 0.25 % trypsin and 0.1 % collagenase II. Digestion lasted 
30 minutes at 37 °C with gentle shaking. We stopped the digestion 
by adding complete medium. Then, the cell mixture was passed 
through a 200‑mesh sieve. It was then centrifuged at 1000 × g for 
5 minutes. After centrifugation, we collected the cell pellet. The pel-
let was mixed again with culture medium. The medium contained 
78 % IMDM, 20 % FBS, 1 % L‑glutamine, 1 % penicillin‑streptomy-
cin, and 55 μM β‑ Mercaptoethanol [19]. This cell suspension was 
placed into flasks coated with gelatin. The cells were grown at 37 °C 
with 5 % CO₂. We changed the medium every 2–3 days.

Immunomagnetic Sorting of c‑kit⁺ CPCs 

Cells in the growth phase were collected. They were washed 
with PBS. The cell concentration was set to 1 × 10⁷ cells/mL. Anti 
c‑kit microbeads (Miltenyi Biotec) were added. We used 10 μL for 
every 1 × 10⁶ cells. The mixture was kept at 4 °C for 15 minutes in 
the dark. Then, the cells were placed in sorting buffer. This buffer 
was PBS with 0.5% BSA and 2 mM EDTA. The cells were passed 
through an MS column. The column was in a magnetic separator 
and was prepared first. The column was washed three times with 
500 μL of sorting buffer. Cells that stuck to the magnet (c‑kit⁺ cells) 
were collected. These cells were spun down and placed in expan-
sion medium. The medium contained 86% DMEM/F12, 10% FBS, 
2% B27, 1% L‑glutamine, 1% penicillin‑streptomycin, and 55 μM 
β‑Mercaptoethanol [20]. The cells were then seeded for later tests.

Flow Cytometric Characterization

Purified cells were resuspended in PBS to reach 1 × 10⁶ 
cells/mL. FITC-labeled antibodies against c‑kit, Sca‑1, CD34（a 
trans-membrane sialomucin and canonical surface marker of hema-
topoietic and vascular progenitor cells）, and CD45（a trans-mem-
brane tyrosine phosphatase ubiquitously expressed on all nucleat-
ed hematopoietic cells and widely used as a pan-leukocyte lineage 
marker）were added. These antibodies were from Abcam. The final 
concentration was 10 μg/mL. The mixture was incubated at 4 °C for 
30 minutes in the dark. Then, the cells were washed. Analysis was 
performed on a Thermo Fisher Attune NxT flow cytometer. Each 
sample recorded at least 10,000 events. Data analysis used FlowJo 
v10.0. Cells without antibody staining served as the negative con-
trol.
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Lentiviral Transfection and Experimental Groups

Two lentiviral vectors were prepared. One contained a 
miR‑199a‑5p mimic sequence: 5′‑CCCAGUGUUCAGACUACCU-
GUUC‑3′. The other contained a non‑targeting control. Shanghai 
Sangon Biotech synthesized them using the miR‑199a‑5p reference 
(GenBank: NR_029505.1) [21]. c‑kit⁺ cells were seeded in 6‑well 

plates. Transfection began when cells covered 60–70% of the 
well area. Lipofectamine™ 3000 was used with an MOI of 10 [22]. 
The experiment included three groups: untransfected cells (CON 
group), cells with control lentivirus (NC mimic group), and cells 
with miR‑199a‑5p lentivirus (miR‑199a‑5p mimic group). Experi-
ments were performed 72 hours after transfection. 

Quantitative Real‑Time PCR (RT‑qPCR)
Table 1:  Primer sequences used for RT‑qPCR.

Gene Forward (5’–3’) Reverse (5’–3’)

GAPDH CCCTTAAGAGGGATGCTGCC TACGGCCAAATCCGTTCACA

Nkx2.5 CTTCGTGAACTTTGGCGTCG CGCCCTTCTCCTAAAGGTGG

CD31 AGCCTAGTGTGGAAGCCAAC AAGGGAGCCTTCCGTTCTCT

α-SMA GTACCACCATGTACCCAGGC GCTGGAAGGTAGACAGCGAA

miR-199a-5p GCGCTTGTCCATCAGACTTG  AGTGCAGGGTCCGAGGTATT 

First, total RNA was extracted. We used Trizol reagent from Ta-
KaRa for this [23]. Next, RNA amount and quality were measured. 
A NanoDrop 2000 spectrophotometer from Thermo Fisher Scien-
tific was used. Then, cDNA was made. For this step, 1 μg of total 
RNA was used with a Prime Script RT kit from TaKaRa. RT‑qPCR 
was then performed. We used a CFX96 Touch system from Bio‑Rad. 
The reaction used SYBR Green Master Mix from TaKaRa. Each re-
action mixture had a total volume of 20 μL. It contained: 10 μL of 
the master mix, 0.5 μL of forward primer, 0.5 μL of reverse primer 
(see Table 1 for sequences), 2 μL of the cDNA, and 7 μL of nucle-
ase‑free water. The PCR program was set as follows: first, 95 °C for 
30 seconds; then, 40 cycles of 95 °C for 5 seconds and 60 °C for 30 
seconds. GAPDH was used as the reference gene. Finally, relative 
expression was calculated using the 2‑ΔΔCt method. Every sample 
was tested three separate times (Table 1). 

Cell Viability Assay 

Cells were seeded into 96-well plates at 10,000 cells per well. 
We tested them at three times: immediately (0 hours), after 24 
hours, and after 48 hours. At each test time, 10 μL of CCK‑8 reagent 
(Beyotime) was added to each well [24]. The plates were then kept 
at 37 °C for 2 hours. Next, the absorbance at 450 nm was measured 
using a Thermo Scientific Multiskan plate reader. Each group had 
five replicate wells. The entire experiment was performed three 
separate times.

EdU Proliferation Assay 

Cell division was measured with an EdU kit from Beyotime [25]. 
First, cells were placed in 96‑well plates. Each well received 5,000 
cells. They were grown for 24 hours. Next, 50 μM EdU was added. 
The cells were kept at 37 °C for 2 hours. After that, cells were fixed 
with 4% paraformaldehyde. They were then made permeable. The 

Click‑iT reaction was carried out exactly as the kit manual states. 
Nuclei were stained with DAPI. A fluorescence microscope (Olym-
pus IX73) was used to take pictures. ImageJ software counted the 
EdU‑positive cells. The proliferation rate equals (EdU‑positive cells 
divided by total cells) times 100%. The whole test was done three 
separate times.

Scratch Wound Healing Assay 

Cells were grown in 6-well plates until they covered the bottom. 
A straight scratch was made across the well using a sterile 200‑μL 
pipette tip [26]. The wells were then washed with PBS to remove 
loose cells. After washing, serum-free medium was added. Photo-
graphs of the scratch were taken immediately (0 h) and again after 
24 hours using an Olympus IX73 microscope. The distance the cells 
had moved into the scratch was measured using ImageJ software. 
The migration rate was calculated with this formula: [(scratch 
width at 0 h – scratch width at 24 h) / scratch width at 0 h] × 100%. 
Each test group was measured three times per experiment, and the 
entire experiment was repeated three separate times.

Immunofluorescence Staining 

Cells were placed on coverslips inside 24-well plates. They were 
grown for 48 hours. After that, they were fixed using 4% parafor-
maldehyde. For staining Nkx2.5, cells were made permeable with 
0.5% Triton X‑100 [27]. For staining CD31 and α‑SMA, permeabi-
lization was not done. Next, cells were blocked with 5% BSA for 
40 minutes. Primary antibodies were then applied. These were an-
ti‑Nkx2.5 (1:2000), anti‑CD31 (1:1000), and anti‑α‑SMA (1:1000), 
all purchased from Abcam [28,29]. The plates were kept at 4°C 
overnight. The following day, plates were washed with PBS. Sec-
ondary antibodies labeled with either Cy3 or FITC were added at a 
1:200 dilution. They remained for 50 minutes at room temperature. 
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Finally, nuclei were stained with DAPI. Images were captured using 
an Olympus IX73 fluorescence microscope. Fluorescence intensity 
was measured using ImageJ software. Three different fields were 
analyzed per sample. The complete experiment was performed 
three times independently.

Statistical Analysis

We report all values as mean ± SD. Group differences were test-
ed with one-way ANOVA. If ANOVA showed significance, Tukey’s 
test followed. A p-value under 0.05 was considered significant. The 
software used for analysis was GraphPad Prism, version 8.0.2.

Results 

Isolation and Identification of c-kit⁺ CPCs 

c-kit⁺ cells were isolated from mouse cardiac tissue using im-
munomagnetic bead sorting targeting the cell surface antigen c-kit. 
Following sorting, cells were seeded in lysine-coated flasks and 

exhibited adherent, spindle-shaped or short rod-like morphology, 
showing greater uniformity compared to pre-sorted populations 
(Figure 1). Flow cytometry analysis verified that the isolated cells 
had high purity: the positive expression rates of c-kit, Sca-1, and 
CD34 each reaching 100%, while the hematopoietic marker CD45 
was undetectable (0%) (Figure 2). These results confirm successful 
isolation of high-purity c-kit⁺ cardiac progenitor cells suitable for 
subsequent experiments. 

Validation of miR-199a-5p Overexpression 

RT-qPCR results showed the miR-199a-5p level in the control 
(CON) group. The level in the negative control mimic (NC mimic) 
group was similar. The difference was not significant (P > 0.05). 
Compared with both the CON and NC mimic groups, the miR-199a-
5p mimic group had much higher miR-199a-5p levels (P < 0.001) 
(Figure 3). These data confirm that the lentiviral vectors worked. 
They successfully raised miR-199a-5p expression in c-kit⁺ cardiac 
progenitor cells.

Figure 1: The growth morphology of the cells was examined under the microscope. A: Before isolation of c-kit+ cardiac progeni-
tor cells by magnetic bead sorting. B: After isolation of c-kit+ cardiac progenitor cells by magnetic bead sorting; scale bar: 50 μm.

Figure 2: Flow cytometry analysis of surface biomarker expression on c-kit+ cardiac progenitor cells. A-D, Flow cytometry detec-
tion of CD45, c-kit, Scal-1, CD34 expression.
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Figure 3: The miR-199a-5p expression level of c-kit+ cells after overexpressing miR199a-5p was detected by RT-qPCR (n=3). Data 
were obtained from three independent experiments and were analyzed using one-way ANOVA followed by Tukey’s post-hoc 

test. ** P<0.05; ** P<0.01; *** P<0.001.

Effect of miR-199a-5p on Cell Proliferation 

Cell division was measured using EdU staining. The CON group 
had an EdU-positive rate of 42.36% ± 3.12%. The NC mimic group 
had a rate of 40.89% ± 2.87%. The miR-199a-5p mimic group had 
a rate of 21.57% ± 2.45%. A statistical test found that these three 

groups were different (F = 58.32, P < 0.001). Compared to the NC 
mimic group, the miR-199a-5p mimic group had a lower EdU-pos-
itive rate (P < 0.01). The CON group and the NC mimic group were 
not different (P > 0.05) (Figure 4). The results mean that higher 
miR-199a-5p levels reduce the growth of c-kit⁺ cardiac progenitor 
cells. 

Effect of miR-199a-5p on Cell Viability

Figure 4: The effect of overexpression of miR-199a-5p on the proliferation of c-kit+ cells. A: Observation of c-kit+ cell staining 
results under fluorescence microscope using EdU method; scale bar: 50 μm. B: Detection of the positive staining rate of c-kit+ 
cells by the EdU method. C: The cell viability of c-kit+ cells was detected by the CCK-8 approach (n=6). Data were obtained 

from three independent experiments and were analyzed using one-way ANOVA followed by Tukey’s post-hoc test. * P<0.05; ** 
P<0.01; *** P<0.001.
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We used the CCK-8 test to check cell viability at three times: 0, 
24, and 48 hours. In every group, cell numbers grew over time. But 
the groups were different from each other (F = 42.67, P < 0.001). 
The miR-199a-5p mimic group had lower OD450 readings than the 

NC mimic group at 24 hours (P < 0.001). This was also true at 48 
hours (P < 0.001). The CON group and the NC mimic group did not 
show important differences at any time point (P > 0.05) (Figure 4)

Effect of miR-199a-5p on Cell Migration 

Figure 5: Observation of cell migration ability through scratch experiment. A, c-kit+ cells after overexpression of miR-199a-5p, 
scale bar: 100 μm. B, The migration rate of c-kit+ cells after overexpression of miR-199a-5p (n=3). * P<0.05; ** P<0.01; *** P<0.001.

We used a scratch test to check cell movement. After 24 hours, 
the CON group closed 68.45% ± 4.23% of the scratch. The NC mim-
ic group closed 66.78% ± 3.98%. The miR-199a-5p mimic group 
closed 32.16% ± 3.57%. Statistics showed the miR-199a-5p mimic 

group moved less than the NC mimic group (F = 76.54, P < 0.001). 
The CON and NC mimic groups moved about the same amount (P > 
0.05). (Figure 5) shows these results. These data indicate that more 
miR-199a-5p slows the movement of c‑kit⁺ cardiac progenitor cells. 

Effect of miR-199a-5p on Cell Differentiation 

mRNA Expression of Cardiac Lineage Markers:

Figure 6: Expression of myocardial lineage cell markers in c-kit+ cells after overexpression of miR199a-5p. A-C: RT-qPCR detec-
tion of Nkx2.5, CD31, α-SMA mRNA expression levels (n = 3). D-F: Fluorescence intensity of Nkx2.5, CD31, α-SMA (n = 3). G: 

Immunofluorescence staining results for Nkx2.5 and CD31. H: Immunofluorescence staining results for α-SMA. scale bar: 50 μm. 
Data were obtained from three independent experiments and were analyzed using one-way ANOVA followed by Tukey’s post-

hoc test. * P<0.05; ** P<0.01; *** P<0.001.
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RT-qPCR analysis showed that compared to the NC mimic group, 
the miR-199a-5p mimic group exhibited significant downregula-
tion in the mRNA expression of the cardiac differentiation marker 
Nkx2.5 (F = 89.76, P < 0.001), the vascular endothelial marker CD31 
(F = 92.34, P < 0.001), and the smooth muscle marker α-SMA (F 
= 85.43, P < 0.001). No significant differences were observed be-
tween CON and NC mimic groups (P > 0.05) (Figure 6). 

Protein Expression of Cardiac Lineage Markers:

Immunofluorescence staining supported the mRNA data. We 
measured how much each marker was present by looking at the 
brightness of the stain. The miR-199a-5p mimic group showed 
weaker staining for Nkx2.5 (found in the nucleus), CD31 (found 
near the cell membrane), and α-SMA (found in the cytoplasm) com-
pared to the NC mimic group. The statistical values were: Nkx2.5 (F 
= 78.65, P < 0.001); CD31 (F = 81.23, P < 0.001); α-SMA (F = 74.32, 
P < 0.001). The control (CON) group and the NC mimic group were 
not different (P > 0.05). (Figure 6) presents these results. These 
findings show that more miR-199a-5p reduces the ability of c‑kit⁺ 
cardiac progenitor cells to become heart muscle cells, blood vessel 
cells, or muscle wall cells. 

Discussion
This work first showed how miR-199a-5p affects c-kit⁺ cardiac 

progenitor cells. The results indicate that miR-199a-5p reduces cell 
growth. It also slows cell movement. In addition, it limits the ability 
of these cells to become other cell types. This finding gives import-
ant experimental support. It helps explain why heart stem cells do 
not work well in ischemic heart failure. Before the experiments, we 
obtained highly pure c-kit⁺ cells. All cells expressed c-kit, Sca-1, and 
CD34. None expressed CD45. We then used a lentivirus to increase 
miR-199a-5p levels in these cells. The lentivirus system was stable. 
It allowed us to reliably study miR-199a-5p’s role in these cells.

Comparison with Existing Research and Theoretical 
Implications

Our results agree with and add to recent work on miR-199a-
5p in the heart. Earlier studies found that miR-199a-5p promotes 
cell death in heart muscle cells. It does this by blocking the Akt/
eNOS signaling path [30]. It also increases cell death in heart injury 
caused by blood flow loss and return [31]. Our study goes further. 
In c-kit⁺ cardiac progenitor cells, higher miR-199a-5p lowers cell 
activity. The CCK-8 test shows this. It also reduces cell growth. The 
EdU-positive cell number falls by about half. Cell movement is also 
slower. The scratch test healing rate drops by about half. Together, 
these results show that miR-199a-5p broadly weakens the heart’s 
repair ability.

In differentiation tests, higher miR-199a-5p clearly lowered 
the markers Nkx2.5, CD31, and α-SMA. This was seen at both the 
RNA and protein levels (P < 0.001). Most earlier studies looked at 
miR-199a-5p in mature heart cells [32]. Our work is different. We 

show for the first time that miR-199a-5p blocks heart progenitor 
cells from changing into different cell types. This offers a new way 
to think about how cell fate is controlled during heart repair.

Comparison with Existing Research and Theoretical 
Implications

Our findings are consistent with and extend recent research on 
the function of miR-199a-5p in the cardiovascular system. Previ-
ous studies have shown that miR-199a-5p facilitates ferroptosis in 
cardiomyocytes by suppressing the Akt/eNOS signaling pathway 
[30] and exerts pro-apoptotic effects in myocardial ischemia-reper-
fusion injury [31]. This study further demonstrates that in c-kit⁺ 
cardiac progenitor cells, miR-199a-5p overexpression not only re-
duces cell viability (significantly decreased CCK-8 OD values) but 
also suppresses their proliferation (approximately 50% reduction 
in EdU-positive rate) and migration (approximately 50% decrease 
in scratch healing rate). These combined effects point to a systemic 
inhibition of cardiac regenerative capacity by this molecule.

Notably, in terms of differentiation function, miR-199a-5p 
overexpression significantly downregulated the expression of the 
cardiomyocyte marker Nkx2.5, endothelial cell marker CD31, and 
smooth muscle cell marker α-SMA (both at mRNA and protein 
levels, P < 0.001). This finding expands the scope of previous re-
search—most prior studies focused on the effects of miR-199a-5p 
on mature cardiomyocytes [32], whereas this study is the first to 
clarify its inhibitory role in the multilineage differentiation of car-
diac progenitor cells. This provides a new perspective for under-
standing the regulatory networks governing cell fate determination 
during cardiac regeneration.

Exploration of Potential Molecular Mechanisms

In terms of possible mechanisms, our results link to the HIF-1α 
pathway. HIF-1α is an important factor in low-oxygen conditions. 
Studies show HIF-1α helps cardiac progenitor cells grow, move, 
change type, and form new blood vessels [33-35]. In our study, high 
miR-199a-5p caused problems similar to those seen when HIF-1α 
is reduced. It is known that miR-199a-5p can bind to HIF-1α’s 3’ 
untranslated region and lower its levels [14,36]. Recent research 
also reports that miR-199a-5p harms cardiac stem cell function by 
blocking HIF-1α [37]. Thus, we believe the miR-199a-5p/HIF-1α 
interaction may be important in controlling c-kit⁺ cell activity. This 
idea helps explain why these stem cells do not work well in IHF. It 
also supports future work on treatments that target this pathway.

Innovations and Clinical Implications

The academic contributions of this work are listed below. First, 
we systematically tested how miR-199a-5p acts on c-kit⁺ cardiac 
progenitor cells. Results show it inhibits several important cell ac-
tivities. This fills a gap in experimental data in this field. Second, 
past research on miR-199a-5p mostly used mature heart muscle 
cells. Our study used heart progenitor cells. We found miR-199a-5p 
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also affects these cells. This suggests it plays a role in heart tissue 
repair. Third, the results may help design new treatments for IHF. 
For instance, blocking miR-199a-5p might restore normal function 
in c-kit⁺ cells. This could improve the results of cell therapy for 
heart repair. Thus, miR-199a-5p could serve as a treatment target 
in the future.

Study Limitations and Future Directions

Our study has certain limitations. Future work should address 
them. First, we only tested cells in a lab dish. We did not test in live 
animals. Next, we should use mice with heart attacks. We can in-
ject a miR-199a-5p blocker into the tail vein or heart muscle. Then, 
we can check heart function, damage size, and whether c-kit⁺ cells 
are recruited. This will help see if blocking miR-199a-5p works as a 
treatment. Second, we did not prove miR-199a-5p directly targets 
HIF-1α. Later studies should use a dual-luciferase reporter test 
to confirm binding. We can also try adding back HIF-1α. This will 
show if more HIF-1α can cancel out the effects of miR-199a-5p on 
c-kit⁺ cells. Third, we did not study how miR-199a-5p affects what 
c-kit⁺ cells release. These secretions are important for heart repair 
[10,38]. Future studies can use protein chips to measure what the 
cells release. This will give a full picture of how miR-199a-5p con-
trols heart repair.

Conclusion
To summarize, we found that higher levels of miR-199a-5p slow 

the growth, limit the movement, and reduce the ability of c‑kit⁺ car-
diac progenitor cells to develop into different heart cell types. The 
observed effect may occur because miR-199a-5p suppresses HIF-
1α signaling. These data add to what is known about how microR-
NAs influence heart tissue repair. They also offer support for new 
treatments that target miRNAs in ischemic heart failure. In the next 
stage, these results should be tested in animal models and the mo-
lecular details examined further. Doing so may help advance possi-
ble treatments based on miR-199a-5p and open up new research 
directions for heart regeneration.
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