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Abstract 
Objective: This study aims to elucidate the mechanism by which the mi-
croRNA miR-30b-5p inhibits the proliferation, invasion, and migration of os-
teosarcoma cells while inducing apoptosis through the regulation of P4HA2. 
Methods: The MG63 osteosarcoma cell line was transfected with miR-NC and 
miR-30b-5p mimics to establish negative control and miR-30b-5p up-regu-
lated expression models. Subsequently, various assays were conducted, includ-
ing the CCK8 assay, Transwell assay, flow cytometry, dual luciferase reporter 
assay, real-time PCR (RT-PCR), and Western blot analysis. Results: Following 
the transfection of MG63 cells with miR-30b-5p mimics, the expression of 
miR-30b-5p was significantly up-regulated compared to the control group (t 
= 77.53, p = 0.0002). After transfecting the cells with miR-NC and miR-30b-
5p mimics for 24, 48, and 72 hours, the CCK8 assay results indicated a marked 
reduction in proliferative ability relative to the control group (24 h: t = 16, P < 
0.001; 48 h: t = 5.318, P < 0.0001; 72 h: t = 10.58, P < 0.0001). Additionally, the 
Transwell assay results demonstrated that the invasive ability of cells in the 
miR-30b-5p mimics group was significantly lower than that in the miR-NC 
group (t = 8.92, P < 0.0001), and the migration level was also significantly re-
duced (t = 23, P < 0.0001). Flow cytometry analysis revealed that the apoptosis 
level of MG63 cells in the miR-30b-5p mimics group was significantly in-
creased compared to the miR-NC group (t = 14.06, P = 0.0001). Dual-lucifer-
ase reporter assay demonstrated that P4HA2 is a direct target molecule of 
miR-30b-5p. Furthermore, RT-PCR and Western blot experiments confirmed 
that the expression of P4HA2 in osteosarcoma cells was significantly down-
regulated at both the mRNA and protein levels following miR-30b-5p trans-
fection. In contrast, the expression of the pro-apoptotic protein BAX was ele-
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vated, while the expression of the anti-apoptotic protein BCL-2 was decreased. 
Conclusion: miR-30b-5p plays a role in inhibiting the proliferation, invasion, 
and migration of osteosarcoma cells while also inducing apoptosis by targeting 
and down-regulating P4HA2 expression. However, the experiments were con-
strained, as they were validated in a single cell line and lacked the most direct 
evidence obtained through “functional recovery assays. experiments”. 
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1. Introduction 

Osteosarcoma is the most prevalent primary bone tumor among children and ad-
olescents, distinguished by its high malignancy, significant metastatic potential, 
and poor prognosis following metastasis [1] [2]. The complexity and instability of 
the osteosarcoma genome, coupled with a limited understanding of the precise 
mechanisms underlying its development, have hindered advancements in treat-
ment [3]. Although numerous researchers are investigating the pathogenesis of 
osteosarcoma, the prognosis for patients with metastatic disease has not signifi-
cantly improved, and novel therapeutic strategies are still needed. 

MicroRNAs (miRNAs) are highly conserved non-coding RNAs that inhibit trans-
lation and cleave mRNAs by base pairing with the 3’ untranslated region (UTR) of 
target genes, thereby regulating various biological processes [4] [5]. Research has 
demonstrated that epigenetics significantly contributes to the pathogenesis of os-
teosarcoma (OS), with miRNAs, as members of the non-coding RNA family, play-
ing a crucial role in the regulation of post-transcriptional gene expression [6]. Alt-
hough miR-30b-5p has been implicated in the regulation of malignant tumor pro-
gression, the precise mechanism by which it influences the malignant phenotype 
of osteosarcoma remains to be elucidated [7]. In this study, we upregulated the 
expression of miR-30b-5p in osteosarcoma cells and assessed the resulting changes 
in cell proliferation, invasion, migration, and apoptosis. Additionally, we evalu-
ated the expression levels of P4HA2 and apoptosis-related proteins to elucidate 
the specific mechanisms by which miR-30b-5p influences the malignant pheno-
type of osteosarcoma cells. This research aims to provide insights and identify new 
targets for therapeutic strategies in osteosarcoma. 

2. Materials and Methods 

The human osteosarcoma MG63 cell line was obtained from Wuhan Prosperity 
Biotechnology Co., Ltd. Fetal bovine serum was also sourced from this company. 
RPMI-1640 culture medium was purchased from HyClone, USA. Lipofectamine 
3000 was acquired from Invitrogen, USA. The RNA extraction kit, reverse tran-
scription kit, and RT-PCR reagents were obtained from TaKaRa, Japan. Addition-
ally, the CCK8 assay kit, Annexin V-FITC apoptosis detection kit, BCA protein 
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quantification kit, RIPA protein lysate, and SDS-PAGE gel were also sourced from 
TaKaRa, Japan. The CCK8 test kit, Annexin V-FITC apoptosis detection kit, BCA 
protein quantification kit, RIPA protein lysate, and SDS-PAGE gel preparation kit 
were purchased from Shanghai Biyuntian Biotechnology Co. Abclonal. GAPDH 
was acquired from Pro-Tech Biotechnology. The miR-30b-5p mimics (mimics), 
negative control (miR-NC), and related primers were synthesized by Starfish Bi-
oengineering Co. 

2.1. Experimental Methods 
2.1.1. Cell Culture and Transfection 
The osteosarcoma MG63 cells were cultured in RPMI-1640 medium supple-
mented with 10% fetal bovine serum in an incubator maintained at 37˚C with 5% 
CO2. The experiment comprised a negative control group and a mimics treatment 
group, with MG63 cells transfected using liposome-encapsulated miR-NC and 
miR-30b-5p mimics, respectively. Cells were collected 48 hours post-transfection 
for subsequent experiments. The procedure is summarized as follows: logarithmi-
cally growing MG63 cells were inoculated at a density of 1 × 105 cells per well in a 
6-well plate. Once the cell confluence reached approximately 70%, the original 
medium was discarded, and fresh serum-free medium was added. miR RNA was 
diluted with Lipofectamine 3000 transfection reagent in 500 μL of serum-free me-
dium, mixed thoroughly, and then incubated with the cells for 20 minutes at room 
temperature before being added to the culture wells. Following this incubation, 
the culture medium was replaced with RPMI-1640 medium containing 10% fetal 
bovine serum, and the cells were further incubated.  

2.1.2. CCK8 Assay to Detect Cell Proliferation 
The resuspended cells were collected and diluted with 200 μL of growth medium 
before being inoculated into 96-well plates at a density of 1 × 105 cells per well, 
with five replicate wells for each group. The cells were cultured for 24, 48, and 72 
hours for subsequent CCK8 detection. The CCK8 assay involved adding 100 μL 
of diluted CCK8 assay solution to each well, followed by an 80-minute incubation 
period. The optical density (OD) at 450 nm was measured, and the final optical 
density value was calculated by subtracting the blank well values from the meas-
ured values. Wells containing only the CCK8 assay solution served as blank con-
trol wells, with the assay solution diluted in a 1:9 ratio with growth medium. 

2.1.3. Transwell Assay Detects Cell Invasion Ability 
Matrigel matrix stored at −80˚C was thawed overnight at 4˚C until it liquefied. 
Subsequently, 50 μL of the matrix gel was added to each Transwell and incubated 
for 30 minutes in a standard incubator. The cell culture medium in each group 
was completely removed, cells were washed twice with PBS, and then digested 
with trypsin-EDTA. The digestion was halted by adding complete culture medium 
and gently mixing the cells. Subsequently, 104 cells were transferred to 1.5 mL EP 
tubes, centrifuged at 1000 rpm for 5 minutes, the supernatant was discarded, and 
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the cells were resuspended in 200 μL of serum-free medium before being added 
to the Transwell. The lower chamber was filled with 1 mL of medium, and the 
Transwell was incubated at 37˚C for 24 hours. After incubation, the Transwell was 
removed, cells on the upper side were wiped off with a cotton swab, and the re-
maining cells were gently washed with PBS. Cells on the underside of the Transwell 
were fixed with 4% paraformaldehyde for 30 minutes, followed by staining with 
crystal violet solution for 15 minutes. The membrane was rinsed, mounted on a 
slide, and examined. Finally, the stained cells were imaged using an inverted mi-
croscope at 200× magnification. 

2.1.4. Transwell Assay to Detect Cell Migration Ability 
Discard the cell culture medium from each group and wash the cells twice with 
PBS. Add trypsin-EDTA solution for digestion, then terminate the digestion by 
adding complete culture medium and gently mixing the cells. Transfer 104 cells 
into 1.5 mL EP tubes and centrifuge at 1000 rpm for 5 minutes. Remove the su-
pernatant, resuspend the cells in 200 μL of serum-free medium, and introduce 
them into the Transwell. Add 1 mL of medium to the lower chamber and incubate 
at 37˚C for 24 hours. After incubation, remove the Transwell, wipe the cells from 
the upper surface with a cotton swab, and gently wash any remaining cells with 
PBS. Fix the cells on the reverse side of the Transwell with 4% paraformaldehyde 
for 30 minutes, then immerse them in crystal violet staining solution for 15 
minutes. Wash the membrane and mount it on a slide for observation. Finally, 
photograph the stained cells using an inverted microscope at 200× magnification. 

2.1.5. Detection of Apoptosis by Flow Cytometry 
Cells from each group were individually collected with three replicates per group, 
and apoptosis was assessed following the AnnexinV-FITC/PI kit protocol. The 
experimental procedure involved washing cells with 1 × PBS, pelleting cells by 
centrifugation, resuspending them in 500 μL of PBS, incubating the cells in each 
group successively with 10 μL of AnnexinV-FITC at room temperature in the dark 
for 15 minutes, followed by 5 μL of PI at room temperature in the dark for 5 
minutes. Subsequently, apoptosis levels in each group were determined and ana-
lyzed using BD flow cytometry. 

2.1.6. Dual Luciferase Activity Assay 
The direct interaction between miRNA-30b-5p and the 3’ UTR of P4HA2 was 
confirmed through a dual luciferase reporter gene assay. The primary steps of this 
assay are outlined as follows: cell suspensions were prepared from logarithmically 
growing cells and seeded into 24-well plates. Once the cell confluence reached ap-
proximately 60%, transfection was performed using Lipofectamine 3000 transfec-
tion reagent according to the following group assignments: Group A was trans-
fected with miRNA-30b-5p mimics and the wild-type (WT) plasmid containing 
the P4HA2 3’-UTR; Group B received miRNA-negative control (NC) and the WT 
plasmid; Group C was transfected with miRNA-30b-5p mimics and the mutant 
(MUT) plasmid containing the P4HA2 3’-UTR; and Group D was transfected with 
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miRNA-NC and the MUT plasmid. After 48 hours of transfection, the relative 
luciferase activity levels among the different groups were measured using the dual 
luciferase assay system. 

2.1.7. RNA Extraction and RT-PCR for Detection of mRNA Expression of 
Target Molecules 

Total RNA was extracted from MG63 cell lines or osteosarcoma (OS) tissues uti-
lizing TRIzol reagent, and RNA content was quantified via UV spectrophotome-
try. cDNA synthesis from the extracted total RNA was conducted using a reverse 
transcription kit, followed by PCR reactions performed in accordance with the 
provided instructions. The expression level of miR-30b-5p was assessed with U6 
serving as an internal reference, while the expression level of P4HA2 was meas-
ured using GAPDH as an internal reference. 

2.1.8. Protein Extraction and Western Blot Assay for Protein Expression 
of Target Molecules 

Each group of cells was collected separately, and total protein was extracted from 
each group following the instructions provided in the BCA Protein Extraction Kit. 
After quantifying the protein, 20 µg from each group was separated using SDS-
PAGE gel electrophoresis. Subsequently, the proteins were transferred to a PVDF 
membrane, which was blocked with 5% skimmed milk powder at room tempera-
ture for 1 hour. The primary antibody was then incubated at 4˚C overnight, fol-
lowed by washing with TBST. The secondary antibody was hybridized for 1 hour, 
and chemiluminescence was developed using ECL substrate. The antibodies uti-
lized included P4HA2 monoclonal rabbit antibody (1:1100 dilution), BAX mono-
clonal rabbit antibody (1:800 dilution), BCL-2 monoclonal rabbit antibody 
(1:1000 dilution), and GAPDH monoclonal mouse antibody (1:10,000 dilution). 

2.2. Statistical Methods 

Statistical analysis was conducted using GraphPad Prism version 10.6.0. Data are 
presented as mean ± standard deviation (± s). A t-test was employed to compare 
the two groups, with a significance threshold set at P < 0.05. 

3. Results 
3.1. miR-30b-5p Mimics Transfection-Mediated Changes in miR-

30b-5p Expression Levels 

MG63 osteosarcoma cells were transfected with either miR-NC control or miR-
30b-5p mimics, and the expression levels of miR-30b-5p were assessed using RT-
PCR. The results indicated that the expression of miR-30b-5p was significantly 
elevated in the miR-30b-5p mimics-treated group compared to the miR-NC 
group, with relative expression levels of 1.008 ± 0.093 versus 312.1 ± 4.0, respec-
tively (t = 77.53, p = 0.0002, Figure 1). These findings confirm the successful es-
tablishment of a miR-30b-5p overexpression system in MG63 osteosarcoma cells. 
This overexpression cell model can be utilized for subsequent studies on the ma-
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lignant phenotypes of osteosarcoma. 

3.2. Effect of miR-30b-5p Overexpression on Cell Proliferation 
Detected by CCK8 Assay 

MG63 osteosarcoma cells were transfected with miR-NC control and miR-30b-
5p mimics for durations of 12 h, 24 h, 48 h, and 72 h, after which their proliferative 
abilities were assessed using the CCK8 assay. The results indicated that the pro-
liferation of cells in the miR-30b-5p mimics group was significantly inhibited 
compared to the miR-NC group (Figure 2). At the 24 h mark, the proliferative 
capacities of the miR-NC and miR-30b-5p mimics groups were (144.9 ± 7.2)% and 
(88.4 ± 3.4)%, respectively (t = 16, P < 0.001). After 48 h of transfection, the prolif-
erative capacities of the two groups were (179.3 ± 11.2)% for miR-NC and (112.4 ± 
5.8)% for miR-30b-5p mimics (t = 5.318, P < 0.0001). At the 72 h time point, the 
proliferative capacity of the miR-NC group was (311.4 ± 17.8)% compared to (178.2  

 

 
Figure 1. The expression of miR-30b-5p in MG63 cells after transfection. 

 

 

Figure 2. The effect of miR-30b-5p on the proliferation of MG63 cells (ns P > 0.05; **P < 
0.01; ****P < 0.0001). 
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± 9.9)% for the miR-30b-5p mimics group (t = 10.58, P < 0.0001). These findings 
demonstrate that high expression of miR-30b-5p significantly inhibits the prolif-
eration of MG63 osteosarcoma cells. 

3.3. Transwell Assay to Detect the Effect of miR-30b-5p 
Overexpression on Cell Invasion Ability 

MG63 osteosarcoma cells were transfected with either miR-NC or miR-30b-5p 
mimics, and the subsequent effect of miR-30b-5p on the invasive capacity of the 
cells was assessed using a Transwell assay. The results indicated a significant re-
duction in cell invasion ability in the miR-30b-5p mimics-treated group compared 
to the miR-NC group. The cell counts for the miR-NC group were 158.6 ± 9.4 and 
58.7 ± 5.6, respectively, while those for the miR-30b-5p mimics group were sig-
nificantly lower (t = 8.92, P < 0.0001). This finding suggests that high expression 
of miR-30b-5p markedly inhibits the invasive ability of MG63 osteosarcoma cells 
(Figure 3). 

 

 

Figure 3. Effect of miR-30b-5p on the invasive ability of MG63 by Transwell (crystal violet 
staining ×200). 

3.4. Transwell Assay to Detect the Effect of miR-30b-5p 
Overexpression on Cell Migration Ability 

MG63 osteosarcoma cells underwent transfection with miR-NC and miR-30b-5p 
mimics, and the impact of miR-30b-5p on cell migration was assessed using a 
Transwell assay. The findings indicated a significant decrease in migration ability 
among cells in the miR-30b-5p mimics group compared to those in the miR-NC 
group. Cell counting from the Transwell assay demonstrated a notable disparity 
in cell numbers between the miR-NC group (207.1 ± 7.2) and the miR-30b-5p 
mimics group (93.0 ± 4.2) (t = 23, P < 0.0001), implying the inhibitory effect of 
miR-30b-5p on MG63 osteosarcoma cell migration (Figure 4). 

3.5. Effect of miR-30b-5p Overexpression on Apoptosis Detected 
by Flow Cytometry 

MG63 osteosarcoma cells were transfected with miR-NC and miR-30b-5p mim-
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ics, and subsequent changes in apoptosis levels were assessed using flow cytome-
try. The results revealed that the percentage of apoptosis in the miR-NC group 
was 3.2 ± 1.0%, while the miR-30b-5p mimics group exhibited a significantly 
higher rate of 33.7 ± 1.9% (t = 14.06, P = 0.0001). These findings indicate that 
miR-30b-5p markedly enhances apoptosis levels in MG63 osteosarcoma cells 
(Figure 5). 

 

 

Figure 4. Effect of miR-30b-5p on the migratory ability of MG63 by Transwell (crystal 
violet staining ×200). 

 

 
Figure 5. Effect of miR-30b-5p on apoptosis of MG63 by flow cytometry. 

3.6. Targeted Regulation of P4HA2 by miR-30b-5p as Detected by 
Dual Luciferase Activity 

To validate the downstream molecules targeted and regulated by miR-30b-5p in 
MG63 osteosarcoma cells, P4HA2 was identified as a potential downstream target 
through bioinformatics predictions and literature review. Analysis using the Tar-
getScan database indicated that the 3’-UTR sequence of P4HA2 is partially com-
plementary to miR-30b-5p (Figure 6(a)). Based on this prediction, wild-type 
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(WT) and mutant (MUT) plasmids containing the P4HA2 3’-UTR were co-trans-
fected with either miR-NC or miR-30b-5p mimics in MG63 cells. The luciferase 
activities of these four groups were subsequently measured separately. The results 
demonstrated that the luciferase activity of the miR-30b-5p mimics was signifi-
cantly inhibited following co-transfection with the wild-type plasmid containing 
the P4HA2 3’-UTR (Figure 6(b)). The viability of the miR-NC co-transfected with 
the wild-type plasmid containing the P4HA2 3’-UTR was recorded at 1.0% and 
1.0%, respectively. In contrast, the viability of the mimics was measured at 1.000 
± 0.032 and 0.504 ± 0.032 (t = 10.87, P < 0.0001), indicating that miR-30b-5p can 
inhibit the expression of P4HA2 3’-UTR by directly interacting with it. Thus, 
P4HA2 is confirmed as a direct target molecule of miR-30b-5p. 

 

 

Figure 6. Targeted regulation of P4HA2 by miR-30b-5p through dual luciferase reporter 
assay ((a) The binding site of P4HA2 and miR-30b-5p; (b) Detection of luciferase activity). 

3.7. Effect of miR-30b-5p Overexpression on mRNA Expression of 
P4HA2 in Osteosarcoma Cells Detected by RT-PCR 

MG63 osteosarcoma cells were transfected with either miR-NC or miR-30b-5p 
mimics, and the mRNA expression level of P4HA2 in these cells was assessed us-
ing RT-PCR. The results indicated that miR-30b-5p mimics significantly inhibited 
P4HA2 expression in MG63 cells. Specifically, the mRNA expression levels of 
P4HA2 in the miR-NC and miR-30b-5p mimics groups were 1.008 ± 0.053 and 
0.171 ± 0.031, respectively (t = 9.093, P = 0.0114, Figure 7). 

3.8. Effect of miR-30b-5p Overexpression on the Expression of 
P4HA2 and Apoptosis-Related proteins in Osteosarcoma Cells 
Detected by Western Blot 

MG63 osteosarcoma cells were treated with miR-NC and miR-30b-5p mimics, 
and the effects of miR-30b-5p mimics on the expression of P4HA2 and apoptosis-
related proteins BAX and BCL-2 were assessed using Western blot analysis. The 
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results indicated that the expression of P4HA2 and the anti-apoptotic protein 
BCL-2 decreased in the miR-30b-5p mimics group. In contrast, the expression of 
the apoptosis-promoting protein BAX significantly increased in MG63 cells com-
pared to the miR-NC group. These findings suggest that miR-30b-5p inhibits the 
expression of P4HA2 and concurrently regulates various apoptosis-related pro-
teins, thereby promoting the apoptosis of osteosarcoma cells (Figure 4, Figure 8). 

 

 

Figure 7. The effect of miR-30b-5p on the expression of P4HA2 mRNA in MG63 cells. 
 

 
Figure 8. The effect of miR-30b-5p on the expression of P4HA2 and apoptosis-related proteins in MG63 cells 

4. Discussion 

Osteosarcoma represents the most prevalent primary malignant bone tumor, pri-
marily affecting children and adolescents [1]. Despite its rarity, osteosarcoma is 
associated with high rates of disability and mortality. The annual incidence rate is 
approximately 3% - 5% [8]. Recent advancements in the treatment of osteosar-
coma encompass stem cell therapy, immunotherapy, and gene therapy [9] [10]. 
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Over the decades, multidrug chemotherapy has improved the 5-year survival rate 
for localized osteosarcoma from less than 20% to around 60%. Consequently, the 
development of innovative strategies for the early diagnosis and treatment of os-
teosarcoma patients is essential. The gene p4HA2 has been identified as a partial 
epithelial-mesenchymal transition (EMT)-related gene, with its overexpression 
significantly correlating with poor prognosis in patients with hepatocellular car-
cinoma (HCC) [11]. MicroRNAs (miRNAs) regulate various biological processes, 
including cell differentiation, metastasis, apoptosis, and proliferation, and play a 
role in the pathogenesis of numerous tumors [12]. In this study, we investigated 
the impact of miR-30b-5p on the malignant phenotype of osteosarcoma and its 
specific molecular mechanisms. 

Several studies have established the role of miRNA-30b in the carcinogenesis 
and progression of osteosarcoma [7]. miRNA-30b-5p has been linked to cancer 
development and progression across various malignancies, including renal cell 
carcinoma [13], breast cancer [14], and pancreatic cancer [15]. In this study, the 
expression of miR-30b-5p was significantly upregulated in osteosarcoma MG63 
cells transfected with miR-30b-5p mimics, indicating high transfection efficiency. 
The activity and proliferation of MG63 cells transfected with miR-30b-5p mimics 
were significantly lower than those of control cells, suggesting that miR-30b-5p 
plays a role in inhibiting MG63 cell proliferation, with this tumor-suppressive ef-
fect manifesting early during the transfection process. The upregulation of miR-
30b-5p expression in this study demonstrated that the invasion and migration ca-
pabilities of MG63 cells were significantly inhibited, indicating the inhibitory ef-
fect of miR-30b-5p on distal metastasis in MG63 cells. To assess the impact of 
miR-30b-5p on various malignant phenotypes of osteosarcoma cells, the study 
also evaluated changes in apoptosis levels of MG63 cells. It was observed that ele-
vated expression of miR-30b-5p significantly enhanced apoptosis levels. Further-
more, miR-30b-5p mediated the upregulation of the pro-apoptotic protein BAX 
and the downregulation of the anti-apoptotic protein BCL-2. These findings con-
firm the role of miR-30b-5p in inhibiting the malignant phenotype of osteosar-
coma cells. 

To further elucidate the molecular mechanism underlying miR-30b-5p inhibition 
in osteosarcoma, survival analysis indicated that elevated expression of P4HA2 cor-
related with poor overall survival (OS) in osteosarcoma patients, and P4HA2 
demonstrated strong predictive capability for OS [16]. To determine whether miR-
30b-5p influences the malignant phenotype of osteosarcoma through targeting 
P4HA2, bioinformatics predictions were conducted utilizing the TargetScan data-
base. Biosignature analysis revealed that the 3'-UTR sequence of P4HA2 exhibited 
partial complementarity to miR-30b-5p, a finding that was subsequently validated 
using a dual luciferase reporter system. It was established that miR-30b-5p down-
regulated P4HA2 expression by interacting with its 3'-UTR, thereby confirming that 
P4HA2 is a downstream target molecule positively regulated by miR-30b-5p. 

The experimental results indicate that miR-30b-5p can inhibit the proliferation, 
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invasion, and migration of osteosarcoma cells while promoting apoptosis. This 
effect may be linked to the targeted down-regulation of P4HA2 expression. Fur-
thermore, modulation of miR-30b-5p appears to concurrently influence P4HA2 
protein levels and cellular phenotype, establishing a comprehensive chain of evi-
dence for this correlation. However, from a rigorous mechanistic standpoint, the 
current experimental design requires an essential step to definitively establish the 
causal relationship that “miR-30b-5p exerts its tumor suppressor function through 
down-regulation of P4HA2”. Specifically, we have yet to provide the most direct 
evidence through “functional recovery experiments”. Ideally, the design should 
involve restoring P4HA2 expression in cells with miR-30b-5p overexpression-in-
duced phenotypic inhibition, thereby removing the regulation by miR-30b-5p, 
and observing whether the inhibited proliferation and invasion phenotypes can 
be partially or completely “rescued”. Conversely, P4HA2 should be knocked down 
in cells suppressed by miR-30b-5p to determine whether the enhancement of phe-
notypes is obstructed. Future studies that incorporate this level of validation will 
be able to conclusively eliminate the possibility that miR-30b-5p acts through al-
ternative targets, thereby providing irrefutable causal evidence for the pivotal role 
of the miR-30b-5p/P4HA2 axis in osteosarcoma. 

5. Conclusion 

The findings of this study indicate that miR-30b-5p in the MG63 osteosarcoma 
cell line plays a role in inhibiting the proliferation, invasion, and migration of os-
teosarcoma cells, as well as in inducing apoptosis by targeting and down-regulat-
ing the expression of P4HA2. This discovery offers a novel target and potential 
therapeutic strategy for the treatment of osteosarcoma. The conclusions of this 
study primarily derive from experimental analyses conducted on the osteosar-
coma MG63 cell line. While this approach offers valuable foundational data for 
elucidating the biological role of the miR-30b-5p/P4HA2 axis, a notable limitation 
is the exclusive use of a single cell line. Osteosarcoma exhibits significant intra-
tumoral and intertumoral heterogeneity, resulting in variations in genetic back-
grounds and phenotypes among different cell lines. Consequently, future research 
should aim to replicate the validation of key experiments and perform comple-
mentary functional restoration experiments using additional representative oste-
osarcoma cell lines, such as U2-OS, Saos-2, or 143B, to enhance the generalizabil-
ity and reliability of the study’s findings. 
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