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 Breast cancer remains one of the leading causes of death in women worldwide, 
with high incidence and mortality rates. The abnormal expression of the small 
non-coding RNA, microRNA-10b (miR-10b), has been associated with breast 
cancer progression. miR-10b is involved in various biological processes, including 
proliferation, metastasis, and drug resistance. However, the underlying 
mechanism by which miR-10b contributes to breast cancer progression remains 
unclear. This study aimed to investigate the effect of miR-10b on the expression 
of HOXD10 and PI3K genes, as well as its impact on cell viability and proliferation 
in breast cancer cells. In this study, T47D breast cancer cells were transfected with 
mimic miR-10b using the FANA-oligo transfection method at concentrations of 
1, 2.5, and 5 µM. Cell viability was assessed using the MTT assay, while HOXD10 
and PI3K gene expression levels were measured using RT-qPCR and ELISA. Data 
were analysed using paired t-tests with SPSS, and results were considered 
statistically significant at p < 0.05. The results showed that mimic miR-10b 
induced a dose-dependent increase in cell proliferation. Notably, only HOXD10 
gene expression was significantly affected by the transfection, while PI3K gene 
expression remained unchanged. Cells transfected with 5 µM miR-10b mimic 
exhibited the highest proliferation rate compared to non-transfected controls (p 
< 0.05). In conclusion, miR-10b promotes breast cancer cell proliferation by 
downregulating HOXD10 expression, independent of PI3K, suggesting it is a 
potential target for further investigation. 

 

1. Introduction 

Breast cancer remains the most common malignancy 
among women worldwide and is one of the leading causes 
of cancer-related death [1, 2]. In developing countries 
such as Indonesia, the incidence and mortality of breast 
cancer have increased significantly over recent decades 
[3]. While improved living standards and early detection 
have contributed to higher diagnosis rates in developed 
nations, the persistently high mortality in developing 
regions underscores the importance of advancing our 

understanding of the molecular mechanisms underlying 
breast cancer. Such molecular insights are essential for 
improving disease diagnosis, prognosis, and treatment 
outcomes [3, 4]. 

Over the past decade, significant advances have been 
made in understanding gene regulation in normal and 
malignant cells. Messenger RNA (mRNA) serves as an 
essential intermediate that conveys genetic information 
for protein synthesis [5, 6]. In addition to mRNA, cells 
also produce thousands of non-coding RNAs that do not 
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encode proteins but exert regulatory functions [5, 6, 7, 8]. 
Among these, microRNAs (miRNAs), small ~22-
nucleotide RNAs, play crucial roles in post-
transcriptional regulation by binding to complementary 
sequences in target mRNAs, leading to mRNA degradation 
or translational inhibition [5, 9]. Although only a subset 
of miRNAs has well-defined biological functions, they are 
known to regulate key cellular processes such as 
differentiation, apoptosis, and adhesion [7, 10, 11]. 
Consequently, dysregulation of miRNAs has been 
implicated in tumor initiation, progression, metastasis, 
and other cancer-related features [6, 12]. Thus, miRNA 
biomarkers can be used for early disease diagnosis and for 
intervention during disease progression, as changes in 
mRNA levels are often associated with alterations in gene 
expression. 

One of the miRNAs most consistently associated with 
breast cancer metastasis is miR-10b, which is identified 
as a critical regulator of tumor invasion and progression 
in several cancers [13, 14, 15]. Bioinformatics analyses 
have revealed that miR-10b has complementary binding 
sites in the 3’ untranslated regions (3’ UTRs) of 
Homeobox D10 (HOXD10) and Phosphatidylinositol-3 
kinase (PI3K) genes (www.miRBase.org), both of which 
are linked to cancer proliferation and invasion [15]. 

PI3K is a plasma membrane-bound enzyme activated 
by tyrosine kinase receptors (TKRs) or G protein-coupled 
receptors (GPCRs) [7, 16]. They are involved in various 
cellular processes, including development, proliferation, 
differentiation, motility, survival, and intracellular 
trafficking, all of which are associated with cancer 
progression [16, 17, 18]. Hyperactivation of the PI3K/Akt 
pathway has been shown in several studies to promote 
cell proliferation and confer resistance to chemotherapy 
and HER2-targeted therapies [19, 20]. In breast cancer, 
HER2-driven activation of PI3K has been reported to 
increase AKT levels, highlighting the involvement of the 
PI3K/Akt/mTOR (mammalian target of rapamycin) 
signaling axis [7, 15]. 

One gene of particular interest in breast cancer 
development is HOXD10, whose expression and 
dysregulation have been associated with tumor growth 
and malignant progression [21, 22, 23]. In breast cancer, 
HOXD10 has been identified as a tumor suppressor gene 
and is a critical target of miR-10b [22]. Loss of HOXD10 
expression can trigger phenotypic changes that drive 
invasive behavior in breast cancer cells [24]. Importantly, 
previous studies have demonstrated that downregulation 
of HOXD10 leads to activation of the RhoC/PI3K/Akt 
signaling pathway, linking HOXD10 suppression to 
enhanced cancer cell motility and invasiveness [22, 25]. 

To better understand the molecular mechanism of 
miR-10b in breast cancer, we examined its regulatory 
effect on HOXD10 and PI3K in T47D breast cancer cells, a 
luminal A subtype. In this study, cells were transfected 
with miR-10b mimic, a synthetic RNA duplex that 
increases the intracellular abundance of miR-10b and 
thereby simulates its overexpression. The resulting 
changes in HOXD10 and PI3K gene and protein expression 
were evaluated to elucidate the potential role of miR-10b 

in regulating invasion and proliferation pathways in 
T47D breast cancer cells. 

2. Experimental 

2.1. Cell Culture 

T47D breast cancer cells were cultured in DMEM 
supplemented with 10% FBS and 1% penicillin-
streptomycin at 37°C in a 5% CO2 atmosphere. The growth 
medium was changed every two days until the cells 
reached 70-85% confluency. Cells were harvested using a 
0.1% trypsin/EDTA solution and sub-cultured twice a 
week. 

2.2. miR-10b FANA-oligo Mimic Transfection on T47D 
Breast Cancer Cells 

T47D cells (20,000 cells per well) were seeded in a 
96-well microplate. After 24 hours, the medium was 
removed, and cells were exposed to modified FANA-oligo 
miR-10b mimics at different concentrations (1, 2.5, and 5 
µM). Cells were then incubated for an additional 72 hours. 
Untreated mimic miR-10b FANA-oligonucleotides were 
used as a control (C-) to represent baseline cell viability 
(100%). This approach was chosen to evaluate the direct 
biological effect of miR-10b overexpression compared 
with normal cellular conditions. 

2.3. MTT Assay (Cell Viability Assay) 

Cell viability was assessed using the MTT [3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium 
bromide] assay. Cells seeded at a density of 6 × 105 were 
incubated with MTT reagent for 2 hours at 37°C in the 
dark. After incubation, the formazan crystals formed by 
metabolically active cells were dissolved in DMSO and 
incubated for an additional 15 minutes at room 
temperature. Absorbance was measured at 490 nm using 
an xMark™ Microplate Spectrophotometer (Bio-Rad, 
USA). Cell viability (%) was calculated relative to the 
negative control group using Equation (1). 

 𝐶𝑒𝑙𝑙 𝑣𝑖𝑎𝑏𝑖𝑙𝑖𝑡𝑦 (%) =
𝐴𝑡𝑟𝑒𝑎𝑡𝑒𝑑−𝐴𝑚𝑒𝑑𝑖𝑢𝑚

𝐴𝑠𝑜𝑙𝑣𝑒𝑛𝑡−𝐴𝑚𝑒𝑑𝑖𝑢𝑚
× 100% (1) 

Where, Atreated is the absorbance of cells treated with 
the test sample, Asolvent is the absorbance of cells treated 
with the solvent (negative control), and Amedium is the 
absorbance of the medium without cells (blank). Cell 
viability is expressed as a percentage relative to the 
solvent control, which is set at 100% viability. 

2.4. RNA Extraction and cDNA Synthesis 

RNA was extracted using the PureLink RNA Mini Kit 
(Ambion, USA), following the manufacturer’s protocol. 
Briefly, cells were lysed using Trizol reagent (Invitrogen, 
Carlsbad, CA), and chloroform was added. The aqueous 
phase was transferred to a sterile 1.5 ml tube, and RNA was 
precipitated with 2-propanol. The RNA pellet was washed 
with 75% ethanol and dissolved in nuclease-free water. 
RNA concentration was quantified using a NanoDrop 
spectrophotometer (Thermo, USA). 

For cDNA synthesis, 5 μg of total RNA was mixed with 
1× RT buffer, 20 pmol oligo(dT), 4 mM dNTPs, 10 mM 
DTT, and 40 U of SuperScript™ II reverse transcriptase in 
a final volume of 20 μl using DEPC-treated water. The 
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reaction was performed at 52°C for 50 minutes according 
to the manufacturer’s protocol (iScript cDNA Synthesis 
Kit, Bio-Rad). The final cDNA concentration was also 
measured using NanoDrop. 

2.5. Amplification of Targeted Genes by RT-PCR 

Quantitative real-time PCR (RT-qPCR) was 
performed to determine the relative mRNA expression 
levels of HOXD10, PI3K, and the housekeeping gene 
GAPDH, using cDNA synthesized. Primers were designed 
using Primer-BLAST (NCBI) from human reference 
sequences in GenBank and synthesized by Integrated DNA 
Technologies (IDT, Singapore). The primer sequences 
were as follows: 

HOXD10: Forward 5’-AGCTGCCTGACTTCTACAGC-3’, 

Reverse 5’-TCTGCCTGTAGCTTCTGCTG-3’ 

PI3K: Forward 5’-GGTTGGTGCTGGGAATTTGT-3’, 

Reverse 5’-CTTGGCTGGAGTGGATGTTG-3’ 

GAPDH: Forward 5’-AGAAGGCTGGGGCTCATTTG-3’, 

Reverse 5’-AGGGGCCATCCACAGTCTTC-3’ 

Target genes were amplified using the SYBR Green 
PCR master mix (Bio-Rad). PCR cycling conditions were 
as follows: pre-denaturation at 95°C for 3 minutes, 
denaturation at 95°C for 5 seconds, annealing at 50-60°C 
(gradient) for 5 seconds, repeated for 39 cycles. Melt 
curve analysis was performed to confirm amplification 
specificity. Relative gene expression levels were 
calculated using the 2-ΔΔCt method, with GAPDH serving 
as the reference gene. 

2.6. Statistical Analysis 

Statistical analysis was performed using one-way 
ANOVA to assess the differences among groups treated 
with various concentrations of mimic miR-10b. Post hoc 
analysis was conducted using Tukey’s test to determine 
pairwise significance. All data were expressed as mean ± 
SD, and p < 0.05 was considered statistically significant. 

2.7. Protein Expression Quantification 

The protein expression levels of HOXD10 and PI3K in 
T47D cells were quantified using a human-specific 
sandwich Enzyme-Linked Immunosorbent Assay (ELISA) 
method, following the standard manufacturer’s protocol. 
HOXD10 levels were measured using the Human 
Homeobox Protein HOXD10 ELISA Kit (Code: E4772), and 
PI3K levels were measured using the Human 
Phosphatidylinositol 3-Kinase (PI3K) ELISA Kit (Code: 
E0896Hu). 

After treatment, cells were washed twice with ice-
cold phosphate-buffered saline (PBS) and lysed in RIPA 
buffer supplemented with a protease inhibitor cocktail. 
Lysates were centrifuged at 12,000 × g for 15 minutes at 
4°C, and the supernatants were collected for analysis. 
Standards and samples were added to pre-coated 96-well 
plates and incubated according to the manufacturer’s 
instructions. Following incubation, the wells were 
washed, and horseradish peroxidase (HRP)-conjugated 
detection antibodies were added. After adding the 

substrate solution, the enzymatic reaction was 
terminated, and absorbance was measured at 450 nm 
using an ELISA plate reader (xMark™ Microplate 
Spectrophotometer, Bio-Rad, USA). Protein 
concentrations were calculated from standard curves and 
normalized to total protein content. 

3. Results and Discussion 

3.1. Cell Viability 

miR-10b has been recognized as an important 
regulator of tumor cell proliferation and invasion [26, 27, 
28, 29]. To evaluate whether miR-10b overexpression 
influences breast cancer cell survival, cell viability was 
assessed using the MTT assay after transfection with 
miR-10b mimics at varying concentrations. As shown in 
Figure 1, cell viability increased progressively from the 
control group (C-, 0 µM) to the highest mimic 
concentration (5 µM). The control cells exhibited 100% 
viability, indicating that all cells remained metabolically 
active under untreated conditions. Cells exposed to 1 µM 
and 2.5 µM of miR-10b mimic displayed higher metabolic 
activity, with the maximum viability observed at 5 µM. 

Consistent with its proposed oncogenic role, our 
study demonstrated that transfection of T47D breast 
cancer cells with a miR-10b mimic led to increased cell 
viability, suggesting that elevated miR-10b expression 
supports breast cancer cell growth. This finding is also 
similar to the reported study by Tian et al. [30], who 
observed that miR-10b upregulation in early-stage 
hepatocellular carcinoma promotes cell proliferation and 
metastasis, and is supported by others [30, 31, 32, 33]. 

3.2. Gene and Protein Expression Analysis 

The expression of miR-10b has also been linked to 
developmental genes such as HOXD10 and PI3K [7, 15, 20, 
23]. miR-10b acts by binding to the 3’ untranslated region 
(3’UTR) of target mRNAs and inhibiting translation. 
Based on data from miRBase.org, miR-10b has potential 
binding sequences within the HOXD10 and PI3K mRNAs. 
To evaluate the effect of miR-10b mimic transfection on 
both gene and protein expression, RT-qPCR and ELISA 
assays were performed for HOXD10 and PI3K in T47D cells 
treated with increasing concentrations of miR-10b mimic 
(1, 2.5, and 5 µM). Untreated cells (0 µM) served as the 
negative control group (C-) representing baseline 
expression levels. 

 

Figure 1. Effect of miR-10b mimic transfection on T47D 
breast cancer cell viability 
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Figure 2. Effect of miR-10b mimic transfection on HOXD10 expression in T47D breast cancer cells. (A) Relative HOXD10 
mRNA expression measured by RT-qPCR, and (B) HOXD10 protein concentration measured by ELISA, after transfection 

with miR-10b mimic at 0 µM (control), 1.0, 2.5, and 5.0 µM 

 

Figure 3. Effect of miR-10b mimic transfection on PI3K expression in T47D breast cancer. (A). Relative PI3K mRNA 
expression measured by RT-qPCR, and (B) PI3K protein concentration measured by ELISA, after transfection with 

miR-10b mimic at 0 µM (control), 1.0, 2.5, and 5.0 µM 

3.2.1. HOXD10 Expression 

The HOXD10 mRNA expression boxplot (Figure 2a) 
clearly shows that the control group exhibited the highest 
expression, with median values decreasing stepwise at 1 
µM and 2.5 µM and reaching the lowest level at 5 µM. 
Statistical testing indicated that all mimic-treated groups 
were significantly reduced compared with the control (p 
< 0.05). This dose-dependent decrease demonstrates that 
miR-10b strongly suppresses HOXD10 gene expression, 
consistent with its known role in inhibiting tumor-
suppressive pathways. Similarly, at the protein level, 
HOXD10 expression (Figure 2b) was highest in the control 
group and declined progressively with increasing mimic 
concentrations, confirming that miR-10b exerts 
inhibitory effects at both transcriptional and 
translational levels. Both mRNA and protein levels of 
HOXD10 were significantly decreased in a concentration-
dependent manner, with the strongest suppression 
observed at 5 µM. 

These results reinforce the post-transcriptional 
repressive function of miR-10b on HOXD10, which is 
consistent with previous reports indicating that miR-10b 
binds to the 3’ untranslated region (3’UTR) of HOXD10 
mRNA to block its translation and its tumor-suppressive 
activity [13, 23]. Reduced HOXD10 expression has been 
associated with enhanced proliferation, migration, and 
invasion in breast cancer cells [34], which aligns with the 
increased viability observed in our study. This supports 
the hypothesis that miR-10b promotes breast cancer 
progression through HOXD10 downregulation. 

3.2.2. PI3K Expression 

In contrast, PI3K mRNA expression displayed a 
different pattern. The boxplot (Figure 3a) showed a slight 
upward shift in median values across mimic-treated 
groups, with the highest level at 5 µM. However, these 
increases were modest, and statistical analysis confirmed 
that none of the differences reached significance (p > 
0.05). Consistently, protein-level measurement (Figure 
3b) showed a mild increase in PI3K concentration after 
transfection, although this difference was also modest. 
The parallel results between mRNA and protein levels 
indicate that miR-10b does not substantially alter PI3K 
expression under the tested conditions. 

In contrast to HOXD10, the expression of PI3K did not 
show any significant change at either the mRNA or 
protein level after transfection with the miR-10b mimic. 
Although PI3K is frequently overexpressed or mutated in 
breast cancer [7, 25], our results suggest that it is not a 
direct downstream target of miR-10b in T47D cells. The 
slightly changed expression pattern indicates that miR-
10b may influence PI3K signaling indirectly through other 
mediators. Previous studies have reported that miR-10b 
can modulate PI3K/AKT activation via intermediate 
molecules, such as FUT8 or the FOXO3a/TWIST-1/CADM2 
axis [31, 32]. These observations collectively imply that 
miR-10b’s effect on the PI3K pathway may be context-
dependent rather than the result of direct binding to PI3K 
transcripts. 

The differential responses of HOXD10 and PI3K to 
miR-10b mimic treatment might can be explained by 
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their distinct regulatory interactions. Previous sequence 
analyses have identified that the HOXD10 gene contains 
three potential miR-10b binding sites, whereas PI3K has 
a single predicted site [13, 16]. This difference in the 
number of binding sites may explain why HOXD10 
expression was significantly reduced in our study, while 
PI3K expression remained largely unchanged. The 
presence of several complementary regions likely 
enhances the efficiency of miR-10b-mediated repression 
of HOXD10, whereas the limited complementarity in PI3K 
may lead to weaker or negligible interaction. While this 
study did not include sequence validation, these reports 
provide a plausible explanation for the observed 
expression patterns. These findings collectively suggest 
that miR-10b primarily regulates HOXD10 directly, while 
its influence on PI3K may occur indirectly through 
secondary signaling pathways [13]. 

4. Conclusion 

This study demonstrates that miR-10b promotes 
breast cancer cell proliferation primarily by directly 
suppressing HOXD10, whereas its effect on the PI3K/AKT 
pathway is likely indirect. The inverse relationship 
between miR-10b and HOXD10 expression observed here 
reinforces the potential of this regulatory axis as a 
diagnostic and therapeutic target in breast cancer. Future 
work involving multiple cell models, additional pathway 
analyses, and in vivo validation will be valuable for 
confirming these mechanisms and further elucidating the 
downstream effects of miR-10b-mediated HOXD10 
regulation. 
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