International Journal of Women’s Health Dovepress
Taylor & Francis Group

ORIGINAL RESEARCH
miR-6844 Regulates Cell Functions and Acts as
a Potential Biomarker to Predict Prognosis in
Breast Cancer

Yi Peng, Xin Zhang, Jianbin Wu, Hongmei Wang, Xiaoxi Huang
Department of Breast Surgery, Fujian Provincial Maternity and Children’s Hospital, Fuzhou, 350001, People’s Republic of China

Correspondence: Xiaoxi Huang, Department of Breast Surgery, Fujian Provincial Maternity and Children’s Hospital, No. 18, Daoshan Road, Gulou
District, Fuzhou, 350001, People’s Republic of China, Tel +86-0591-87626063, Email huangxiaoxil 967@163.com

Purpose: MicroRNAs can epigenetically regulate numerous cancer-related genes and are recognized as key players in cancer biology.
To explore the intrinsic mechanisms by which miR-6844 regulates the functions of BC cells and assess its potential as a prognostic
biomarker for BC clinical outcomes.

Methods: A total of 130 BC patients were enrolled as the research subjects. Real-time fluorescence quantitative PCR was used to
detect miR-6844 levels in cancer tissues and adjacent non-cancerous tissues. Kaplan-Meier survival curve was employed to analyze
the 5-year survival status of BC patients. Multivariate Cox regression analysis was conducted to identify the influencing factors for
mortality in BC patients. CCK-8 and Transwell assays were utilized to measure the proliferation, migration, and invasion of MCF-7
and MDA-MB-231 cells.

Results: miR-6844 is markedly upregulated in BC tissues and cell lines. The expression of miR-6844 is closely correlated with the
TNM stage and lymph node metastasis in BC patients. Elevated levels of miR-6844 are correlated with diminished overall survival
rates. Functional investigations reveal that miR-6844 enhances BC cell proliferation, migration, and invasion while exerting a negative
regulatory effect on the expression of the Methylthioadenosine phosphorylase (MTAP). Conversely, silencing miR-6844 markedly
inhibits the progression of BC cells, an effect that can be counteracted by concurrent inhibition of MTAP expression.

Conclusion: miR-6844 exhibits elevated expression levels in BC and is correlated with adverse prognostic outcomes. This
microRNA promotes BC progression by targeting and negatively regulating MTAP.

Keywords: miR-6844, BC, prognosis, MTAP

Introduction

Breast cancer (BC) is a highly prevalent malignant tumor in women globally, characterized by sustained high incidence
and mortality.! The inherent heterogeneity of BC, coupled with its intricate molecular regulatory networks, results in
substantial variations in patient prognosis.> Consequently, the precise prediction of BC outcomes is of paramount
importance in crafting personalized treatment strategies and enhancing the quality of life for patients. While existing
indicators for forecasting BC prognosis are utilized in clinical practice, they exhibit certain limitations.® Thus, the pursuit
of novel and more effective prognostic biomarkers has emerged as a pivotal focus in BC research.

In recent years, microRNAs (miRNAs) have emerged as a focal point of research in oncology, owing to their pivotal
roles in tumorigenesis, development, and metastasis.* An extensive array of studies has elucidated the significant impact
of miRNAs on the initiation and progression of various tumors.”® Evidence suggests that miR-21 may facilitate the
promotion and invasion of BC.” Furthermore, research has indicated that miR-34a holds promise as a non-invasive
biomarker for the diagnosis of BC.® A potential role for miR-130a-5p as both a diagnostic and therapeutic target in BC is
suggested.” Additionally, findings reveal that elevated levels of miR-100-5p mitigate the enhancing effects of CDC25A
on the proliferation of BC cells."’
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As a member of the miRNA family, miR-6844 has emerged as a pivotal player in the regulation of cellular functions
in recent years.'! Existing research has illuminated its significant regulatory roles across various physiological and
pathological processes.'>'* Notably, studies indicate that miR-6844 is markedly overexpressed in all clinical subtypes of
invasive BC.'* However, investigations into its specific implications within the realm of BC remain relatively limited.
Understanding these mechanisms is critical to BC research.

This paper seeks to elucidate the potential mechanisms through which miR-6844 influences BC cell functions and to
assess its viability as a biomarker for predicting BC prognosis. This investigation aims to offer novel strategies and
methodologies for the early diagnosis, prognostic evaluation, and personalized treatment of BC.

Materials and Methods

Sample Collection

This study enrolled a total of 130 BC patients who underwent radical mastectomy or breast-conserving surgery at Fujian
Provincial Maternity and Children’s Hospital between January 2017 and January 2020. The research protocol was
approved by the Institutional Ethics Committee of our hospital (No: 2016-129). Inclusion criteria:1) Confirmed BC
diagnosis; 2) Complete clinical data and follow-up information; 3) Written informed consent obtained from each
participant. Exclusion criteria: 1) Patients who received chemotherapy, radiotherapy, or other anticancer treatments
prior to surgery; 2) History of other malignant tumors; 3) Family history of BC.

Surgical specimens including BC tissues and matched adjacent normal tissues (>2 cm from the tumor margin) were
collected intraoperatively. After collection, the specimens were immediately processed and stored at low temperature for
subsequent analysis.

Sample size was calculated using G*Power 3.1 software. Based on an effect size of 0.5, a power of 0.95, and
a significance level of a=0.05, the minimum required sample size per group was determined to be 88. This study
ultimately enrolled 130 BC patients, exceeding the calculated threshold.

Clinical Data Collection and Follow-up

Clinical parameters, including patient age, tumor size and TNM stage (according to the AJCC 8th edition) were
meticulously recorded. Each patient participated in a comprehensive 5-year postoperative follow-up, with overall
survival designated as the primary endpoint of this study.

Cell Culture

Human BC cell lines MCF-7, MDA-MB-231, MDA-MB-453, MDA-MB-468 and non-tumorigenic breast epithelial cell
line MCF-10A were obtained from the Cell Bank of the Chinese Academy of Sciences (Shanghai). Cell lines
authentication by STR profiling and routine mycoplasma testing were cultured in DMEM (GIBCO, USA) supplemented
with 10% heat-inactivated FBS (GIBCO, USA) and maintained under standard culture conditions at 37°C in a 5% CO,
atmosphere. Cells were passaged when the confluence reached 80%.

Cell Transfection

Transfection was carried out in accordance with the manufacturer’s guidelines for Lipofectamine 2000 (Invitrogen, USA).
Following transfection, the expression of miR-6844 was evaluated through RT-qPCR to assess the efficiency of the
transfection process. The experimental groups consisted of cells treated with miR-6844 mimic or inhibitor, while the control
groups included cells subjected to mimic negative control (NC) or inhibitor NC treatments. Specifically, cells were transfected
with 50 nM of miR-6844 mimic/inhibitor or mimic/inhibitor NC for 48 hours prior to functional assays. Additionally, a blank
control group was established, wherein cells were cultured in standard medium without any transfection.

Real-Time Quantitative PCR
Total RNA was meticulously extracted from tissues or cells utilizing the Trizol reagent (Invitrogen, USA), strictly
adhering to the manufacturer’s protocol. The concentration of RNA was accurately measured using NanoDrop
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spectrophotometer (Thermo Fisher Scientific, USA). RNA with an A260/A280 ratio between 1.8 and 2.0 was considered
suitable for subsequent experiments, followed by the synthesis of cDNA through reverse transcription employing
a specialized reverse transcription kit (Vazyme, China). RT-qPCR was performed on a fluorescence detection instrument,
with reaction systems carefully prepared following the instructions of the RT-qPCR kit (Toyobo, Tokyo, Japan). U6
served as the internal reference for miR-6844, and the relative expression levels were calculated employing the 2 44"

method. The corresponding primer sequences are provided in Supplementary Table 1.

CCK-8 Assay

At 24 hours post-transfection, the cells were detached through trypsinization, subsequently collected, and subjected to
counting. Thereafter, the cells were seeded into 96-well plates at a density of 5000 cells per well. Following this, at 24,
48, and 72 hours post-seeding, the culture medium was replaced with 100 pL of 10% DMEM supplemented with 10%
CCK-8 reagent (Dojindo, Japan). After a 2-hour incubation in a cell culture incubator, the absorbance of each well was
measured using a microplate reader at a wavelength of 450 nm.

Transwell Assay

Migration assay: Transfected cells were trypsinized, resuspended in serum-free medium, and adjusted to a density of 5 x
10° cells/mL. A total of 100 pL, equivalent to 50,000 cells, was carefully seeded into the upper chamber of an 8-pum pore
Transwell insert (Corning, USA), while the lower chamber was supplemented with 500 pL of complete medium.
Following a 24-hour incubation period, non-migrated cells were meticulously removed, and those that had successfully
traversed to the lower surface of the membrane were fixed, stained, and quantified under a microscope at 200%
magnification, with counts taken from five randomly selected fields. Invasion assay: The upper surface of the
Transwell membrane was coated with Matrigel (1:8 dilution; BD Biosciences, USA) and incubated at 37°C for
30 minutes to allow gelation. Cells were then seeded into the upper chamber as described above, and the lower chamber
was filled with complete medium. Post-incubation, cells were processed identically to the migration assay for fixation,
staining, and microscopic quantification.

Dual-Luciferase Reporter Assay

The TargetScan database was utilized to predict the binding sites between miR-6844 and MTAP, and corresponding
reporter gene vectors were constructed by pmirGLO vector (Promega, USA). miR-6844 mimics or inhibitors were co-
transfected into cells with Wild-type (WT)-MTAP or mutant (MUT)-MTAP reporter gene vectors. After incubation in an
appropriate cell culture environment for 24 hours, luciferase activity was detected to validate the targeting relationship
between miR-6844 and MTAP.

Statistical Methods

The SPSS 26.0 software was used for statistical analysis. Categorical variables were expressed as count (n), and
intergroup comparisons were conducted using the chi-square test. Continuous variables are presented as mean + SD.
Comparisons between two groups were performed using #-tests, while comparisons among three or more groups were
conducted using analysis of variance (ANOVA) combined with Tukey’s post hoc test. The Kaplan-Meier (K-M) survival
curve was used to analyze the 5-year survival status of BC patients, and the Cox proportional hazards model was
employed to explore the effect of miR-6844 on the postoperative survival time of BC patients. The regulatory relation-
ship between miR-6844 and MTAP was evaluated by Pearson correlation analysis. P < 0.05 was considered statistically
significant.

Results
Expression of miR-6844 in BC

RT-qPCR analysis revealed the relative expression of miR-6844 was substantially higher in BC tissues than in adjacent
non-tumor tissues (P < 0.001) (Figure 1A). Further comparison of miR-6844 expression between different BC cell lines
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Figure | Expression of miR-6844 in BC. (A) miR-6844 showed significantly higher relative expression in BC tissues compared to adjacent normal tissues (P < 0.001).
(B) Human BC cell lines exhibited notably higher miR-6844 expression than normal mammary epithelial cell lines. Among them, MCF-7 and MDA-MB-231 cells
showed the most significant differences (P < 0.001). **P<0.01, ***P<0.001.

and normal human breast cell lines revealed its high expression in multiple BC cell lines. Among them, the expression
differences in MCF-7 and MDA-MB-231 were the most significant (P < 0.001) (Figure 1B).

Baseline Characteristics of Patients

A total of 130 BC patients were successfully enrolled in the study, comprising 72 individuals aged under 50 years, 83
patients with tumor sizes less than 5 cm, and 93 patients classified at TNM stages I-1I. According to the median
expression level of miR-6844, the patients were divided into a high-expression group (n=68) and a low-expression group
(n=62). There were no statistically significant differences between the two groups in terms of age, menopausal status,
tumor size, or degree of differentiation (P > 0.05), while significant statistical differences were observed in TNM stage
and lymph node metastasis (Table 1).

Table | The Relationship Between miR-6844 Expression and
Clinical Pathological Parameters of BC

Variable miR-6844 Expression Level | P value
High (n=68) | Low (n=62)
Age (years) 0.496
<50 38 34
=50 30 28
Menopause 0.607
Pre-menopausal 36 32
Post-menopausal 32 30
(Continued)
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Table | (Continued).

Variable miR-6844 Expression Level | P value
High (n=68) | Low (n=62)

Histological grade 0.645

| 18 19

I 30 26

11l 20 17

Tumor size (cm) 0.060

<5 40 43

=5 28 19

TNM stage 0.046*

-l 46 47

-1v 22 15

Lymph node metastasis 0.039*

Yes 44 29

No 24 33

Differentiation 0.308

Well +moderate 39 41

Poor 29 21

ER status 0.458

Positive 47 39

Negative 21 23

PR status 0.370

Positive 35 27

Negative 33 35

Her-2 status 0.369

Positive 14 9

Negative 54 53

Note: *P<0.05.

Abbreviations: TNM, Tumor Node Metastasis; ER, estrogen receptor; PR, pro-
gesterone receptor; Her-2, human epidermal growth factor receptor.

Prognostic Impact of MiR-6844 on Survival in BC

After a 5-year follow-up of all patients, it was found that the overall survival rate of patients with high miR-6844

expression was significantly lower than that of patients with low miR-6844 expression (Log-rank P = 0.013) (Figure 2).
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Table 2 Multivariate Cox Analysis of Survival Factors for BC

Patients
Variable HR 95% CI for HR | P value
Lower | Upper
miR-6844 3.078 | 1.272 7.448 0.013*
Age 1.668 | 0.617 4.509 0.313
Menopause 0.709 | 0.279 1.801 0.470
Histological grade 1294 | 0576 2.907 0.532
Tumor size 2.039 | 0.788 5.276 0.142
TNM stage 2.750 | 1.153 6.560 0.023*
Lymph node metastasis | 2.913 1.068 7.946 0.037*
Differentiation 1.712 | 0.787 3.726 0.175
ER status 1.187 | 0.456 3.091 0.726
PR status 1.436 | 0.698 2.955 0.326
Her-2 status 1.331 0.531 3.334 0.542

Note: *P<0.05.
Abbreviations: TNM, Tumor Node Metastasis; ER, estrogen receptor; PR,
progesterone receptor; Her-2, human epidermal growth factor receptor.

Cox regression analysis further revealed that high miR-6844 expression was a significant factor affecting patient survival
outcomes (P < 0.05) (Table 2).

Effect of miR-6844 Expression on BC Cells

RT-qPCR was conducted to assess the transfection efficiency in MCF-7 and MDA-MB-231 cells. The findings revealed
a significant upregulation by 2-fold of miR-6844 expression in the miR-6844 mimics group compared to the mimics-NC
group (P < 0.001). Conversely, miR-6844 expression was markedly diminished in the miR-6844 inhibitors group when
compared to the inhibitor-NC group (P <0.01) (Figure 3A and B). At the cellular functional level, treatment with miR-6844
mimic substantially enhanced the proliferation, migration, and invasion of BC cells by approximately 2-fold. Conversely,
the application of miR-6844 inhibitor effectively impeded cell proliferation and significantly curtailed both migration and
invasion, thereby exhibiting a pronounced inhibitory effect on the malignant behaviors of BC cells (P < 0.01) (Figure 3C—
H). These results indicate that the upregulation of miR-6844 appears to facilitate the malignant progression of BC cells.

Validation of the Target Relationship Between miR-6844 and MTAP

Bioinformatics prediction showed that miR-6844 has potential binding sites with the 3'-untranslated region (3'-UTR) of
MTAP (Figure 4A). Dual-luciferase reporter gene assays confirmed that in MCF7 and MDA-MB-231 cell lines, co-
transfection with miR-6844 mimic and MTAP-WT notably reduced luciferase activity (P < 0.01). In contrast, co-
transfection with miR-6844 inhibitor and MTAP-WT notably increased luciferase activity (P < 0.01), but no significant
difference was observed in co-transfection with MTAP-MUT (P > 0.05) (Figure 4B and C). Furthermore, the relative
expression levels of MTAP mRNA were notably lower in the miR-6844 mimic group than in the control group, whereas
a significant increase by approximately 1.4-fold was observed in the miR-6844 inhibitor group (P < 0.01) (Figure 4D and
E). In BC tissues, the expression level of MTAP mRNA was notably lower compared to adjacent normal tissues (P <
0.001) (Figure 4F). Additionally, the expression of miR-6844 was found to be markedly negatively correlated with the
expression of MTAP mRNA (= —0782, P<0.001) through Pearson correlation analysis (Figure 4G).

Effect of miR-6844 Targeting MTAP on BC Cells

In the MCF-7 and MDA-MB-231 BC cell lines, transfection with a miR-6844 inhibitor markedly upregulated MTAP
mRNA expression when compared to the control (P < 0.01), thereby indicating that miR-6844 negatively regulates
MTAP expression. Further experiments showed that co-transfection with the miR-6844 inhibitor and si-MTAP signifi-
cantly reduced MTAP mRNA levels compared to the single miR-6844 inhibitor transfection group (P < 0.01) (Figure SA
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Figure 3 Effect of miR-6844 Expression on BC Cells. (A and B) The validation results of miR-6844 expression levels in MCF-7 and MDA-MB-231 cells after transfection
with miR-6844 mimic, mimic negative control, inhibitor, and inhibitor negative control, respectively. (C—H) Effects of miR-6844 mimic and miR-6844 inhibitor transfection on
cell proliferation, migration and invasion. **P<0.01, *** P<0.001.

and B). Functional assays revealed that downregulating miR-6844 significantly inhibited BC cell proliferation (P < 0.01)
and reduced cell migration and invasion capabilities (P < 0.001), confirming that miR-6844 inhibition exerts
a suppressive effect on BC progression. However, when MTAP expression was simultaneously inhibited, the tumor-
suppressive effects mediated by miR-6844 downregulation were significantly reversed, with cell proliferation, migration,
and invasion abilities returning to levels close to those of the control (P < 0.05) (Figure 5C-H). These findings suggest
that miR-6844 could affect the malignant biological behaviors of BC cells through regulating MTAP expression.

Discussion

miRNAs regulate gene expression at the post-transcriptional level. They influence biological processes such as cell
proliferation, differentiation, apoptosis, migration, and invasion by complementary base-pairing with messenger RNAs
(mRNAs) of target genes.'”'” Research has indicated that elevated expression levels of miR-103a-3p are associated with
poorer survival outcomes in BC patients.'® Similarly, findings suggest that the high expression of miR-6844 in liver
cancer correlates with detrimental prognostic implications.'” This study confirmed that miR-6844 is also highly
expressed in BC and is closely associated with poor prognosis in patients. Compared with the miR-6844 low expression
group, the high expression group had a later TNM stage and a higher lymph node metastasis rate. This suggests that
upregulation of miR-6844 may promote the invasion and metastatic ability of tumor cells, leading to more advanced
tumor staging and lymph node metastasis, providing new insights and important clues for the field of BC research. In the
present study, we observed no statistically significant difference in miR-6844 expression between ER-positive and ER-
negative patients, implying that miR-6844 may act independently of ER status. However, ER-negative tumors, including
aggressive subtypes such as triple-negative breast cancer, often present distinct miRNA regulatory mechanisms.*® For
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Figure 4 Validation of the Target Relationship between miR-6844 and MTAP. (A) Potential binding sites between miR-6844 and the 3"-UTR of MTAP. (B and C) Luciferase
activity assays in MCF-7 and MDA-MB-231 cells co-transfected with miR-6844 mimic or inhibitor and wild-type (WT) or mutant (MUT) MTAP luciferase reporter vectors.
(D and E) Changes in relative MTAP mRNA expression levels after transfection with miR-6844 mimic or inhibitor. (F) Comparison of MTAP mRNA expression between BC
tissues and adjacent normal tissues. (G) Correlation analysis between miR-6844 and MTAP mRNA expression in BC tissues. **P<0.01, ***P<0.001.

example, miR-145 expression is downregulated in ER-positive BC patients and is lower than in ER-negative breast
cancer.”' Although miR-6844 appears to promote BC progression independent of ER status, its downstream targets or
pathway activation may differ in ER-negative backgrounds.

Additionally, in BC cells, multiple studies have shown that various miRNAs exert their effects by targeting different
genes. For example, miR-518a-5p inhibits BC progression by targeting ZEB2,?* while miR-4513 promotes BC devel-
opment through interaction with TRIM3.?*> This study revealed that miR-6844 promotes BC progression by negatively
regulating MTAP through targeting. This not only clarifies the role of miR-6844 in BC development but also elucidates
the regulatory relationship between miR-6844 and MTAP, providing potential new targets and intervention directions
for BC treatment.

MTAP, a key enzyme involved in purine metabolism, is closely associated with various diseases, particularly
malignant tumors, due to its abnormal function.>® In malignant tumors such as BC, the expression and role of MTAP
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Figure 5 Effect of miR-6844 Targeting MTAP on BC Cells. (A and B) Changes in MTAP mRNA expression levels in MCF-7 and MDA-MB-231 cells after transfection with
miR-6844 inhibitors, si-MTAP, and their co-transfection. (C—H) Functional assays detecting changes in cell proliferation, migration, and invasion capabilities after co-
transfection of miR-6844 inhibitor and si-MTAP. *¥P<0.01, **%P<0.001.

have garnered significant attention.”> Previous studies have demonstrated that downregulation of MTAP enhances
specific capabilities of certain cells,”® and MTAP is considered to possess tumor-suppressive functions.”>>’ MTAP
deficiency has been linked to high invasiveness and poor prognosis in BC.?® This study further confirms that MTAP
serves as a critical downstream target for miR-6844’s tumor-promoting effects. miR-6844 influences the malignant
biological behaviors of BC cells by negatively regulating MTAP expression. At the molecular level, the regulation of
MTAP by miR-6844 is profound: when miR-6844 expression is upregulated, it inhibits the translation of MTAP mRNA,
reducing its tumor-suppressive capacity and thereby promoting the proliferation, migration, and invasion of BC cells.
Conversely, when miR-6844 expression is suppressed, MTAP levels are restored, reactivating its tumor-suppressive
function and effectively inhibiting the malignant progression of BC cells. Elucidation of this regulatory mechanism opens
a new perspective for a comprehensive and in-depth exploration of the mechanisms underlying BC development.
Moreover, Zhang et al proposed that downregulation of MTAP exerts an inhibitory effect by activating ornithine
decarboxylase (ODC) activity.”® This provides an effective reference for our subsequent studies on the downstream
pathways of MTAP.

Nevertheless, this study has certain limitations. On one hand, the relatively small sample size may lead to selection
bias in the research results. In follow-up studies, multi-center, large-sample studies, and clinical validation in extensive
cohorts could be conducted to ensure the universality and reliability of the findings. On the other hand, although the
regulatory effect of miR-6844 on MTAP has been clarified, whether miR-6844 also influences the biological behaviors
of BC cells through other signaling pathways, as well as the specific molecular mechanisms downstream of MTAP, still
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require further in-depth investigation through proteomics validation and in vivo biological model construction. In
addition, it is necessary to explore whether miR-6844 interacts with ER signaling and evaluate its function in ER status
models. Future research could focus on these directions to comprehensively reveal the mechanism of action of miR-6844
in BC and provide more robust support for precision therapy of BC.

Conclusion

In summary, this study confirmed that miR-6844 is highly expressed in BC, clarified its relationship with BC prognosis,
and revealed that miR-6844 promotes the proliferation, migration, and invasion of BC cells by negatively regulating
MTAP through targeting. These findings provide new biomarkers for the molecular typing of BC and lay an important
theoretical foundation for the development of miRNA-based personalized treatment strategies for BC.
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