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 Abstract: Ovarian cancer (OC) is a gynecologic disease characterized by the 
uncontrolled growth and proliferation of abnormal cells in the ovaries, fallopian tubes, 
or peritoneum. Emerging evidence has shown the pivotal role of non-coding RNAs 
(ncRNAs), such as miRNAs, in driving the pathogenesis of OC. miRNAs are 
recognized as small ncRNAs that play critical roles in regulating gene expression in 
normal development and in disease states, including OC. Among miRNAs, the 
expression of miR-34a was found to be downregulated in OC. Elevated levels of this 
miRNA are associated with the induction of apoptosis and the inhibition of OC cell 
proliferation by targeting various signaling pathways, including NOTCH1, P21/P53, 
STAT3, and BCL2 in OC. Therefore, miR-34a can be a therapeutic target in the 
management of OC. In this review, we summarized the functional significance of this 
miRNA in the treatment of OC. 
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1. INTRODUCTION 
 Gynecological cancers (GCs), encompassing 
ovarian, fallopian tubal, uterine/endometrial, cervical, 
vaginal, and vulval cancers, besides breast cancer, 
constitute a diverse array of malignancies specific to 
the female reproductive system [1, 2]. Ovarian cancer 
(OC) is a heterogeneous disease characterized by the 
uncontrolled growth of abnormal cells in the ovaries, 
fallopian tubes, or peritoneum, leading to the formation 
of malignant tumors [3]. While the precise etiology of 
OC remains elusive, extensive research has implicated 
a combination of genetic, environmental, and hormonal 
factors in its development [4]. Genetic alterations, 
including mutations in tumor suppressor genes, such 
as BRCA1 (breast cancer gene 1) and BRCA2, as well  
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as oncogenes like the KRAS gene (Kirsten rat sarcoma 
viral oncogene homolog) and TP53 (the p53 gene), 
play a pivotal role in driving OC [5]. Changes in the 
retinoblastoma (RB) pathway are crucial in the 
development of OC [6]. Research has demonstrated 
that when both the p53 and RB genes are conditionally 
inactivated in animal models, it leads to the emergence 
of poorly differentiated serous ovarian adenocar-
cinomas [7, 8]. This suggests a significant interplay 
between these tumor suppressor pathways in driving 
cancer progression. 
 These genetic changes can arise spontaneously or 
be inherited from affected family members, contributing 
to the predisposition to develop OC [9]. Moreover, 
hormonal factors, such as prolonged exposure to 
estrogen without concomitant progesterone, as seen in 
nulliparity or early menarche, have been linked to an 
increased risk of OC [10]. Environmental factors, 
including exposure to carcinogens, such as asbestos 
and talcum powder [11, 12], as well as lifestyle factors 
like obesity [13] and smoking [14], also contribute to 
the development of OC [15]. Additionally, inflammatory 
conditions, such as endometriosis, have been 
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associated with an elevated risk of certain subtypes of 
OC [16]. The complex interplay between genetic 
predisposition, hormonal influences, and environmental 
exposures underscores the multifactorial nature of OC 
etiology [17]. Understanding these underlying mecha-
nisms is essential for elucidating the pathogenesis of 
OC and developing targeted prevention and treatment 
strategies [18]. Fig. 1 highlights various factors that 
contribute to the development and progression of OC. 
 In recent years, emerging evidence has under-
scored the pivotal role of non-coding RNAs (ncRNAs), 
including long ncRNAs (lncRNAs), microRNAs 
(miRNAs), and circular RNAs (circRNAs) in driving the 
pathogenesis of various cancers [19, 20].  
 A prominent member among miRNAs is miR-34a, 
which serves as a crucial regulator of tumor 
suppression by orchestrating the expression of multiple 
protein targets associated with apoptosis and cell cycle 
control [21]. Investigations have consistently 
demonstrated a prevalent downregulation of miR-34a 
in OC specimens in contrast to normal ovarian tissues, 
consequently triggering the overexpression of its target 
genes implicated in oncogenic cascades [22]. High 
expression of this miRNA is associated with the 
induction of apoptosis and the inhibition of OC cell 
proliferation [23]. In the present study, we summarized 
the functional significance of miR-34a in the 
pathogenesis of OC. 

2. BIOGENESIS AND FUNCTIONAL ROLES OF 
miR-34A IN HEALTH AND DISEASES 
 miR-34a is first transcribed as a lengthy hairpin 
molecule (pri-miRNA), which is then broken down into 
a stem-loop precursor of around 70 nucleotides (pre-
miRNAs) by the human RNase III DROSHA enzyme 
[24]. The miR-34a translocation from the nucleus to the 
cytoplasm is mediated by exportin-5. Through a series 
of stages, another human RNase III called DICER 
breaks miR-34a into duplexes with a final length of 22–
23nt. Finally, one strand of the miRNA duplex, referred 
to as the "mature strand", becomes part of the RNA-
induced silencing complex (RISC), with the other 
strand purportedly being broken down. After being 
incorporated into the RISC, miR34a directs this protein 
complex to binding sites that are either fully or partially 
complementary and are found in the 3' untranslated 
region (UTR) of target mRNAs, therefore suppressing 
their production. In specifics, partial alignment 
interferes with mRNA translation, whereas complete 
alignment leads to mRNA destruction [25]. A seven-
nucleotide stretch known as the "seed-sequence," 
which is found in the 5′ section of 30 miRNAs, is 
associated with a complementary sequence in the 3′-
UTR of the target mRNA to control its target [26]. 
Nucleotides in the middle and 3′ regions of the miRNA 
have the potential to undergo further base pairing [27]. 
A single miRNA likely controls dozens or even 
hundreds of target mRNAs, as the comparatively short 

 

Fig. (1). The significant factors associated with the onset and advancement of ovarian cancer. (A higher resolution / colour 
version of this figure is available in the electronic copy of the article). 
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seed region is the main factor influencing target 
identification. According to bioinformatics predictions, 
the miR-34a seed sequence is matched by several 
hundred mRNAs [28]. Fig. 2 showcases how miR-34a 
is generated. 
 A proteomics study has recently identified early 
targets of miR-34a that are implicated in the 
carcinogenesis of neuroblastoma [29]. After removing 
miR-34a from mouse embryonic stem cells, Choi et al. 
discovered that the cells had the ability to develop into 
both extraembryonic and embryonic lineages [30]. 
Moreover, members of the miR-34a family are critical 
for the formation of neurons [31], spermatogenesis 
[32], stem cell differentiation [33], aging [34], and 
cardiovascular processes [35]. miR-34a has also been 
linked to cognitive impairments [36], osteoporosis [37], 
obesity [38], diabetes [36], and liver issues [39]. 
Numerous studies have explored the impact of miR-
34a across different types of cancer. In head and neck 
squamous cell carcinoma (HNSCC), miR-34a acts as a 
tumor suppressor by inhibiting cell proliferation and 
inducing apoptosis. It targets several proto-oncogenes, 
thereby regulating critical processes, such as epithelial-
mesenchymal transition (EMT), which plays a vital role 
in cancer invasion and metastasis. [40]. miR-34a has 
been associated with the suppression of cancer stem 

cell (CSC) characteristics in breast cancer by 
specifically targeting key molecules, such as NOTCH 
and MYC, which are crucial for maintaining the stem 
cell-like phenotype. In prostate cancer, the expression 
of miR-34a is notably downregulated in CSCs. When 
miR-34a is overexpressed, it effectively inhibits tumor 
growth and metastasis by downregulating factors that 
sustain stemness [41]. Neuroblastoma is often driven 
by frequent deletions in the chromosomal region 
containing miR-34a, highlighting its role as a tumor 
suppressor. The downregulation of miR-34 expression 
contributes to chemotherapy resistance by promoting 
survival against chemotherapy-induced apoptosis. 
Interestingly, emerging evidence suggests that miR-
34a may have a carcinogenic role in osteosarcoma, 
where it is associated with chemotherapy resistance 
through the downregulation of DLL1 (Delta-like 
canonical Notch ligand 1), a ligand in the NOTCH 
signaling pathway [42]. 

3. FUNCTIONAL ROLES OF miR-34 FAMILY IN 
OVARIAN CANCER 
 The miR-34 family, especially miR-34a, miR-34b, 
and miR-34c, plays a vital role in the development and 
progression of ovarian cancer. Here are some key 
insights into their functions: 

 

Fig. (2). The mechanisms involved in the biogenesis of miR-34. (A higher resolution / colour version of this figure is available in 
the electronic copy of the article). 
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3.1. The Proliferation and Metastatic Phases 
 Various studies have discussed the significance of 
mir-34a in OC (Table 1). In the proliferation and 
metastatic phases, different studies indicate that the 
miR-34 family possesses tumor properties, such as 
apoptosis, cell cycle arrest, and cell senescence [43]. 
Significantly lower miR-34a expression was reported in 
OC cells compared with healthy ovarian epithelium 
[44]. miR-34 plays a critical role in inhibiting tumor 
growth by inducing apoptosis and restraining cancer 
cell proliferation. Specifically, miR-34a-5p directly 
targets BCL2 (B-cell lymphoma 2), a key anti-apoptotic 
protein, leading to its suppression. Overexpression of 
miR-34a-5p has been shown to suppress the 
proliferation of OC cells and induce apoptosis by 
targeting BCL2 [45]. Additionally, resveratrol (RES), a 
natural compound found in red wine, has been reported 
to inhibit OC cell growth both in vitro and in vivo. 
Treatment with RES significantly increases the levels of 
miR-34a, and the inhibitory effects of RES on OC cells 
are potentiated by the overexpression of miR-34a. [46]. 

Moreover, targeting miR-34 with Lnc-OC1 has been 
observed to enhance the proliferation and metastasis 
rates of OC cells [47]. Furthermore, Yan Jia et al. 
discovered that miR-34 targets NOTCH1 to inhibit cell 
invasion and suppress the growth of human OC cells 
by inducing autophagy and apoptosis [48]. In another 
study by Maeda K et al., serum exosomal miR-34a 
levels were examined in epithelial OC patients. They 
observed significantly higher levels of serum exosomal 
miR-34a in early-stage OC patients compared to 
advanced-stage patients. Furthermore, patients with 
lymph node metastasis exhibited significantly lower 
levels of serum exosomal miR-34a compared to those 
without lymph node metastasis [49]. Xu D et al. 
conducted a study investigating the relationship 
between LINC00665 and miR-34a-5p in OC patients. 
Their research revealed that LINC00665 is upregulated 
in OC and is associated with a poorer prognosis. 
Knockdown of LINC00665 prevented the malignant 
proliferation, migration, and invasion of OC cells. 
Additionally, LINC00665, through competitive bidding 
to miR-34a-5p, counteracted the inhibitory effect of 

Table 1. The impact of miR-34a on ovarian cancer progression and metastasis. 

Suppression Stimulation Result Refs. 

Lower miR-34a expression miR-34a promoter 
methylation 

High-grade cancer progression (pro-cancer) [43] 

Snail  … Suppression of EMT and invasion in OC cells (anti-cancer) [51] 

BCL2 Apoptosis Suppressed OC cell proliferation (anti-cancer) [61] 

HDAC1 Cisplatin sensitivity in 
SKOV3cp cells 

Suppressed proliferation in OC cells (anti-cancer) [54] 

miR-34a suppression Lnc-OC1 upregulated Development and progression of OC cells (pro-cancer) [47] 

NOTCH1 Autophagy and apoptosis Suppressed proliferation of human OC cells (anti-cancer) [48] 

miR-34a downregulation … Ovarian tumor progression (pro-cancer) [44] 

IL-6R/STAT3  … Reduced tumor proliferation and invasion (anti-cancer) [55] 

Decreases of miR-34a-5p … Slower disease progression (anti-cancer) [56] 

miR-34 family 
downregulation 

BRCA1/2 mRNA Worse overall survival and OC progression (pro-cancer)  [23] 

OIP5-AS1 … Downregulation of snail expression (anti-cancer) [52] 

Lower serum exosomal 
miR-34a 

… OC with lymph node metastasis (pro-cancer) [49] 

PD-L1  … Regulated DDP chemoresistance of OC cells (anti-cancer) [53] 

BCL2 … Enhanced RES apoptosis effects on OC cells (anti-cancer)   [46] 

BCL2 Apoptosis Enhanced the inhibitory effects of RES on OC cells (anti-cancer) [45] 

TRIM44 … Inhibited OC malignant behaviors (anti-cancer) [57] 

miR-34a suppression by 
LINC00665 

E2F3 Promoted the progression of OC cells (pro-cancer) [50] 

Deliver miR-34a into cells. Apoptosis Inhibited tumor growth and prolonging the survival time of OC mice 
(anti-cancer) 

[58] 

BCL2 and Mcl1 P21, P53 Apoptosis induction inhibited cell proliferation in OC cells (anti-cancer) [59] 

miR-34a downregulation … EOC progression (pro-cancer) [62] 

FOXP1 … Reduced OC development (anti-cancer) [22] 

MDM4, MAPK3, BRCA1 … EOC management (anti-cancer) [60] 
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miR-34a-3p on its downstream gene E2F3, thereby 
promoting OC progression [50]. 

3.2. Epithelial-mesenchymal Transition Formation 
 Snail induces EMT in OC cells, a crucial step in 
cancer metastasis. Upon the introduction of miR-34a, 
both transcript and protein levels of Snail were 
significantly reduced, effectively suppressing the EMT 
phenotype and sphere formation in OC cells [51]. 
Conversely, the presence of OIP5-AS1, an oncogenic 
lncRNA, upregulated Snail expression. Specifically, 
overexpression of OIP5-AS1 in OC cells led to 
increased Snail expression, while overexpression of 
miR-34a resulted in Snail downregulation. Moreover, 
miR-34a overexpression mitigated the effects of OIP5-
AS1 overexpression on Snail expression in OC [52]. 

3.3. Treatments and Outcomes 
 In the treatment aspects, another study by Zuo Y et 
al. showed that programmed cell death 1 ligand 1 (PD-
L1) was implicated in cancer chemoresistance. 
Investigation of cisplatin (DDP)-resistant SKOV3 and 
OC cell lines (SKOV3/DDP and A2780/DDP) revealed 
increased PD-L1 expression and decreased miR-34a-
5p levels in DDP-resistant cells. Additionally, miR-34a-
5p was found to negatively regulate PD-L1 expression 
by targeting its 3’-UTR [53]. Teng Lv et al. demons-
trated that miR-34a, by specifically targeting the 3'-UTR 
of Histone Deacetylase 1 (HDAC1) mRNA, reduced the 
growth of SKOV3 and OVCA433 cells and increased 
the cisplatin sensitivity of cisplatin-resistant SKOV3cp 
cells. The overexpression of HDAC1 increased OC cell 
proliferation and reduced cisplatin sensitivity [54]. 
 Additionally, the IL-6R/STAT3 signaling pathway, 
known to play a crucial role in OC progression, was 
targeted by ectopically expressed miR-34a, resulting in 
significant inhibition of tumor proliferation and invasion 
through downregulation of IL-6R expression. This 
observation suggests that decreased miR-34a 
expression potentially contributes to the malignant 
potential of high-grade serous carcinoma (HGSC) by 
upregulating the IL-6R/STAT3 signaling pathway [55]. 
On the other hand, the kinetics of 11 significant 
miRNAs after neo-adjuvant therapy in OC were 
examined in the randomized phase II CHIVA study by 
Robelin P et al. The study found that lower levels of the 
miR-34a-5p were linked to better outcomes for 
patients. Specifically, patients with decreased miR-34a-
5p levels had a progression-free survival (PFS) of 24.8 
months compared to 13.7 months for those with higher 
levels [56]. 
 Furthermore, Welponer H et al. analyzed the 
expression of miR-34a/b/c in 228 OC patients and 
found significantly lower levels of miR-34a/b/c in OC 
compared to control tissues. Moreover, the study 
indicated a negative correlation between the 
expression of miR-34b/c and BRCA1/2 mRNA 
expression [23]. In the assessment of biological 
activity, it was observed that an increase in miR-34a-5p 
levels or a decrease in TRIM44 expression had the 

ability to suppress malignant behaviors in OC cells. 
Moreover, co-transfection experiments demonstrated 
that overexpression of miR-34a-5p mediated by 
TRIM44 reversed the biological activities of OC cells 
[57]. Efficient delivery of miR-34a-mimic has been 
achieved in vitro and in vivo using a minimally invasive 
method known as ultrasound-targeted microbubble 
destruction (UTMD). Li Y et al. delivered miR-34a into 
cells using miR-34a-mimic-loaded microbubbles 
modified with folate (miR-34a-FM). 
 Consequently, miR-34a mimics were successfully 
introduced into the cytoplasm, resulting in the 
suppression of SK-OV-3 cell proliferation and induction 
of apoptosis. Subsequently, miR-34a-mimic was 
injected via UTMD into the tumor tissue, leading to 
tumor growth suppression and increased survival time 
in mice with OC [58]. The anti-tumor activity of 
oleuropein has been assessed in A2780S and 
A2780/CP cell lines. Sheikhshabani SH et al. reported 
that oleuropein administration led to an increase in the 
expression of P21, P53, and miR-34a, while 
decreasing the expression of BCL2 and Mcl1 (myeloid 
cell leukemia 1) [59]. Kumar V et al. performed 
Methylated DNA Immunoprecipitation combined with 
NGS (MeDIP-NGS) sequencing on normal samples 
and Epithelial ovarian cancer (EOC) tissues. The 
sequencing revealed hypermethylation of numerous 
miRNA gene promoters. Early-stage EOC tissues and 
serum samples exhibited a significant reduction in the 
relative expression level of miR-34a compared to 
normal individuals. The winged helix transcription factor 
forkhead box P1 (FOXP1) has been identified as both 
an oncogene and a tumor suppressor in OC. Dirimtekin 
E et al. elucidated the molecular and clinical 
relationships between miR-34a and the transcription 
factor FOXP1 in OC. In both in vitro and in vivo 
environments, there is an inverse correlation between 
miR-34a and FOXP1. Inhibition of miR-34a briefly 
increased FOXP1 mRNA expression, whereas 
overexpression of miR-34a targeting FOXP1 could 
potentially reduce OC development [22]. In silico 
functional enrichment analysis revealed the relationship 
between miRNA and the medical condition. Target 
genes of miRNAs are involved in biologically significant 
processes contributing to cancer development. In EOC, 
miR-34a was significantly upregulated, while miR-205 
targets were downregulated. Furthermore, a strong 
negative correlation was observed between miR-34a 
and the target genes MDM4, MAPK3, BRCA1, and 
AREG. The expression data of target genes and 
miRNA in matched samples highlight the therapeutic 
potential of miRNA in EOC therapy [60]. 

CONCLUSION 
 miR-34a plays a crucial role in regulating ovarian 
cancer cell proliferation and progression by targeting 
several key signaling pathways, including Snail, BCL2, 
NOTCH1, IL-6R/STAT3, TRIM44, FOXP1, BRCA1/2, 
P21, P53, MDM4, and MAPK3. In the context of cancer 
treatments, often facing challenges like drug resistance 
and ineffectiveness, exploring the molecular 
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mechanisms of miR-34a could lead to innovative 
therapies for various cancers, including ovarian cancer. 
By understanding how miR-34a functions, we can 
potentially develop more effective treatment strategies 
that overcome these obstacles. 
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