REVIEW ARTICLE

OPEN

The microRNA-34 Family
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Abstract: Lung cancer is one of the most common malignant tumors
in humans and the leading cause of cancer-related deaths world-
wide. The microRNA-34 (miR-34) family is dysregulated in various
human cancers and is an important family of tumor suppressor
genes among microRNAs. The miR-34 family is downregulated in
lung cancer. It inhibits cell proliferation, metastasis, and invasion,
arrests the cell cycle, and induces apoptosis or senescence by neg-
atively regulating many oncogenes. It is commonly used to detect
and treat lung cancer. This study describes the regulatory role of the
miR-34 family in lung cancer and the associated research advances
in treatment.
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ith an estimated 2 million new cases and 1.76 million
deaths each year, lung cancer is one of the most
common malignancies in humans.! Lung cancer can be
divided into small cell lung cancer (SCLC) and non-small
cell lung cancer (NSCLC). Small cell lung cancer accounts
for ~15% of all diagnosed lung cancers, and non-small cell
lung cancer accounts for ~85% of all lung cancers. Non-
small cell lung cancer is divided into adenocarcinoma
(ADC), squamous cell carcinoma (SCC), and large cell
carcinoma (LCC). Despite some advances in the detection
and treatment of lung cancer in recent years, it remains the
leading cause of cancer-related deaths worldwide.
MicroRNAs (miRNAs, miRs) are a class of short, non-
coding RNAs that can affect most cellular processes, such as
cell metabolism, proliferation, differentiation, and apoptosis,
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and can act as oncogenes or tumor suppressor genes in human
malignancies.> The study revealed that miRNAs, such as
miR-21, miR-146-5p, miR-17-5p, miR-210, miR-17-92, miR-
135a-5p, miR-484, miR-186-5p, and miR-1246 can act as
oncogenes in lung cancer progression and can be used as
tumor suppressor genes include the let-7 family, miR-29
family, miR-34 family, miR-200 family, miR-513-3p, miR-
382, miR-19a-3p, miR-99b-5p, miR-590-5p, miR-320a, miR-
106-5p, and miR-186, which are promising biomarkers and
novel therapeutic targets in lung cancer.

The miR-34 family is known to be dysregulated in various
human cancers, including colorectal cancer, prostate cancer,
breast cancer, liver cancer, osteosarcoma, and lung cancer.*
The miR-34 family is considered a tumor suppressor miRNA
because of its synergy with the well-known tumor suppressor
gene p53.4% p53 is a crucial tumor suppressor gene, which
undergoes mutations in over half of human cancers.’
Mutations in the p53 pathway are one of the important
occurrences in lung cancer. The positive feedback regulatory
network formed by p53 and the miR-34 family can suppress the
growth and metastasis of tumor cells.” The miR-34 family
plays an important tumor suppressor role as a downstream
target of p53 (Fig. 1), which blocks tumor progression, arrests
cell cycle, and induces apoptosis or senescence by negatively
regulating a series of target genes.® The miR-34 family was the
first miRNA directly regulated by the tumor suppressor gene
p53. The miR-34 family plays an important role in the diag-
nosis, treatment, drug resistance, and prognosis of various
cancers, including lung cancer. The miR-34 family is down-
regulated in lung cancer, exerting anticancer effects by regu-
lating biological processes such as proliferation, migration,
invasion, and apoptosis of NSCLC cells.” In conclusion, the
miR-34 family plays a key role in lung cancer, and its
involvement in various aspects of lung cancer biology makes it
a promising candidate for further research.

The miR-34 family includes 3 members (miR-34a,
miR-34b, and miR-34c). Three members are located at 2
separate chromosomal loci.!® MiR-34a is encoded in the
second exon of a gene located on chromosome 1p36.22,
whereas miR-34b and miR-34c share a common host gene
located on chromosome 11q23.1.°> The mature sequences of
the 3 members differed slightly (Fig. 2).

Two mature miRNAs have been identified for each
member of the miR-34 family (miR-34a-5p, miR-34a-3p,
miR-34b-5p, miR-34b-3p, miR-34c-5p, miR-34c-3p).!!

The maturation of the miRNA chain is a complex
process. The formation of the Sp chain is accomplished by
the cleavage of microprocessor complexes (Drosha and
DGCRS), and the 3p chain is formed by Dicer cleavage.!!
The 5p members of the miR-34 family are involved in cell
proliferation, apoptosis, migration, and invasion, but the
role of the 3p chain and its targets is largely unknown.!!
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FIGURE 1. The miR-34 family plays an important tumor suppressor role by p53. The miR-34 family members are direct p53 targets, and
their ectopic expression can inhibit migration, arrest cell cycle, and induce apoptosis and senescence.

The regulatory role of the miR-34 family in lung cancer
and the latest research advancements in treatment were
elucidated in this study. The potential clinical significance of
this molecule in the realm of lung cancer was examined,
offering novel insights for clinical approaches to the
prevention and treatment of the disease.

THE REGULATORY ROLE OF THE miR-34 FAMILY
IN LUNG CANCER

The Regulatory Role of miR-34a in Lung Cancer
MiR-34a is the best-studied tumor suppressor
miRNA.2 MiR-34a was found to be significantly down-
regulated in NSCLC tissues and cell lines.!2 MiR-34a can
inhibit tumor growth by targeting CCNEI,'> EGFR,'? and
SIRT6,'* inhibit the growth of CD44hi strain-like NSCLC
cells,!> and inhibit growth and metastasis by increasing the
expression of PTEN and YYI, but the expression of CDK6
decreases in lung cancer.! p53 enhances the transcription of
miR-34a, and overexpression of miR-34a inhibits prolifer-
ation, arrests the cell cycle, and induces senescence in
lung cancer cells by targeting E2FI/E2F3.)7 In the IncRNA
FEZFI-AS1/miR-34a/NOTCHI network, overexpression of
miR-34a can target NOTCH] to play an important role as a
tumor suppressor.!® MiR-34a can inhibit proliferation and
promote apoptosis by inhibiting the target genes PDGFR-
a,® TGFpR22 and AXL* while reducing the migratory
and invasive abilities of NSCLC.!? The expression of miR-
34a is negatively correlated with the expression of ¢-MET
and CDK6 in NSCLC and has prognostic importance for
recurrence-free survival (RFS) in patients with lung
adenocarcinoma.?? Tissue and plasma miR-34a expression

was negatively correlated with lymph node metastasis, and
high plasma miR-34a expression was associated with
prolonged disease-free survival (DFS) and overall survival
(0S).2> The mature sequence of miR-34a, miR-34a-5p, is
under-expressed in lung adenocarcinoma cells and exerts
anticancer effects by targeting HMMR.?* MiR-34a-5p also
plays a key role in luteolin (LTL)-induced anti-tumor effects
by targeting MDM4 and enhancing activation of the p53
signaling pathway, inhibiting tumor growth and inducing
apoptosis in NSCLC cells.?> High expression of miR-34a-5p
enhances p21 expression and promotes cellular senescence in
NSCLC.%® The epithelial-mesenchymal transition (EMT)
contributes to cancer progression and is widely recognized
as a key process required for cancer metastasis.> Studies
have shown that miR-34a can directly target PAI-1 to block
its expression and inhibit the EMT process to suppress
NSCLC metastasis.2’” However, it has also been shown that
miR-34a can induce EMT in p53 wild-type NSCLC, which
can lead to further progression of cancer.

The Regulatory Role of miR-34b in Lung Cancer
The expression of miR-34b was significantly down-
regulated in the tissues of patients with NSCLC compared
with the adjacent tissues.>>30 In patients with SCC, miR-
34b/c decreased earlier and more significantly than miR-34a,
and the effect of miR-34b/c was greater than that of miR-
34a.° The expression level of miR-34b was negatively
correlated with lymph node metastasis and pathologic sta%e
and positively correlated with the degree of differentiation.’
Lower miR-34b expression was associated with higher
distant lymph node metastasis.3! The expression of miR-
34b and p53 in NSCLC tissues is positively correlated, and

miR-34a
miR-34b miR-34¢
Chr.11q23 . . E2 1
miR-34a: 5'-UGGCAGUGUC-UUAGCUGGUUGU-3'
miR-34b: 5'-UAGGCAGUGUCAUUAGCUGAUUG-3'
miR-34c: 5'-AGGCAGUGUAGUUAGCUGAUUGC-3'

FIGURE 2. Alignment of structure and mature sequence of genomic loci of miR-34 family members. The red nucleotides in the mature

sequence are the same in miR-34a, miR-34b, and miR-34c.
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the high expression of miR-34b and p53 is closely related to
the clinical stage and pathologic grade of NSCLC.? MiR-
34b and p53 can be important tumor markers for non-small
cell lung cancer. MET and miR-34b serve as key nodes in
the p53 network, miR-34b downregulates MET, and p53
conversely upregulates miR-34b in a feedback loop, thereby
inhibiting cell proliferation by inducing apoptosis.’® MiR-
34b can inhibit the migration and invasion of NSCLC cells
and promotes their apoptosis by targeting YAF2.32 Con-
trary to the expression of miR-34a/c, the study found that
the frequency of miR-34b was significantly increased in the
serum of NSCLC patients.’3 The expression level of miR-
34b-3p in the plasma of NSCLC patients was significantly
higher than that of the pulmonary tuberculosis group and
the healthy control group and correlated with the tumor
diameter, which could be an independent risk factor for the
occurrence of NSCLC.3* MiR-34b-3p is downregulated in
both NSCLC tumor tissues and lung cancer cell lines
(H1299 and A549), which may exert a tumor suppressor
effect by targeting CDK4.33 MiR-34b-3p can also inhibit
proliferation and induce apoptosis of A549 and H1299 cells
by targeting TGFBRI.3® The study found that expression of
miR-34b-3p was downregulated in clinical SCLC tissue
samples and its ectopic high expression also significantly
inhibited cancer cell invasiveness.>” Both miR-34b/c inhibit
EMT, and miR-34b/c may be a more potent tumor
suppressor than miR-34a.10

The Regulatory Role of miR-34c in Lung Cancer

Compared with normal controls, miR-34c is down-
regulated in lung cancer and may act as a potential tumor
suppressor gene.'®33% Low expression of miR-34c is
associated with the formation of distant metastases in lung
adenocarcinoma.?! MiR-34c acts as a tumor suppressor by
targeting HMGBI to induce stress in the endoplasmic
reticulum.** MiR-34c can inhibit cell proliferation and
induce apoptosis while reducing the migratory and invasive
abilities of NSCLC cells by targeting PDGFR-$' and IL-
6.38 The expression of miR-34c-3p was significantly reduced
in tissues, serum, and cell lines from NSCLC patients.*!#2
MiR-34¢c-3p inhibits the proliferation and invasion of
NSCLC by targeting elF4E*! and PACI/MAPK signaling
pathways.*? In patients with KRAS-mutated NSCLC, high
expression of miR-34c¢-3p is associated with longer survival
and acts as a targeted modulator of the CDKI gene,
providing tailored therapy.** MiR-34c-5p plays an impor-
tant tumor suppressor role in both the lncRNA POUGF2-
ASI/miR-34c-5p/KCNJ4 network* and the circPTCHI/
miR-34c-5p/MYCN network,* which can become a new
therapeutic strategy. High expression of miR-34c in plasma
predicts longer DFS.23 Analysis of exosomes from clinical
serum samples revealed that miR-34c-3p expression was
significantly downregulated in exosomes from NSCLC
patients compared with normal controls, and exosomes
with low levels of miR-34c-3p were able to accelerate
NSCLC invasion and migration by targeting integrin
a2p1.46

Therefore, the miR-34 family is an important tumor
suppressor gene in lung cancer. They can inhibit tumor
cell proliferation, cloning, EMT, migration, invasion,
arrest the cell cycle, and promote apoptosis by negatively
regulating many downstream target genes (Table 1,
Fig. 3).
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miR-34 FAMILY AND THE TREATMENT OF LUNG
CANCER

The current standard of treatment for lung cancer is
surgery, combined with radiation and chemotherapy, as well
as targeted therapy and immunotherapy, however, most
lung cancer patients are always diagnosed at an advanced
stage for various reasons and lose the opportunity for
surgery. Hence, nonsurgical treatment has become a
primary treatment for advanced lung cancer. However,
radioresistance and chemoresistance have become the main
obstacles to the successful treatment of lung cancer patients,
and the miR-34 family could play an active role in lung
cancer treatment.

miR-34 Family and Radiotherapy

It has been reported that miR-34a overexpression can
increase the radiosensitivity of NSCLC cells by targeting
LyGDI, which can be used as a radiosensitizer in NSCLC
treatment.*’” MiR-34a inhibits double-strand break repair in
NSCLC cells and increases radiosensitivity through the
regulation of RAD5I.*® MiR-34a can promote ionizing
radiation (IR)-induced senescence of tumor cells by target-
ing Myc, which could be a new therapeutic strategy to
improve the efficacy of radiotherapy in lung cancer.
Overexpression of miR-34b also increased radiosensitivity
under low-dose radiation in p53 wild-type, KRAS-mutated
NSCLC cells.

miR-34 Family and Chemotherapy

Cisplatin (CDDP) is the most effective and widely used
chemotherapy drug for the treatment of lung cancer, but the
failure of CDDP chemotherapy is a common phenomenon
in lung cancer. Owing to the high mortality and morbidity
caused by lung cancer, it is important to improve the
efficacy of CDDP chemotherapy.>! Apoptotic inhibition,
EMT, and cancer stem cell (CSC) progression are several
key factors in chemoresistance, and restoring the dysregu-
lated miR-34 family through various approaches contributes
to resensitization to chemoresistance.®

High expression levels of miR-34a are associated with
shorter OS in patients, which could be a possible predictor
of the effectiveness of palliative chemotherapy in SCC
patients.>> Compared with CDDP-insensitive NSCLC con-
trols, CDDP-sensitive NSCLC patients had upregulated
miR-34a expression, and p53 could induce miR-34a
expression and increased NSCLC sensitivity to CDDP by
targeting MYCN.5® In the IncRNA SNHGI4/miR-34a/
HMGBI network, miR-34a inhibited NSCLC progression
and promoted the sensitivity of NSCLC cells to CDDP.>*
MiR-34a overexpression increases the sensitivity of A549
cells to CDDP-induced cytotoxicity by targeting PEBP4.5
MiR-34a-5p inhibits tumor cell proliferation, migration,
and invasion and reverses CDDP resistance by targeting
TRIM?29 while inducing apoptosis in NSCLC cells.’® MiR-
34a-5p can also inhibit the growth of CDDP-resistant
NSCLC cells by targeting TNFAIPS.>” MiR-34c-3p expres-
sion was significantly reduced in tissue samples from
chemotherapy-resistant and metastatic NSCLC patients,
and overexpression of miR-34c-3p may target NOTCHI to
sensitize NSCLC cells to paclitaxel and CDDP.®

However, conflicting studies have found that miR-34c-
S5p can protect lung cancer cells from paclitaxel-induced
apoptosis by interfering with p53 levels and targeting ¢-Myc
levels, thereby increasing chemoresistance.” Similar studies
also revealed that miR-34c-5p expression was significantly
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TABLE 1. The Regulatory Role of the miR-34 Family in Lung Cancer

MiR-34 Family Upstream Regulatory  Target

Members Genes Gene Regulation References
miR-34a EGFR Inhibits proliferation and migration, arrests cell cycle, promotes 12

apoptosis
miR-34a CCNEI Inhibits proliferation and cloning 13
miR-34a SIRT6 Inhibits proliferation, arrests cell cycle, promotes apoptosis 14
miR-34a CDK6 Inhibits proliferation, migration, and invasion, promotes apoptosis 16
miR-34a 53 E2F1/E2F3 Inhibits proliferation, arrests cell cycle, promotes aging 17
miR-34a IncRNA FEZFI-ASI NOTCHI Inhibits migration and invasion 18
miR-34a PDGFR-a Inhibits tumor growth, migration, invasion, and promotes apoptosis 19
miR-34a TGFpR2 Inhibits proliferation, promotes apoptosis 20
miR-34a AXL Promotes apoptosis 21
miR-34a c-MET, Prognosis of recurrence 22
CDK6
miR-34a PAI-] Suppresses EMT 27
miR-34a-5p HCGIS8 HMMR Inhibits proliferation, migration, and invasion, promotes apoptosis 24
miR-34a-5p MDM4 Inhibits tumor growth, promotes apoptosis 25
miR-34b YAF2 Inhibits migration and invasion, promotes apoptosis 32
miR-34b MET Promotes apoptosis 30
miR-34b-3p CDK4 Inhibits proliferation, arrests cell cycle, promotes apoptosis 35
miR-34b-3p TGFBRI  Inhibits migration and invasion 36
miR-34c PDGFR-$  Inhibits tumor growth, migration, invasion, and promotes apoptosis 19
miR-34c IL-6 Inhibits proliferation, promotes apoptosis 38
miR-34c HMGBI Inhibits proliferation, promotes apoptosis, induces stress in the 40
endoplasmic reticulum

miR-34¢c-3p elF4E Inhibits proliferation, migration and invasion, arrests cell cycle 41
miR-34¢c-3p PACI Promotes apoptosis 42
miR-34¢-3p CDKI1 Inhibits proliferation, promotes apoptosis 43
miR-34c-5p IncRNA POU6F2-AS1 KCNJ4 Inhibits proliferation, cloning, migration, and invasion 44
miR-34¢c-5p circPTCHI MYCN Inhibits migration, invasion, and EMT 45

increased in drug-resistant A549/DDP cells compared with
that A549 cells, which could be related to the drug
resistance-associated gene RRAS.%0

Resistance to conventional chemotherapy remains a
major challenge in cancer treatment. Chemoresistance leads
to cancer relapse and poor prognosis. The miR-34 family
has shown different prognostic roles in chemotherapy and

may serve as a predictive factor for the effectiveness of
chemotherapy in patients with lung cancer. However, the
decision to choose a chemotherapy regimen based solely on
the expression of the miR-34 family may not be common in
clinical settings currently. The involvement of the miR-34
family in regulating various cellular processes suggests that
evaluating the expression levels of the miR-34 family can
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FIGURE 3. The regulatory role of the miR-34 family in lung cancer.
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provide additional information about tumor biology and
potential responses to chemotherapy. However, when
determining the most suitable chemotherapy approach for
individual patients, various factors must be considered,
including specific cancer types, staging, and other bio-
markers. A multidisciplinary team consisting of oncologists,
pathologists, and researchers must evaluate the available
evidence and make informed decisions on treatment
strategies. With the development of personalized medicine
and biomarker-guided treatment strategies, integrating
miR-34 family expression analysis into the decision-making
process for selecting chemotherapy regimens may hold
promise in the future.

miR-34 Family and Targeted Therapy

In recent years, targeted therapy has emerged as a
clinical alternative for the treatment of NSCLC. The
epidermal growth factor receptor tyrosine kinase inhibitor
(EGFR-TKI) is widely used as targeted therapy in the
treatment of NSCLC; however, it is effective in only some
cases of NSCLC and remains resistant in most cases.
Combination therapy is a promising strategy to overcome
drug resistance; however, it is often hindered by the lack of
suitable adjunctive therapies.®! Because of its ability as a
tumor suppressor, miRNA is an attractive adjunct therapy
candidate for treating NSCLC.®! Increasingly, studies
indicate that altered miRNA expression is a key factor in
the potential mechanisms of primary and acquired resist-
ance to tyrosine kinase inhibitors (TKIs) in lung cancer.6>%3

The combination of miR-34a and EGFR-TKI can
synergistically increase the sensitivity of EGFR wild-type
and mutant NSCLC cells to the drug, representing a
strategy to overcome the grimary and acquired resistance
of NSCLC to EGFR-TKI.%* These data suggest that there is
a strong synergy between erlotinib and miR-34a mimics in
therapy, and when combined with miR-34a, most NSCLC
cells can be resensitized to erlotinib.%> Combination therapy
with miRNAs (let-7b and miR-34a) can effectively target
multiple cellular pathways that affect cancer cell prolifer-
ation and erlotinib resistance, and NSCLC cells can be
sensitized to erlotinib.®! In a gefitinib resistance study, miR-
34a was found to overcome hepatocyte growth factor
(HGF)-mediated resistance to gefitinib in EGFR-mutated
lung cancer cells by targeting MET.®® LncRNA MIAT
interacts with miR-34a and epigenetically controls miR-34a
expression by hypermethylation of its promoter, thereby
sensitizing lung cancer cells to gefitinib.®” MiR-34a can play
a resensitizing role in NSCLC-acquired gefitinib resistance
by targeting AXL.®® MiR-34a-5p and lncRNA HOTAIR
interact to inhibit EMT, resulting in increased sensitivity to
the berberine-gefitinib combination drug.®

In contrast, research has systematically and compre-
hensively examined the targeted therapy mechanism for
cancer and discovered that in A549 and H1975 cell lines,
resistance to osimertinib is associated with the upregulation
of miR-34a-5p.7® Combining the relevant literature indicates
that miR-34a-5p may be positively correlated with osimer-
tinib resistance in NSCLC.”0

miR-34 Family and Immunotherapy

Recently, immunotherapy has emerged as an impor-
tant treatment option for NSCLC. Several studies have
identified miR-34a as a therapeutic biomarker candidate
for response to immune checkpoint inhibitor therapy,
whereas miR-34b affects the expression of programmed cell
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death-ligand 1 (PD-L1) and programmed cell death-1
(PD-1).”V PD-L1I is a direct target of miR-34a confirmed
by western blotting and luciferase assays, and p53 regulates
PD-L1I via miR-34a to regulate tumor immune escape.’”> A
study characterized a new IncRNA OIP5-ASI1/miR-34a/PD-
LI axis that is involved in the progression of NSCLC.”?
Overexpression of miR-34a reduced the expression level of
PD-L1.7> MiR-34a plays a key role in the expression of PD-
L1, and Gallic Acid can inhibit PD-LI expression by
upregulating miR-34a.”* 6-Gingerol inhibits the expression
of PD-LI by upregulating miR-34a, thereby exhibiting anti-
proliferative activity in NSCLC cells.”” MiR-34a-5p and
miR-34c-5p, as PD-LI inhibitory miRNAs, when ectopi-
cally expressed, suppress the development of NSCLC and
can significantly regulate the cell cycle, migration, clonoge-
nicity, invasion, cell apoptosis, tumor chemosensitivity, and
host anti-tumor immune response.76 In ADC, miR-34a is a
negative regulatory factor of CD47-mediated anti-phago-
cytic cell activity.”” MiR-34a mimics disrupt the KRAS/
CD47 signaling axis, inhibit CD47 expression, enhance
macrophage phagocytosis, and restore innate immune
surveillance.”” In NSCLC, the overexpression of miR-34a-
S5p in macrophages can inhibit KLF4, leading to the
polarization of macrophages from the M2 phenotype to
the M1 phenotype, thereby reducing tumor occurrence.

In summary, the miR-34 family may be one of the
pathways to enhance the effectiveness of lung cancer
immunotherapy. Further research on the regulation of the
miR-34 family and their combination with immunotherapy
in terms of molecular mechanisms and clinical applications
is necessary to improve the prognosis of patients in lung
cancer treatment.

Therefore, the miR-34 family can improve the sensi-
tivity to radiotherapy and chemotherapy by inhibiting target
genes, overcoming resistance to targeted drugs, and evading
immunotherapy (Table 2, Fig. 4). The miR-34 family is an
important regulatory gene in lung cancer treatment and
plays an important and beneficial role in lung cancer
treatment.

miR-34 Mimics Therapy

The miR-34 family is a tumor-suppressive miRNA.
Downregulation of the miR-34 family is commonly observed
in tumor cells. It plays a crucial role in regulating various
cellular processes such as tumor cell proliferation, cell cycle
progression, apoptosis, and senescence. By reintroducing
synthetic miR-34 mimics into cancer cells, their tumor-
suppressive functions can be restored. The multi-target action
of miRNA can regulate the entire signaling network? and
various cellular signaling pathways.” Supplementing down-
regulated miRNAs with synthetic oligonucleotides or sup-
pressing over-expressed miRNAs with artificial antagonists
has become a common strategy in cancer research.” This
makes miRNAs are becoming increasingly attractive
tools and suitable therapeutics for the development of
cancer therapies.

With the application of the first mimic-based miRNA
drug MRX34 in the Phase I clinical trial (NCT01829971),
the importance of the miR-34 family is being increasingly
recognized.* MRX34, a first-in-class cancer therapy devel-
oped by miRNA Therapeutics, shows strong activity in
melanoma, hepatocellular carcinoma, NSCLC, and kidney
cancer.2 MRX34 is a liposome miR-34a analog, which
initiated its first Phase I clinical trial in 2013. Unfortunately,
in 2016, the trial was halted by the U.S. Food and Drug
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TABLE 2. The Regulatory Role of the miR-34 Family in the Treatment of Lung Cancer

MiR-34 Family Upstream Target

Members Regulatory Genes Gene Treattype Regulation Mechanism References

miR-34a LyGDI  Radiotherapy  Increased radiosensitivity Promotes apoptosis 47

miR-34a RADS51  Radiotherapy  Increased radiosensitivity Inhibits double-strand break repair 48

miR-34a c-Myc Radiotherapy  Increased radiosensitivity Promotes aging 49

miR-34a p53 MYCN  Chemotherapy Increased cisplatin sensitivity Inhibits growth, induces apoptosis 53

miR-34a IncRNA SNHG14 HMGBI Chemotherapy Increased cisplatin sensitivity Inhibits migration and invasion, promotes apoptosis 54

miR-34a PEBP4  Chemotherapy Increased cisplatin sensitivity Promotes apoptosis 55

miR-34a-5p IncRNA TP73-AS1  TRIM29 Chemotherapy Increased cisplatin sensitivity Inhibits proliferation, migration, invasion, and promotes 56

apoptosis
miR-34a-5p circHUWEI TNFAIP8 Chemotherapy Increased cisplatin sensitivity Inhibits proliferation, migration, and invasion, promotes 57
apoptosis, arrests cell cycle
miR-34c-3p NOTCHI Chemotherapy Increased sensitivity to paclitaxel and Inhibits migration, promotes apoptosis 58
cisplatin

miR-34c¢c-5p c-Myc Chemotherapy Increased paclitaxel resistance Inhibits apoptosis 59

miR-34a MET Targeted Overcame gefitinib resistance Inhibits growth, induces apoptosis 66
therapy

miR-34a IncRNA MIAT Targeted Overcame gefitinib resistance Regulation of PI3K/Akt signaling pathway 67
therapy

miR-34a AXL Targeted Overcame gefitinib resistance Regulation of PI3K/Akt, MEKIERK, and JAKISTAT 68
therapy signaling pathways

miR-34a-5p IncRNA HOTAIR Targeted Improved efficacy of berberine and Suppresses EMT 69
therapy gefitinib combination

miR-34a pS53 PD-LI Immunotherapy Improved efficacy Inhibits immune escape 72

miR-34a IncRNA OIP5-AS]  PD-LI Immunotherapy Improved efficacy Inhibits immune escape 73

miR-34a CD47 Immunotherapy Enhanced macrophage phagocytosis Restores innate immune surveillance 71

miR-34a-5p KLF4 Immunotherapy Reduced tumor occurrence Leads to the polarization of macrophages 78
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FIGURE 4. The regulatory role of the miR-34 family in the treatment of lung cancer.

Administration (FDA) due to serious immune-mediated
adverse events (AEs) that resulted in the deaths of 4
patients.8%81  Nonetheless, this initial clinical trial of
miRNA-based cancer therapy provided valuable insights
for the future development of such drugs.

However, some challenges have emerged in the
application of miR-34a therapy. One of them is the low
efficiency of miRNA delivery to tumor cells.> The delivery
system used in this clinical trial is liposome nanoparticles.®
Although this liposome nanoparticle design achieved
efficient absorption and long circulation time of miR-34a
in the blood, it does not directly target the specific delivery
of miR-34a to cancer cells. This nonspecific targeted
delivery may be one of the potential reasons for the
premature termination of the trial. Some studies have
analyzed that the possible reason is that miRNA is degraded
and RNase is abundant in serum, which easily denatures
miR-34a, causing miR-34a to fail to penetrate the capillary
endothelium and reach target cells.* Second, the immune
response deserves attention. In 2016, the clinical trial of
MRX34 (NCT02862145) was withdrawn due to the
occurrence of 5 immune-related AEs.* In the latest report
of the clinical trial of MRX34, severe AEs include sepsis,
hypoxia, cytokine release syndrome, and liver failure, which
suggest an immune-mediated toxicity pattern,3! possibly
involving lipid nanoparticle-associated double-stranded
RNA (dsRNA)-related nonspecific inflammation and miR-
34a-related gene expression-specific regulation. Unfortu-
nately, the preclinical AE spectrum of MRX34 in animals,
including nonhuman primates, cannot predict the immune
activation spectrum in humans.®! Third, this multi-targeting
nature of miRNAs can lead to off-target side effects.
Systemic overexpression of the miR-34 family, which is
widespread and regulates physiological processes, can target
genes in healthy tissues and cause side effects such as
cardiovascular disease.” The fourth consideration is drug
dosage. In the initial stages of this clinical trial, the dosage
started at 10 mg/m? and then increased to 124 mg/m2.%0
However, due to the observed systemic inflammatory
response syndrome in patients, the 124 mg/m? dosage
was determined to be higher than the maximum tolerated
dose (MTD). Subsequently, the dosage was modified to
110 mg/m? and administered with dexamethasone in the first
week, aimed at suppressing the immune response.8!
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However, this revised dosing schedule still resulted in severe
AEs, with no apparent increase in efficacy. This indicates
that the safety window for miR-34a appears to be small,
and due to treatment-induced immune reactions, high-dose
administration of miR-34a may not be beneficial clinically.
Therefore, careful evaluation and control of the dosage and
administration regimen of miR-34a in patients is necessary.
The fifth challenge is the cost of production and delivery of
miR-34 mimics. The synthesis process of miR-34-based
therapeutic methods and the demand for specialized delivery
systems lead to high treatment costs. Optimizing and
simplifying the manufacturing process helps reduce overall
costs, making it more affordable for patients. The sixth
challenge is having reliable biomarkers to predict the
response to miR-34-based therapy, which is crucial. The
discovery of biomarkers is essential for patient stratification,
enabling the selection of individuals most likely to benefit
from miR-34 mimics. This personalized treatment approach
will optimize treatment outcomes and minimize potential
side effects. The seventh is that the treatment of miR-34a
relies on nanocarriers, and the toxicity of nanoparticles is
also worth discussing.* The development of many nano-
carrier-based platforms has enhanced the study of cell-
specific controlled delivery and safety of miRNA-based
therapies.? The ideal delivery system®? for miR-34a therapy
should achieve 3 main goals: (1) effective delivery with high
cellular uptake and stability, (2) specific delivery to tumors,
while avoiding or minimizing nonspecific delivery to other
normal tissues, and (3) minimizing systemic immune
responses and immune toxicity.

From the first human clinical trial of miR-34a, we have
learned that the dose and administration of miR-34a are
strictly limited by immune-related toxicity. Therefore, com-
bining miR-34a with other treatment modalities should
maximize therapeutic benefits while minimizing immune
toxicity-associated adverse effects related to miR-34a dosage.
In recent years, it has been suggested that one approach to
improving efficacy and reducing toxicity is to rationally
identify small molecule drug combinations that synergize with
miR-34a. Through high-throughput screening of a large panel
of small molecules with known biological activities, ouabain
was identified as a candidate small molecule that synergizes
with miR-34a to activate autophagy to kill lung cancer cells,
but it needs to be more fully scaled up studies.?

Copyright © 2024 The Author(s). Published by Wolters Kluwer Health, Inc.
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MiR-34 mimics, in combination with other therapeutic
agents, have garnered significant attention for their ability to
enhance cancer treatment outcomes. By simultaneously
targeting multiple pathways involved in tumor growth and
progression, a combined therapeutic approach can generate
synergistic effects and amplify overall treatment results.
Research has highlighted the potential benefits of synergistic
delivery methods, suggesting that combining miR-34 mimics
with conventional chemotherapy, targeted therapy, or
immunotherapy could potentially overcome drug resistance,
improve patient response, and hold great promise for
combination therapies targeting multiple pathways.3*
According to the above principles, research has provided 4
possible clinical scenarios for the treatment of miR-34
mimics.8? The first scenario involves treating early primary
tumors, especially in early-stage tumors, where low doses of
miR-34 treatment can be used as adjunct therapy alongside
standard treatments to address preexisting cancer cell
heterogeneity. The second clinical scenario is untreated
advanced and metastatic tumors. At this stage, the clinical
application of miR-34 will involve combination approaches
with standard therapies. The third clinical scenario is treating
failed and drug-resistant tumors, where miR-34 replacement
therapy will be used in combination with chemotherapy and/
or targeted therapy to overcome treatment resistance. The
final clinical scenario is the application of miR-34 in p53
mutant tumors, considering miR-34 is a direct transcriptional
target of p53. In p53 mutant tumors, miR-34 could potentially
become a primary therapeutic agent.

In conclusion, miR-34 mimics therapy shows promise
in the advancement of novel cancer treatments. Through
continued exploration of its clinical application, improve-
ment of delivery techniques, and conduct of clinical trials,
miR-34 mimics may emerge as a valuable therapeutic
intervention for fighting cancer and enhancing patient
outcomes. Furthermore, the investigation of combination
therapies and elucidation of novel mechanisms of action will
enhance our comprehension and success in the development
of innovative cancer treatments utilizing miR-34. It is
essential to thoroughly assess the advantages and disadvan-
tages of this emerging miRNA therapy, refine strategies to
mitigate side effects, and promote its future utilization.”

SUMMARY AND OUTLOOK

The miR-34 family is an important tumor suppressor
gene in lung cancer. They can inhibit proliferation, cloning,
migration, invasion, EMT, arrest cell cycle, and promote
apoptosis. The miR-34 family can also improve the sensitivity
of radiotherapy and chemotherapy through various regula-
tory effects, overcome drug resistance of targeted drugs and
escape immunotherapy, and play an important and positive
role in various treatment methods for lung cancer. In terms of
mimetic therapy, the miR-34 family could become a rational
anticancer drug in the future.

Translating the findings of preclinical research into
clinical applications is crucial for the successful implemen-
tation of lung cancer therapy strategies based on miR-34.
This can facilitate the transition of research results from the
laboratory to clinical practice.

Predictive biomarkers. The expression levels of members
of the miR-34 family have been studied as potential predictive
biomarkers for therapy response in lung cancer patients. They
can evaluate the diagnostic and prognostic potential of the
miR-34 family as biomarkers for lung cancer.

Copyright © 2024 The Author(s). Published by Wolters Kluwer Health, Inc.

Patient stratification. Studying whether miR-34 expres-
sion levels can stratify lung cancer patients into different risk
groups or predict response to specific treatments can be a
tool for personalized medicine. Treatment strategies can be
customized based on individual patient characteristics.

Mechanisms of drug resistance. Further research on the
molecular pathways regulated by the miR-34 family in lung
cancer cells can help identify the impact of the miR-34
family on key carcinogenic processes such as cell prolifer-
ation, apoptosis, and metastasis. Developing strategies to
overcome drug resistance in lung cancer treatment is vital,
and studying the role of miR-34 family dysregulation in
mediating drug resistance mechanisms can provide valuable
insights for alternative treatment methods.

Therapeutic development. Combining the miR-34 fam-
ily with other therapeutic strategies may be a promising
approach to enhance the effectiveness of lung cancer
treatment. Further exploration of using miR-34 mimics as
therapeutic agents for lung cancer treatment, developing
excellent and safe treatment systems using miR-34 mimics
or inhibitors to specifically target lung cancer cells.

Clinical trials. Conducting preclinical studies to eval-
uate the efficacy and safety of miR-34-based treatments in
relevant animal models. Future efforts should focus on
designing and conducting phase I, II, and III clinical trials to
assess the effectiveness of miR-34 treatment in lung cancer
patients. Analyzing data generated from clinical trials to
evaluate the efficacy and safety of interventions based on
miR-34.

By following these detailed clinical translation methods,
researchers can advance the miR-34 family in the field of
lung cancer from the laboratory to the bedside, potentially
improving patient outcomes and paving the way for
personalized treatment strategies in lung cancer management.

CONCLUSIONS

The miR-34 family has broad application prospects in
the detection and treatment of lung cancer. In addition, it is
need to further investigate the regulatory role of the miR-34
family, which could provide new ideas for the prevention,
diagnosis, monitoring, and treatment of lung cancer.
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