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Abstract 

Resistance to conventional chemotherapy remains a major cause of cancer relapse and 
cancer-related deaths. Therefore, there is an urgent need to overcome resistance barriers. 
To improve cancer treatment approaches, it is critical to elucidate basic mechanisms 
underlying drug resistance. Increasingly, mechanisms involving micro-RNAs (miRNAs) 
are studied, because miRNAs are also considered practical therapeutic options due to 
high degrees of specificity, efficacy and accuracy, as well as their ability to target 
multiple genes at the same time. Years of research have firmly established miR-34 as a 
key tumor suppressor miRNA whose target genes are involved in drug resistance 
mechanisms. Indeed, numerous articles show that low levels of circulating miR-34 or 
tumor-specific miR-34 expression are associated with poor response to chemotherapy. In 
addition, elevation of inherently low miR-34 levels in resistant cancer cells effectively 
restores sensitivity to chemotherapeutic agents. Here, we review this literature, also 
highlighting some contradictory observations. In addition, we discuss the potential utility 
of miR-34 expression as a predictive biomarker for chemotherapeutic drug response. 
Although caution needs to be exercised, miR-34 is emerging as a biomarker that could 
improve cancer precision medicine. 

Graphical Abstract 

This review article aims to provide an extensive overview and discuss the achievements 
of this work, highlighting the combination of therapies involving miR-34a and diverse 
chemotherapeutics agents to treat several types of cancer. 
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1. Introduction

Cancer is a complex disease which stems from defective regulation of cell growth-related 
signaling cascades. As genes that preserve balanced cell growth are altered, for example 
due to mutations, this can give rise to the transformation of normal cells into cancerous 
cells. Fractions of cells in a tumor bulk may harbor a distinct genotype with an array of 
mutations or copy number changes, so-called 'clonal' and 'sub-clonal' changes. These 
alterations occur sequentially and affect multiple oncogenes, tumor suppressor genes and 
microRNAs (miRNAs) (Bader, 2012; X. Ji et al., 2012). Cancer remains one of the main 
health problems of the Western world (Rokavec et al., 2014). It has been estimated that 
approximately 1,762,450 new cancer cases will be diagnosed and 606,880 patients will 
lose their lives because of this disease in the United States in 2019 (Siegel, Miller, & 
Jemal, 2019). Surgery, hormone therapy, radiation therapy, immunotherapy, targeted 
therapy and chemotherapy are the major currently used treatments for cancer (Sudhakar, 
2009). 
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Conventional chemotherapy, described as a systematic therapeutic procedure for primary 
or metastatic patients, included the application of various agents that have already been 
used since about 50 years ago (You et al., 2015). Chemotherapy is an effective method of 
cancer therapy. Yet, the toxicity of chemotherapeutic agents can cause severe side 
effects, and the extent of side effects is sometimes difficult to predict (Y. Wang et al., 
2017). Furthermore, primary or acquired secondary drug resistance to conventional 
chemotherapy constitutes a significant problem, as this can cause relapse (L. Zhang et al., 
2017). Complex mechanisms of drug resistance may involve altered cellular pathways, 
aberrant gene expression, highly expressed drug efflux proteins, enhanced DNA repair, 
defective apoptosis, Epithelial-Mesenchymal Transition (EMT), presence of stroma cells, 
cancer stem cells (CSCs) and other resistant cells and dysregulation of miRNAs (F. Lin, 
Wen, Wang, & Mahato, 2019; Q. A. Zhang et al., 2018). Ultimately, resistance 
contributes to elevated mortality rates and maintains as considerable barrier of cancer 
treatment, despite the fact that various anti-cancer compounds continue to be used (Wen, 
Peng, Lin, Singh, & Mahato, 2017). 

Understanding fundamental mechanisms of chemoresistance and meticulously 
distinguishing genes interrupting drug response is the first step towards improvement of 
therapy response and establishing personalized cancer therapy (Vinall, Ripoll, Wang, 
Pan, & deVere White, 2012). To overcome this barrier, different strategies have been 
exploited, one of which combines two agents, so-called combination therapy (Kasinski et 
al., 2015). However, the efficacy of combination therapy is often limited by a lack of 
appropriate adjuvant therapeutics and the requirement to reduce application intervals or 
doses of individual drugs, due to toxicity and side effects (Stahlhut & Slack, 2015). 

Importantly, over the past decades, RNA interference (RNAi) has emerged with an 
innovative step to combat resistance. RNAi is capable of impeding drug efflux, anti-
apoptotic, EMT and CSC related proteins. The combination of RNAi and chemotherapy 
has arisen as an attractive new approach to treat cancer, because they involve distinct 
therapy strategies that can therefore synergize with each other (L. Zhang et al., 2017). 
During application of RNAi, the process involves insertion of some of the central RNAi 
elements into cells. These may include short-interfering RNA (siRNA), miRNA and short 
hairpin RNA (shRNA), which are complementary to target mRNA. These molecules use 
cellular enzymes that specifically degrade this mRNA, preventing the production of 
protein encoded by the mRNA (Xin et al., 2017). Besides being economical, fast, safe, 
specific and efficient, RNAi has the potential of selective silencing of multidrug 
resistance-related genes, which moderate side effects of chemotherapeutic agents (Xin et 
al., 2017) 

Since more than 50% of identified miRNA genes are located in regions of fragile sites of 
the genome, the role of miRNAs in the initiation and development of cancer has been 
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well-established (Hummel, Hussey, & Haier, 2010). The focus on miRNA-based 
experiments in oncology has increased, as the importance of miRNAs in cancer biology 
has been proven to occur through targeting mRNAs involved in a broad range of 
biological processes, such as tumor growth, invasion and angiogenesis. Equally 
importantly, microRNA signatures differ per cancer type and from normal tissues (Hayes, 
Peruzzi, & Lawler, 2014). As a single microRNA is capable of repressing multiple 
oncogenic pathways at the same time, miRNA mimics are considered outstanding 
candidates for combination therapies. miRNAs are implicated in this phenomenon by 
imperfect sequence complementarity (Kasinski et al., 2015). Moreover, enforced restored 
tumor suppressor miRNAs is sufficient to reinstate their tumor suppressive functions. 
Thus, miRNA-based therapies, in isolation or in conjunction with chemotherapy, improve 
treatment outcomes (Deng et al., 2014). 

The miRNA members of the miR-34 family are among the most intensively studied 
miRNAs (Imani, Wu, & Fu, 2018). In humans, the miR-34 family consists of three 
members. The locus encoding miR-34a is located on chromosome 1p36, whilst miR-34b 
and miR-34c share primary transcription from chromosome 11q23 (Slabakova, Culig, 
Remsik, & Soucek, 2017). Akin to other miRNAs, miR-34 members are first transcribed 
by RNA polymerase II as a hairpin RNA called pri-miRNA, which is hundreds to 
thousands of nucleotides in length. This pri-miRNA is cleaved by an enzyme of the 
RNase III group, called DROSHA. After cleavage, the pre-miRNA of about 70 
nucleotides is produced, which subsequently is imported into the cytoplasm from the 
nucleus. There, the pre-miRNA endures more cleavage by another member of RNase III 
family, DICER, and this results in an RNA duplex, a 22-nucleotide mature miRNA. In 
the next step, this double-stranded RNA is incorporated into the RISC complex. Within 
this complex, one of the strands is degraded, while the main strand, in cooperation with 
RISC, entraps target mRNA in a sequence-specific manner. The seed region of the 
miRNA, 2-8 residues from the 5'UTR end, determines the rate of the pairing of miRNA-
mRNA hybrids when binding to the 3'UTR of the mRNA. Depending on the 
complementary level, miR-34 may give rise to degradation or translation inhibition of 
mRNA (Momtazi et al., 2016; Slabakova et al., 2017). 

Among members of miR-34 family, miR-34a has been studied most extensively and is 
known as the star miRNA in the cancer research field (H. Li et al., 2014). miR-34a is 
highly expressed in normal tissues, in contrast to carcinomas, in which its expression is 
often deregulated (Kang et al., 2015). The precise functions of a miRNA directly rely on 
the functions of the mRNAs that it targets. However, an extensive range of cell- and 
animal-based studies have firmly established that miR-34a acts as a tumor suppressor 
gene. Frequent 1p36 deletions in certain tumors are another approval of this claim. 
Following further research on miR-34a, it is evident that the miR-34a targets encompass 
numerous genes related to tumorigenesis and cancer progression (H. Li et al., 2014; 
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Slabakova et al., 2017). miR-34a possesses two promoters, containing a p53-binding site 
and a CpG island. Hypermethylation of both results in miR-34a down-regulation. 
Additionally, promoter deletion or mutation and p53 inactivation are among the silencing 
mechanisms of miR-34a (Ma et al., 2015; K. Zhao et al., 2017). Overexpression of miR-
34a induces cell cycle arrest, senescence and apoptosis, and inhibits cell proliferation, 
invasion and migration, evidently through regulating genes implicated in these processes 
(Garajova et al., 2014; Ma et al., 2015). 

In fact, miR-34a has been offered as a diagnostic and prognostic marker of cancers 
(Farooqi, Tabassum, & Ahmad, 2017). Thus, restoration of miR-34a expression can be 
considered as a practical treatment method (Slabakova et al., 2017). Up to now, co-
delivery of miR-34a and chemotherapy drugs have been demonstrated to be profitable 
and effective in cancer treatment (Y. Wang et al., 2017). 

Although there are a plethora of published articles about the tumor suppressive function 
of miR-34a in various cancers, there has not been any accurate concentration on the 
effect of miR-34a on chemotherapy resistance. On the other hand, a myriad of 
experiments have been performed in this area. Hence, this review article aims to provide 
an extensive overview and discuss the achievements of this work, highlighting the 
combination therapies involving miR-34a and diverse chemotherapeutics agents to treat 
several types of cancer. 

2. MiR-34 improves the efficacy chemotherapies 

2.1 Cisplatin/ Oxaplatin 

Qing Ji and colleagues reported that restoration of miR-34a in human gastric cancer Kato 
III cells by miR-34a mimic or lentiviral miR-34a resulted in downregulation of BCL2, an 
apoptosis-inhibiting protein. Also, miR-34a led to an accumulation of cells in G1 phase 
of the cell cycle, the elevation of caspase3 activation (indicating enhanced apoptosis), 
delay of cell growth and inhibition of tumorsphere formation and growth. Moreover, they 
revealed that in gastric cancer cell lines with reduced levels of miR-34a and increased 
levels of BCL2, such as Kato III, miR-34a restitution re-sensitized cells to doxorubicin, 
cisplatin, gemcitabine and docetaxel (Q. Ji et al., 2008). 

Wang et al showed that in p53 mutant SBC-5 small cell lung carcinoma cells, the DNA-
damaging agent adriamycin (ADR) had no effect on miR-34a expression while in p53-
wildtype A549 lung cancer cells, ADR treatment increased both p53 and miR-34a levels. 
Therefore, miR-34a is a DNA damage-responsive miRNA in these lung cancer cells. In 
addition, miR-34a transfection caused downregulation of the well-known miR-34a target 
SIRT1. These findings manifest the positive feedback loop mentioned previously. Herein, 
miR-34a decreases SIRT1 levels, contributing to p53 acetylation and activation, which in 
turn promotes miR-34a expression. In both A549 and SBC-5 cells, exogenous expression 
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of miR-34a attenuated cell proliferation and increased the fractions of cells in G0/G1 
phases in comparison to control cells. Also, pretreatment of miR-34a prior to cisplatin 
(DDP) improved response to DDP in lung cancer cells in relation to the NC pre-treatment 
group (X. Wang et al., 2013). As mentioned before, SIRT1, by deacetylating apoptosis-
promoting proteins, including p53, restrains their function and fosters survival. 

To ascertain miR-34a expression and its relationship with chemosensitivity of gastric 
cancer (GC) cells to cisplatin Weiguo Cao et al. transfected miR-34a mimic to SGC-7901 
and SGC-7901/DDP cells. In this context, miR-34a was underexpressed in CIS-resistant 
GC cancer cells while one of its target genes, survivin, was overexpressed. Whereas cell 
viability of miR-34a-mimic and CIS incubated cells were lower than normal control (NC) 
and miR-34a-inhibited cells, the percentage of apoptotic cells was higher in this group. 
Further, pAKT/AKT ratio of CIS-resistant cells in the miR-34a mimic-transfected group 
was strikingly lower than in other groups. Furthermore, the sensitivity of cells to DDP in 
miR-34a mimic-transfected cells was increased. Thus, imcreased sensitivity of GC cells 
to CIS after miR-34a overexpression is modulated by the PI3K/AKT/Survivin axis (Cao 
et al., 2014). 

Melanoma-associated antigens family A (MAGE-A) genes are from a broader class of 
cancer testes antigens. Enhanced expression levels of these genes have been documented 
in multiple malignancies. Sensitization of malignant cells to chemotherapy drugs through 
silencing of these genes have also been reported. Regulation of p53 via members of 
MAGE-A genes has been delineated previously. MAGE-A family proteins cooperate 
with Kruppel-associated box [KRAB]-associated protein (1KAP1) and MDM2 to inhibit 
p53 function. In addition, MAGE-A promotes assembly of histone deacetylase (HDAC) 
repression complexes to prevent p53 deacetylation and transactivation. Shyamal et al. 
demonstrated the positive correlation between miR-34a and p53 expression and drug 
response in medulloblastoma cells. Further, they observed that miR-34a directly targets 
and represses some members of the MAGE-A genes and this promoted expression of p53 
and its target gene p21WAF1/CIP1. In turn, p53 expression induces miR-34a expression. 
Hence, there is a positive feedback loop between these three elements, which increases 
sensitivity of medulloblastoma cells to mitomycin C and cisplatin (Weeraratne et al., 
2011) (Table 1) (Figure 1). 

Yu and colleagues studied the correlation between enforced expression of PEBP4 and 
DDP-cytotoxicity effect on lung cancer. They found that PEBP4 is a direct target of miR-
34a. PEBP4 is a recently recognized member of PEB family proteins, which is involved 
in several cell physiological processes, such as apoptosis. Notably, there are studies 
linking PEBP4 overexpression to resistance to apoptosis induced by TNFα and TRAIL. 
In agreement with earlier findings, this study demonstrated that elevated levels of PEBP4 
have an antagonistic effect on DDP-promoted loss of cell viability, apoptosis and p53 
expression. Since these data suggest that PEBP4 as a miR-34a target gene, PEBP4 
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underexpression via miR-34a may induce sensitivity of A549 cells to DDP through 
mediating p53 expression (Yu, Zhong, Chen, Huang, & Wu, 2014). 

Since miR-34a is underexpressed in multiple cancers and this is related to drug 
resistance, Lia and colleagues designed a study to elucidate the correlation of miR-34a 
and cisplatin (CIS)-resistance in osteosarcoma (OS) cells. U2OS cells, when treated with 
CIS, demonstrated apoptosis, as well as a dramatic increase of C-MYC and BIM 
expression, indicating activation of C-MYC/BIM/apoptosis pathway by CIS. C-MYC is a 
transcription factor which in some cancers shows an association with drug resistance, 
while in others with drug sensitivity. BIM, through binding to anti-apoptotic proteins, 
leads to persisting of apoptosis and cell death. There are many reports stating BIM 
activation by C-MYC. Further experiments revealed that miR-34a transfection into U2OS 
cells had a higher incidence of apoptosis, lower proliferation rate and notably higher 
levels of C-MYC and BIM, compared to negative control miRNA-transfected cells. Thus, 
miR-34a elevates C-MYC/BIM signaling to giving rise to markedly increased CIS-
sensitivity. Taking together, miR-34a, through activating C-MYC/BIM path induces 
apoptosis and response to CIS (Q. C. Li, Xu, Wang, Wang, & Wu, 2017). 

Another group studied the function of miR-34a and its downstream targets in 
sensitization of NSCLC cells to cisplatin. While expression levels of miR-34a in NSCLC 
tumor samples were lower than in adjacent tissues, its levels were higher in the serum of 
CIS-sensitive patients. MYC-N, another member of the MYC protein family, is a putative 
target of miR-34a and has been linked to tumor growth, shortened survival and 
chemoresistance. So, inappropriate activation of this gene may be cytotoxic. 
Overexpression of miR-34a by addition of miR-34a mimic resulted in enhanced 
sensitivity of A549 cells to cisplatin through reduced cell growth and induced cell 
apoptosis. Also, overexpressed miR-34a decreased both MYC-N mRNA and protein 
levels. Thus, the miR-34a/MYCN axis modulates chemosensitivity of NSCLC cells to 
cisplatin (Song et al., 2017). 

Besides apoptosis, autophagy is involved in therapy-induced cell death. In this context, 
Wu et al, showed that HSP70K246, after it is deacetylated by HDAC1 and HDAC7, 
brings about resistance to chemotherapy with autophagy inhibition. Since these two 
histone-deacetylase enzymes are targets of miR-34a, miR-34a/HDAC1-
HDAC7/HSP70K246 pathway activity is considered an outstanding predictor of 
resistance in breast cancer. Furthermore, although miR-34a reduction and 
HDAC1/HDAC7 increase were recorded in breast cancer compared to normal tissues, 
this converse relationship was more apparent in CD44+/CD24ˉ (CSC) subpopulation of 
breast cancer. Notably, in this study, miR-34a exogenous expression, via targeting 
autophagy preventer genes, enhanced cytotoxic effects of the chemotherapy drugs DOX, 
PTX and CIS and promoted cell death by induction of autophagy (M. Y. Wu, Fu, Xiao, 
Wu, & Wu, 2014). 
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Ruth L. Vinall and colleagues studied miR-34a levels in the context of sensitivity of 
bladder cancer cells to CIS. Elevated miR-34a expression was associated with increased 
chemosensitivity of bladder cancer cell lines. Additionally, transfection of cells with pre-
miR-34a and CIS treatment increased cellular senescence and impaired clonogenic 
potential compared to CIS and pre-miR-34a vehicle control. To identify underlying 
mechanisms of increased sensitivity after miR-34a implication, expression levels of 
cyclin-dependent kinase 6 (CDK6) and SIRT1 were measured. These genes are involved 
in the p53/RB signaling cascade. After CDK6 downregulation, retinoblastoma (RB) 
phosphorylation and E2F3 levels were reduced. Downregulation of SIRT1 meanwhile, 
resulted in elevated acetylation of p53. Thus, miR-34a may impact the chemosensitivity 
of muscle-invasive transitional cell carcinoma of the bladder (MI-TCC) cells lines via the 
p53/RB axis (Vinall et al., 2012) (Table 1) (Figure 1). 

Macro-autophagy is a catabolic physiological process, which through degradation 
conserves homeostasis of cells. This process has been linked to chemotherapy attenuation 
in some studies. Chen Sun et al. studied whether miR-34a is involved in OXA resistance 
via macro-autophagy. They demonstrated that, following OXA-based combination 
therapy, miR-34a levels were reduced, while transforming growth factor beta (TGF-β) 
and SMAD4 levels were increased in colorectal cancer (CRC) samples. In addition, 
although the expression of miR-34a after OXA incubation in both HT29 and HT29OXA 
cells was reduced, its level was lower in HT29OXA cells. At the same time, TGF-β and 
SMAD4 levels increased more in HT29OXA cells. These findings support the theory that 
OXA is able to halt miR-34a expression and induce TGF-β/SMAD4 activation leading to 
macro-autophagy and drug resistance. Transfection of miR-34a mimic in CRC cells 
resulted in SMAD4 downregulation. This is consistent with earlier reports that SMAD4 is 
a putative target of miR-34a. Further, OXA-guided apoptosis was enhanced by enforced 
expression of miR-34a. Collectively, macro-autophagy induction prevents OXA-
promoted apoptosis via inhibiting miR-34a. Thus, miR-34a could restore OXA-induced 
apoptosis by inhibiting macro-autophagy-regulating genes such as SMAD4 (Sun et al., 
2017) (Table 1) (Figure 1). 

2.2 Doxorubicin (Adriamycin)/ Epirubicin 

Fumihiko Nakatani and colleagues identified miR-34a as a predictor of prognosis in 
Ewing's sarcoma (EWS). They also observed recurrence of cancer in patients with 
diminished levels of miR-34a within 2 years in comparison with patients whose tumors 
highly expressed miR-34a. The latter did not demonstrate any adverse events in 5 years. 
To investigate the correlation of expression profile of miR-34a and sensitivity to 
chemotherapeutical agents, a panel of EWS cell lines were analyzed. Increased 
expression of miR-34a was connected with a reduced capacity of cells to form colonies 
and decreased cell proliferation and malignancy. Elevated miR-34a correlated with a 
more benign phenotype and better patient outcome. Another experiment part of this study 
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established that overexpressed miR-34a mimic sensitized EWS cells to doxorubicin 
(DOX) or vincristine (VCR), as it reduced the IC50 value of these drugs. Most of EWSs 
displayed overexpression of Mouse Double Minute 2 homolog (MDM2), a p53 inhibitor. 
It was shown that Nutlin3a, an MDM2 binding protein, induces miR-34a expression in 
EWS cells and this results in G1 arrest. Evidently, positive feedback exists between miR-
34a and p53. Thus, restoring miR-34a expression directly or through nutlin3a is an 
effective way to re-sensitize cells to chemotherapy (Nakatani et al., 2012). 

Recently, the utilization of nanocarriers, which are able to co-deliver various types of 
therapeutic agents to target cells and tissues, has gained traction. This type of carriers 
potentiates the synergistic effect of delivered diverse therapeutic payloads. Xiongwei 
Deng and colleagues applied this approach to co-encapsulate miR-34a and doxorubicin 
(DOX) in Hyaluronic acid-chitosan nanoparticles (HA-CS-NPs) and delivered them to 
breast cancer cells to study their simultaneous function on drug sensitivity. MiR-34a 
introduction to cells BCL2 remarkedly reduced expression of BCL2, a promising target 
of miR-34a. Additionally, cells co-treated with miR-34a and DOX through HA-CS-NPs 
showed the lowest percentage of cell viability, the most apoptosis rate and significant 
prevention of migration compared to control groups. Thus, dual delivery of miR-34a and 
DOX with nanoparticles enhanced DOX antitumor activity and resulted in in improved 
outcomes (Deng et al., 2014). Yao and colleagues studied the synergistic effect of DOX 
and miR-34a, as well as the mechanism of action in the prostate cancer cell lines DU145 
and PC3. They utilized a micelles system. Specifically, the self-assembly disulphide 
cross-linked stearyl-peptide-based micellar system (SHRRss micelles) was used. This 
system involved a hydrophilic outer shell to condense miR-34a and a hydrophobic inner 
core to entrap DOX. In comparison with DOX or miR-34a treatment alone, co-delivery 
of DOX and miR-34a acted synergistically to enhance cytotoxicity, reduce cell viability 
and trigger higher rates of apoptosis. Furthermore, androgen-independent prostate tumor-
bearing nude mice co-injected with miR-34a and DOX developed smaller tumors. miR-
34a introduction reduced SIRT1 expression at both transcription and translation levels in 
DU145 cells. Recently work also link p-glycoprotein overexpression and DOX-resistance 
to SIRT1 upregulation. Thus, simultaneous delivery of miR-34a and DOX to prostate cell 
lines resulted in a considerable enhancement of DOX-mediated anti-tumor activity by 
downregulating SIRT1 (Yao et al., 2016). 

Li et al. found that miR-34a expression was lower in drug-resistant than drug-sensitive 
breast cancer cell lines and tissue samples. Also, overall survival and disease-free 
survival in a low-level expressing miR-34a group of patients were poorer compared to 
high-level expressing patients. In multi-drug resistant (MDR)-MCF7 cells transfected 
with miR-34a, the IC50 value of cyclophosphamide, docetaxel, DOX and 5-FU were 
lower compared to cells transfected with negative control RNA. Additionally, in miR-34a 
mimic treated cells, apoptosis rate was higher. Moreover, after miR-34a introduction to 
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resistant cells, expression levels of NOTCH1, BCL2 and CCND1 were reduced (Kastl, 
Brown, & Schofield, 2012) (Table 1) (Figure 1). 
Xiu-Juan Li and colleagues demonstrated that miR-34a overexpression in MCF7 breast 
cancer cells re-sensitizes these cells to Adriamycin (ADR), reducing the IC50 and 
promoting ADR-induced apoptosis. Similar to earlier studies, this work identify 
NOTCH1 as a direct target of miR-34a. There is an inverse correlation between miR-34a 
expression in the ADR-responder group of patients, as miR-34a levels were high and 
NOTCH1 expression was low, whereas in non-responders this was the opposite. 
Furthermore, in the non-responder group, multidrug resistance protein 1 (MDR1) was 
upregulated. Thus, miR-34a restores sensitivity of resistant breast cancer cells to ADR-
induced apoptosis by repressing NOTCH1 (X. J. Li et al., 2012) (Table 1) (Figure 1). 

Liu et al. ectopically inhibited miR-34a, resulting increased proliferation, colony 
formation and resistance to epirubicin (EPI)-induced apoptosis. Overall, results indicate 
that downregulation of miR-34a causes EPI-resistance. Further investigations revealed 
that T-cell factor1 (TCF1) and lymphoid enhancer factor (LEF1) are direct targets of 
miR-34a. These two transcription factors are activated downstream of WNT/β-catenin 
pathway. Also, in vivo experiments showed that miR-34a was underexpressed in late 
stages compared to early stages. In addition, EPI treatment in miR-34a-transfected 
xenografted cells, tumor volumes were lower than tumors from control xenografted cells. 
Thus, restoration of miR-34a contributes to TCF1 and LEF1 reduction and inhibition of 
the WNT/β-catenin pathway impaired chemoresistance properties of bladder cancer cells. 
Indeed, a rescue experiment unveiled that downstream proteins of WNT/β-catenin 
pathway were influenced by miR-34a restoration. BCL2, CDK6, c-Myc and cyclin D1 
were downregulated, whereas cleaved-caspase 3 and E-cadherin were upregulated (X. 
Liu, Liu, et al., 2018) (Table 1) (Figure 1). 

2.3 5- Fluorouracil/ Gemcitabine/ Fludarabine 
A synergistic effect of miR-34a mimic and Fluorouracil (5-FU) combination has also 
been observed on SW480 cells. Lai et al showed that this led to an increased percentage 
of cells undergoing apoptosis, an increased proportion of cell arresting in G1 phase and a 
reduction of migration and invasion in the combined group compared to cells treated with 
miR-34a or 5-FU alone. Combined treatment increased the levels of acetylated p53, p21. 
Decreased expression of Sirtuin 1 (SIRT1), a NAD-dependent histone deacetylase, 
suggests that there is a network linking these elements to each other. Previous work had 
linked SIRT1 to p53 inactivation, as it deacetylates p53. This is due to decreased 
expression of miR-34a. Thus, acetylated p53 and its downstream target gene p21 
increased resulting in elevated apoptosis rate and increased sensitivity (Lai et al., 2015). 
C-kit, a type III receptor tyrosine kinase involved in stem cell factor SCF binding 
mediates multiple signaling cascades, including MAPK/Extracellular Receptor Kinase 
(ERK), Janus kinase/signal transducer and activator of transcription (JAK/STAT), SRC, 
and phosphatidylinositol 3-kinase (PI3K). Abnormal activation of C-kit occurs in various 
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diseases, such as cancer. Also, it is associated with lowered chemotherapy sensitivity. 
Siemens et al. identified two potential target sequences for miR-34a in the 3'UTR of C-
kit, one of which is involves a sequence conserved in numerous specious. Accordingly, 
enforced expression of miR-34a resulted in reduced C-kit expression at both mRNA and 
protein levels. As mentioned, ERK signaling is activated downstream of C-kit. One of the 
determined consequences of miR-34a mediated C-kit repression was decreased 
phosphorylation of ERK, which subsequently led to a reduced number of colonies. Also, 
due to SCF/C-kit implication in migration and stemness of some cancers, C-kit 
suppression by miR-34a influenced negatively the capacity of migration and sphere 
formation of colorectal cancer (CRC) cells. Considering C-kit involvement in 
chemoresistance of some cancer types via attenuating the apoptosis rate, miR-34a utility, 
along with 5-FU treatment, through downregulating C-kit, exhibited the most extreme 
impact on the responsiveness of CRC cells to chemotherapy. It has been observed in 
previous experiments that p53, without direct binding to the C-kit promoter, 
downregulates its expression. Mechanistically, p53 mediates or modulates its repressive 
effect on C-kit via miR-34a (Siemens, Jackstadt, Kaller, & Hermeking, 2013). 
Qiyue Zhang et al. analyzed the relationship between miR-34a and clinical response to 5-
FU in colorectal cancer (CRC) cells. They observed that 3-year recurrence rate among 
patients with adjuvant 5-FU chemotherapy is lower in patients with increased miR-34a 
expression. Moreover, enforced miR-34a expression in cooperation with 5-FU 
considerably decreased cell viability compared to control groups. Similarly, cells treated 
with both 5-FU and miR-34a had the most apoptotic cells. In accordance with these in 
vitro results, xenograft experiments showed that miR-34a with 5-FU treatment markedly 
inhibited tumor growth. Proven targets of miR-34a include NOTCH1, BCL2, SIRT1, 
E2F3 and CREB1 and these were decreased in miR-34a transfected HCT116 cells. 
Together, these results establish that miR-34a is able to trigger apoptosis-related genes 
bringing about 5-FU modulated apoptosis and reversing sensitivity (Q. Zhang et al., 
2018). 

Similarly, Li et al assessed expression levels of miR-34a in a panel of breast cancer cell 
lines and tissue samples. In all of the cell lines and almost all of the tissue specimen, 
miR-34a was underexpressed. Augmented levels of miR-34a in cell lines through 
transfection with miR-34a mimic provoked apoptotic cell death and inhibited cell 
migration capability, cell growth and cell counts. In addition, cells showed more 
detachment and noticeable shrinkage compared with the control group. Another aim of 
this study was to search for the synergistic effect of miR-34a and 5-FU in sensitization of 
breast cancer. Combinational treatment hindered cell proliferation more efficiently than 
single treatment of miR-34a or 5-FU alone. Since ectopic expression of miR-34a led to 
diminished levels of BCL2 and SIRT1, the tumor suppressive ability of miR-34a is 
through targeting these anti-apoptotic and oncogenic genes (L. Li et al., 2013) (Table 1) 
(Figure 1).  
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In an effort to unravel how miR-34a interferes with chemoresistance of pancreatic cancer 
cells, Zhang et al found that miR-34a gives promotes gemcitabine-mediated apoptosis in 
pancreatic cancer-derived resistant cells. MiR-34a, through downregulating of SLUG, 
upregulates p53 up-regulated modulator of apoptosis (PUMA). Subsequently, this 
enhanced the response of cells to gemcitabine-induced apoptosis. PUMA is a p53 target 
gene, which promotes apoptosis via BAX activation and cytochrome-c release (Q. A. 
Zhang et al., 2018) (Table 1) (Figure 1). 

Deletion or mutation of p53 is accompanied by a defective response to DNA-damaging 
agents, including to chemotherapy agents, in chronic lymphocytic leukemia (CLL). Yet, a 
large number of CLL refractory cells are not p53 deficient. This suggests the existence of 
a default DNA damage/p53 pathway without directly influencing p53 beyond the 
resistance. Since miR-34a has been shown to promote some p53-related functions, 
including apoptosis and cell cycle arrest, Zenz and colleagues studied miR-34a's potential 
role in this context in CLL. They showed that miR-34a basal level soared after activation 
of the DNA damage pathway by 5 Gy IR in CLL samples. Notably, in patients with 
deletions of chromosome arm 17p, on which the TP53 gene resides, miR-34a increment 
after IR was not considerable, suggesting that miR-34a is a p53 target in CLL. It was 
hypothesized that resistance to fludarabine and the DNA damage response stems from 
miR-34a underexpression. To evaluate this, the relationship between levels of miR-34a 
expression and apoptosis (cell death) rate was measured. As it turned out, CLL cases 
expressing low levels of miR-34a are resistant to DNA damage induced by IR. This 
suggests that miR-34a is functionally important in the DNA damage response of 
fludarabine-refractory CLL (Zenz et al., 2009) (Table 1) (Figure 1). 

2.4 Paclitaxel/ Docetaxel 

In the context of pancreatic cancer, Liu et al identified elevated levels of miR-34a are 
associated with increased sensitivity to paclitaxel. The more progressed the clinical stage 
is, the less miR-34a is expressed. Lower levels of miR-34a were associated with reduced 
patient survival. In vitro experiments showed that proliferation rate and colony formation 
capacity of cells exposed to miR-34a mimic were significantly lower, while paclitaxel-
induced apoptosis was higher in those cells than in the control cells. Also, the presence of 
miR-34a target sites in the NOTCH1 and JAG1 3'UTR regions verifies that miR-34a 
modulate the increased response to paclitaxel through direct repression of JAG1 and 
NOTCH1 expression. Notch signaling is an evolutionarily highly conserved pathway. 
This signaling comprises four transmembrane receptors (Notch 1–4) and 5 ligands 
Jagged-1, Jagged-2, Delta-1, Delta-3, and Delta-4 in mammals. Once the ligand binds, 
the Notch intracellular domain (NIC) is cleaved and translocates into the nucleus, where 
it functions as a transcription factor regulating expression of downstream genes involved 
in differentiation, cell fate determination, proliferation and apoptosis. Abnormal 
activation of Notch signaling correlates with tumorigenesis, CSC formation and EMT. 
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Moreover, it was found that NOTCH1 downstream genes, including cleaved-caspase3, 
Bcl2, Cyclin D1, Cell division protein kinase 6 (CDK6), and a disintegrin and 
metalloproteinase (ADAM17) were downregulated following miR-34a overexpression 
(X. Liu, Luo, et al., 2018). 

Wang et al studied the potential role of the miR-34a/PDL1 cascade on PTX-resistance of 
glioma cells. PDL1 is a ligand of Programmed cell death protein 1 (PD1), an introduced 
inhibitory immune checkpoint protein. In line with their results, PDL1 is overexpressed 
in resistant U87P glioma cells compared to sensitive U87 cells. As PDL1 knockdown in 
resistant cells increased PTX sensitivity, it shows that PDL1 is related to PTX resistance 
of glioma cells. More importantly, PDL1 expression showed a negative correlation with 
miR-34a levels in tumor and normal glioma tissues. Effects of miR-34a mimic 
transfection in U87P cells included reduced cell proliferation, increased apoptosis, G1/S 
phase cell cycle arrest and, more importantly, PTX resistance failure. Since PDL1, 
through physical interaction, was determined as a miR-34a target, this research group 
inferred that miR-34a exerts its inhibitory roles on glioma cells proliferation via PDL1 
blockage (Y. Wang & Wang, 2017). 

A number of studies have witnessed that miR-34a targets several genes at the same time. 
For instance, in an attempt to dissect the primary molecular mechanism of non-
responsiveness of hormone-refractory prostate cancer, Kojima et al identified miR-34a 
targets in the context of resistant prostate cancer cells and responsiveness to paclitaxel, 
etoposide and daunorubicin. In accordance with earlier reports, expression of SIRT1 and 
BCL2 were upregulated in PC3-PR resistant cells compared to PC3 cells. Following 
enforced miR-34a expression, these genes were downregulated at both mRNA and 
protein levels. Also, in this study, it was found that Human Ag R (HUR), an RNA 
binding protein, which stabilizes SIRT1 and BCL2 mRNAs, was upregulated in PC3-PR 
cells and it is a miR-34a target gene. Hence, miR-34a directly or indirectly represses 
BCL2 and SIRT1 genes paving the way for apoptosis progression. Taken together, this 
study suggests that dysregulation of miR-34a and its targets promote chemoresistance, as 
re-adjusting their expression could improve sensitivity (Kojima, Fujita, Nozawa, 
Deguchi, & Ito, 2010) (Table 1) (Figure 1). 

Studying the potential inhibitory roles of miR-34a on CRC cells either alone or along 
with PTX, the authors found that miR-34a decreased cell viability in response to PTX. 
Consistent with previous studies, BCL2 and SIRT1 were recognized as miR-34a targets, 
providing an explanation for these observations. MiR-34a also promoted cell cycle arrest 
in G0/G1 phase while PTX arrested cells in G2/M phase. Yet, the combination of these 
two stopped cells in G0/G1 and G2/M phases equally (Soltani-Sedeh, Irani, Mirfakhraie, 
& Soleimani, 2019). 

In a study, Li Zhang and colleagues used the same strategy. Co-loading nanocarriers with 
drug and miR-34a strengthened therapeutical potential of both cargos. The nanocarrier 
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used in this experiment entered cells without being trapped in endosomes and lysosomes. 
They co-delivered miR-34a and drug efficiently. Nanocarriers, similarly, were capable of 
miR-34a protection from serum and RNase degradation. The use of RNCs (microRNA-
loaded nanocarriers) resulted in underexpression of the BCL2 gene. Even though in the 
cells treated with free docetaxel (DTX), DNCs (drug nanocarrier) and RNC 
fragmentation and chromatin condensations, which are markers for apoptosis, were 
detected, the most robust apoptosis features were observed in cells treated with CNCs 
(DTX and miRNA-34a co-loaded nanocarriers). The migration capacity of CNCs treated 
cells was also strikingly repressed. RNC-treated cells showed a similar but weaker effect, 
while DTX and DNC only showed a trifle effect on hindering migration. To further 
investigate the impact of CNCs in vivo, 4T1 tumor-bearing mice were studied. In line 
with in vitro results, among the mice treated with DTX, DNC, RNC and CNC, in last 
group tumor growth, levels of BCL2, tumor burden and cell migration were profoundly 
reduced. Thus, these findings prove that co-delivery of miR-34a and DTX to the action 
site with a precise vehicle, results in a synergistic effect in inhibiting tumor progression 
(L. Zhang et al., 2017). 

Corcoran and colleagues conducted an alike study, in which their primary objective was 
to pinpoint biomarker microRNAs for failure or success of docetaxel treatment in 
prostate cancer. Among the evaluated miRNAs, miR-34a was shown to be markedly 
reduced in prostate cancer tissues compared to benign tissues. Also, mimicked expression 
of miR-34a in docetaxel-resistant prostate cancer cell lines led to BCL2 reduction in 
comparison to NC mimic transfected cells. In addition, presenting miR-34a mimic to the 
docetaxel-resistant prostate cancer cell line 22Rv1RD sensitized these cells and improved 
cytotoxicity to docetaxel. The authors inferred that this enhanced response is partially 
caused by miR-34a-mediated reduction of BCL2 expression (Corcoran, Rani, & 
O'Driscoll, 2014) (Table 1) (Figure 1). 

2.5 Etoposide/ Camptothecin 

Medulloblastoma malignancies carrying p53 mutations have been recognized as cancers 
non-responsive to DNA damaging agents. Fan and colleagues tried to activate cell death 
pathways by inducing pro-apoptotic signaling downstream of p53. miR-34a is a candidate 
as it is capable of controlling several mRNAs and proteins involved in this pathway. Low 
expression of miR-34a in MEB-Med8A cells was associated with insensitivity to 
chemotherapy agents. Moreover, etoposide treatment concurrent with overexpression of 
miR-34a, levels of SIRT1, BCL2 and C-MYC were decreased. In conclusion, miR-34a 
can compensate for p53 inactivation and subsequent resistance to DNA damaging agents 
through bypassing p53 downstream pro-apoptotic signaling (Fan, Meley, Pizer, & See, 
2014). 

HMGB1 (high mobility group box 1) is a family member of highly conserved proteins 
which contain HMG box domains. Various functions of this protein have been reported. 
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Reduced HMGB1 activation is a hallmark of cancer, as it promotes invasion and 
metastasis. HMGB1 also has a substantial role in autophagy regulation. Autophagy 
stemmed from HMGB1 prevents apoptosis and promotes chemotherapy resistance. Ke 
Liua et al. established the relationship between miR-34a and HMGB1 and their impact on 
drug sensitivity of retinoblastoma cells. They revealed that following miR-34a mimic 
treatment, mRNA and protein levels of HMGB1and autophagy were decreased, whereas 
apoptosis and response to chemotherapy were increased. Reduced autophagy is the main 
consequence of DNA damage accumulation, which subsequently increases Caspase-3 and 
poly (ADP-ribose) polymerase 1 (PARP1) activity, two significant apoptosis-promoting 
elements. It was shown that miR-34a by binding to 3' UTR of HMGB1 blocks its 
expression in retinoblastoma cells. Because HMGB1 is an autophagy regulator, silencing 
of this gene by miR-34a results in autophagy inhibition, DNA damage accumulation and 
chemotherapy-induced apoptosis, which eventually restores chemosensitivity of 
retinoblastoma cells to vincristine, etoposide (ETO), and carboplatin (CBP) (K. Liu et al., 
2014) (Table 1) (Figure 1).  

Fujita et al showed that miR-34a and p53 in androgen-refractory PC3 and DU145 
prostate cancer cells were reduced compared to androgen-sensitive and normal epithelial 
cells. SIRT1 was overexpressed in these cells. Introduction of miR-34a precursor into 
PC3 cells caused reduced levels of SIRT1, as well as of other apoptosis and cell cycle-
related genes, such as CDK6, cyclin D1 and BCL2. This also affected cell growth, as the 
fraction of cells in G1 phase increased. Moreover, cells transfected with miR-34a and 
treated with camptothecin, a chemotherapy agent which inhibits topoisomerase, 
attenuated cell viability and promoted apoptosis compared to control cells. Thus, miR-
34a promotes apoptosis andincreases camptothecin sensitivity (Fujita et al., 2008) (Table 
1) (Figure 1). 

2.7 Erlotinib/ Gefitinib 

In a study, considering the tumor suppressive ability of miRNAs, Carlos Stahlhut et al 
challenged LET7b and miR-34a to re-sensitize KRAS and p53 mutant non-small-cell 
lung carcinoma (NSCLC) cells to erlotinib. Erlotinib is an Epidermal Growth Factor 
Receptor (EGFR) - Tyrosine Kinase Inhibitor (TKI), resistance to which occurs following 
activating mutations in KRAS and overexpression of alternative receptors, such as MET 
and AXL. On the other hand, TP53 mutations in NSCLC results in blunted apoptosis and 
makes survival greater. Since miRNAs are capable of suppressing expression of multiple 
proteins, simultaneous introduction of miRNAs into cancerous cells could be a promising 
therapeutic approach. Since the RAS and p53 pathways are partially regulated via LET7b 
and miR-34a respectively, replacement of these two genes could increase the sensitivity 
of erlotinib in KRAS/P53 mutant NSCLC cells (Table 1) (Figure 1). Indeed, the authors 
findings support this hypothesis, as they employed combination therapy of miR-34a and 
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LET7b with erlotinib, decreasing cell proliferation, reducing the IC50 value for erlotinib 
and improving the anti-proliferative effect of erlotinib (Stahlhut & Slack, 2015). 

Since MIAT has been identified as an oncogenic lncRNA, Fu et al. concentrated on its 
role on drug resistance in lung cancer. To delineate MIAT's roles, its expression was 
measured in lung cancer tissues. MIAT was overexpressed in lung cancer tissues 
compared to adjacent normal cells. Higher levels of MIAT were also associated with 
tumor size, lymph node metastasis, distant metastasis and TNM stage. More importantly, 
MIAT was increased in PC9 gefitinib-resistant cells compared to the parental cells. 
MIAT knockdown resulted in IC50 reduction of gefitinib. Increased gefitinib mediated 
growth inhibition and apoptosis induction. That was evident from elevated levels of BAX 
and cleaved caspase 3, while BCL2 expression was reduced. Further studies revealed that 
MIAT decreases miR-34a levels in cells through hypermethylation. MIAT knockdown 
causes miR-34a overexpression and reduced signaling through the PI3K/AKT/C-MET 
axis. Altogether, MIAT blocks miR-34a expression via methylation and thereby enhances 
gefitinib resistance (Fu et al., 2018) (Table 1) (Figure 1). 

2.8 Sorafenib 

To identify the potential contribution of miR-34a to insensitivity of Human 
Hepatocellular Carcinoma (HCC) cells to Sorafenib, Fan Yang et al determined miR-34a 
expression levels in HCC tissue samples and adjacent non-tumor tissues, as well as in 
HCC cell lines. They found that miR-34a was downregulated in tumor samples and cell 
lines, whereas BCL2 expression was elevated. Since BCL2 is a putative target of miR-
34a, this result was expected. Lowering miR-34a level was accompanied with increased 
tumor size and grade. Sorafenib is an anticancer drug which promotes apoptosis by 
targeting BCL2. Following miR-34a restoration in HCC cell lines, substantial inhibition 
of proliferation and cell viability was observed. Besides, sorafenib induced apoptosis. To 
analyze the chemosensitivity response following simultaneous miR-34a restoration and 
sorafenib treatment, synthetic miR-34a mimic expressing cells were treated with 
sorafenib. This increased the apoptosis rate, while cell viability was decreased and cells 
were more susceptible to sorafenib than negative control transfected cells (Yang et al., 
2014) (Table 1) (Figure 1). 

3. miR-34a as a resistance promoter to therapeutic agents in cancer 
Thus far, we discussed miR-34a functions as a tumor suppressor gene. Introducing this 
miRNA into various cancer types confers an increased level of sensitivity. Yet, there are 
experiments suggesting the opposite role of miR-34a in some malignancies. 
3-1 Breast cancer 

Kastl et al studied two docetaxel-resistant breast cancer cell lines (MCF7 and MDA-MB-
231) and found that miR-34a was gained and that inncreased miR-34a expression was 
associated with docetaxel resistance. In addition, BCL2 and CCND1, both targets of 
miR-34a, were underexpressed. While miR-34a inhibition caused docetaxel cytotoxic 
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effects in docetaxel-resistant cells, miR-34a elevation induced resistance in docetaxel-
sensitive cells. A possible explanation for this is that the BCL2 family consists of 
different pro-apoptotic and anti-apoptotic genes, which could be miR-34a targets. Thus, 
miR-34a alteration brings about a cascade of apoptosis-linked genes variation (Kastl et 
al., 2012). 

3-2 Osteosarcoma 

Pu et al aimed to confirm the differential expression of miRNAs between multi-
chemosensitive (G-292 and MG63.2) and resistant (SJSA-1 and MNNG/HOS) OS cell 
lines. Here, miR-34a-5p was underexpressed and DLL1, a NOTCH1 ligand and miR-34a 
target, was overexpressed in G292 and MG63.2 cells. The opposite condition existed in 
SJSA-1 and MNNG/HOS cells, in both of which miR-34a was expressed at high levels, 
while DLL1 was reduced. G292 cells transfected with miR-34a-5p mimic caused 
resistance to drugs, especially CDDP. Moreover, miR-34a-p5 antagomiR in SJSA1 cells 
led to decreased resistance to DOX, ETO, MTX and CDDP (Pu, Zhao, Wang, & Cai, 
2017). This research group, as well as two other studies, demonstrated that miR-34a 
functions as a resistance promoter to therapeutic agents in OS cells via distinct pathways. 
In one, miR-34a-5p contributed to the resistance of OS cells by targeting CD117. CD117 
is a receptor tyrosine kinase (RTK) family member that has been identified to induce 
tumorigenesis of some cancers. MiR-34a-5p mimic decreased CD117 levels in G292 and 
MG63.2 cells, whereas miR-34a antagomiR increased CD117 expression in SJSA1 and 
MNNG/HOS cells. Akin to this study, miR-34a5p mimic transfection into sensitive cells 
led to drug resistance and miR-34a antagomiR transfection resulted in reduced resistance 
of resistant cells. Si-CD117 manifested the same effects as miR-34a mimic treatment, 
further decreasing the level of apoptotic cells. It is possible that CD117 alleviates drug 
resistance via arresting cells in G2 phase (Pu et al., 2016). A third study showed similar 
results, except that the miR-34a target gene was identified as AGTR1. Upregulation of 
this gene, following miR-34a downregulation, by inducing drug-mediated cell death, 
sensitizes SJSA1 cells to chemotherapy. Additionally, downregulation of this gene via 
repressing apoptosis increased chemoresistance (Pu, Zhao, Li, et al., 2017). 

3-3 Ovarian cancer 

During autophagy, cells consume unessential substrates of cell recycling their elements 
for cellular remodeling. Interestingly, Wu and colleagues showed that miR-34a and miR-
34c-5p, via directly degradation of ATG4B, halt rapamycin-modulated autophagy. 
Following rapamycin treatment of SKOV3 and HELA cells, autophagy-related markers, 
such as ATG4B, were increased, whilst miR-34a and miR-34c-5p were reduced. Thus, 
ATG4B upregulation and downregulation of these two miRNAs might be linked to 
rapamycin-induced autophagy. Bioinformatics analyses and dual luciferase report assays 
showed that both miR-34a and miR-34c-5p share a common binding sequence in the 
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3'UTR of ATG4B. Finally, miR-34a and miR-34c-5p through downregulating ATG4B, 
haltered rapamycin-promoted autophagy (Y. Wu et al., 2017). 
These conflicting results may be due to intricate mechanisms in which miR-34a is 
involved and that modulate cancer drug resistance in different cellular contexts. 
4. Circulating miR-34 and chemo-resistance 
Circulating RNAs are present in body fluids, including peripheral blood, plasma, serum, 
urine, saliva and amnion fluid. These cell-free RNAs are encapsulated in extracellular 
vesicles, exosomes and apoptotic or necrotic bodies. They, meanwhile, have been 
detected in complexes with ribonucleoproteins (Eichelser, Flesch-Janys, Chang-Claude, 
Pantel, & Schwarzenbach, 2013; Garajova et al., 2014; Hamam et al., 2017). Under 
normal or pathological circumstances, several cell types release miRNAs in exosomes 
(Freres et al., 2016). As a consequence of various factors, such as diet and treatment, 
circulating miRNAs shift, as well (Hayes et al., 2014). As mentioned, miRNAs are 
mostly released by tumor cells or dying necrotic and apoptotic cells. Therefore, the 
specific profile of circulating miRNAs can reflect the response to chemotherapy 
treatments (Freres et al., 2015). 

Corcoran et al. showed that extracellular biomarkers are representative of their original 
cells. For instance, a strong correlation among miRNAs existing in exosomes and 
matched secretory cells was established (Corcoran et al., 2014). Evident is that miRNAs 
usually show abnormal expression profile in tumor tissues compared to normal samples. 
It is possible that in cancerous cells, migration and replacing via bloodstream miRNA 
expression in the blood gradually alters (K. Zhao et al., 2017). Due to preservation via 
vesicles or proteins, these miRNAs are considered stable, which makes them a reliable 
source of research (O'Brien et al., 2017). 

Circulating miR-34 family reduces in malignant cells, and it correlates with poor 
prognosis in different type of cancers (Ke Zhao et al., 2017). There are contradicting 
reports about the associations between of circulating miR-34 and chemotherapy. A 
comprehensive study found that, following neoadjuvant chemotherapy (NACT), miR-34a 
was dramatically increased in plasma samples of 25 breast cancer patients among 188 
measured circulating miRNAs (Imani et al., 2018). Elevated expression of miR-34a in the 
serum of NSCLC patients, who were sensitive to CDDP in comparison to CDDP resistant 
patients, is another example (Fadejeva, Olschewski, & Hrzenjak, 2017). On the other 
hand, a study revealed that miR-34a was strikingly underexpressed in prostate cancer 
tissues compared to matched benign tissues. This miRNA was also decreased in the urine 
sample of prostate cancer patients compared to benign prostatic hyperplasia patients 
(Corcoran et al., 2014). Furthermore, Franchina et al. assessed expression levels of 
circulating miR-34a, miR-22 and miR-24 in NSCLC patients who were treated with 
pemetrexed in comparison to healthy controls. MiRNAs were isolated from whole blood 
and relative expression levels of mentioned miRNAs were detected by PCR. Although all 
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these miRNAs were recognized to be upregulated in NSCLC patient samples compared 
to control specimen, miR-34a manifested higher levels (Franchina et al., 2014). 

In bladder cancer, it was shown that not only was miR-34a dramatically underexpressed 
in bladder cancer tissues and cell lines, but it was also downregulated in blood samples. 
Thus, levels of miR-34a expression in tumors and the bloodstream are positively 
correlated (Yu, Yao, et al., 2014). Freres and colleagues measured miRNA expression 
profiles before and after NACT in plasma of breast cancer patients. Evidently, miR-34a 
was upregulated by NACT. To determine the source of upregulated miR-34a in plasma, 
tumor tissue biopsies were collected from patients. In comparison to initial biopsy, miR-
34a expression was elevated in residual tumor tissues. Nonetheless, no direct correlation 
between the fold of changes of tumor and plasma miR-34a was found. Thus, a non-tumor 
source might be responsible for miR-34a induction after NACT (Freres et al., 2015). In 
contrast to the abovementioned studies, Liu and colleagues demonstrated that miR-34a in 
the serum of breast cancer patients was significantly higher than the those of healthy 
volunteers. In both responder and non-responder breast cancer patient groups, expression 
levels of miR-34a existing in serum was calculated before NACT, at the end of the 
second cycle and at the end of NACT. In the responding group, at the second cycle and 
end of NACT serum, miR-34a level was lower than that prior to the start of NACT. Thus, 
the more chemotherapy progressed, the less circulated miR-34a was detected. Besides, 
patients in whose serum miR-34a decreased before treatment to end of NACT, DFS were 
elevated in comparison to serum miR-34a increasing group. This study suggested that 
patients carrying lower levels of serum miR-34a showed a better response to NACT 
treatment (B. Liu et al., 2017). Moreover, Aherne and colleagues showed that the amount 
of miR-34a in plasma samples of colon cancer patients was higher than that of the benign 
diseased group (Aherne et al., 2015). 

Sample choice and operating technologies could be factors that could explain contrasts in 
the results of various studies (Freres et al., 2016). Overall, as circulating miRNAs are 
non-invasive markers, they can be opted to speculate the benefits of chemotherapy at 
earlier stages. Subsequently, they can lead to individualized drug protocol options and 
more effective follow-up therapy (B. Liu et al., 2017; Riquelme, Letelier, Riffo-Campos, 
Brebi, & Roa, 2016). 
5. MiR-34 as a predictor of chemo-resistance 
At the present time, an effective method to predict chemotherapy response does not exist. 
Thus, there is an urgent need to identify a reliable biomarker to predict chemotherapeutic 
response, ideally at early stages of disease development. This can pave the way for 
individualized therapy and prevents overtreatment, ineffective treatment and unnecessary 
side effects. A useful chemotherapeutic predictive biomarker would ideally be efficient in 
predicting the most proper treatment, monitoring disease progression and estimating 
sensitivity or resistance to therapy, as well as the risk of tumor recurrence. Owing to 
specified characteristics of miRNAs, such as their high tissue specificity and aberrant 
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expression in tumor tissues and serum, as well as their high stability in both tissues and 
biofluids, miRNAs can be considered promising biomarkers for predicting chemotherapy 
response (Imani, Zhang, Hosseinifard, Fu, & Fu, 2017; Juracek et al., 2019; Yu, Yao, et 
al., 2014). 

Various tumor types express different arrays of miRNAs compared to normal tissues and 
compared to other cancer types. MiRNAs are more practical indicators than mRNAs due 
to their robust and relatively more consistent expression in clinical samples. Although 
miRNAs are currently mostly not utilized as clinical indicators, knowledge about the 
association of their expression pattern with cancer biomarkers will be valuable for 
therapeutic decision making (Hayes et al., 2014). As such, utilizing miRNAs as 
predictive biomarkers to determine which patients will benefit from chemotherapy agents 
will aid in providing patients with personalized and hence likely more effective therapy 
options (Kim et al., 2011). 

MiR-34a has characteristics nominating it as a promising candidate of miRNA predictor 
of chemotherapy response. Here, we highlight several examples. Kim et al. recognized 
miR-34 as a miRNA that was upregulated and whose expression correlated with 
chemosensitivity of gastric cancer patients to 5-FU (Kim et al., 2011). Also, through 
evaluation of miR-34a expression levels in colon cancer samples of OXP-receiving 
patients and normal adjacent tissues, miR-34a in specimens of OXP-resistant patients was 
lower than that of OXP-sensitive ones and normal tissues. Thus, in resistant cancers 
expression levels of miR-34a are downregulated (Y. Li et al., 2018). 

Zhao et al. reported a positive association between miR-34a and miR-34c levels in 
plasma and tumor tissues of NSCLC. Moreover, the higher miR-34a levels in plasma 
were, the fewer lymph node metastases occurred. Further experiments suggested that 
there was a strong consistency between high expression levels of miR-34a and miR-34c 
in plasma and better disease-free and overall patient survival outcomes (K. Zhao et al., 
2017). 

Similarly, Eichelser et al. observed that circulating miR-34a in the serum of primary 
breast cancer and metastatic breast cancer patients were higher than in serum samples 
from healthy individuals. Thus, circulating miR-34a could be diagnostic biomarker for 
breast cancer patients (Eichelser et al., 2013). 

In a comparison between miRNA levels of DOX sensitive and resistant diffuse large B-
cell lymphoma (DLBCL) cells, miR-34a demonstrated differential expression, with miR-
34a being highly expressed in sensitive cells. DLBCL patients who were sensitive to 
DOX showed similarly showed higher levels of miR-34a compared to resistant and 
intermediate patients (Marques et al., 2016). 

Wu et al. demonstrated that when HSP70 lysine 246 is deacetylated by HDAC1 and 
HDAC7, this causes resistance to chemotherapy with autophagy inhibition. Since these 
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two histone-deacetylase enzymes are targets of miR-34a, activity of the miR-
34a/HDAC1-HDAC7/HSP70K246 pathway is a promising therapy resistance predictor in 
breast cancer (M. Y. Wu et al., 2014). 

In vivo experiments showed that miR-34a was underexpressed in late stages of bladder 
cancer compared to early stages (X. Liu, Liu, et al., 2018). In line with this, Vinall and 
colleagues showed that elevated miR-34a expression was associated with increased 
chemosensitivity of bladder cancer cell lines (Vinall et al., 2012). Also, Zhang et al. 
observed that the 3-year recurrence rate among patients treated with adjuvant 5-FU 
chemotherapy tends to be lower in patients with increased miR-34a expression (Q. Zhang 
et al., 2018). Additionally, in comparison to normal gastric cancer tissues, miR-34a was 
downregulated exponentially in gastric cancer tissues and cell line (SGC7901/DDP) 
resistant to DDP (Z. Zhang et al., 2016). Finally, an assessment of new potential miRNA 
predictors for Ewing sarcoma patients revealed that, regardless of the subgroup of 
patients, among patients have who not experienced any adverse events, those expressing 
the highest levels of miR-34a showed significantly lower recurrence within two years 
(Nakatani et al., 2012). 
6. MiR-34a in clinical trials 
Seemingly, promising results from numerous experimental and preclinical studies 
recommend the examination of miR-34a in clinical trials. Due to the fact that microRNAs 
are capable of regulating diverse cellular pathways simultaneously, it makes them an 
appropriate cure for a multi-pathway disease such as cancers. As discussed above-
accumulated data from several in-vitro and in-vivo studies confirm that a considerable 
number of oncogenes are directly targeted by miR-34a. Thus the restoration of miR-34a 
expression could be considered as a potential therapeutic strategy(Agostini & Knight, 
2014; Farooqi et al., 2017; Slabakova et al., 2017).  
Results came out of the first-in-human phase I clinical trial carried out by Muhammad S. 
Beg et al, confirmed this notion up to a certain level. The main purpose of this study was 
to evaluate the maximum tolerated dose (MTD), safety, pharmacokinetics, and clinical 
activity of MRX34, in patients with unresectable primary liver cancer and advanced or 
metastatic cancer with liver involvement. MRX34 was a synthetic form of miR-34a, 
encapsulated in a liposomal nanoparticle with a diameter of about 110 nm which was 
injected intravenously to HCC patients 2 days every week. MRX34 included 23-
nucleotide long double-stranded mir34a and the liposomal component contained 
amphoteric lipids that were cationic during liposome formation under acidic conditions to 
make sure that efficient encapsulation of the negatively charged miR-34a mimic occurs; 
also it manifested anionic property in vivo at neutral pH to underrate particle aggregation 
and electrostatic adherence to the cellular membranes of endothelial cells. To sum up, 
outcomes of the study demonstrated that miRNA therapy with MRX34 is workable and 
tolerable when used with adequate dexamethasone premedication. Although the 
preliminary antitumor activity of MRX34 was observed, when patients administered with 
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MRX34 experienced various immune-related severe adverse events (SAE) the study was 
terminated prematurely(Agostini & Knight, 2014; Beg et al., 2017; Farooqi et al., 2017; 
Imani et al., 2018). Owing to not obtaining encouraging consequences from this clinical 
study, it requires further evaluation of existing knowledge and preclinical researches 
before miRNA-based therapeutics entering the clinics(Farooqi et al., 2017; Van 
Roosbroeck & Calin, 2017). 
It is notable to mention that another clinical trial 
(https://clinicaltrials.gov/ct2/show/results/NCT02862145) which was designed to use 
liposomal micro-ribonucleic acid-34 in melanoma patients with easily accessible lesions 
was withdrawn before participants were enrolled. 
Collectively, although precise and efficient therapeutic effects of MRX34 were not 
observed in these studies, it has made a road to rational usage of miRNAs as anticancer 
drugs in the future. By overcoming main challenges for miRNA-based therapies 
including delivery system, potential off-target effects, biological instability of the 
oligonucleotides in tissues and the poor cellular uptake and side effects, application of 
microRNAs lonely or in combination with other therapies would be possible(Agostini & 
Knight, 2014; Imani et al., 2018). 
7. Conclusions and future perspectives 
Chemotherapy resistance can be combatted via precisely targeting specific genes and 
pathways. RNAi, due to unique traits and specificity, is capable to overcome 
shortcomings of drug therapy. MiR-34 has been defined as a key tumor suppressor gene, 
which by negative regulation of an array of oncogenes, blocks tumor progression. A 
number of mechanisms have been identified as critical contributors to the acquisition of 
multiple drug resistance. Apoptosis inhibition, EMT and CSC progression are among 
several well-studied ones. Restoration of miR-34, through different methods, can 
contribute to re-sensitize non-responsive cancers to chemotherapy. By preventing 
expression of its target genes involved in EMT (ZEB1, MET/HGF, MMP9), apoptosis 
inhibition (BCL2, SIRT1, NOTCH1, SURVIVIN), CSCs (CD44, CYCLIND1) and other 
related mechanisms (MDR, proliferation and autophagy), miR-34 can halt resistance to 
chemotherapy agents and restore cellular response to them. There are reports recognizing 
miR-34 as a tumor promoter in specific contexts. Thus, we need to exercise some caution 
and this requires further investigation. Nonetheless, in the the exploitation of miRNAs in 
predicting prognosis and therapy response, miR-34 is emerging as a potentially powerful 
predictor. Alteration of this miRNA in cancerous tissues compared to normal tissues, as 
well its distinct expression in body fluids, such as circulating miRNA, further advocate 
that miR-34 is a promising candidate for chemotherapy response prediction. 
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Figure 1. Scheme of regulatory miR-34a and their targets during the cancer drug 
resistance. 
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