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Abstract: Altered expression of the microRNA-34 family has been determined to be involved in the pathogenesis of 
many cancers. In this review, the current knowledge of the cancer-related mechanisms in relation to the modulatory 
effects of microRNA-34 family were analysed. Expression analysis of the microRNA-34 family has suggested that its 
members play significant roles in many aspects of cancer biology including proliferation, invasion/metastasis, 
apoptosis/cell survival, cell cycle/cell growth, migration, senescence/aging, angiogenesis, epigenetic silencing and 
methylation by regulation of the expression of their target genes. Thus, microRNA-34 family members could act as 
prognostic markers and therapeutic targets in human cancers. 
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BACKGROUND 

microRNAs were described in 1993 by Lee and 
colleagues [1]. They are defined as a class of non-coding 
RNAs, usually 21–25 nucleotides long, which play key roles 
in the regulation of gene expression. MicroRNAs function at 
the post-transcriptional level through interaction with the  
3' untranslated region (3’ UTR) of target mRNAs. Their 
main function is to down-regulate gene expression, which 
they do in a variety of ways, including translational repression, 
mRNA cleavage, and deadenylation. miRNAs alter the 
function of major cellular pathways such as cell proliferation 
and differentiation [1,2]. Due to their important roles in 
cellular processes, miRNAs have become a very interesting 
potential tool in cellular therapy for diseases like cancer  
[3-6]. 

The human miR-34 family consists of three family 
members, namely, miR-34a, miR-34b and miR-34c. The 
family is one of the 18 mammalian microRNAs that have 
homologues identified in gene profiling of worms and flies 
[7]. miR-34a is 22 nucleotides long and has 86% homology 
(19/22 nt) and 82% homology (18/22 nt) with miR-34b and 
miR-34c, respectively. Mature miR-34b and miR-34c consist 
of 23 nucleotides and have 83% homology to one another 
(19/23 nt). All miR-34 family members share strong 
homology in a region located 2-9 base pairs towards the 5’ 
terminus of the mature miRNA sequence. This sequence is 
around 8 nucleotides in length, and is called the “seed 
region”, which serves to guide the selection of similar sets of 
target genes. 

Despite the similarities between the miR-34 family 
members, there are also differences in the way they are 
organised. miR-34a is located on chromosome 1p36.22.  
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The promoter of miR-34a has CpG island motifs (genomic 
regions that contain a high frequency of CpG sites, that is C 
paired with G sites) and induced hyper-methylation of the 
CpG islands in its promoter may be a factor in the down-
regulation of miR-34 expression in malignancies. By 
contrast, miR-34b and miR-34c are encoded on a single 
polycistronic transcript (a single mRNA which can code for 
several genes) located at chromosome 11q23.1. The region 
containing the miR-34b/c gene also contains fragile sites, 
which have a high potential for mutation in cancers. These 
sites may present a dominant mode of altered regulation for 
these microRNAs in cancers [8, 9]. 

Studies have demonstrated the direct correlation of miR-
34 family deregulation with epigenetic and genetic 
mechanisms in cancers of lung, skin [10-13], pancreas, ovary 
[11, 14, 15], breast , urinary bladder, kidney [11, 15] , colon 
[16] , prostate [17], liver [18, 19], brain [20, 21], cervix [22, 
23], oesophagus [24] and the lymphoid system [25-27]. Anti-
oncogenic functions of miR-34 family have also been noted 
in cancers of pancreas [11], lung [10], brain [28, 29], liver 
[18], skin [30, 31], prostate [11], bone [32, 33] as well as in 
leukaemia and lymphoma [27, 34]. In these cancers, miR-34 
family members contribute to carcinogenesis through 
different mechanisms. 

THE ROLE OF miR-34 FAMILY IN CANCER CELL 
PROLIFERATION 

The expression of miR-34a in the rat’s liver was found to 
be up-regulated in response to DNA damage and oxidative 
stress created by methapyrilene, 2-acetyl aminofluorene (2-
AAF) and two non-damaging liver carcinogens with 
unknown modes of action, monuron and chlorendic acid. In 
the study, it was shown that miR-34a blocked induced cell 
proliferation in male fisher rats [35]. Using nicotinamide and 
etoposide as therapeutic agents, cell proliferation was 
inhibited in leukemic cells via activation of the p53-tumor 
suppressor pathway and modulation of its target genes 
including cyclin-dependent kinase inhibitor 1A (p21), 
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NADPH oxidase activator (NOXA), myeloid cell leukemia 
sequence 1(Mcl-1) and Bcl2-associated X protein (BAX), all 
of which occurred due to up-regulation of miR-34a function 
[36]. 

Pramanik et al., 2011, have reported that cell 
proliferation was inhibited in subcutaneous and orthotopic 
xenografts of pancreatic cancer in mouse models by miR-34a 
up-regulation. They used a miR-34a nanovector and 
systemic intravenous delivery method to inhibit pancreatic 
cancer. This study also reported that enhanced miR-34a 
induced down-regulation of silent mating type information 
regulation 2 homolog 1(SIRT1) and Cluster of 
Differentiation 44 (CD44) in mouse models [37]. 

Pogribny et al., found that exposure to tamoxifen 
(antagonist of estrogen receptor) in female fisher F344  
rats was an effective hepato-carcinogen drug and that 
overexpression of miR-34a could induce the down-
regulation of cell proliferation by inhibition of Notch1 
protein [38].  

Overall, the animal studies differentiate the effective role 
of the miR-34 family in hindering and modifying cancer cell 
development through targeting proliferative gene pathways.. 

A different study demonstrated that up-regulation of 
miR-34a inhibits human pancreatic cancer stem cells and 
cancer cell lines by targeting the anti-apoptotic factor BCL-2 
(B-cell lymphoma 2), as well as CDK6 (cyclin Dependent 
Kinase 6) and SIRT1 when used in combination with 
chemotherapeutic agents such as 5-Aza-2'-deoxycytidine  
(5-Aza-dC) and histone deacetylase inhibitor, Vorinostat [39]. 

Wang et al., found that the pre-transfection of lung 
cancer cell lines (A549 and SBC-5) with miR-34a inhibited 
cancer cell proliferation in a p53-independent manner by 
increasing sensitivity to the chemotherapy drug, cisplatin, in 
part by down-regulation of SIRT1 [40]. 

The importance of the miR-34 family in regulating 
cellular proliferation lies in the pathways targeted by the 
microRNA. Induced miR-34a up-regulation by adriamycin, a 
DNA damaging agent, has been found to down-regulate cell 
proliferation by inhibition of the E2 transcription factor 
(E2F) pathway in human colon cancer cell lines (HCT116 
and RKO) [16]. 

In aggregate, the restoration of miR-34 family expression 
by chemotherapeutic agents will provide mechanistic 
insights and potential therapeutic applications for further 
studies on patients with cancer. More specifically, these are 
promising reagents to elevate a patient’s response to existing 
chemotherapy drugs. 

Kumar et al., reported that in head and neck squamous 
cell carcinoma, induced expression of miR-34a inhibited 
cancer cell proliferation by down-regulation of its target 
genes including transcription factors, E2F transcription 
factor 3 (E2F3) and survivin [41]. 

Induced expression of miR-34a by the CCAAT enhancer 
binding protein alpha (C/EBP α-p42) in patients with acute 
myeloid leukaemia and in granulopoiesis due to mutation in 
the CCAAT/Enhancer-binding protein, alpha (CEBPA) gene, 
inhibited the ability of myeloid cells to proliferate via 

restraining the expression of E2F3 and transcription factor 
E2F transcription factor 1 (E2F1) [42]. Taken together, these 
findings suggest that dysregulation of E2F transcription 
factors and modulation of its expression by the activity of 
miR-34 family members might represent a novel therapeutic 
potential in treatment of some cancers. Transient transfection 
of miR-34a is also able to inhibit cell proliferation by 
targeting the met proto-oncogene (hepatocyte growth factor 
receptor) (c-Met) in brain tumour cell lines (glioma and 
medulloblastoma) [43]. Similarly, in another study, down-
regulation of c-Met by miR-34b overexpression inhibited 
non-small cell lung carcinoma proliferation, which 
subsequently altered downstream phosphorylation of p53 
and Mdm2 which in turn lead to apoptosis in human non-
small cell lung carcinoma cell lines (A549 and SPC-A-1) 
[44]. 

A study from Kasinski’s group confirmed that induced 
expression of miR-34a using a lentivirus expression system 
supressed cell proliferation in both a kraslsl-G12D/+; 
Trp53LSL-R172H/+ lung cancer mouse model and kraslsl-
G12D/+; Trp53LSL-R172H/+ lung cancer cells in culture. 
The action was via targeting the B-cell CLL/Lymphoma 2 
(Bcl2) and c-Met genes and to some extent by supressing  
v-myc avian myelocytomatosis viral oncogene homolog  
(c-Myc) and cyclin-dependent kinase 4 (Cdk4) [45]. In addition, 
delta-like1 homolog (DLK1), Notch homolog 1 (Notch1),  
c-Met and enhancer of zeste homolog 2 (Ezh2) have been 
identified as being regulated by both miR-34b and miR-34c 
in response to DNA damage and mitogenic signals [46].  

Further functional analysis by Corney et al., indicated 
that cooperation of both miR-34b and miR-34c in neoplastic 
cell lines (OSN1 and OSN2) suppressed cell proliferation and 
colony formation by mediating function of p53 protein [46].  

In addition, suppression of the expression of miR-34a 
and miR-34c has been found to be induced by p63, a family 
member of p53. This p63 repression of miR-34a and  
miR-34c was found to control cancer cell proliferation via 
removing miR-34a targeting of the cell cycle regulators 
(cyclin-dependent kinase 4) CDK4 and cyclin D1 (CCND1) 
in primary keratinocytes and embryonic skin cells [47].  

An in vivo and in vitro study on giloblastoma (brain 
tumour) revealed that miR-34a expression suppresses cell 
proliferation in the brain cancer through directly targeting 
the PDGF receptor (PDGFRA) [48]. Ramaiah et al., used 
anthranilamide-pyrazolo [1, 5-a] pyrimidine compound to 
activate the p53 pathway by phosphorylation at serine 
residues 15, 20 and 46, resulting in down-regulation of v-myc 
avian myelocytomatosis viral oncogene neuroblastoma 
derived homolog (MYCN) and mouse double minute 2 
homolog (mdm2) as oncogenic proteins. Subsequent to the 
effect of that compound, increased expression level of miR-
34a/c were also noticed which in turn lead to inhibition of 
cell proliferation via activation of apoptotic pathway in 
neuroblastoma cell lines (Neuro-2a, SK-N-SH and IMR-32) 
[49].  

Furthermore, reconstitution of miR-34a expression in p53 
mutant human ovarian carcinoma restrained cell proliferation 
by down-regulation of CDK4 and in part inversely correlated 
with c-Met expression [50]. Collectively, c-Met and the miR-34 
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family work as key nodal points in the p53 network and will 
provide new therapeutic insight with emphasis on the 
connected roles of c-Met and miR-34. Furthermore, it indicates 
that miR34-b/c and miR-34 a/c act in combination to play 
important roles in controlling carcinogenesis in diverse  
cell types, rather than individual miR-34 family members 
operating alone. 

Intriguingly, it has been demonstrated that induction of 
miR-34c by bone morphogenetic protein 2 (BMP2) 
during osteoblast differentiation directly provokes the 
proliferative effect of Notch1and Notch homolog 2 (Notch2) 
and jagged 1 (JAG1) at the post–transcriptional level in 
osteoblast cells and osteoblast progenitors in cell line. This 
mechanism has been seen to play a pivotal role in 
osteosarcoma pathogenesis [51]. 

Concepcion and colleagues showed a correlation between 
expression level of the miR-34 family and cell proliferation 
in mice with deletions in miR-34 family target genes. Slight 
elevation of cell proliferation has been observed in mice with 
reduced or absent miR-34 family expression. Interestingly, 
no increase in carcinogenesis, as initiated by c-Myc, was 
observed in these mice. These findings reported by Concepcion 
and colleagues implied that p53 function remains intact in 
miR-34 family deficient mice, perhaps through other 
feedback systems to maintain its expression [52]. 

p19 (Arf) is a tumour suppressor gene product with a role 
independent of,  but similar to p53 in cell development. In an 
in vitro study by Iqbal et al., it has been shown that induced 
expression of p19 (Arf) induces cell proliferation in eye-
specific mouse embryo fibroblasts lacking p53, with indirect 
effects on platelet derived growth factor receptor beta 
(PDGFRβ). Through introduction of induced miR-34a and 
inhibitors of miR-34a in the Arf-driven suppression of 
PDGFRβ, this study has also identified a link that Arf, 
independent of p53 effect, correlated to miR-34a level and 
indicated that cell proliferation can be inhibited in p53-
independent ways [53]. 

Tanaka et al., reported that the down-regulation of miR-
34 family members induced cancer cell proliferation, 
resulting in an oncogenic phenotype in non-malignant 
human mesothelial cell lines, peritoneal mesothelial cells 
(LP-9) and primary-cultured mesothelial cells. This was 
accompanied by up-regulation of Bcl2, c-Met and phospho-
c-Met proteins. Results demonstrated that miR-34 family 
down-regulation plays a pivotal role in the transformation of 
human non-malignant mesothelial cells to malignant 
mesothelial cells [54]. 

Circulating levels of miR-34 family in patients with 
colorectal and breast cancers have been studied by Nugent  
et al. They noted that, regardless of stage or grade of the 
cancers, the expression level of circulating miR-34a was 
considerably reduced. This suggested the potential 
application of miR-34a as a clinical biomarker [55]. 

Cell growth has been prevented by re-expression of miR-
34a in human p53-deficent pancreatic cancer cell lines 
(MiaPaCa2 and BxPC3) via down-regulation of Notch1 and 
Notch2 and Bcl2, resulting in inhibition in the G1, and G2/M 
phases of the cell cycle [56]. In line with this report, research 

has indicated that the restored expression of miR-34a inhibits 
cell growth in 21 pancreatic ductal adenocarcinoma cell lines 
[57]. These findings suggest that restoration of the miR-34 
family may provide a novel molecular therapy in human 
pancreatic cancer with loss of p53/miR-34 feedback loop. 

Genistein, a natural compound and non-toxic activator  
of microRNAs, influences multiple biochemical functions  
in living cells and has anti-cancer activity. It has been  
shown that genistein causes up-regulation of miR-34a. 
Investigations on pancreatic cancer lines (AsPC-1 and 
MiaPa-2) showed that this up-regulation of miR-34a by 
genistein inhibits cell growth by down-regulation of Notch1 
[58]. Overexpression of miR-34a has been associated with 
inhibition of cell growth and certain morphological features 
in prostatic cancer cell lines (VCaP, lNCaP, CWR22rv1 and 
C4-2B cells) through down-regulation of Notch1, androgen 
receptor and prostate-specific antigen (PSA) [59]. 

Use of anti-cancer agents (5-aza-Dc and BR-DIM)  
in the treatment of prostate cancer cell lines (LNCaP and  
C4-2B) and in tissue specimens with higher cancer grade 
(Gleason scores) was shown to lead to demethylation of the 
miR-34a promoter. Over-expression of miR-34a due to this 
demethylation inhibits cancer cell growth with down-
regulation of androgen receptor, prostate-specific antigen and 
Notch1 [60]. Therefore, direct targeting of Notch 1, androgen 
receptor and prostate specific antigen using reagents which 
have impact on re-expression of the miR-34 family instead of 
transfection of pre-miR-34 family would become an exquisite 
therapeutic strategy for patients with prostatic cancer. 

In order to increase miR-34a expression in the breast 
cancer cell lines 184A1 and MCF-10A, Li et al., used  
T-VISA-miR-34a as a miR-43a expression vector in an 
orthotopic breast cancer mouse model. Robust expression of 
miR-34a was thus indicated to be involved with cell growth 
suppression through protein level down-regulation of SIRT1, 
CD44 and (E2F3) as target genes of miR-34a. Intravenous 
injection of T-VISA- miR-34a markedly suppressed tumour 
growth without creation of systemic toxicity [61]. Thus a 
specific and safe targeted therapeutic approach for breast 
cancer could be achievable using T-VISA-miR-34a. 

Accumulating evidence indicates that induced expression 
of miR-34b/c in small cell lung carcinoma cell lines (H1048 
and SBC5) could inhibit cancer cell growth by down-
regulating the protein expression levels of the miR-34a target 
genes CDK6 and c-Met [62]. These results showed that miR-
34b/c is frequently altered in small cell lung carcinoma and 
can be considered a potential therapeutic tool in war of small 
cell lung carcinoma.  

In human pancreatic cancer cells and human pancreatic 
cancer stem cells, the up-regulation of miR-34a caused by 
therapeutic intervention of 5-Aza-Dc and SAHA agents, has 
been shown to inhibit cancer cell growth and cell cycle 
progression by down-regulation of SIRT1, CDK6 and B-cell 
CLL/lymphoma 2 (Bcl2) [39]. Induced expression of miR-
34a by delta-tocotrienol, a non-toxic miR-34a stimulator, 
was found to inhibit cancer cell growth in human non-small 
cell lung carcinoma cell lines (A549 and H1650) via down-
regulation of Notch1 and additional downstream targets 
including hairy and enhancer of split 1(Hes-1), BCL-2, 
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CCND1 and survivin [63]. Thus, using activator reagents of 
the miR-34 family would offer a potential design point for 
novel anti-cancer drugs.  

Down-regulation of miR-34a has been reported to be 
related with cell growth in giloblastoma cell lines (brain 
tumour cell lines - U373MG and SHG44) and tissue specimens 
through modulating directly the expression of Notch1 [28]. 

Ji and co-workers confirmed that the miR-34 family is a 
bona fide miRNA for cell arrest in the G1 phase and 
inhibition of cell growth in human gastric cancer cells (Kato 
III) cells via targeting Bcl2, high mobility group AT-hook 2 
(HMGA2) and Notch1. Moreover, it is possible that 
restoration of p53 function in p53-deficient human gastric 
cancer cells may be induced by miR-34 family functions 
[64]. Therefore, creation of a novel molecular therapy is 
possible for p53-mutant gastric cancer through restoration of 
tumour suppressor miR-34. 

Roy and colleagues reported that difluorinated curcumin 
(a synthetic analogue of curcumin) and 5-aza-2’-deoxycytidine 
(a methyltransferase inhibitor) were two reliable agents for 
promoter demethylation which can cause up-regulation of 
miR-34a/c. They demonstrated that up-regulation of miR-
34a/c in colon cancer cell lines (SW620, HCT116) inhibited 
cell growth in both chemo-sensitive and resistant colon 
cancer cells through targeting Notch1 [65]. 

In head and neck squamous cell carcinoma cell lines 
(UM-SCC-74A and UM-SCC-74B) and SCID mouse 
xenograft models, overexpression of miR-34a has been 
reported to be involved in inhibition of cancer cell growth by 
down-regulation E2F3 and survivin [41]. 

Bommer et al., observed that enhanced expression of 
miR-34 family members inhibited cancer cell growth by 
down-regulation of their target protein effector Bcl2 in non-
small cell lung carcinomas [10]. 

Li and colleagues confirmed that expression levels of 
miR-34a inversely correlated to c-Met levels. In the study, 
re-expression of miR-34a supressed cell growth in human 
brain tumour cells (glioma and medulloblastoma). The action 
was due to by down-regulation of c-Met in medulloblastoma 
and in glioma cells by down-regulation of Notch1/2 and 
CDK6 protein expression. Also, in vivo investigation has 
shown the accelerated inhibition of glioma xenograft growth 
by transient expression of miR-34a [43]. 

Altogether, these finding showed that miR-34 family 
members are significant downstream effectors of p53 
function and deregulated in multiple cancer subtypes. Up-
regulation of miR-34 family isoforms could potentially 
inhibit cancer cell proliferation and tumour growth by 
targeting multiple oncogenes. The concept could serve as an 
approach to treat cancer. 

THE ROLE OF miR-34 FAMILY IN CANCER 
INVASION AND METASTASES 

The deregulation of miR-34a has been proposed as a 
biomarker of metastasis in prostate cancer using xenografted 
lines from NOD (non-obese diabetic) and SCID (severe 
combined immunodeficiency) mice models. Studies have 

shown that down-regulation of miR-34a has direct 
correlation with metastatic capacity in these cancer xenograft 
lines [66]. In addition, miR-34a has been found to be 
significantly down-regulated in metastatic breast cancer 
tissues when compared to non-metastatic breast cancer, 
which are significantly associated with up-regulation of 
miR-34a. Thus, the expression level of miR-34a may be 
useful as a biomarker of metastasis [67]. 

miR-34 b/c have also been determined to play a crucial 
role in pathogenesis of small cell carcinoma of lung. 
Reduced expression of miR-34b and miR-34c due to 
promoter methylation has been revealed to correlate with 
invasive capacity of the small cell carcinoma of lung cell 
lines, H1048 and SBC5. Also, overexpression of miR-34b 
and miR-34c inhibited cancer cell invasion by targeting c-
Met and CDK6 in this cancer [62]. Furthermore, it has been 
shown that restoration of miR-34 family expression in a 
human pancreatic cancer cell lines, MiaPaCa2 and BxPC3, 
inhibited invasion by targeting BCL-2, Notch 1 and Notch2 
[56]. These results delineated the fundamental role of miR-
34 family in tumour progression and its potential as a 
therapeutic target. 

Li et al., in 2012, demonstrated that prolonged expression 
of miR-34a using T-VISA-miR34a as a highly specific 
expression vector of miR-34a can inhibit invasion in breast 
cancer cell lines (184A1, MCF-10A), by down-regulation of 
miR-34a target genes including SIRT1, CD44 and E2F3. 
This pattern of gene expression showed correlation in 
tissues, using a series of 22 human primary breast cancers 
[61]. Hence, using T-VISA-miR34a as a liposomal delivery 
system might be useful tool in regulation of a number of 
miR34a target genes and repressing of many different type 
of cancer. 

Following treatment with the chromatin remodelling 
agents (5-Aza-Dc and SAHA) in human pancreatic cancer 
stem cells from primary cancers and cell lines, an increase in 
miR-34a expression was observed. This was associated  
with inhibition of invasion through targeting of BCL-2, 
CDK6 and SIRT1 [39]. Accordingly, this study implied a 
paramount role of miR-34a in pancreatic cancer progression 
by omitting the cancer stem cells characteristics. In support 
of these findings, lower expression level of miR-34b in 
(A549 and SPC-A-1) cell lines was associated with higher 
prevalence of lymph node metastasis in non-small cell lung 
carcinoma [44]. Thus, functional restoration of miR-34b may 
provide an effective novel therapy in non-small cell lung 
carcinoma signaling pathways. 

c-Met has been known to be involved in migration and 
cell scattering in hepatocellular carcinoma cells. The up-
regulation of miR-34a in the HepG2 cell line inhibited  
the expression of c-Met via targeting the extracellular  
single-regulated kinase 1 and 2 (ERK1/2) pathway [18]. In 
agreement with this observation, c-Met protein expression 
and its 3’ UTR reporter activity has been shown to be 
inhibited by miR-34a in brain tumour cell lines 
(medulloblastoma and gliomas). Furthermore, the up-
regulation of miR-34a also inhibits cancer cell invasion in 
glioma cells lines through targeting protein expression of 
Notch-1/2, confirmed by reductions in their 3’ UTR reporter 
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activity [43]. Overall, emphasis on dissection of miR-34a/c-
Met and Notch-1/2 interaction will provide a compelling 
rationale to develop of therapeutic application in cancers. 

Induced expression of miR-34a was associated with 
inhibition of cell invasion, metastasis and pro-migratory 
cytoskeletal structure formation in human lung carcinoma 
and breast carcinoma cells through inhibition of the Rho 
GTPase activating protein 1 (Arhgap1) gene. The gene is 
responsible for production of the RHO GTPase protein [68]. 

Fos-related antigen-1 (Fra-1), a new target gene of miR-
34a, induces cell invasion in colon cancer cell lines 
(HCT116 and RKO). The overexpression of Fra-1 is 
influenced by matrix metallopeptidase 2 (MMP-2) and 
matrix metallopeptidase 9 (MMP-9) expression in invasive 
cells and can be inhibited by modulatory functions of p53 in 
a miR-34a-dependent manner. Emphasis on dissection of 
correlation between miR-34a and Fra-1 has unveiled that up-
regulation of miR-34a directly inhibited Fra-1 expression  
via targeting its 3’ UTR [69]. These finding reflects the 
existence of miR-34a/ Arhgap1 and miR-34a/ Fra-1 axes as 
an interaction pathway.  

In cervical carcinoma and choriocarcinoma cell lines, 
miR-34a expression plays a role in reduction of invasion 
capacity by inhibition of urokinase plasminogen activator, 
which in turn, is mediated by Notch1 and Jagged1 [70]. 

Research has identified a correlation between CD44, an 
adhesion molecule associated with cancer stem and 
progenitor cells, in occurrence of cancer metastases in colon 
[71], head and neck [72], ovary [73], liver [74], stomach [75] 
and bladder [76] cancers. CD44 is also implicated as a 
predisposing factor for cancer stem cell invasion. Also, 
CD44 has been found to be a target of miR-34a. Over-
expression of miR-34a inhibits cancer stem cell invasion and 
metastases by negative regulation of CD44 in a tumorigenic 
CD44+ prostate cancer cell line. Furthermore, evidence has 
shown the major role of miR-34a, as a modulator of p53, in 
negative regulation of CD44 via non-canonical p53 binding 
sites in the CD44 promoter [77]. Along the same lines, miR-
34 family members can influence the re-activation of p53 as 
a tumour suppressor gene in p53 function deficient human 
pancreatic cancer cell lines [56]. In view of these reported 
actions of miR-34 family members in different cancer  
cells, in particular as a critical negative regulator of CD44+, 
miR-34 family function establishes a strong rationale for 
developing new therapy against cancer. 

Beltran and co-workers demonstrated a further 
connection of miR-34a to invasion and metastasis, through 
the mammary serine protease inhibitor (maspin) in breast 
cancer in immunodeficiency mice and the breast cancer cell 
line MDA-MB-231. When expression of the maspin gene 
was induced through the use of an artificial transcription 
factor, it leads to inhibition of cancer metastasis. This 
occurred through up-regulation of miR-34a and other 
metastasis suppressor genes such as carnosine synthase 1 
(CARNS1), dapper antagonist of beta-catenin homolog 3 
(DACT3) and solute carrier family 8 (sodium/calcium 
exchanger), member 2 (SLC8A2) [78]. This result described 
for the first time that using the artificial transcription factor 

could lead to epigenetic reactivation of a dormant and 
normal–like gene and consequently reduction of cancer 
growth and metastases. 

Chang and co-workers demonstrated that overexpression 
of miR-34a inhibited cancer cell invasion in hepatocellular 
carcinoma cells (HepG2) [79]. Siemens et al., showed that 
induced expression of miR-34a suppresses cancer cell 
invasion and metastasis by inhibition of Snail, a zinc finger 
transcriptional repressor, and transforming growth factor 
beta (TGF-β), which also play important roles in epithelial-
mesenchymal-transition (EMT) induction and enhancement 
of mesenchymal-epithelial-transition (MET) [80]. This 
finding demonstrated the principal role of Snail/miR-34 
regulatory loop functions in reciprocal regulation of 
mesenchymal and epithelial status of cancer cells. 

Induced down-regulation of miR-34 family members 
increased the invasion ability of cells by up-regulation of their 
target proteins c-Met and BCL-2 in human non-malignant 
peritoneal mesothelial cells (LP-9) and human primary-
cultured mesothelial cells [54]. This result showed that the 
transformation of human mesothelial cells to malignant 
mesothelial cells in the early cacinogenic process was 
accelerated with the functioal role of the miR-34 family.  

Axl is a receptor that induces proliferation, migration and 
invasion in cancer. In non-small cell lung carcinoma, 
colorectal carcinoma and breast carcinoma, overexpression 
of miR-34a was shown to be inhibited distant metastasis by 
regulation of the Ax1 protein as an induced receptor of 
invasion and metastasis [81]. This finding showed that miR-
34a will have a positive association towards a long survival 
through Ax1 receptor regulation. 

Kim et al., demonstrated that EMT-related invasion is 
associated with up-regulation of Snail1 which increases due 
to a loss of p53 function and subsequently low expression of 
miR-34a. They showed that up-regulation of miR-34a inhibits 
cancer cell invasion by targeting Snail1 and molecules that 
regulate Snail1 function such as lymphoid enhancer-binding 
factor 1 (LEF1), axis inhibition protein 2 (Axin2) and  
β-catenin [82].  

The p53-dependent expression level of miR-34a has been 
found to inhibit distant and nodal metastases by affecting 
EMT through a feedback loop, resulting in down-regulation 
of IL-6R(interleukin 6 receptor)/(signal transducer and 
activator of transcription 3) STAT3/miR-34a [83]. Moreover, 
p53-dependent overexpression of miR-34a that targets MET, 
as a key regulator of invasive growth, has been shown to 
inhibit cancer cell invasion and motility in primary mouse 
ovarian surface epithelium cell lines (OSN1 and OSN2) [84]. 
This finding highlights a pivotal role of Snail, IL-6R and 
STAT3 as downstream effectors of the p53/miR-34a axis in 
EMT aspect of carcinogenesis. 

Expression of miR-34a suppresses cell invasion in  
the human renal carcinoma cell lines 769P and A498. In 
addition, miR-34a has been found to indirectly suppress ras 
homolog gene family, member A (RhoA) transcription 
through inhibition of c-Myc-Skp2(S-phase kinase-associated 
protein 2)-Miz1 (Myc-interacting zinc-finger protein 1) 
transcriptional complex assembly as well as the c-Myc-P-
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TEFb (positive transcription elongation factor) transcriptional 
elongation complex. Suppression of RhoA activity was 
associated with suppression of cancer invasion [85].  

Taken together, these studies indicated novel aspects in the 
role of miR-34 family members in transcriptional regulatory 
function on invasion and metastasis through targeting of its 
involved specific genes and could therefore potentially be 
considered as a valuable therapeutic for metastatic types of 
cancer. 

THE ROLE OF miR-34 FAMILY IN CANCER 
APOPTOSIS AND CELL SURVIVAL 

In patients with chronic lymphocytic leukaemia, down-
regulation of miR-34a is implicated in apoptosis resistance, 
impaired DNA damage response and chemotherapy refractory 
disease through inhibition of BAX and p21. Irradiation 
stimulates miR-34a over expression that consequently 
regulates the expression of p53 target genes including BAX 
and p21, but not p53 up-regulated modulator of apoptosis 
(PUMA) [86]. 

Loss of expression of miR-34a (due to loss of 1p36 as the 
genomic region containing it) has frequently been reported in 
pancreatic cancer. Re-expression of miR-34a in non-
transfected pancreatic adenocarcinoma cell lines (HPNE and 
HPDE) induced apoptosis via targeting p53-dependent 
mechanisms [14]. 

The restoration of miR-34 family members has been 
shown to stimulate apoptosis and chemo-sensitization to the 
anti-cancer drug, doxorubicin. The effect was related to the 
down-regulation of several target genes such as Bcl2, Notch1 
and high mobility group AT-hook 2 (HMGA2) in p53-
defecient human gastric cancer cells (Kato III cells) [64]. 

Up-regulation of miR-34a in chronic lymphocytic 
leukaemia, in which the expression of SIRT1 commonly is 
increased, can induce apoptosis through targeting of p53-
dependent genes such as p21, NOXA, myeloid cell leukemia 
sequence 1(Mcl-1) and BAX. This can occur in cooperation 
with chemotherapeutic drugs (nicotinamide and etoposide) 
which have been identified as SIRT1 inhibitors [36]. 

In support of the significant role of miR-34a in cancer 
cell apoptosis, a further study showed that death receptor 
CD95 (APO-1/Fas), which is a p53 target gene, plays a 
critical role in stimulating cells to commit to apoptosis. 
Altered expression of CD95 promotes p53 activation, which 
results in regulation of miR-34a expression levels to respond 
to genotoxic stress and DNA damage [87]. 

Interestingly, Hi et al., reported that induced miR-34 
family expression by irradiation and the anti-cancer drug, 
Adriamycin, increases apoptosis via targeting CDK6, E2F3, 
cyclin E2 (CCNE2) and BCL-2 in a p53-dependent manner 
in human osteosarcoma cell lines (U2OS and SAOS-2) [88]. 

Links were noted between miR-34a and apoptosis 
following treatment with 3,6-dihydroxyflavone (3,6-DHF), a 
chemo-preventive flavonoid anticancer drug. The treatment 
of the drug induced apoptosis in 1-methyl-1-nitrosouresa 
(MNU)-induced transplanted tumour growth in rats and 
BALB/C nude mice using human breast cancer cell lines 

(MDA-MB-453 and MDA-MB-231) [89]. This research 
showed that this apoptosis was accompanied by an increase 
in miR-34a, indicating a potential link between the two 
events. As another example, Ji et al., reported that treatment 
with delta-tocotrienol, a non-toxic miR-34a stimulator, has 
significant correlation with apoptosis induction and increases 
in p53 activity in human non-small cell carcinoma cell lines 
(A549 and H1650) through down-regulation of Notch1 and 
its concomitant downstream targets such as Hes-1, Bcl2, 
survivin and CCND1 [63]. 

Up-regulation of miR-34a due to stimulation by 
genistein, enhances cancer apoptosis through down-
regulation of Notch-1 in pancreatic cancer cell lines (AsPC-
1-1 and MiaPaCa-2) [58]. 

Wang et al., observed that the up-regulation of miR-34a 
in colon cancer cell line (HT29) is associated with enhanced 
cancer apoptosis by down-regulation of some of its targets 
that are involved in apoptosis process, such as Bcl2. This 
enhanced apoptosis is also associated with up-regulation of 
the DROSHA enzyme and increasing the binding between 
nuclear factor kappa beta (NFkB) and prostate apoptosis 
response protein 4 (par-4). The process resulted in inhibition 
of NFkB transport from cytoplasm to the nucleus. Prostate 
apoptosis response protein 4 (par-4) is also able to increase 
the sensitivity of colon cancer to the presence of anti-cancer 
drug, 5-fluorouracil (5-FU), via binding nuclear factor kappa 
beta (NFkB) in the cytoplasm. This potential synergy with a 
known treatment compound is a potential avenue for the use 
of miR-34 family members in developing new combination 
therapies in cancers [90]. 

Induced expression of miR-34a in human glioma and 
medulloblastoma cells inhibits cell survival by down-
regulation of Notch1/2, CDK6 and c-Met expression [43]. A 
study in B-chronic lymphocytic leukaemia (B-CLL) showed 
that overexpression of miR-34a promotes apoptosis by up-
regulation of PUMA and p21, which are targets of p53 [34]. 
This study also examined the correlation of miR-34a and 
single nucleotide polymorphism 309 (SNP309) in the 
promoter region of ubiquitin ligase murine double minute z-
protein (MDM2), a tight regulator of p53. It revealed that 
different genotypes of that single nucleotide polymorphism 
have significant differences in expression of miR-34a [34]. 

Ebnar et al., reported that induced expression of miR-34a 
and miR-34c inhibited the anti-apoptotic proteins FK506 
binding protein 8 (Fkbp8) and vinculin (Vcl) in Hela cells 
[91]. In an exception to the usual state of miR-34 family 
expression in cancer cells, it has been found that the 
expression of miR-34a is severely elevated in a TCL1-mouse 
model of chronic lymphocytic leukemia as well as cell lines 
of human chronic lymphocytic leukemia. Induced expression 
of miR-34a induces apoptosis in HCT-116 cell lines with 
intact p53, and this response is removed when p53 itself was 
knocked down in these cells, providing further evidence of 
the link between p53 and miR-34a [92]. 

Yamakuchi et al., indicated the tumour suppressor 
function of miR-34a could regulate apoptosis in p53 wild 
type human colon cancer cells (HCT116) by SIRT1 protein 
inhibition which subsequently augmented the expression of 
PUMA and p21 and increased acetylation of p53 [93]. 
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Kastl et al., found that resistance to Docetaxel, a 
chemotherapy drug that induces apoptosis, in breast cancer 
cell lines (MCF-7 and MDA-MB 231) was correlated with 
overexpression of miR-34a. It has been hypothesised that 
this connection occurs via targeting miR-34a’s downstream 
target gens Bcl2 and CCND1 [94]. 

Down-regulation of Platelet-derived growth factor 
receptors α/β (PDGFR-α/β) by induced expression of  
miR-34a/c has been found to induce apoptosis in lung cancer 
cell lines A549, H460, H1299 and H1703 by increasing 
sensitivity to TNF-related apoptosis inducing ligand (TRAIL)-
induced cell death [95]. 

Some efforts have been made to manipulate the miR-34 
family system to modify the cancer cell behaviour. 
Thioacetamido modified nucleic acids that specially binds 
with an antisense oligonucleotide of miR-34a, have been 
shown to modulate cancer cell apoptosis in part through the 
oncogenes MYCN in a human embryonic kidney cell line 
(HEK293T) and mouse neuroblastoma cell line (Neuro 2a) 
[96]. 

Balca-Silva et al., observed that over expression of miR-
34a inhibits cancer cell survival and increases radio-
sensitivity in the non-small cell lung carcinoma cell line 
A549 by down-regulation of Bcl2 [97]. 

miR-34a expression in the retinoblastoma cell lines Y79 
promotes cancer cell apoptosis by down-regulation of target 
genes such as CCND1, calponin 2 (CNNE2), epithelial 
membrane protein 1( EMP1), CDK4, Mdm4 p53 binding 
protein homolog (MDMX), SIRT1 and E2F3 [98]. 

In pancreatic cancer stem cell self-renewal, the 
restoration of miR-34 family members by lentiviral miR-34-
MIF transfection induces apoptosis by down-regulation of 
the target genes Bcl2 and Notch1 [56]. miR-34a has also been 
reported to induce apoptosis in the pancreatic cancer cell  
line (MiaPaC-2) by down-regulation of SIRT1, aldehyde 
dehydrogenase and CD44. The study also demonstrated the 
potential therapeutic ability of this approach in pancreatic 
cancer xenograft mouse models, in both intra-pancreatic 
(orthotopic) and subcutaneously injected tumour forms [37]. 

Hu et al., have facilitated the penetration of miR-34a into 
pancreatic cells using a cationic nanovector that is comprised 
of bi-functional CC9 (CRGDKGPDC) peptides. Up-
regulation of miR-34a due to penetration with the nanovector 
induced apoptosis through decreased expression of Bcl2 and 
CCND1 in the human pancreatic carcinoma epithelial-like 
cell line (PANC-1 cell line) [99]. Re-expression of miR-34a 
in p53-null prostate cancer cell lines (PC3) has shown that 
the miR-34a apoptosis inducing effect in chemo-resistant 
cell lines occurs via down-regulation of SIRT1 mRNA and 
its protein [17]. Additionally, induced expression of miR-43a 
has found to be accompanied with sensitivity to Doxorubicin 
and induces apoptosis by down-regulation of Notch1 in the 
human breast adenocarcinoma cell line (MCF-7) [100]. 

Members of the miR-34 family have been found to 
increase in expression due to captothecin, an inhibitor of 
DNA topoisomerase I, in p53-dependent and p53-independent 
manners by targeting NOXA, caspase-2, PUMA and BAX in 
Bows melanoma cell lines [101]. 

Sarveswaran et al., revealed that selenite, an anticancer 
nutritional supplement, could suppress LNCaP human 
prostate cancer cells through up-regulation of the protein-
levels of p53 targets gene including p21, BAX, PIG-3 (p53-
inducible gene 3) and DR5 (tumour necrosis factor receptor 
superfamily, member 10b) [102]. 

It is worth noting the physiologic role of the miR-34 
family and its relation to apoptosis in non-cancer tissues. 
Niederer and co–workers indicated that the expression of 
mature sequence homo sapiens (has)-miR-34a-3p (miR-34a*) 
modulates apoptosis in rheumatoid arthritis synovial 
fibroblasts via directly targeting X-linked inhibitor of 
apoptosis (XIAP). They also showed that induced expression 
of miR-34a* correlates with Fas ligand (FASL) and tumor 
necrosis factor-related apoptosis-inducing ligand (TRAIL) 
rates that in turn play mediatory role in rheumatoid arthritis 
synovial fibroblasts (RASFs) apoptosis [103]. The expression 
of miR-34a in cardiomyocytes and induced apoptosis appear 
to be related with regulatory function of bone marrow-
derived mononuclear cells secreting insulin-like growth 
factor-1 [104]. Apoptosis in spermatogenesis is highly 
regulated and it has been shown that over expression of miR-
34c in germ cells up-regulated germ cell specific genes such 
as spermatogenesis associated 17 (SPATA17), golgi-associated 
PDZ and coiled-coil motif containing (GOPC), kelch-like 10 
(KLHL10) and sperm flagellar 2 (SPEF2) by targeting 
TGFB-induced factor homeobox 2 (TGIF2) and Notch2 in a 
p53-independent manner [105].  

In order to assess molecular events occurring in carcino- 
genesis, the significant hallmark of cancer progression is 
identified to be “escape from apoptosis”. Accumulating 
evidence demonstrated that deregulated miR-34 family plays 
a critical role in the process of p53-depended and p53-
independent apoptosis. In various types of cancers, down-
regulation of miR-34, as an anti-oncogene, has been 
observed to target anti-apoptotic genes in transcriptional  
and translational level. Furthermore, studies showed the 
miR-34 family play a pivotal role in altering sensitivity to 
chemotherapeutic treatment. Targeting of anti-apoptotic 
genes by miR-34 family members could serve a precious 
therapeutic approach in various types of cancer. 

THE ROLES OF miR-34 FAMILY IN CELL CYCLE 
PROGRESSION 

Induced expression of miR-34a in prostatic and 
pancreatic carcinoma cell lines triggered cell senescence and 
G1 cell cycle arrest in part via targeting CDK6. This finding 
also showed that induced expression of miR-34a is an 
effective tumour suppressor which is commonly inactivated 
through CpG methylation in promoter region [11]. 

In another study, Fujita and co-workers demonstrated 
that induced expression of miR-34a can dramatically 
decrease cell growth, enhance cell cycle arrest and 
eventually increase chemo-sensitivity to the anti-cancer drug 
camptothecin by targeting SIRT1 in prostatic cancer cell 
lines (PC3 and DU145) [17]. 

It is tempting to speculate that combinations of miRNAs, 
which act on the same pathways, could be more effective at 
suppression of cancer growth than each miRNA alone. 
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Following this idea, Bandi and co-workers showed that miR-
15a/16 in combination with miR-34a could cooperatively 
induce cell cycle arrest in the G1 and G0 phases. The 
combined treatment decreased the protein level of 
retinoblastoma and cyclin E1 in non-small cell lung 
carcinoma cell lines (A549, H1299, H358 and H2009). It 
also down-regulated the downstream targets of retinoblastoma 
such as CCND1, CDK4 and CDK6 [106]. 

A study from Li‘s group confirmed that expression levels 
of miR-34a inversely correlate to c-Met levels [43]. In that 
study, re-expression of miR-34a powerfully supressed cell 
growth and cell cycle progression in human brain tumour 
cells (glioma and medulloblastoma) by down-regulation of 
c-Met and in glioma cells by down-regulation of Notch1/2 
and CDK6 protein expression. More in vivo investigation has 
shown the inhibition of glioma xenograft growth by transient 
expression of miR-34a [43]. 

Studies have implied that miR-34a could have a “cell-
fate determinant” function in early-stage division of colon 
cancer stem cells by regulating of its downstream effector 
Notch1 [107]. Transient transfection of miR-34a in 
hepatocellular carcinoma HepG2 cells inhibits cell cycle in 
G1 phase and accumulation of cells reduce in both S and G2 
phase through down-regulation of its downstream target 
proteins including microtubule-actin crosslinking factor 
1(MACF1), tropomyosin 4(TPM4) and cathepsin D. Along 
this theme, proteomic approaches have indicated that key 
target proteins of miR-34a in the formation of hepatocellular 
carcinoma included lamin A/C (LMNA), aldehyde 
dehydrogenase 2 family (ALDH2), LOC100129335 and 
microtubule-actin crosslinking factor 1 (MACF1) [79].  

Re-introduction of miR-34a in neuroblastoma cell lines 
(SK-N-AS, Kelly, SK-N-BE and NGP) decreases cell cycle 
progression by down-regulation of E2F3 [29]. Gene 
inactivation of miR-34 family and p53 in prostatic 
epithelium of mice has been found to accompany an increase 
in the prostate stem and progenitor cell compartment  
by stimulating MET-dependent growth and self–renewal 
[108]. 

Zhao et al., reported that miR-34a induces inhibition of 
cancer cell proliferation in p53 –positive and in p-53 
negative cells. Irrespective of p53 status, miR-34a inhibited 
cancer cell proliferation by up-regulation of CIP1/WAF1, a 
cell cycle–dependent kinase inhibitor, through down-
regulation of histone deacetylase 1 (HDAC1) which is a 
direct target of miR-34a. This finding provides an attractive 
therapeutic strategy for cancer patients [109]. 

Chen and co-workers indicated an inverse correlation 
between expression level of miR-34c and its target gene, 
cyclin E2 (CCNE2) in nasopharyngeal carcinoma tissue. 
Dysregulation of miR-34c could regulate G1-S cell cycle 
progression in nasopharyngeal carcinoma tissue via targeting 
CCNE2 level [110]. 

Overall, current evidence indicates that the miR-34 family 
directly target transcripts that encode proteins involved in 
cell cycle progression. Expression level of miR-34 family 
members may affect cell fate determination between apoptosis 
and cell cycle arrest. Furthermore, loss of cell cycle control 

is directly affected by alteration of miR-34 family expression 
level and can be involved in carcinogenesis. 

THE ROLE OF miR-34a FAMILY IN CELL 
SENESCENCE (AGING) 

In vitro and in vivo investigations by Tazawa et al., 
indicated that re-expression of miR-34a induces a 
senescence-like phenotype in two human colon cancer cell 
lines (HCT116 and RKO) by E2F signalling pathway down-
regulation and p53-pathway up-regulation [16]. He et al., 
reported that overexpression of miR-34b/c inhibits growth 
by down-regulation of c-Met expression, CDK4 and CCNE2 
and continuing in this theme, substantially accelerated 
cellular senescence in a human foetal lung cell line (IMR90) 
and p53-deficient mouse embryonic fibroblasts by enhanced 
expression of senescence-associated beta-galactosidase  
(SA-β-Gal) as a senescence marker [9]. 

The hippocampus is a centre of memory formation  
that can be influenced by aging, Alzheimer’s disease and 
other neurodegenerative dementias. In vivo and in vitro 
investigation revealed that up-regulation of miR-34c has 
been implicated in disruptions of hippocampal function such 
as Alzheimer’s disease and age-associated memory 
impairment in the aging hippocampus of APPPS1-21 mice 
models by down-regulation of hippocampal SIRT1 levels 
[111]. Interestingly, miR-34 family members, as part of  
the p53 pathway display a subtle role in senescence.  
Up-regulation of miR-34a, miR-34b and miR-34c in  
NHF-hTEFT cells (normal human fibroblast cells) by 
Nutlin-3 (an MDM2 inhibitor) induce senescence pathways 
in a p53 dependent manner [112]. 

Christoffersen et al., have shown a novel miR-34a 
expression pathway where miR-34a was regulated 
independently of p53 effects. In this pathway, miR-34a  
up-regulation transcriptionally induced by ETS family 
transcription factor and ELK1 (as a member of ETS 
oncogene family). Induced up-regulation of miR-34a 
enhanced cellular senescence in primary human TIG3 
fibroblast cells through repression of the proto-oncogene 
Myc [113]. 

Yamkuch et al., reported that there is a positive feedback 
loop between miR-34a, p53 and SIRT1 in the senescence 
process. The SIRT1 gene has been considered to be involved 
in longevity limitation and cellular senescence. Expression 
of miR-34a has been induced by modulatory functions of 
p53. Induction of miR-34a down-regulates the expression of 
SIRT1, in turn elevating p53 activity [114]. 

miR-34 family up-regulation could modulate degeneration 
which is dependent on aging. This process was specifically 
observed in the organ of corti in C57BL/6J and CBA/J mice 
strains [115]. The expression level of miR-34 family 
members has been indicated to modulate age-related function 
in the brain by down-regulation of E74A, a transcriptional 
factor of the ETS domain, which plays a critical role in 
steroid hormone pathways. This can ablate damage caused 
by polyglutamine disease protein (ployQ) and affects aging 
and neuro-degeneration in flies, Drosophila [116]. In the 
study of Yang et al., it was demonstrated that the expression 
of miR-34a was enhanced during aging in rat tissue. 
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Additionally, it was noted that in a nematode 
(Caenorhabditis elegans), a deletion mutation of miR-34a, 
extends lifespan (reducing senescence) and age-related 
physiological functions by inhibition of atg9 (an autophagy-
related protein) expression [117]. 

Inactivation of miR-34a by CpG methylation of its 
promoter is associated with senescence in many cancer types 
including prostate, breast, lung, colon, bladder, kidney  
and melanoma cell lines [11]. Ito et al., showed that over 
expression of miR-34a induces cellular senescence in 
primary human umbilical cord vein endothelial cells as well 
as heart and spleen cells of older mice, though suppression 
of SIRT1 protein [118]. Sun and co-workers indicated that 
overexpression of miR-34a induces cellular senescence by 
targeting G1 cell cycle arrest via suppressing CDK6 and 
CCND1 in non-small cell lung carcinoma cell line (A549) 
[119]. Overexpression of miR-34a induces cellular senescence 
via down-regulation HDMX gene transcription in part  
by effects on p53 and Ras signalling pathways in breast 
cancer cell line (MCF-7), human colon carcinoma cell line 
(HCT-116) and human non-small cell lung carcinoma 
(H1299) and primary human diploid fibroblasts (IMR90) 
[120, 121]. 

To conclude, current studies demonstrated the biological 
ability of miR-34 family and its importance as a unique type 
of tumour suppressor to control cell proliferation and 
induction of senescence-like changes in cancer development 
process. These data could open a novel and promising 
therapeutic avenue to treat cancer and disease. 

THE ROLE OF miR-34 FAMILY IN CANCER CELL 
MIGRATION 

A wide array of migration mechanisms are utilized by 
cancer cells to allow them to disseminate to other locations. 
These mechanisms are to some degree independent on their 
invasive capacity. Dysregulation of microRNAs are noted to 
be involved in migration of cancer cells. 

Induced expression of miR-34a by the using a T-VISA-
miR-34a expression plasmid in breast cancer cell lines 
(184A1 and MCF-10A), resulted in persistent expression of 
miR-34a and suppressed cancer cell migration, demonstrating 
the therapeutic potential of miR-34a via targeting of E2F3, 
CD44 and SIRT1 [61]. In support of the tumour suppressive 
role of miR-34b/c in small cell lung cancer cell lines (H1048 
and SBC5), Tanaka et al., indicated that re-expression of 
miR-34b after 5-aza-2’-deoxycytidine treatment, significantly 
supressed cancer cell migration by down-regulation of two 
target genes c-Met and CDK6 [62]. In vivo investigation has 
shown that expression of miR-34a partially down-regulated 
Fra-1 as new target of miR-34a, in human colon cancer cell 
lines (HCT116 and RKO). Also, expression of miR-34a 
supressed cancer cell migration by down-regulation of 
MMP-2 and MMP-9, two enzymes that are implicated in cell 
migration and invasion, which can be rescued by Fra-1 
overexpression. This implies that cancer cell migration and 
invasion are miR-34a-dependent mechanisms [69]. In addition, 
up-regulation of miR-34a has been observed to inhibit cancer 
cell migration and cancer cell scattering in hepatocellular 
carcinoma cell tissue and cell line (HepG2) through down-

regulation of c-Met mRNA and protein and reducing 
phosphorylation of extracellular single-regulated kinases 1 
and 2 (ERK1/2) [18]. 

Emerging evidence suggested that in the breast tumour-
initiating cells (BT-ICs) of MCF-7 and SK-3rd cells (breast 
cancer cell lines enriched for BT-ICs), induced expression  
of miR-34c inhibit cancer cell migration via targeting  
Notch homolog 4 (Notch4) [122]. In addition, miR-34a 
overexpression restrained the ability of hepatocellular 
carcinoma cells (HepG2) to migrate [79]. In vivo and in vitro 
investigation, reported that re-expression of miR-34a 
restrained the migration ability of the human brain tumour 
(giloblastoma) cell line (U251). The process is a result of the 
down-regulation of cyclin-A1 (CCNA1), cyclin-B1(CCNB1), 
cyclin-D1(CCND1), cyclin-D3 (CCND3), cyclin-dependent 
kinase, epithelial growth factor receptor (EGFR) as well as 
Yin Yang-1(YY1), (an expression stimulator of EGFR) and 
up-regulation of p21 and p27 proteins, which are both cyclin 
kinase inhibitors [123]. 

Overexpression of miR-34a was shown to inhibit  
cell migration and energy production by down-regulation of 
136 neural progenitor genes that are commonly involved 
with cell motility, electron transportation and oxidative 
phosphorylation based ATP synthesis in Wharton’s jelly 
matrix of human umbilical cord cells and bone marrow 
mesenchymal stem cells [124]. The induced expression of 
miR-34a in colon cancer cell lines (SW480 and DLD-1) 
supresses cancer cell migration and increased chemo-
sensitivity to anti-metabolite, 5-fluoracil, through down-
regulation of v-kit Hardy-Zuckerman 4 feline sarcoma viral 
oncogene homolog (c-Kit) and disruption of SCF/c-Kit axis, 
respectively [125]. 

miR-34a also affects migration in non-cancer tissue. In 
cartilage, chondroblast migration was reported to be 
negatively controlled by miR-34a expression levels and its 
relevant target EPH receptor A5 (epha5) during chondro- 
genesis, in particular in chick limb mesenchymal cells [126]. 

These results provide evidence that the miR-34 family is 
an inhibitor of cancer cell migration which was associated 
with modulation of various cancer signalling pathways and 
therefore replacement therapy with miR-34 family may offer 
an alternative for current therapeutic targeting of cancer. 

THE ROLE OF miR-34a IN ANGIOGENESIS 
PROCESSES 

Angiogenesis is necessary for survival of all mammalian 
cells, because their survival depends on obtaining sufficient 
oxygen and nutrients as well as disposing of waste. 
Association between angiogenesis and miRNAs was initially 
described in endothelial cells using miRNA microarrays 
tools. In general, changes to more than 200 miRNAs 
including both overexpression and attenuation have been 
determined to be involved in endothelial cell function and as 
well as in vascular functions. Given their role in metastasis 
and invasion, it is not surprising that the miR-34 family 
should be found to be involved in angiogenic processes. 

E2F3a and E2F3b are an important family of 
transcriptional factors that play pivotal roles in cell 
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proliferation and differentiation and cell cycle regulation 
[127-129]. In addition, E2F3a has a higher oncogenic 
potential activity as compared to other isoforms of the 
protein [130]. Also, expression of the protein survivin, an 
important oncogene protein, has a direct correlation with 
enhanced angiogenesis, reduced apoptosis, enhanced 
proliferation, resistance to chemotherapy, enhanced tumour 
recurrence and poor prognosis of patients with cancers [131-
136]. Kumar et al., demonstrated that overexpression of 
miR-34a inhibits tumour angiogenesis by down-regulation of 
the key angiogenic factor vascular endothelial growth factor 
(VEGF), (specifically VEGF A) and also demonstrated that 
overexpression of miR-34a suppresses angiogenic functions 
of endothelial cells by down-regulation of E2F3 (particularly 
the E2F3a isoform), survivin, SIRT1 and CDK4 in head & 
neck squamous cell carcinoma cell lines (UM-SCC-74A and 
UM-SCC-74B) and in SCID mouse xenograft models [41]. 

Treatment failure in heart disease is most common in 
elderly populations and current therapeutic drugs have 
significant side effects. Existing evidence has showed  
the therapeutic potential of the miR-34 family, especially 
miR-34a, in pathological cardiac remodelling. Using a 
subcutaneously-delivered seed-targeting 8-mer LNA (locked 
nucleic acid)-modified antimiR (LNA-antimiR-34), Bernardo 
et al., silenced the miR-34 family in mice with myocardial 
infarction and transverse aortic constriction. As a result, 
mice showing pathological hypertrophy and disability due to 
chronic pressure overload showed improved heart function. 
It was also observed that angiogenesis increased in mice 
with myocardial infarction and transverse aortic constriction 
treated with the LAN-antimiR-34. This increased angiogenesis 
was associated with up-regulation of miR-34’s direct targets 
such as VEGF-A, VEGF-B, vinculin, Notch1, sephaforin 4B 
and O-fucosyltransferas1. As a result, the improvement of 
heart function occurred [137]. 

In order to investigate the role of endothelial microRNAs 
in angiogenesis, Caporali et al., for the first time classified 
endothelial microRNAs into classes, placing the miR-34 
family into the class of microRNAs whose expression 
depends on stimulation of anti-angiogenic factors [138, 139]. 
Independent studies have reported the correlation between 
angiogenesis and senescence in endothelial cells and 
endothelial progenitor cells (EPCs). Overexpression of miR-
34a has been seen to inhibit EPCs and thus mediate 
angiogenesis through induction of cellular senescence and 
down-regulation of SIRT1 and elevation of acetylated 
forkhead box protein O1 (FoxO1), a regulator transcription 
factor of stress response [139, 140]. SIRT1 in turn has a 
bidirectional relationship with endothelial nitric oxide 
synthase (eNOS) that plays a profound role in down- 
regulation of angiogenesis in human umbilical vein 
endothelial cells, and in spleen and heart tissues in older 
mice [118]. Bone marrow–mononuclear cell therapy in 
patients with cardiovascular disease has showed that 
overexpression of miR-34a is associated with decreased 
bone marrow cell survival in acute myocardial infarction in 
aged mice. Accordingly, pre-treatment of bone marrow-
mononuclear cells with LNA-34a (as a miR-34a expression 
inhibitor) in patients with coronary artery disease can be 
considered a therapeutically advantageous approach [141]. 

Myc expression has been reported to correlate with miR-
17-92 related tumour angiogenesis and formation of B-cell 
lymphoma. It is also known that miR-34c regulates Myc 
expression as one of its main targets in response to DNA 
damage. Therefore, it is possible that miR-34c operates 
upstream of miR-17-92 and participates in deregulation of 
angiogenesis through Myc [142]. 

Recent studies showed that miR-34 family as microRNA 
with dual anti-tumour and anti-angiogenic profiles. The fine 
tuning regulatory role in angiogenesis network by miR-34 
might also be a potential prognostic marker in different 
cancers. Therefore, the maintenance of miR-34 family 
cellular function is essential for an appropriate angiogenic 
response. 

THE ROLE OF PROMOTER METHYLATION IN 
miR-34 FAMILY ACTIVITY 

The expression of miR-34a is known to regulate the 
expression of androgen receptor and prostatic specific 
antigen. Both receptors are associated with poor outcomes in 
prostate cancer. Consequently, the loss of miR-34a due to 
hyper-methylation of its promoter has been identified in 
prostate cancer tissue specimens. Thus, the demethylation of 
the miR-34a promoter and restoration of its expression 
provides a potentially effective avenue for treatment of 
prostate cancer [143]. 

Lodygin et al., showed that aberrant DNA methylation of 
miR-34a promoter was associated with down-regulation of 
miR-34a in many cancers cell lines including prostate 
carcinoma, breast carcinoma, lung carcinoma, colon 
carcinoma, bladder carcinoma, renal carcinoma and 
melanoma. This was due to transcriptional silencing of miR-
34a in these cancers. Indeed, loss of miR-34a expression due 
to promoter CpG methylation, has been identified in almost 
eighty percent of primary prostate carcinoma [11]. 

In stage I non-small cell lung carcinoma, aberrant hyper-
methylation of mature miR-34b and miR-34c promoters 
were associated with more cancer recurrence and poorer 
survival rates. Hence, miR-34b/c methylation or expression 
could thus be a potentially useful prognostic marker for non-
small cell lung carcinoma [144]. 

Methylation of miR-34 family promoter regions 
preferentially occurs in colorectal cancers expressing wild-
type p53 and inactivation of miR-34 family genes by hyper-
methylation may substitute for loss of p53 function in 
colorectal cancers [15]. Also, single hyper-methylation in the 
promoter region of miR-34c is associated with its down-
regulation in breast carcinoma cells which in turn stimulates 
self-renewal and induced epithelial-mesenchymal transition 
[122]. Nalls et al., indicated that re-expression of miR-34a 
inhibits epithelial-mesenchymal transition and self-renewal 
in pancreatic cancer stem cells by down-regulation of the 
Notch pathway, down-regulation of N-cadherin and up-
regulation of E-cadherin [39]. Furthermore, Wong et al., 
found that promoter hyper-methylation of miR-34b and  
miR-34c is found to occur in multiple myeloma cells.  
Re-expression of miR-34b but not miR-34c by using 5-Aza-
2'-deoxycytidine inhibited myeloma proliferation and 
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increased apoptosis in bone marrow sample of myeloma 
patients [145]. In line with this report, Toyota et al., 
demonstrated the hyper-methylation of the miR-34b/c 
promoter CpG island and B-cell translocation gene 4 (BTG4) 
in the colon cancer cell line HCT116. This region was 
indicated to be a bidirectional promoter which regulates the 
expression level of both BTG4 and miR-34b/c. Therefore, 
there is a compelling rationale for the possibility that miR-
34b/c and BTG4 play dual tumour suppressor roles in 
colorectal cancer [146]. Moreover, Siemens et al., identified 
the inverse correlation between miR-34a promoter hyper-
methylation and elevated expression level of its targets 
including c-Met, β-catenin in liver metastases of colon 
cancer. Furthermore, the development risk of distant 
metastases has been identifies in patients with primary colon 
carcinomas that were positive for miR-34a promoter hyper-
methylation in combination with c-Met and β-catenin 
expression levels [147]. 

Overall, hyper-methylation of promoter in miR-34 family 
is relatively common event which can be presumably 
substituted for p53 inactivation in broad range of cancers. 
Thus, restoration of silenced miR-34 family by epigenetic 
drugs may lead to reduced effectiveness of oncogenes and 
hopefully even therapies in diverse types of cancer. 

CONCLUSION 
The miR-34 family is a class of non-coding tumour 

suppressors, playing a major role in carcinogenesis. In this 
paper, the links between the roles of miR-34 family and their 
protein targets that facilitate a desirable environment for 
carcinogenesis when their normal expression is perturbed 
were reviewed. There is a very clear link between loss of 
miR-34 family expression and development/progression of 
many human cancers (Fig. 1). The miR-34 family also has 
potential to be used as additional or even surrogate markers 
for prognosis diagnosis of human cancers. Interestingly, 
there are many known compounds that can up-regulate miR-
34 family expression levels, which in turn could serve to 
improve cancer treatment and inhibit growth of cancer cells. 
Without a doubt, our current understanding of the miR-34 
family’s functional role and its targets is incomplete and 
deserves future investigation. This incomplete knowledge 
underscores the complexity of the miR-34 family’s roles in 
cellular pathways. 

Of the questions that remain, the relationship between 
elevated resistance to certain chemotherapeutic drugs and 
radiation with loss of expression of the miR-34 family is one 
greatly worth investigation. Thus far, there is not a clear 
mechanistic explanation of how this occurs. Meanwhile, no 

 

Fig. (1). The diverse roles of miR-34 family in the mechanims of cancer. The members of the miR-34 family act on different proceses in the 
body through different genes. The disrutption of these pathways will lead to cancer. The miR-34 family members are downstream factors in 
the p53 pathway. 
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miR-34 family target gene has been identified that would 
explain this activity of the miR-34 family. Regardless of the 
answer to this question, restored expression of miR-34 
family in cancers where it has been lost holds great 
therapeutic potential for treatment of cancer. Therefore, 
continued investigation on the detailed characterization of 
miR-34 family member functions and their target genes will 
be needed to clarify their role in carcinogenesis and assist in 
improving the design of therapeutic drug targeting regimes 
in human cancers. 
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