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ABSTRACT

In recent years, there has been a tremendous and growing interest among researchers to investigate the role of
microRNA (miRNA) in normal cellular as well as in disease processes. miRNAs are short, noncoding RNAs with
a length of ~22 nucleotides that negatively regulates target miRNAs. miRNAs cover an important role in all
biological processes, including development, cell differentiation, proliferation and apoptosis. Aberrant miRNAs
expression commonly associated with cancer. In this review, we discussed how miRNAs influence tumorigenesis
by acting as oncogenes and tumour suppressors. Here we also discussed the role of miRNAs in cell cycle
regulation. The control of cell proliferation by miRNAs is well established and the alteration of these small, non-
coding RNAs may contribute to tumor development by perturbing critical cell cycle regulators. Oncogenic
miRNAs may facilitate cell cycle entry and progression by targeting CDK inhibitors or transcriptional repressors
of the retinoblastoma family. On the other hand, tumor suppressor miRNAs induce cell cycle arrest by
downregulating multiple components of the cell cycle machinery. Recent researches also demonstrate that
miRNAs also affect many apoptosis pathway. Indeed, it is becoming clear that many miRNAs are anti-apoptotic
and mediate this effect by targeting pro-apoptotic mMRNAs or positive regulators of pro-apoptotic mRNAs.
Conversely many pro-apoptotic miRNAs target many anti-apoptotic miRNAs. In this review we also focused on
three types of cancers like breast cancer, lung cancer, and colorectal cancer are the leading cause of cancer related
death. Here we summarize the functions of small-RNA-based, posttranscriptional gene regulators, i.e.
microRNAs, in the pathogenesis of cancers. We also discuss the miRNAs play oncogenic as well as tumour
suppressor role. Here we also demonstrated the value of miRNAs as marker for diagnosis, prognosis and the
promising field of miRNA-based novel therapies cancers.
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1.INTRODUCTION

MicroRNAs (miRNA) are small, non-coding RNAs
which regulates gene expression at post transcriptional
level ! 2 The first discovered miRNA, lin-4 was isolated
from Caenorhabditis elegans.”® * Around 2000 miRNA
have been identified in wide array of organisms
including plants, zebrafish, mouse and human.!! Mature
miRNAs are generally ~22 nucleotides long.*! MiRNA
plays an important role in several biological processes
such as cell differentiation, proliferation, and
apoptosis.) MiRNA regulates the expression of various
oncogenes or tumor suppressor genes. Genes of
miRNA are transcribed by RNA polymerase 11 to form
primary miRNA which is large in size.”! This process is
held in the nucleus.’ ” Then RNaselll enzyme, Drosha
processed these primary miRNA and form precurssor
miRNA which is 70 nucleotides long. Precurssor miRNA
(Pre miRNA) transported to the cytoplasm by RAN-GTP
and exportin5.®®! Another RNase 111 enzyme, Dicer which
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processed the precurssor miRNA and formed ~22
nucleotide miRNA-miRNA complex.*** This complex
is incorporated to the RNA induced silencing factor
(RISC), which is a multiprotein and also a
ribonucleoprotein.! It belongs to the Argonate protein
family.”! Then mature single stranded miRNA binds to
the target mRNA at comPIementary site and negatively
regulate gene expression.”” > ® MiRNAs are involved in
cancer initiation and progression. The expression
patterns of these MiRNA can be used for classification,
diagnosis and prognosis of human malignancies.
Alterations of miRNA genes lead to play a critical role in
human cancer.™”!

Tumor formation is positively correlated with the
reduction of the amount of miRNA. It was reported that
formation of human tumor is associated with the
reduction of the Dicer expression levels.'™® In contrast,
over expression of Dicer may results in the formation of
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prostate cancer.'® In addition microsatellite instability
during frame-shift mutation have been reported in
TARBP2, a Dicer stabilizing protein, in gastric and
colorectal cancer.'? Propagation of Drosha expression
can cause oesophageal cancer.'” ¥ Apoptosis, another
important cellular mechanism is associated with cancer.
Apoptosis is a process to sort out cells which are
transformed and damaged. Deregulation of apoptosis
may results in cancer progression. As cancer cells are
mainly characterized by increased cell proliferation and
decreased cell death. Cancer associated genes are divided
into two groups, oncogenes and tumor suppressor genes.
oncogenes upregulate the cell proliferation and
downregulate the apoptosis but tumor suppressor genes
perform just the opposite function.”® Another type of
gene, pro-apoptotic gene such as p53 is inactivated until
antiapoptotic gene such as B-cell chronic lymphocytic
leukaemia (CLL)/lymphoma 2 (BCL2) are over activated
during cancer progression. Thus, the role of miRNA is
very crucial and complicated because it regulates both
proliferation and apoptosis.™**!

Here, in this review, we have discussed about the
proapoptotic miRNAs, antiapoptotic miRNAs and
miRNAs to understand the interaction and involvement
of these mMiRNAs in cancer formation. With that the role
of microRNA in breast, lung, and colorectal cancer, have
been discussed. We have also informed about the
therapeutic measures to control the cancer.

2. Biogenesis of mMiRNA

The biogenesis of most animal miRNAs share a common
mechanism. Mature miRNAs are formed from long
primary transcripts through several biochemical
processes. Generally primary miRNA transcripts are
transcribed by RNA pol Il and it contains 5” caps and 3’
poly A tail, whereas some other primary miRNA (pri-
miRNA) transcripts are transcribed by RNA pol 111.1¥ In
nucleus the primary miRNA is processed to precuessor
miRNA (pre-microRNA) by Drosha and DiGeorge
Syndrome critical region gene 8 (DGCRS8), which is
class 2 RNase Il enzyme.?®#! Accroding to domain
organization RNaselll proteins are grouped into three
classes.® In bacteria and yeast class | proteins include
RNaselll proteins are found. Each of them contains one
RNaselll domain (RI1ID) and one double stranded RNA
[dsRNA] binding domain [dsRBD].?®! One of the class II
proteins such as Drosha exert two RIIIDs and dsRBD.
The pre-miRNA is 60-80 nucleotides long.”?” The pre-
miRNA is transported into cytoplasm by transport factor
Exportin 5 and Ras dependent nuclear protein guanosine
triphosphate (RAN-GTP) dependent manner.” In the
cytoplasm the pre miRNA is further processed by
cytoplasmic protein (TRBP) and formed ~22 nucleotide
miRNA duplex.”? Another class Il includes Dicer
homologs which are conserved in Schizosaccharomyces
pombe, plants and animals.’?® Dicers are ~200 kDa and it
contains multiple domains. Dicer has long N-terminal
domain containing a DExH, RNA helicase/ ATPase
domain, and also has DUF283 and the Piwi-Argonate-
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Zwile (PAZ) domain. PAZ domain is normally found in
highly conserved proteins. And it binds to the 3’
protruding end of the small RNA. But till now the
function of other domains in Dicer is not clear. Dicer has
two terminals like N-terminal RNasell domain (RIl1Da)
and C- terminal (RIIIDb) both are different in their
sequences and their roles. The 3" strand is cleaved by
Dicer RIIIDa and the 5" strand of the pre-miRNA is cut
by Dicer RIINIDb.”® This miRNA duplex is loaded into
the RNA induced silencing factor (RISC), RISC is
responsible for gene silencing, where the mature miRNA
strand is retained but complementary passenger strand is
degraded by an wunknown nuclease. The active
component then binds to a member of the Argonate
proteins that regulate the translocation of target mRNA.
MiRNA binds to the 3"UTR (untranslated region) region
of their complementary target mRNA and inhibit the
translocation or guide the degradation of target
mRNA.*1 Recent studies shows that miRNA also binds
to the 5° UTR or open reading frame of the target
mRNA.?"! The overall mechanism is demonstrated in Fig
1.

3. Mutation and miRNA

MiRNA biogenesis play an important role in cancer.
Defects in biogenesis pathway of miRNAs result in the
modification of the expression level of miRNA.
Deregulation of the enzymes and cofactors which is
involved in the biogenesis pathway can affect the levels
of mature miRNAs, which may have important
biological classification.*®! The initiation step of the
miRNA biogenesis is the transcription of pri-miRNA. In
multiple human cancers this 1% step is dysregulated. At
fragile sites or in genomic region a significant number of
human miRNA genes are located and in cancer that
miRNAs are deleted, amplified and translocated. These
genomic variations may lead to alteration of pri-miRNA
transcription and miRNA expression causes downstream
expression of mMRNAs which promote cancer initiation
and progression.®®® For example miRNA-15 and
miRNA-16 is located on chromosome 13q14 which is
frequently deleted in B-cell chronic lympholytic
leukaemia(B-CLL). For that reason the number of these
two miRNAs is reduced in~ 70% of BCLLs. These
miRNAs 15-16 control the apoptosis by targeting B-
CLL2 mRNAs.*Y In another point mutation in the
miRNA 128b gene which blocks the processing of pri-
miRNA 128b and also loss the expression level of
mature 128-b may leads to glucocorticoid resistance in
acute lymphoblastic leukaemia (MLL)- AF4 (also known
as KMT2A-AFF1) translocation.® Moreover this
genetic alteration, dysregulated miRNA expression may
rise from alteration in tumor suppressor or oncogenic
factors, which functions as transcriptional activators or
repressors to control pri-miRNA transcription. For
example, effect of p53 on family of miRNA-34. The
member of mMiRNA-34 family which promotes p53
activity also represses the growth promoting genes and
commensurate with other p53 tumor suppressive factors
to inhibit uncontrolled cell proliferation via apoptosis. In
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cancer the protooncoprotein MYC activates the
expression of oncogenic miRNAs along with miRNA-
17-92 cluster.®**! The miRNA which targets MYC
promote cancer activation by controlling the expression
of E2F1, thrombospondin 1 (THBS1), connective tissue
growth factor (CTCF) and other target mRNAs to
regulate cell cycle progression and angiogenesis. The
tumour suppressive miRNAs in B-cell lymphoma is
repressed by MYC.®! In addition the expression of
miRNA 200 family is suppressed in multiple human
tumors. In another addition, the cancer associated
transcription factors like zinc-finger E-box-binding
homeobox (ZEB1 and ZEB2), atypically regulate
miRNA in many cancers. Therefore the main mechanism
in cancer is the alteration of miRNAs expression via
transcriptional dysregulation.®!

3.1. Defective Microprocessor in cancer

The incipient pri-miRNA transcripts are generated by
RNA pol Il that forms a typical structure consisting of a
stem-loop hairpin flanked by ssRNA. In nucleus
microprocessor complex is present and microprocessor
complex trims the pri-miRNA to generate pre-
microRNA transcripts. Destabilization of DGCRS8
mRNA is important to control the relative DGCRS8
expression level which helps to maintain the homeostatic
control of MiRNA biogenesis in cell.B"* Dysregulation
of this microprocessor complex often cause cancer. For
example increased of copy number or over expression of
DROSHA may cause advanced cervical squamous cell
carcinomas.*”! It was reported that in multiple cancer
DROSHA is highly expressed. Over expression of
DROSHA alters the expression of miRNA and promotes
cell proliferation, invasion, migration which facilitates to
cancer progression.”® ! In many several type of cancer
DROSHA  expression level is  downregulated.
Downregulation of DROSHA results in low expression
of miRNA which may cause metastasis, invasiont*? and
reduced survival.***! In lung, adeno carcinoma
DROSHA is down-regulated resulting in cell
proliferation and tumor growth in vitro and in vivo.[*"! It
was showed that DROSHA can function as tumor
suppressor to inhibit the progression of cancer in many
contexts. It was reported that in many cancer DROSHA
is upregulated and in certain type of cancer DROSHA is
downregulated, the mechanism is not well understood.
So one possibility is that different cancers have different
genetic or epigenetic mechanism, in this way the
oncogenic or tumor suppressor miRNA is expressed
abnormally in many types of cancer. In some cancer
DROSHA is frequently mutated, like Wilms tumor
samples.®**" More than 70% mutation of DROSHA
occurs at E1147, it is a metal binding residue in the
RNase Il1b domain. The somatic missense mutation of
E1147K which makes it feasible to interact with metal
binding and therefore the function of DROSHA is altered
to process the pri-miRNA.[**U In ovarian cancer the
missense mutations and a splice site mutation of
DROSHA have been found. It was also reported that the
expression level of DGCRS8 is dysregulated in several
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cancers. In Wilms tumour mutation of DGCR8 were
found, a frequent mutation (E518K) in dsRBD1 results in
decreased expression of crucial miRNA in tumors.[*954

3.2. Pre-miRNA export in cancer

Pre-miRNA are exported from nucleus to cytoplasm by
an nuclear export factor to be processed into mature
miRNA. XPO5 and the cofactor RanGTP helps in this
export of pre-miRNA. The XPO5- inactivating mutation
may cause several tumors like sporadic colon, gastric and
endometrial tumors. These XPO5 mutation results in
weaken the export mechanism of XPO5 for that reason
miRNA biogenesis is hampered.

3.3. DICER1 mutation

Pre-miRNA is trimmed furtherby a protein complex
including DICER1 and TRBP to form ~22 nucleotide
long mature miRNAs.”® DICER1 is a large multi-
domain nuclease that contains two helicase domains, a
dimerization domain, a PAZ domain, two RNaselll
domains and a dsRBD. DICER1 participates in the
assembly of the minimal miRNAISC which helps in the
function of mMIRNA to repress the target gene
expression.® Reduced number of DICER1 promotes
cell proliferation and tumorigenesis, which indicates the
important role of DICERL in oncogenesis.”” %! DICER1
mutations were first identified in pleuropulmonary
blastoma (PPB), a rare form of lung tumour that is
developed during fetal lung development.”® Nonsense
mutation or frameshift mutation affects DICER1
upstream of the region encoding RNaselll domains,
resulting in shortened DICER1 proteins which are
lacking the C-terminal catalytic domains. These
mutations mainly affect the RNase Illb domain may
results in defects in the function of RNase Illb domain.
The metal binding residues like E1705, D1709, G1809,
D1810 and E1813 are mainly the mutation-prone
zone.’ The expression of let-7 tumor suppressive
miRNA family is strongly reduced by mutation of
DICER1 RNase IlIb. In cancer the DICER1 expression is
often dysregulated. According to the type of the cancer
the expression level of DROSHA and DICER1 may
increased or decreased. DICER1 expression is targeted
by many oncoproteins and tumour supressors which
regulates the cancer progression. So overall we can say
that both the genetic mutations or dysregulation of
DICER1 can results in abnormal miRNA expression and
tumorigenesis.

3.4. TRBP mutations

In normal cellular response TRBP is associated with the
processing of miRNA which has a great impact on
tumour suppression. So the loss of function of TRBP
results in tumour formation. This lost function of TRBP
is also related to dysregulation of miRNA. It is reported
that two frameshift mutations of TRBP may lead to
dysregulation of mIRNA. These mutations actually
reduced the TRBP and DICER1 expression which
contributes to the defective processing of pre-miRNA.
But in case of Ewing sarcoma family tumour (ESFT), the
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reduced level of TRBP expression contributes to the
dysregulation of mIRNA which leads to tumour
growth.®® %° 1 There are several functions that is
operated by miRNA. miRNA binds mRNA via seed
sequence which s hare identical sequence with the target
mRNAs. Binding of miRNA and mRNA may results in
the disstabilization or inhibition of target transcripts
which is the reason of down regulation of respective
mMRNA encoded protein. These miRNAs have a huge
impact in cancer. It is reported that the oncogenic
miRNAs are often over expressed and tumor suppressor
miRNAs are downregulated during the cancer, which
may lead to change in the cell cycle.

4. Functions of mMiRNAs

4.1. MiRNAs involved in G1/S transition

It was reported that anti-proliferative miRNA-15a-16-1
cluster regulates cell cycle at the initiation stage. The two
mature miRNA 15a and miRNA 16, expressed from the
cluster, share the same seed sequence therefore they are
from the same family. It is identified that miRNA 15a
and miRNA 16 has a great impact in cancer. It is
reported that this miRNA cluster is the target of some
specific chromosome in case of chronic lympholytic
leulemia (CLL) and others cancer and the activity of
these miRNAs have been lost in about 70%.°" At the G1
phase this miRNA-15a-16-1 cluster may induce cell
cycle arrest by targeting critical cell cycle regulators
such as CDK1, CDK2, CDKG6 as well as cyclin (D1, D3,
and E1).%%] Some other miRNAs can regulate these
important cell cycle kinase complexes. Several miRNAs
also target some positive regulators of CDK4/6 such as
CDC25A, regulates CDK4/6 via phosphatase activity.
Let 7, miRNA-15 family, miRNA-17, miRNA 19a,
miRNA 20a and miRNA 34 are directly downregulated
the levels of D-type cyclins. Cyclin D2 and E2 are
directly downregulated by miRNA-26a.%7 Also
miRNA-26a induces a G1 arrest of human liver cancer
cells in vivo. Another miRNA-26a potentially inhibit
proliferation of cancer cell and raise tumour specific
apoptosis in vivo, for this reason there is a histrionic
suppression of tumour progression without toxicity.[’™
Cyclin E is reported to be downregulated by miRNA-16a
and miRNA-34a.l""! Almost all of these miRNAs showed
antiproliferative properties and they function as tumour
suppressor. They remain inactive during Cancer. During
hyper methylation tumour cells of different origins
repress the synthesis of miRNA-124 and miRNA-137
thereby leading to CDK6 over expression. It has been
seen that the over expression of CDK/cyclin complexes
may results in amplified phosphorylation of
retinoblastoma protein (pRB), which in turn activates
E2F factors to drive G1 progression and S phase entry of
cell.™ Transcription factor of E2F family is important
for cell cycle progression. Repression of the E2F activity
is the key system by which the Rb family of pocket
proteins assert its tumour suppressive functions. Cyclin
dependent kinase (CDKSs) phosphorylates for that reason
they inactivates pocket proteins and allowing cell
proliferation, which is controlled by CDK inhibitors.
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These E2F proteins are enabling to induce programmed
cell death.l"™ E2F1 factors induce some target genes
which are responsible for apoptosis. This occurs mostly
in the context of damaging of DNA results in E2F1
phosphorylation and activation which leads to
apoptosis.”” ¥ MiRNA17-92 cluster and miRNA 17-5p
and MiRNA-20a negatively regulates E2F1. More over
in tumors samples from colon cancer patients the level of
those miRNAs inversely proportional with E2F1
concentration, suggesting that these miRNAs promote
malignancy in many tissues by rendering cells insensitive
to the apoptotic abilities of E2F1.¥ In addition miRNA
17-92 cluster and other miRNAs also down regulates
E2Fs. On the other hand E2F1 is inhibited by another
miRNAs like 149, miRNA-330 and miRNA 331-3p,
results in cell cycle arrest in prostate and gastric cancer
cells.®#2 E2F3 on the other hand is targeted by miRNA
125h, miRNA-210 and miRNA 195.%%! This property
of E2F1 is shared by the tumour suppressor protein p53.
p53 protein is a transcription factor and its increased
expression leads to the induction of target genes that
induce cell cycle arrest. In case of DNA damage, p53 is
stabilized and phosphorylated and enhance the activation
of p53 target genes.™ E2F1 highly upregulates the
levels of p53 and induces Tap73, homologue of a p53
having many functions of p53. p53 and E2F1 have
positive impact on apoptosis. Most importantly the
expression level of CDK inhibitor p21 is induced by the
expression of p53, which active the Rb pocket via
accumulation of hypophosphorylated that causes
decrease in E2F1 activity (Ref). But there are also some
reports on identification of miRNAs which are induced
by E2F1 like miRNA 449. This miRNA, upregulates
activity of p53 and induces apoptosis, shares seed
sequences and target genes with the miRNA34 family.
But this miRNA again reduces the activity of E2F1.1"8)
Overexpression of miRNA-106a downregulates pRB and
interfere with CDK4/pRB. This event leads to facilitate
cell cycle and the negative regulator of cell cycle entry
and G1 progression. &7

Some miRNAs tightly regulates some cell cycle
inhibitors. MiRNA 24 and miRNA -31 controls p16, an
inhibitor of CDK4/6.1%% 8! Both these miRNAs has an
impact in regulation of proliferation and progression via
regulating the expression of CDK inhibitor. P21, a target
protein for p53, is a direct target of miRNA 17-92 cluster
and miRNA 106b. P27""* and p574"? are controlled by
mMIiRNA 221/222 and miRNA 181. Abnormal expression
of the miRNA 221-222 cluster is thought to activate
CDK2 and enhance tumor growth by negatively
regulation of both p27** and p57 “P2.*% The overall
mechanism demonstrated in Fig 2.

4.2. MiRNAs involved in G,/M check point

While the G4/S check point is the major one in which
cells make a decision as to whether the cell cycle should
progress, after DNA damages the cell cycle can also
arrest at G,/M. The G,/M transition is activated by
Cdc25 mediated dephosphorylation of the cyclin B/CDK
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complex, also called mitosis promoting factor (MPF).
Cdc25A also facilitates in G,/S transition via activating
cyclin D/CDK 4/6. Cdc25A dephosphorylates and
activates complexes of CDK2 and cyclin A or E, which
are responsible for initiation and progression through S
phase. Phosphorylation leads to the rapid degradation of
Cdc25A, resulting in cell cycle arrest in response to
DNA damage.®™ In serum starvation, DNA damage and
hypoxia miRNA 21 is induced. In colon cancer cells,
miRNA 21 affects Gi/S and G,/M transition by
suppressing Cdc25A expression. Cdc25A also regulated
by miRNAL15A. High levels of miRNA-15A down
regulate Cdc25A and inhibit cell proliferation and
cytogenesis in polycystic disease. In contrast, low levels
of MIRNA-15A upregulates Cdc25A expression and
promote cell proliferation and cystogenesis in normal rat
cholangiocytes.[*?

4.3. Antiproliterative/Proapoptotic miRNAs
MicroRNAs with anti-proliferative and proapoptotic
activity are likely to function as tumor suppressor genes.
Hence they may not be expressed in cancer cell. One
clear example is the family of let 7 miRNAs. The let
7family consist of a group of highly conserved miRNAs
in multiple species. In human this regulation appears to
be conserverd, where three RAS gene, known as potent
oncogenes have also been demonstrated to be directly
regulated by human let-7. In lung cancer RAS
dysregulation is a key oncogenic event, loss of let-7 may
contribute to pathogenesis in this disorder. Indeed, in
cancerous tissue let-7 is generally expressed at low level
compare to normal tissue and low expression of this
miRNA correlate with shorter post-operative lung cancer
survival. Expression of let-7 in lung cancer cell lines,
directly suppress growth in vitro, further documenting
the tumor suppressing activity of this miRNA.¥ It has
been reported that miRNA 15-16 cluster has a pro-
apoptotic property. It induces apoptosis by targeting the
anti-apoptotic  factor B-cell chronic lymphocytic
leukaemia/lymphoma 2 (BCL2) at post-transcription
level.**l Like many other tumour suppressor, this
miRNAs cluster is found to be frequently deleted in
some B cell chronic lymphocytic leukaemia. In case of
prostate carcinoma and pituitary adenoma the expression
of miRNA 15- 16 is reduced, which leads to inhibition of
apoptosis. Another miRNA-29b also shows similar
function like miRNA-15-16. It was reported that in lung
and prostate cancer the level of this miRNA is lost. It
was also reported that in some other cancers the level of
these miRNA is upregulated. For that reason, one
contradictory examination that in these specific cancers
these miRNAs may be deregulated other cellular process
in accession to apoptosis.* The overall role of
antiproliferative miRNAs are demonstrated in Fig 3.

4.4. Proproliferative/ Antiapoptotic miRNAs

Oncogenesis  would likely promoted when some
miRNAs show proproliferative and antiapoptotic activity
and in cancer cell these miRNAs may be overexpressed.
miRNA-17-92 cluster have these properties, it consists
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six MiRNAs- miRNAs -17-5p,-18,-19a,-19b,-20 and -92.
In human chromosome 13931 this miRNA cluster is
located, a place that is frequently evolved in several
types of lymphoma and tumours.® In B cell lymphoma
samples this miRNAs clusters are highly expressed.”®®! It
was reported that in lung cancer it has been recently
observed that the number of these miRNAs is high
(Hayashita et al, 2003). In lung cancer cell line, the entire
miRNA cluster has been expressed but not individual
one, which increases the cell proliferation. These
discoveries suggest the oncogenic properties of these
miRNAs cluster.® Another miRNA which show the
antiapoptotic function is miRNA-21. It was reported that
in glioblastoma tumour tissues this miRNA is highly
expressed.® It was also observed that this miRNA is
over expressed in breast cancer tissue.®® This miRNA
immediately targets phosphatase and tensin homologue
(PTEN), results in the down regulation of PTEN which
inhibits the protein kinase B (PKB), thus rate of the
apoptosis is reduced in cancer cells. It was observed that
miRNA-21 is overexpressed in case of hepato cellular
carcinoma (HCC) and it targets proapoptotic factor
programmed cell death 4 (PDCD4), and frequently
downregulates the expression of PDCD4.1"% |t s also
reported that miRNA-21 can avert apoptosis via
inhibition of both PTEN and PDCDA4. It was also
reported that this miRNA play an important role in
tumour invation and metastasis. It suppresses the tumour
suppression genes like tropomysin 1 (TPM1)™ and
serin peptidase inhibition clade B (ovalobumin) member
5 (SERPINB5). This miRNA-21 may upregulates
multiple cancer associated pathways. The overall role of
miRNAs are illustrated in Fig 4.

5. Impact of miRNA in cancers

Though several cancers are related with miRNA but we
have chosen breast cancer, lung cancer and colorectal
cancer for the discussion. The number of patients are
suffering from these cancers are increased day by day.
Thus it becomes very necessary to characterized the
cancers in different ways to get more possible ways to
resist it.

5.1. MiRNA and breast cancer

Breast cancer is common in women. Breast cancer starts
when cells in the breast begin to grow out of control.
Breast cancer is most primarily diagnosed cancer and lies
one of the Ieadintlg cause of cancer-related death in
women worldwide.'*! Alterations of several signalling
pathways, activation of oncogenic molecules, mutation
in genes and non-targeted effect of chemotherapeutic
effect which significantly contributes to the cancer
progression. It was reported that miRNAs involved in
tumour initiation regulating cancer stem cell (CSC)
properties, including self-generating ability,
tumourgenicity and durg resistance. Dysregulation of
miRNAs leading to cause metastasis, escape from
apotosis and tissue invation. In breast cancer several
miRNAs have been identified as oncogenes and tumour
suppressor and their functions have been characterized as
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the regulators of tumour initiation, metastasis and
Chemoresistance.!%!

Tumour initiation

It was reported that CSCs and cancer-initiating cells are
mainly responsible for the tumour and cancer
development. The properties of asymmetric cell division
and ability to efflux small molecules are similar in both
CSC and normal cell."®! These differ from each other in
tumour seeding and metastasis. In addition, the
phenotypic plasticity of CSCs, i.e. the ability of these
cells to differentiate into non-CSCs, is treated as an
important factor for the prevention of tumour
malignancy."'® The first CSCs in solid tumours were
identified and isolated from breast cancer. It was
reported that high tumour-seeding ability have been seen
in  CD44+/CD24™"  Lineage-cells from breast
specimens™® and it was also reported that CSC
properties such as self-renewal activity and tumour-
seeding activity mainly regulated by let-7. CD44"/CD24
flow antigenic phenotype is a key properties of CSCs and
it can down-regulate let-7 expression significantly. It is
also reported that let-7 inhibits the formation of breast
cancer via direct targeting of the genes encoding RAS
and high mobility group AT-hook 2 (HMGA2) which
leads to inhibit the self-renewal and de-differentiation of
cells.’® The features of epithelial to mesenchymal
transition (EMT) and high tumorigenicity was involved
in metastasis and invasion of tumour cells. The
characteristics of these cells are also CD44+/CD24™".
These cells population is also found in cancerous breast
tissues. Loss of function of epithelial marker such as E-
cadherin and the increasing the N-cadherin and vimentin,
mesenchymal markers is characterized in EMT
phenotype. Results in the loss of cell polarity, cell-cell
adhesion and also allow cells to detach from each other
and also achieve cell invasion capabilities. It was
reported that in Madin Darby canine Kkidney cells
undergoing EMT, miRNA-205, and five members of the
miRNA-200 family namely miRNA-200a, miRNA-200Db,
miRNA-200c, miRNA-141 and miRNA-429 are
selectively downregulated. Two members of miRNA-
200 family, namely, miRNA-200a, miRNA-200b and
miRNA-429 are located on human chromosome 1 and
miRNA-200c, miRNA-141 on human chromosome 12.
Upregulation of miRNA-200 inhibit the EMT phenotype,
via increasing the transforming growth factor (TGFp),
tumour necrosis factor (TNFa) which mainly targets the
genes encoding E-cadherin transcriptional repressors
ZEB1 and ZEB2.1'® Function of these transcriptional
repressors ZEB1 and ZEB2 increases the invasion and
metastasis in human tumour. On another hand the
mMiRNA-200c and miRNA-141 is also suppressed by
ZEB1 which is a strong inducer of epithelial
differentiation. So it may be concluded that the mutual
interaction of ZEB1 and miRNA-200 family strongly
regulate the EMT phenotype. It was also reported that
miRNA 103/107 is also increase the EMT phenotype in
breast cancer tissues. This miRNA-103/107 reduces the
biosysnthesis of several miRNAs via targeting the genes

www.ejbps.com

European Journal of Biomedical and Pharmaceutical Sciences

encoding Dicer, leading to comprehensive down-
regulation of miRNAs including miRNA-200 family
which subsequently develop the metastasis and EMT
phenotype in epithelial cancer cell.'! B cell-specific
Moloney murine leukemia virus integration site 1 (Bmi-
1) is also target miRNA-128 and miRNA-200c resulting
in the downregulation of these miRNAs. Loss of these
miRNAs may up-regulated Bmi-1 in tumour cells,*%*4

Resistance to drugs

Now-a-days a major problem with the cancerous cells is
that they are resistant to chemotherapy and many
molecular targeted drugs.™*? It was reported that the
mechanism underlying drug resistance are mainly
classified into two categories namely, the alteration of
the structure of the drug transporters which efflux the
anti-cancer agents™® 4 and the activation of cell-
survival and anti-apoptotic pathways.™! In breast cancer
several miRNAs have been identified that regulates the
drug resistance property in many cancerous cells. High
expression of ATP-binding cassette (ABC) transporter is
the major cause of drug resistance.l****®1 Anti-cancer
agents and some proteins are mainly effluxed out by
ABC transporters.''?  ABC- transporter  system
associated with three transporters, namely, ABCBI,
ABCG2 and ABCCL. There role in multidrug resistance
connected with efflux of various hydrophobic
compounds, including major anti-cancer agents such as
taxanes, anthracyclines etc.™** "9 The ABCC1 also
known as MRP1, it is the first identified ABC-
transporter, which is linked with the failure of
chemotherapy treatment of various cancer, including
breast, lung and colon cancer.*!2121 There are several
miRNAs which is involved in regulating the ABC —
transporte system. The expression of MRPL1 is inversely
related to the [MIRNA-451."%1 The expression level of
miRNA-451 is reduced in breast cancer. So the
downregulation of miRNA-451 can also increased the
level of MRP1 in breast cancer. The function of this
transporter is to protect body from human environmental
toxins. It functions to decrease the intracellular
concentration of a broad spectrum antibiotics and
durgs.? So, when it is highly expressed resulting in the
drug resistance of cancer cells. For that reason miRNA-
451 plays most important role, it regulates the expression
of MRP1 and preventing the drug resistance. Another
ABC- transporter ABCG2 also known as BCRP is also
involved in chemoresistance in leukemia and breast
cancer.’? |t was reported that several miRNAs like
miRNA- 451 and miRNA- 326 are regulates the ABC-
transporters  like ABCCl1 and increase the
chemosensitivity.'?2*%%1 Similarly the chemosensitivity
of breast cancer cells also increase by the expression of
miRNA-487 to mitoxantrane via targeting of
ABCG2."®! |t was reported that several miRNAs are
involved in another resistance mechanism of drug.[*?"1%
2] Recent studies showed that the miRNA-221/222 is
over expressed in breast cancer. Because p27""* a cell
cycle inhibitor and tumour suppressor is negatively
regulates by miRNA-221/222.1%1 |t was reported that
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another miRNA- 30c targets the actin-binding protein
twinfilinl which involves in EMT pathway that results in
the suppression of the interleukin-11 and inhibits the
resistance of breast cancers to paclitaxel and
doxorubicin.*?®

Metastasis

Metastasis is a process that leading cause of the cancer
death™® therefore it is very much important to bring out
the regulating mechanism of this process. At primary
tumour site metastasis is arise.'*” Metastasis is caused
by multiple complex processes resulting in cancer
progression. It was reported that excessive
vascularisation at primary tumour site was the main
cause of metastasis. For that reason cell loss their
property like loss of adhesion, achieve an invasion
phenotype, allow cells to detach from each other and
mobilization. In addition to Chemoresistance, miRNA
are involved in modulating the metastasis process. The
first identified miRNA was miRNA-10b in breast cancer
metastasis. It was reported that miRNA-10b was first
found higher in metastasis than non-metastasis breast
cancer cell line. The expression levels of RAS homolog
gene family member C is upregulates by the abnormal
expression of miRNA-10b via direct targets the gene
which encodes homeobox D 10 which may results in the
promotion of invasion and metastasis."”*? It was also
reported that some miRNA like miRNA-126, miRNA-
206 and mMiRNA-335 is suppressed the breast cancer
metastasis.'* It have been identified that miRNA-126
reduces the cell proliferation and tumour growth. In
another hand miRNA-206 and miRNA-335inhibits the
metastasis. In breast cancer metastasis the miRNA-335
suppress the gene encoding the SOX4 transcription
factor and the extracellular matrix component tenascin C.
In addition it was also reported that in breast cancer
metastasis the  expression of mMIRNA-31 is
downregulated. Another important factor that is multiple
metastasis associated genes such as RhoA and ITGA5
(encoding integrin 5) is inhibited by miRNA-31.1%4
During tumour invasion and metastasis one of the
programmes is activated that is EMT. In another study it
was again found that miRNA-34a, a transcriptional target
of p53, repress EMT and Snail, a zinc finger
transcriptional repressor™® which may results in the
inhibition of the invasiveness of breast cancer cells.'*!
The EMT phenotype in breast cancer is also regulated by
miRNA-22 and miRNA-200 family.*"*® and these two
miRNAs are an important factor that controls the
initiation step of metastasis. The transcription factor
GATAZ3 upregulates the miRNA-29b by suppressing the
breast tumour metastasis."*) MiRNA-29b also
suppresses a network of pro-metastatic regulators which
are associated with collagen remodelling, angiogenesis
and proteolysis leads to inhibit the breast cancer
metastasis.** It was also reported that cell migration
and metastasis also regulated by miRNA-708.24! These
miRNAs is also targeting the endoplasmic reticulam
protein neuronatin  (NNAT), which regulates the
intracellular Ca*? levels. It was also reported that the
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phosphorylation of AGO2 at Tyr393 Position is a key
factor of breast cancer progression.** The role of
miRNAs in breast cancer is illustrated in Fig 5 and Table
1.

5.2. miRNAs and lung cancer

Lung cancer is one of the most common types of cancer
and it is also the most common cause of cancer
associated death in worldwide.™? Lung cancer is known
as lung carcinoma, and is characterised by the growth of
uncontrolled cells in lung tissue. One of the process such
as metastasis by which the growth can spread in the
whole lung tissue and including other parts of the body.
There are two types of lung carcinomas, small cell lung
carcinoma (SCLC) and non-small-cell lung carcinoma
(NSCLC).¥ SCLCs which metastasize earlier and are
initially more sensitive to chemo than NSCLC, are
mainly neuroendocrine tumors (NET). Adenocarcinoma
(AD) and squamous cell carcinoma (SCC), are two main
subgroups of NSLCS. Another third class of carcinomas
separate of histological features of adeno and squamous
differentiation, named large cell carcinoma (LCC).2*?! In
lung cancer several miRNAs also play an important role.
Alterations of miRNAs can cause lung cancer. It was
reported that miRNAs play an important role both
oncogenesis and tumour suppressor.

Oncogenic miRNAs in lung cancers

The miRNA 17~92 cluster is act as an oncogenic
miRNA and it stimulates the cancer progression. This
miRNA is encoded by a gene located at 13931.3 and is
consist of six matures mMiIRNA species- miRNA-17,
miRNA-18a, miRNA-19a, miRNA-20a, miRNA-19b-1,
and miRNA-92a 1.4 The cluster of MiRNA-17~92
was also named as oncomiRNA-1%1 exert the
oncogenic behaviour in multiple types of cancer
including- B-cell lymphoma, breast cancer, colon cancer,
pancreatic cancer, glioblastoma, and retinoblastoma™*"
1521 "etc. It was reported that in lung cancer, the cluster or
this miRNAs are overexpressed resulting in the enhanced
cell growth in lung cancer. One of the major marker of
lung cancer is upregulation of miRNA-17~92 which is
also known as “oncomiRNA addiction”. The inhibition
of miRNA-20a and miRNA-17-5p with antisense
oligonucleotides actually upregulates miRNA-17~92 that
induces apoptosis.**3! MYCH* and E2F*% transactivate
the expression of mMiRNA-17~92 and it is overexpressed
in small cell lung cancers (SCLC).**®

Another miRNA is miRNA-21, which is located on the
chromosome 17 and it is one of the more studied
oncomiRNA across the many cancer type. It was
reported that miRNA-21 is upregulated in six types of
solid tumour including lung cancer. It is an antiapoptotic
factor. The miRNA-21 directly targets PTEN, a tumour
suppressor gene. It was also reported that repression of
the PTEN by miRNA-21 leading to enhance cell growth
and invasion of NSCLC.™" It is reported that RAS is
upregulated in lung cancer. Further study demonstrated
that miRNA-21 interact with the Spryl, negative
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regulator of RAS. This miRNA also interact with others
negative regulator of MEK, ERK pathway. This miRNA
also targets important pro-apoptotic factors like Faslg,
Apafl, PDCD4 and RhoB. One of the study revealed that
the targets of miRNA-21 involved in checkpoints of cell
cycle. This research demonstrated the impact of miRNA-
21on cell cycle regulation. The expression of mMiRNA-21
is repressed by FOXO3 and it increases the apoptosis in
lung cancer.*® Besides FOX0O3 and RAS miRNA-21
also regulated by IL-6 in multiple myeloma cells.!**

In recent studies it was found th at the new member of
TNF family is the Apo2L/TNF-a-related apoptosis-
inducing ligand (TRAIL) which induces the apoptosis in
several cancers.® It was reported that the upregulation
of miRNA-221/222 was seen in NSCLC cells which is
resistance to TRAIL. The miRNA-221 and miRNA-222
are expressed from the same gene cluster located on X
choromosome and they show the same seed sequence.
This miRNA cluster mainly targets two genes kit and
p27""®! 1t was reported that in NSLCs cells, the levels of
p27K"! is decreased resulting in reduced sensitivity of
TRAIL- induced apoptosis.*® In another hand the
miRNA-221/222 also targets two other factors
PTEN/TIMP3!%? and PUMA®! which may leads to the
cancer cells TRAIL resistance. It was reported that in
lung cancer upregulation of miRNA-221/222 is common
and the functions of these miRNAs are involved in,
activate the AKT pathway and metallopeptidase which
may leads to the enhancement of the cancer progression.

There are some others miRNAs which also can promote
the lung tumorigenesis. It was reported that miRNA- 494
is upregulated in many types of cancers, suggesting that
it reduces the apoptosis in tumour cells via direct
targeting the tumour suppressor PTEN.! One of the
important tumour suppressing gene is FUS1 gene, in
lung cancer the expression level of this gene frequently
decreased.***" |t was reported that FUS1 is directly
repressed by three miRNAs including- miRNA-98,
miRNA-197, and miRNA-93. So downregulation of
FUS1 may lead to promote lung cancer.'®® It was also
reported that others miRNAs like miRNA-106, miRNA-
150 are identified as oncomiRNA in lung cancer via
targeting TP53 and RB respectively.*"

Tumour suppressive miRNAs in cancer

The first identified miRNA was let-7 and also it was the
first identified miRNA in human.® ¥ They are tumour
suppressive miRNA. In human there are 13 members of
let-7 family was identified: let-7a-1, 7a-2, 7a-3, 7b, 7c,
7d, 7e, 7f-1, 7f-2, 7g, 7i, miRNA-98, and miRNA-
202.174 Another miRNA i.e. miRNA-34 which also act
as a tumour suppressor. It was reported that this miRNA
directly regulates the p53 network. It was found that
miRNA-34a and miRNA-34b/c directly regulates p53 to
control apoptosis and arrest cell-cycle in cancer cell line
s.318 - Another miRNAs family identified later,
miRNA-449a, miRNA-449b and miRNA-449c, together
known as miRNA-449. They shared the same seed
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sequences and secondary structures with miRNA-34.1""1
Thus, miRNA-34/449 family directly regulates p53 and
E2F transcription factor. It was reported that miRNA-34
was activated by p53 and miRNA-449 was activated by
E2F. E2F directly suppressed by both miRNAs but
upregulation of p53 occured by targeting dyacetylase
gene SIRT1. Researchers showed that in NSCLC
samples miRNA-34b/c was significantly reduced but
restoration of mMiRNA-34 negatively correlated with cell
growth of lung cancer. In NSCLC miRNA-34 and
miRNA-15/16 induced cell cycle arrest in RB dependent
manner.”’®1 They directly targets the AXLE™ and
SNAILM were identified in lung cancer. It was also
reported that in lung cancer expression of miRNA-449
a/b both are reduced. HDACL1 was realized as a target of
miRNA-449a/b in lung cancer cells.'® But the
abnormal expression of miRNA-449a/b decreases the
cell viability in lung cancer cell lines.

MiRNA-15a and miRNA-16-1 were identified which
exert the tumour suppressor activity. In chronic
lymphocytic leukemia (CLL) they are frequently
downregulated.® The gene targets of this cluster
includes: CDC2, CCND1, BCL-2, PDCD4 etc. By
targeting these genes, this miRNA cluster actually
regulates cell proliferation,survival and invasion.’! It
also reported that miRNA-15a and miRNA-16-1 also
mutually with interacts with cell proliferation by
targeting E2F1. Another report suggests that in NSCLC
the over expression of miRNA-15/16 cluster may lead to
decrease in the expression level of cyclin D1. The over
expression of this cluster induced G1 aarrest which is a
marker of lung cancer.

As we have discussed in breast cancer the miRNA-200
family and miRNA- 205 show similar role in case of
lung cancer. The miRNA-200 family interact with
miRNA-205 inhibited EMT via targeting both ZEB1 and
ZEB2 transcription factor. It was reported that in lung
cancer over expression of miRNA-200c reduces the
ZEB1 expression. In lung cancer this miRNAs highly
regulates the multi drug sensitivity*®*! and also in multi
drug resistance cells the expression of miRNA-200b/c
and miRNA-429 were down regulated. The activation of
drug-induced apoptosis is mediated by the inhibition of
BCL-2 and XIAP, antiapoptotic factors. Another miRNA
is mMiRNA-143/145 also act as a tumour suppressor. In
lung cancer the expression of these mMIRNA is
downregulated. MiRNA-145 targets EGFR, C-MYC,
NUDT1 which may interact with proliferation regulation
in lung cancers.®8 The function of this miRNA was
regulates the cell cycle by G1 arrest targeting the CDK4
in lung cancer. MiRNA-145 targets OCT4, EGER and C-
MYC factors and reduced the cell proliferation in lung
cancer. Similarly miRNA-143 also regulates the lung
cancer and the expression of this miRNA was also
downregulated in chemical- induced mouse lung tumour.
The role of microRNAs in lung cancer is summarized in
Fig 6 and Ttable 2.
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MiRNAs that exhibit both pro- and anti-lung cancer
functions

It was also reported that some miRNAs exhibit both pro
and anti- cancer activities in a context-dependent
manner. The three miRNA-7 host genes located on
chromosome 9, 15 and 19. It was reported that in
glioblastomas it was act as tumour suppressori*®”,
directly targeting EGFR as well as downregulating AKT
pathway to reduced invasiveness and viability in cancer
cells. It was also reported that miRNA-7 inhibited A549
cell growth by targeting BCL-2.1% On the other hand it
was reported that miRNA-7 act as a oncomiRNA in lung
cancers.”®! High level of miRNA-7 expression and
significant correlation between EGFR and miRNA -7
expression in mutated EGFR but not in wild type EFGR
in lung cancer. EGFR induced the miRNA-7 expression
through the RAS/ERK/MYC pathway. Forced
expression of miRNA-7 promoted tumorigenicity and
proliferation of CL1-5 lung cancer cells by targeting Ets2
transcriptional repressor.'®!  On the another hand
miRNA-31 was located on chromosome 9 in human
genome. The expression of miRNA-31 in lung can be
induced by chemical carcinogens like vinyl carbamate
and cigarette smoke."*** Gain- and loss-of-function
experiments established the role of mMIRNA-31 on
enhancing proliferation and tumorigenicity of lung
cancer cells."***% MiRNA- 31 also target two tumour
suppressor genes like LAST2 and PPP2R2A.1"%2 On the
contrary miRNA-31 plays an tumour suppresors by
targeting ITGA5 RDX, and RhoAl*™ in breast
cancer.

The another miRNA is miRNA-125 includes two
members with identical seed sequences: miRNA-125a
and miRNA-125b. Both miRNAs was identified as
tumour suppressor as human breast cancer by targeting
ERBB2 and ERBB3 genes and reduced their expression.
Their tumour suppressor functions also found in other
cancer like gastric cancer™®! and gliobastoma cancer.™**®!
But this miRNA-125a/b also acts as a oncomiRNA by
targeting TP53 in lung cancer.’*"*%®! The roles of
miRNAs in lung cancer formation demonstrated in Fig 6.

MiRNAs and Resistance

Chemotherapy in combination with radiotherapy was
used in treatment against lung cancer, especially for
NSCLC. The most common chemoresistance and
radiation resistance achieved through long-term therapy.
Now-a-days researchers frequently develop the new
mechanism against resistance.

Resistance to Chemotherapy

In lung cancer the cells become Chemotherapy
resistance. Some miRNAs play an important role for this
resistant mechanism. One study reported that some
miRNAs are involved to make the cell resistance to
CDPP (cisplatin). Such as miRNA-503 make the cell
resistance by targeting Bcl-2"% and miRNA-136a/b by
targeting MCL1%® miRNA-31 by regulating the drug
transporter ABCB9™®, and miRNA-15b by targeting
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phosphatidylethanolamine-binding protein 4
(PEBP4).2 |n certain tumour cells TRAIL can induced
the apoptosis. It was reported that a significant
proportion of human cancer cell resistant to TRAIL
induced apoptosis. In human NSCLC cells are resistance
to TRAIL. It was reported that miRNA-221 and miRNA-
222 was found in TRAIL resistance in NSCLC cells
compared to TRAIL sensitive cells. This miRNAs
downregulates the TRAIL function by blocking the key
regulatory protein, such as p27"%. Over expression of
these two miRNAs can lead to invasive NSCLC tumour
which is resistant to Chemotherapy.

Resistance to Radiotherapy

In tumour treatment the ionizing radiation (IR) plays an
important role. It was reported that many cancerous cells
have been resistance to this ionization resistance therapy
but the mechanism of resistance is unclear. However
some miRNASs play an important role in the modulation
some key pathways which are involved in resistance
mechanism. Activation of NF-kB1 is the primary criteria
to make the cell IR resistance.?®® It was reported that the
reduced expression of miRNA-9 and let-7 results in
activation of NF-xB1 which leads to the resistant against
radio activity.”® On the other hand miRNA-214 is
reported to be upregulated in radio resistance NSCLC
cell lines. MiRNA-214 interferes with the activity of the
caspase-3 and reduced its interaction with cells.*®! This
event protects the cell from radio therapy induced
apoptosis. Another study suggests that expression of
mMiRNA-210 results in the radio resistance of normoxic
cancer cell lines.[?®

5.3. MiRNA and Colon cancer

Colorectal Cancer(CRC), also known as colon cancer
and bowel cancer, is the development of cancer from the
colon. it is the third most common type of cancer. In past
decades, it was observed that huge number of miRNAs
expression has a functional role in the initiation and
progression of CRC. It was reported that the expression
levels of the miRNAs are globally reduced in cancer. In
CRC miRNAs have more oncogenic than tumour
suppressive.

In another study it was showed that miRNASs expression
patterens are altered in CRC."! Over the last decades,
studies have reported alternative factors like genetic
mutations in tumour suppressor genes or oncogene may
lead to change in the WNT pathway. Another reason of
CRC development and progression is epigenetic
variation including hypermethylation of various tumoue
suppressor genes. This suggests that accumulation of
genetic and epigenetic alterations may lead to colorectal
cancer. It was reported that the expression levels of
mMiRNA-143 and miRNA-145 is reduced in CRC,
because these two miRNAs show tumour suppressive
function. In another hand miRNA-342 also exerts tumour
suppressive activity. Several miRNAs like let-7,
miRNA-34, miRNA-342, miRNA-9, miRNA-129 and
miRNA-137 all are tumour suppressive and are
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hypermethylated in colon tumours and this is thought to
lead to their reduced expression. For example, miRNA-
143 directly targets DNA methyltranferase 3A
(DNMT3A) and loss of miRNA-143 leads to increased
DNMT3A in CRC cells. Similarly loss of miRNA-342
leads to increased DNA methyltranferase 1 (DNMT1)
and this contributes to the hypermethylation of several
tumour suppressor genes in CRC.%!

Recently a study demonstrated that three members of
miRNA-34 family were regulated by p53 in cell lines.
Expression level of two members of miRNA-34 was
reduced in NSCLC cells whereas re-establishment of
miRNA-34 inhibited the growth of NSCLC cell. This
miRNA-34 family showed the tumour suppressor
activity. It was reported that fleeting expression of
mMiRNA-34 in human colon cancer suppressed the cell
proliferation completely via downregulation of E2F
pathway and upregulation of p53 pathway. On the other
hand SIRT1 is directly inhibited by miRNA-34a and also
upregulates the levels of acetylated p53. As miRNA-34a
suppressed the SIRT1 which is increase the apoptosis in
wide- type of human colon cancer but not in human
colon cancer lacking p53. So it suggested that p53 and
miRNA-34a show positive feedback loop,and that it
could act as a tumour suppressor through SIRT1-p53
pathway_[zog,zlo]

One of the innate cytokine is macrophage migration
inhibition factor (MIF) which is plays an important role
in host control of immunity and inflammatory, which is
also suppressed the p53 activity. In colorectal
carcinogenesis MIF play an important role and MIF is
potentially target of miRNA-451.% Several studies
suggest that miRNA-451 reduced the cell proliferation in
colorectal cancer because it was also show the tumour
suppressive  activity and also increased their
susceptibility to radiotherapy.

Another miRNA that is miRNA-21 shows the oncogenic
property, resulting in tumour initiation, progression and
metastasis. Increased expression of miRNA-21 leads to
the cell proliferation, decreased apoptosis, intravasation,
cell migration and metastasis by targeting several tumour
suppressor  genes.  Tumor  suppressor  genes
experimentally-verified to be targeted by miRNA-21
include programmed cell death 4 (PDCD4)?*#2
phosphatase and tensin homolog (PTENP! Cell
division cycle 25 homolog A (Cdc25a)*¥, reversion-
inducing-cysteine-rich  protein  with kazal motifs
(RECK)P?] Maspinl?*¢] nuclear factor 1
type(NFIB)" tropomyosin 1 (TPM1)2*®! sprouty 2
(SPRY2)? " T-lymphoma invasion and metastasis-
inducing protein 1 (TIAM1)* and Ras homolog gene
family, member B (RHOB).[#*!]

In CRC several other miRNAs have been implicated.
One of the tumour suppressor miRNA like miRNA-30-
5p directly targets denticleless homolog (DTL) to
suppress tumour growth in CRC.*? Tumour suppressor
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genes p53 is regulates by two miRNAs like miRNA-215
and miRNA-192 which may leads to suppress colon
carcinogenesis.?”!  Another mMiRNA-34a which is
regulates the 53 can inhibit the cell invation in colon
cancer cell lines bP/ directly targetin the Fos-related
antigen 1 [FRA1].1"! Another report suggests that
miRNA-101 negatively regulates cyclooxygenase and
this may contributes to initiation and progression of
colon cancer.”® MiRNA-449-5p targets FOXO4 and
pro-apoptotic factor PDCD4 to promote cell invasion and
migration in CRC cancer cell lines.??® Another report
suggested that tumour suppressor RB protein is inhibited
by miRNA-675 that also increases the tumour
growth.??®! Another report also suggests that miRNA-
365 act as a tumour suppressor which reduced cell-cycle
progression and induced apoptosis by targeting Bcl-2 and
cyclin D1 (CCND1) in CRC cell lines.”?”! One of the
oncogenic mMIRNA is miRNA-95 repressed the
expression of reporter gene coupled to the 3'- UTR
region of sorting nexin 1(SNX1).1*! Moreover miRNA-
95 inversely correlated with SNX1 proteins in human
CRC tissue. Another factor MMP2 which help to
promotes metastasis in CRC, also regulated by miRNA-
29.2T High expression of miRNA-29 may leads to
inhibit the MMP2 protein, reduced colon carcinoma.
Role of microRNAs in colorectal cancer is summarized
in Fig 7 and Table 3.

Alteration of miRNAs contributes Chemoresistance
Chemoresistance to colorectal cancer is associated with
5-flurouracil  (5FU).21  MiRNA-21 is the main
component which is involved in resistance to 5FU.[%!
Over expression of mMIRNA-21 results in the
downregulation of Muts homolog 2, a DNA repair
protein. 5FU actually drives the cell towards the
genotoxic stress. MiRNA-21 is mainly responsible for
the combact this stress. In addition some results support
thats alteration in the expression of mMiRNA-140,
mMiRNA-224, miRNA-215, miRNA-20a are leads to
develop chemoresistance. ")

6. Therapy

Since miRNAs play important roles in the regulation of
tumor initiation and development, modulation of miRNA
activity is a promising approach for cancer treatment.
Recent studies suggest that restore the function of
tumour suppressor miRNAs by using expression vector
or miRNA mimics and also inhibit the function of
oncogenic miRNAs using expression vector containing
complementary sequences or antisense
oligonucleotides.”**#*? One of the important therapy is
that MiRNA-based gene therapy provides an attractive
anti-tumour approach for integrated cancer therapy.
Approximately 3% of human genes encodes for miRNAs
and upto 30% of human protein coding genes may be
regulated by miRNAs.

6.1. Therapeutic approach to treatment breast cancer

Aromatic benzene-pyridine is used in miRNA based
treatment for breast cancer. It inhibits nuclease
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degradation of mMiRNA-205 and increase the stability of
these MIRNA.* 2°.0-methyl-4’-thiol also inhibits
nuclease degradation of small RNAs. So, the
modification of miRNA is a good approach for breast
cancer treatment.”*1 Using aptamers with specific
receptor is a very promising approach for the treatment
of breast cancer. This approach is used to suppress the
tumourgenic activity of HMGAZ2 by applying conjugate-
aptamer with let-7.

6.2. Therapeutic approach to treatment lung cancer

One of the best therapeutic approach for lung cancer is
miRNA replacement therapy.'”* Repressing any miRNA
by let-7 gives a promising response against lung
cancer.! MiRNA-7 can also be inserted into the cell
via liposome.”* Another approach has been developed
on the basis of miRNA-34a. Nano particle based delivary
system become very effective for the treatment of lung
cancer.”®"! Like breast cancer like 2-O methyl is also
very effective for the treatment of lung cancer. 2'-O
methyl inhibits the nuclease activity and stabilizes the

miRNA.Z8 AntimiRNA-150 is also very effective in
lung cancer.”®*? 8-mer locked nucleic acid [LNA] have
been developed to inhibit the miRNA sharing identical
seed sequences.”” But still a huge amount of study
needed in this field.

6.3. Therapeutic approach to treatment colorectal
cancer

There are two miRNA based approaches are used for the
treatment of colon cancer- restoring of tumour
suppressor miRNA and inhibition of oncogenic miRNA.
Antisence oligonucleotides have a great effect to inhibit
the miRNAs. It is also reported that antimiRNA-122 can
also be used to use as therapeutic agent for controlling
colon cancer.

Research on miRNA based cancer treatment is
established a promising way. Thus, miRNA based
therapy has been developed for the treatment of cancer
but still a huge amount of study needed in this field.?"!
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Fig 2: Change in the regulation of cell cycle via miRNAs in cancer cell.
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Fig 3: Change in expression of proapoptotic miRNAs that lead to cancer formation. Red arrow indicates
upregulation.
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Fig 4: Change in expression of antiapoptotic miRNAs that lead to cancer formation. Black arrow indicates
downregulation.

Fig 5: Role of miRNA in breast cancer. indicates upregulation, indicates down regulation.
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Fig 6: Role of miRNAs in lung cancer. Black arrow indicates upregulation. Blue arrow indicates
downregulation.
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Fig 7: Roles of miRNAs in colorectal cancer. Black arrow indicates downregulation, Red arrows indicates
upregulation.
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Table 1: MicroRNAs are involved in Breast Cancer.

MiRNAs Phenotype Target of Upregulation Downregulation References
genes

Let-7 TS RAS, HMGA2 '] 104
200-c TS BMI-1 '] 110,111
MiR-200 family TS ZEB-1 4 108
MiR- 205 TS ZEB-1,ZEB-2 4 108
MiR-103/107 0G DICER 4 109
MiR-451 TS ABCB1 4 103
MiR-326 TS ABCC1 8 122,125
MiR-487 TS ABCG2 4 123,124
MiR-221/222 0G p27"Pt 1t 129
MiR-30c TS TWF1 and IL-11 t 128
MiR-10b 0G HOXD1 t 132
MiR-335 TS SOX4, TNC § 133
MiR-31 TS RhoA & ITGA5 1} 134
MiR-34a TS Sna il § 135
Mir-29b TS VEGFA, ANGPTL4, LOX 8 139

[TS= Tumour suppressor, OG= Oncogene]

Abbreviations: ANGPTL4, angiopoietin-like 4; BMI-1, 11; ITGA5, integrin 5 ; LOX, Ilysyl oxidase;
B cell-specific Moloney murine leukemia virus PKCepsilon, protein kinase C epsilon; TNC, tenascin C;
integration site 1, EMT, epithelial to mesenchymal TWEF1, twinfilin 1; VEGFA, vascular endothelial growth
transition; HOXD1, Homeobox D1; IL-11, interleukin- factor A.

Table 2: MicroRNAs are involved in Lung Cancer.

mMiRNAs Phenotype Upregulation Downregulation References
MiR-17~92 oG [ | 144
MiR-21 0G 1 157
MiR-221/222 oG 1 160
MiR-494 0G [ | 164
MiR-98 oG 1 165-167
MiR-197 0G 1 168
MiR-93 oG [ | 168
Let-7 TS i 170,171
MiR-34 TS 1 173-176
MiR-449a/b TS i 177,180
MiR-200 family TS 1 183
MiR-205 TS i 183
MiR-143/145 TS 1 184-185

[TS= Tumour suppressor, OG= Oncogene]

Table 3: MicroRNAs are involved in Colorectal Cancer.

MiRNASs Phenotype | Upregulation Downregulation References

MiR-143/145 TS [ ] 207
MiR-342 TS ['] 208

MiR-34 TS 1 209,210
MiR-129 TS | | 208
MiR-9 TS 1 208
MiR-137 TS 1 208
MiR-451 TS 1 210

MiR-21 0G L 211,212
MiR-30-5p TS 1 222
MiR-192 TS | | 223
MiR-215 TS 1 223
MiR-101 TS | | 207
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MiR-675 0G T 226
MiR-449-5p 0G T 225
MiR-365 TS [1 227
MiR-95 oC 1 228
MiR-29 TS [1 227

[TS= Tumour suppressor, OG= Oncogene]

7. CONCLUSIONS

Change in the environment, pollution result in increase
the rate of cancer. So it becomes very necessary to
develop the treatment strategy for cancer. So keeping it
is in mind we concentrated on miRNA as the marker of
cancer. MiRNA will open a new possible way to
counteract the lethal disease. Thus, in this review we
summarized the role of miRNA in cancer. MicroRNAsS
are not only the regulators of many cancer related genes
but also targets of many oncogenes or tumour suppressor
gene such as RAS or TP53. So it becomes very important
to characterize the role of microRNAs involve in
different cancer. Here we discussed about the three
cancers: breast cancer, lung cancer, colorectal cancer
along with the therapies include chemo therapy, surgery,
gene therapy and immune therapy. As we know
dysregulation of miRNASs resulting in cancer formation
and cells become chemo and radio therapy resistance.
Because microRNAs can regulates several cancer related
pathways. However RNA interference has huge
therapeutic impact. So in contrast miRNA is believed to
be relatively safe and has been more effective in cancer
treatment. But several problems are also associated with
this treatment approach. Thus, it becomes a topic of
interest for oncologist.

8. ACKNOWLEDGEMENTS

The authors acknowledge the University of North Bengal
for providing essential infrastructure to carry out this
research.

9. REFERENCES

1. Reddy B K. MicroRNA (miRNA) in cancer, Cancer
Cell Int, 2015; 15: 32, 3-6

2. Garzon R, Calin CM. MicroRNAs in cancer. Annu
Rev Pathol, 2009; 60: 167-79.

3. Rosalind C. Lee,‘t Rhonda L. Feinbaum,$, Ambrost
V. The C.elegans Heterochronic Gene lin-4 Encodes
Small RNAs with Antisense Complementarity to
&I1-14. Cell, 1993; 75: 843-854.

4. Song L and Tuan R S. MicroRNAs and cell
differentiation in mammalian development. Birth
Defects Res C Embryo Today, 2006; 78: 140-149.

5. Gregory I.LR. and Ramin S. MicroRNA Biogenesis
and Cancer. Cancer Res, 2005; 65(9): 3509-12.

6. Wahid F, Shehzad A, Khan T, et al. MicroRNAs:
Synthesis, mechanism, function, and recent clinical
trials. Biochim Biophys Acta, 2010; 1231-1243.

7. Kim V.N, Han J, Siomi M.C. Biogenesis of small
RNAs in animals. Nat Rev Mol Cell Biol, 2009; 10:
126-139.

www.ejbps.com

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Gulyaeva F.L. and Kushlinskiy E.K. Regulatory
mechanisms of microRNA expression. J Transl
Med, 2016; 14: 2-10.

Ouellet L.D, Perron P.M, and Provost P.
MicroRNAs in Gene Regulation: When the Smallest
Governs It All. J Biomed Biotechnol. 2006; 2006:
1-20.

Hwang H.W and Mendell JT. MicroRNAs in cell
proliferation, cell death and tumorigenesis. Br J
Cancer, 2006; 94: 776-780.

Lu J, Getz G, Miska, E.A, et al. MicroRNA
expression profiles classify human cancers. Nature,
2005; 435: 834-838.

Melo S.A, Ropero S, Moutinho C, et al. A TARBP2
mutation in human cancer impairs microRNA
processing and DICER1 function. Nat Genet, 2009;
41: 365-370.

Karube Y, Tanaka H, Osada H, et al. Reduced
expression of Dicer associated with poor prognosis
in lung cancer patients. Cancer Sci, 2005; 96:
111-115.

Pampalakis G, Diamandis E.P, Katsaros D, et al.
Down-regulation of dicer expression in ovarian
cancer. Clin Biochem, 2010; 43: 324-327.

Zhu D.X, Fan L, Lu R.N, et al. Downregulated dicer

expression predicts poor prognosis in chronic
lymphocytic leukemia. Cancer Sci, 2012; 103:
875-881.

Chiosea S, Jelezcova E, Chandran U, et al. Up-
regulation of dicer, a component of the MicroRNA
machinery, in prostate adenocarcinoma. Am J
Pathol, 2006; 169: 1812-1820.

Muralidhar B, Goldstein L.D, Ng, G, Winder D.M,
et al. Global microRNA profiles in cervical
squamous cell carcinoma depend on Drosha
expression levels. J Pathol, 2007; 212: 368-377.
Jansson D.M, Lund H.A. MicroRNA and cancer.
Mol Oncol, 2012; 6: 590-610.

Wang Y, Lee G.L.C. MicroRNA and cancer — focus
on apoptosis. J Cell Mol Med, 2008; 13: 12-23.

MA. J, Huang Y. Post-transcriptional regulation of
miRNA biogenesis and functions. Front. Biol, 2010;
5(1): 32-40.

Lee Y, Ahn C, Han J, et al. The nuclear RNase Il
Drosha initiates microRNA processing. Nature,
2003; 425: 415-4109.

Denli AM, Tops B B J, and Plasterk R H A.
Processing of primary microRNAs by the
microprocessor complex. Nature, 2004; 432:
231-235.

Gregory R I, Yan K P, Amuthan G, et al. The
Microprocessor complex mediates the genesis of
microRNAs. Nature, 2004; 432: 235-240.

282


https://www.ncbi.nlm.nih.gov/pubmed/?term=1.%09Reddy+B+K+2015%2C+MicroRNA+(miRNA)+in+cancer%2C
https://www.ncbi.nlm.nih.gov/pubmed/?term=1.%09Reddy+B+K+2015%2C+MicroRNA+(miRNA)+in+cancer%2C
https://www.ncbi.nlm.nih.gov/pubmed/24079833
https://www.ncbi.nlm.nih.gov/pubmed/24079833
https://www.ncbi.nlm.nih.gov/pubmed/?term=The+C.+elegans+Heterochronic+Gene+lin-4+Encodes+Small+RNAs+with+Antisense+Complementarity+to+%26II-14.
https://www.ncbi.nlm.nih.gov/pubmed/16847891
https://www.ncbi.nlm.nih.gov/pubmed/16847891
https://www.ncbi.nlm.nih.gov/pubmed/?term=GregoryI.R.+and+Ramin+S.+MicroRNA+Biogenesis+and+Cancer.+2005%3B++65(9)%3A3509-12.
https://www.ncbi.nlm.nih.gov/pubmed/?term=8.+Gulyaeva+F.L.+and+Kushlinskiy+E.K.+Regulatory+mechanisms+of+microRNA+expression.+2016%3B+14%3A2-10.
https://www.ncbi.nlm.nih.gov/pubmed/?term=8.+Gulyaeva+F.L.+and+Kushlinskiy+E.K.+Regulatory+mechanisms+of+microRNA+expression.+2016%3B+14%3A2-10.
https://www.ncbi.nlm.nih.gov/pubmed/?term=MicroRNAs+in+Gene+Regulation%3AWhen+the+Smallest+Governs+It+All.
https://www.ncbi.nlm.nih.gov/pubmed/17393584
https://www.ncbi.nlm.nih.gov/pubmed/17393584
https://www.ncbi.nlm.nih.gov/pubmed/15944708
https://www.ncbi.nlm.nih.gov/pubmed/19219043
https://www.ncbi.nlm.nih.gov/pubmed/15723655
https://www.ncbi.nlm.nih.gov/pubmed/19782670
https://www.ncbi.nlm.nih.gov/pubmed/?term=.+Downregulated+Dicer+expression+predicts+poor+prognosis+in+chronic+lymphocytic+leukemia.
https://www.ncbi.nlm.nih.gov/pubmed/?term=.+Up-regulation+of+dicer%2C+a+component+of+the+MicroRNA+machinery%2C+in+prostate+adenocarcinoma.
https://www.ncbi.nlm.nih.gov/pubmed/?term=.+Up-regulation+of+dicer%2C+a+component+of+the+MicroRNA+machinery%2C+in+prostate+adenocarcinoma.
https://www.ncbi.nlm.nih.gov/pubmed/?term=Global+microRNA+profiles+in+cervical+squamous+cell+carcinoma+depend+on+Drosha+expression+levels.
https://www.ncbi.nlm.nih.gov/pubmed/?term=.+Jansson+D.M%2C+Lund+H.A.+MicroRNA+and+cancer.+2012%3B+6%3A590-610.
https://www.ncbi.nlm.nih.gov/pubmed/?term=.+Wang+Y%2C+Lee+G.L.C.+MicroRNA+and+cancer+%E2%80%93+focus+on+apoptosis.+2008%3B+13%3A12-23.
https://www.ncbi.nlm.nih.gov/pubmed/14508493
https://www.ncbi.nlm.nih.gov/pubmed/15531879
https://www.ncbi.nlm.nih.gov/pubmed/?term=The+Microprocessor+complex+mediates+the+genesis+of+microRNAs.

Bhattacharjee et al.

24,

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Landthale M, Yalcin A, Tuschl T. The human
DiGeorge syndrome critical region gene 8 and its
D.melanogaster homolog are required for miRNA
biogenesis. Curr Biol, 2004; 14: 2162-2167.

Han J, Lee Y and Yeom K H. Molecular basis for
the recognition of primary microRNAs by the
Drosha-DGCR8 complex. Cell, 2006; 125: 887-901.
Han J, Lee Y, Yeom H.K, et al. The Drosha—
DGCR8 complex in primary microRNA processing
of Biological Sciences and Institute of Molecular
Biology and Genetics. Genes Dev, 2004; 18:
3016-3027.

Valeri N, Braconi C,Paone A, Lovat F, et al
MicroRNA-21 induces resistance to 5-fluorouracil
by down-regulating human DNA MutS homolog 2
(hMSH2). Proc Natl Acad Sci U S A, 2010;
107(49): 21098-21103.

Lin S and Gregory |.R. MicroRNA biogenesis
pathways in cancer. Nat Rev Cancer, 2015; 15(6):
321-333.

Calin GA, Sevignani C, Dumitru CD, Hyslop T, et
al. Human microRNA genes are frequently located
at fragile sites and genomic regions involved in
cancers. Proc Natl Acad Sci U S A, 2004; 101:
2999-3004.

Zhang L, Huang J, Yang N, Greshock J, Megraw
MS, Giannakakis A, et al. microRNAs exhibit high
frequency genomic alterations in human cancer.
Proc Natl Acad Sci U S A, 2006; 103: 9136-9141.
Cimmino A, Calin GA, Fabbri M, lorio MV,
Ferracin M, Shimizu M, et al. miR-15 and miR-16
induce apoptosis by targeting BCL2. Proc Natl Acad
Sci U S A, 2005; 102: 13944-13949.

Kotani A, Schotte D, den Boer ML, Armstrong SA,
et al. A novel mutation in the miR-128b gene
reduces mMiRNA processing and leads to
glucocorticoid resistance of MLL-AF4 acute
lymphocytic leukemia cells. Cell Cycle, 2010; 9:
1037-1042.

O’Donnell KA, Wentzel EA, and Zeller KI. c-Myc-
regulated microRNAs modulate E2F1 expression.
Nature, 2005; 435: 839-843.

Dews M, Wentzel E, Furth EE, Lee WM, Enders
GH, et al. Augmentation of tumor angiogenesis by a
Myc-activated microRNA cluster. Nat Genet, 2006;
38: 1060-1065.

Chang TC, Lee YS, Wentzel EA, Arking DE, West
KM, et al. Widespread microRNA repression by
Myc contributes to tumorigenesis. Nat Genet, 2008;
40: 43-50.

Gregory PA, Bert AG, Paterson EL, Barry
SC, Tsykin A, et al. The miR-200 family and miR-
205 regulate epithelial to mesenchymal transition by
targeting ZEB1 and SIP1. Nat Cell Biol, 2008; 10:
593-601.

Han J, Pedersen JS, Kwon SC, Belair CD, Kim
YK, Yeom KH, et al. Posttranscriptional cross
regulation between Drosha and DGCRS. Cell, 2009;
136: 75— 84.

www.ejbps.com

38.

39.

40.

41.

42,

43.

44,

45.

46.

47.

48.

49.

50.

51.

European Journal of Biomedical and Pharmaceutical Sciences

Triboulet R, Chang HM, Lapierre RJ, et al. Post-
transcriptional control of DGCR8 expression by the
Microprocessor. RNA, 2009; 15: 1005-1011.
Kadener S, Rodriguez J, Abruzzi KC, Khodor
YL, Sugino K, et al. Genome-wide identification of
targets of the Drosha—Pasha/DGCR8 complex.
RNA, 2009; 15: 537-545.

Muralidhar B, Winder D, Murray M, Palmer
R, Barbosa-Morais N, et al. Functional evidence that
Drosha overexpression in cervical squamous cell
carcinoma affects cell phenotype and microRNA
profiles. J Pathol, 2011; 224: 496-507.

Sugito N, Kuwabara Y, Kimura M, Mitsui
A, Kurehara H, et al. RNASEN regulates cell
proliferation and affects survival in esophageal
cancer patients. Clin Cancer Res, 2006; 12:
7322-7328.

Shu GS, Yang ZL, Liu DC. Immunohistochemical
study of Dicer and Drosha expression in the benign
and malignant lesions of gallbladder and their
clinicopathological significances. Pathol Res Pract,
2012; 208: 392-397.

Guo X, Liao Q, Chen P, Li X, Xiong W, Ma J, Li
X,Luo Z, et al. The microRNA-processing
enzymes: Drosha and Dicer can predict prognosis of
nasopharyngeal carcinoma. J Cancer Res Clin
Oncol, 2012; 138: 49-56.

Jafarnejad SM, Sjoestroem C, Martinka M, et al.
Expression of the RNase Ill enzyme DROSHA is
reduced during progression of human cutaneous
melanoma. Mod Pathol, 2013; 26: 902-910.

Lin RJ, Chen J, Kuo HH, Chen YY, Diccianni MB,
et al. microRNA signature and expression of Dicer
and Drosha can predict prognosis and delineate risk
groups in neuroblastoma. Cancer Res, 2010; 70:
7841-7850.

Merritt WM, Kamat AA, Spannuth WA, Schmandt
R, Urbauer D, et al. Dicer, Drosha, and outcomes in
patients with ovarian cancer. N Engl J Med, 2008;
359: 2641-2650.

Kumar MS, Lu J, Mercer KL, et al. Impaired
microRNA processing enhances cellular
transformation and tumorigenesis. Nat Genet, 2007;
39: 673-677.

Rakheja D, Chen KS, Liu Y, et al. Somatic
mutations in DROSHA and DICER1 impair
microRNA biogenesis through distinct mechanisms
in Wilms tumours. Nat Commun, 2014; 2: 4802.
Torrezan GT, Ferreira EN, Nakahata AM, et al.
Recurrent somatic mutation in DROSHA induces
microRNA profile changes in Wilms tumour. Nat
Commun, 2014; 5: 4039.

Wegert J, Ishaque N, Vardapour R, et al. Mutations
in the SIX1/2 pathway and the DROSHA/DGCRS
miRNA microprocessor complex underlie high-risk
blastemal type Wilms tumors. Cancer Cell, 2015;
27:298-311.

Walz AL, Ooms A Gadd S, et al. Recurrent DGCRS,
DROSHA, and SIX homeodomain mutations in

283


https://www.ncbi.nlm.nih.gov/pubmed/?term=.+The+human+DiGeorge+syndrome+critical+region+gene+8+and+its+D.+melanogaster+homolog+are+required+for+miRNA+biogenesis.
https://www.ncbi.nlm.nih.gov/pubmed/?term=Molecular+basis+for+the+recognition+of+primary+microRNAs+by+the+Drosha-DGCR8+complex.
https://www.ncbi.nlm.nih.gov/pubmed/?term=The+Drosha%E2%80%93DGCR8+complex+in+primary+microRNA+processing+of+Biological+Sciences+and+Institute+of+Molecular+Biology+and+Genetics.
https://www.ncbi.nlm.nih.gov/pubmed/?term=Braconi%20C%5BAuthor%5D&cauthor=true&cauthor_uid=21078976
https://www.ncbi.nlm.nih.gov/pubmed/?term=Paone%20A%5BAuthor%5D&cauthor=true&cauthor_uid=21078976
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lovat%20F%5BAuthor%5D&cauthor=true&cauthor_uid=21078976
https://www.ncbi.nlm.nih.gov/pubmed/?term=MicroRNA-21+induces+resistance+to+5-fluorouracil+by+down-regulating+human+DNA+MutS+homolog+2+(hMSH2).
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lin+S+and++Gregory+I.R.+MicroRNA+biogenesis+pathways+in+cancer.+2015%3B+15(6)%3A321%E2%80%93333.
https://www.ncbi.nlm.nih.gov/pubmed/14973191
https://www.ncbi.nlm.nih.gov/pubmed/16754881
https://www.ncbi.nlm.nih.gov/pubmed/16166262
https://www.ncbi.nlm.nih.gov/pubmed/16166262
https://www.ncbi.nlm.nih.gov/pubmed/?term=Schotte%20D%5BAuthor%5D&cauthor=true&cauthor_uid=20237425
https://www.ncbi.nlm.nih.gov/pubmed/?term=den%20Boer%20ML%5BAuthor%5D&cauthor=true&cauthor_uid=20237425
https://www.ncbi.nlm.nih.gov/pubmed/?term=Armstrong%20SA%5BAuthor%5D&cauthor=true&cauthor_uid=20237425
https://www.ncbi.nlm.nih.gov/pubmed/?term=A+novel+mutation+in+the+miR-128b+gene+reduces+miRNA+processing+and+leads+to+glucocorticoid+resistance+of+MLL%E2%80%93AF4+acute+lymphocytic+leukemia+cells.
https://www.ncbi.nlm.nih.gov/pubmed/?term=O%E2%80%99Donnell+KA%2C+Wentzel+EA%2C+and+Zeller+KI.++c-Myc-regulated+microRNAs+modulate+E2F1+expression.
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wentzel%20E%5BAuthor%5D&cauthor=true&cauthor_uid=16878133
https://www.ncbi.nlm.nih.gov/pubmed/?term=Furth%20EE%5BAuthor%5D&cauthor=true&cauthor_uid=16878133
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lee%20WM%5BAuthor%5D&cauthor=true&cauthor_uid=16878133
https://www.ncbi.nlm.nih.gov/pubmed/?term=Enders%20GH%5BAuthor%5D&cauthor=true&cauthor_uid=16878133
https://www.ncbi.nlm.nih.gov/pubmed/?term=Enders%20GH%5BAuthor%5D&cauthor=true&cauthor_uid=16878133
https://www.ncbi.nlm.nih.gov/pubmed/?term=.+Dews+M%2C+et+al.+Augmentation+of+tumor+angiogenesis+by+a+Myc-activated+microRNA+cluster.
https://www.ncbi.nlm.nih.gov/pubmed/18066065
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bert%20AG%5BAuthor%5D&cauthor=true&cauthor_uid=18376396
https://www.ncbi.nlm.nih.gov/pubmed/?term=Paterson%20EL%5BAuthor%5D&cauthor=true&cauthor_uid=18376396
https://www.ncbi.nlm.nih.gov/pubmed/?term=Barry%20SC%5BAuthor%5D&cauthor=true&cauthor_uid=18376396
https://www.ncbi.nlm.nih.gov/pubmed/?term=Barry%20SC%5BAuthor%5D&cauthor=true&cauthor_uid=18376396
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tsykin%20A%5BAuthor%5D&cauthor=true&cauthor_uid=18376396
https://www.ncbi.nlm.nih.gov/pubmed/?term=The+miR-200+family+and+miR-205+regulate+epithelial+to+mesenchymal+transition+by+targeting+ZEB1+and+SIP1.
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pedersen%20JS%5BAuthor%5D&cauthor=true&cauthor_uid=19135890
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kwon%20SC%5BAuthor%5D&cauthor=true&cauthor_uid=19135890
https://www.ncbi.nlm.nih.gov/pubmed/?term=Belair%20CD%5BAuthor%5D&cauthor=true&cauthor_uid=19135890
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kim%20YK%5BAuthor%5D&cauthor=true&cauthor_uid=19135890
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kim%20YK%5BAuthor%5D&cauthor=true&cauthor_uid=19135890
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yeom%20KH%5BAuthor%5D&cauthor=true&cauthor_uid=19135890
https://www.ncbi.nlm.nih.gov/pubmed/?term=.+Han+J%2C+et+al.+Posttranscriptional+cross+regulation+between+Drosha+and+DGCR8.+2009%3B+136%3A75%E2%80%93+84.
https://www.ncbi.nlm.nih.gov/pubmed/19383765
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rodriguez%20J%5BAuthor%5D&cauthor=true&cauthor_uid=19223442
https://www.ncbi.nlm.nih.gov/pubmed/?term=Abruzzi%20KC%5BAuthor%5D&cauthor=true&cauthor_uid=19223442
https://www.ncbi.nlm.nih.gov/pubmed/?term=Khodor%20YL%5BAuthor%5D&cauthor=true&cauthor_uid=19223442
https://www.ncbi.nlm.nih.gov/pubmed/?term=Khodor%20YL%5BAuthor%5D&cauthor=true&cauthor_uid=19223442
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sugino%20K%5BAuthor%5D&cauthor=true&cauthor_uid=19223442
https://www.ncbi.nlm.nih.gov/pubmed/?term=.+Genome-wide+identification+of+targets+of+the+Drosha%E2%80%93Pasha%2FDGCR8+complex
https://www.ncbi.nlm.nih.gov/pubmed/?term=Winder%20D%5BAuthor%5D&cauthor=true&cauthor_uid=21590768
https://www.ncbi.nlm.nih.gov/pubmed/?term=Murray%20M%5BAuthor%5D&cauthor=true&cauthor_uid=21590768
https://www.ncbi.nlm.nih.gov/pubmed/?term=Palmer%20R%5BAuthor%5D&cauthor=true&cauthor_uid=21590768
https://www.ncbi.nlm.nih.gov/pubmed/?term=Palmer%20R%5BAuthor%5D&cauthor=true&cauthor_uid=21590768
https://www.ncbi.nlm.nih.gov/pubmed/?term=Barbosa-Morais%20N%5BAuthor%5D&cauthor=true&cauthor_uid=21590768
https://www.ncbi.nlm.nih.gov/pubmed/?term=Functional+evidence+that+Drosha+overexpression+in+cervical+squamous+cell+carcinoma+affects+cell+phenotype+and+microRNA+profiles.
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kuwabara%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=17121874
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kimura%20M%5BAuthor%5D&cauthor=true&cauthor_uid=17121874
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mitsui%20A%5BAuthor%5D&cauthor=true&cauthor_uid=17121874
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mitsui%20A%5BAuthor%5D&cauthor=true&cauthor_uid=17121874
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kurehara%20H%5BAuthor%5D&cauthor=true&cauthor_uid=17121874
https://www.ncbi.nlm.nih.gov/pubmed/?term=RNASEN+regulates+cell+proliferation+and+affects+survival+in+esophageal+cancer+patients.
https://www.ncbi.nlm.nih.gov/pubmed/?term=Immunohistochemical+study+of+Dicer+and+Drosha+expression+in+the+benign+and+malignant+lesions+of+gallbladder+and+their+clinicopathological+significances.
https://www.ncbi.nlm.nih.gov/pubmed/?term=Liao%20Q%5BAuthor%5D&cauthor=true&cauthor_uid=21953080
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chen%20P%5BAuthor%5D&cauthor=true&cauthor_uid=21953080
https://www.ncbi.nlm.nih.gov/pubmed/?term=Li%20X%5BAuthor%5D&cauthor=true&cauthor_uid=21953080
https://www.ncbi.nlm.nih.gov/pubmed/?term=Xiong%20W%5BAuthor%5D&cauthor=true&cauthor_uid=21953080
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ma%20J%5BAuthor%5D&cauthor=true&cauthor_uid=21953080
https://www.ncbi.nlm.nih.gov/pubmed/?term=Li%20X%5BAuthor%5D&cauthor=true&cauthor_uid=21953080
https://www.ncbi.nlm.nih.gov/pubmed/?term=Li%20X%5BAuthor%5D&cauthor=true&cauthor_uid=21953080
https://www.ncbi.nlm.nih.gov/pubmed/?term=Luo%20Z%5BAuthor%5D&cauthor=true&cauthor_uid=21953080
https://www.ncbi.nlm.nih.gov/pubmed/?term=The+microRNA-processing+enzymes%3A+Drosha+and+Dicer+can+predict+prognosis+of+nasopharyngeal+carcinoma.
https://www.ncbi.nlm.nih.gov/pubmed/?term=The+microRNA-processing+enzymes%3A+Drosha+and+Dicer+can+predict+prognosis+of+nasopharyngeal+carcinoma.
https://www.ncbi.nlm.nih.gov/pubmed/23370771
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chen%20J%5BAuthor%5D&cauthor=true&cauthor_uid=20805302
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kuo%20HH%5BAuthor%5D&cauthor=true&cauthor_uid=20805302
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chen%20YY%5BAuthor%5D&cauthor=true&cauthor_uid=20805302
https://www.ncbi.nlm.nih.gov/pubmed/?term=Diccianni%20MB%5BAuthor%5D&cauthor=true&cauthor_uid=20805302
https://www.ncbi.nlm.nih.gov/pubmed/?term=microRNA+signature+and+expression+of+Dicer+and+Drosha+can+predict+prognosis+and+delineate+risk+groups+in+neuroblastoma.
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kamat%20AA%5BAuthor%5D&cauthor=true&cauthor_uid=19092150
https://www.ncbi.nlm.nih.gov/pubmed/?term=Spannuth%20WA%5BAuthor%5D&cauthor=true&cauthor_uid=19092150
https://www.ncbi.nlm.nih.gov/pubmed/?term=Schmandt%20R%5BAuthor%5D&cauthor=true&cauthor_uid=19092150
https://www.ncbi.nlm.nih.gov/pubmed/?term=Schmandt%20R%5BAuthor%5D&cauthor=true&cauthor_uid=19092150
https://www.ncbi.nlm.nih.gov/pubmed/?term=Urbauer%20D%5BAuthor%5D&cauthor=true&cauthor_uid=19092150
https://www.ncbi.nlm.nih.gov/pubmed/?term=Impaired+microRNA+processing+enhances+cellular+transformation+and+tumorigenesis.
https://www.ncbi.nlm.nih.gov/pubmed/?term=Somatic+mutations+in+DROSHA+and+DICER1+impair+microRNA+biogenesis+through+distinct+mechanisms+in+Wilms+tumours.
https://www.ncbi.nlm.nih.gov/pubmed/?term=Recurrent+somatic+mutation+in+DROSHA+induces+microRNA+profile+changes+in+Wilms+tumour.
https://www.ncbi.nlm.nih.gov/pubmed/?term=Recurrent+somatic+mutation+in+DROSHA+induces+microRNA+profile+changes+in+Wilms+tumour.
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mutations+in+the+SIX1%2F2+pathway+and+the+DROSHA%2FDGCR8+miRNA+microprocessor+complex+underlie+high-risk+blastemal+type+Wilms+tumors.

Bhattacharjee et al.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

favorable histology Wilms tumors. Cancer Cell,
2015; 27: 286-297.

Lund E, Guttinger S, Calado A, et al. Nuclear export
of microRNA precursors. Science, 2004; 303:
95-98.

Hutvagner G, McLachlan C, Pasquineli AE, et al. A
cellular function for the RNA interference enzyme
Dicer in the maturation of the let-7 small temporal
RNA. Science, 2001; 293: 834-838.

Gregory RI, Chendrimada TP, Cooch N, et al.
Human RISC couples microRNA biogenesis and
posttranscriptional gene silencing. Cell, 2005; 123:
631-640.

Kumar MS, Paster RF, Chen CY et al. Dicerl
functions as a haploinsufficient tumor suppressor.
Genes Dev, 2009; 23: 2700-2704.

Hill DA, lvanivich J and Priest. DICER1 mutations
in familial pleuropulmonary blastoma. Science,
2009; 325: 965.

Heravi-Moussavi A, Anglesio S.M and Grace Cheng
S.W. Recurrent somatic DICER1 mutations in
nonepithelial ovarian cancers. N Engl J Med, 2012;
366: 234-242.

Suzuki H.lI, Yamagata K, and Sugimoto K.
Modulation of microRNA processing by p53.
Nature, 2009; 460: 529-533.

Melo SA, Ropero S, Moutinho C, et al. A TARBP2
mutation in human cancer impairs microRNA
processing and DICER1 function. Nat Genet, 2009;
41: 365-370.

De Vito C, Riggi N, Cornaz S, et al. A TARBP2-
dependent miRNA expression profile underlies
cancer stem cell properties and provides candidate
therapeutic reagents in Ewing sarcoma. Cancer Cell,
2012; 21: 807-821.

Maria José Bueno M.J, Malumbres M. MicroRNAs
and the cell cycle. Biochim Biophys Acta, 2011;
1812.592-601.

F. Takeshita L, Patrawala M, and Osaki R. Brown.
Systemic delivery of synthetic microRNA -16
inhibits the growth of metastatic prostate tumors via
downregulation of multiple cell-cycle genes. Mol
Ther, 2010; 18: 181-187.

Q. Liu, H. Fu, F. Sun, et al. miR-16 family induces
cell cycle arrest by regulating multiple cell cycle
genes. Nucleic Acids Res, 2008; 36: 5391-5404.
Linsle P.S, Schelter J. Burchard M, et al. Transcripts
targeted by the microRNA-16 family cooperatively
regulate cell cycle progression. Mol. Cell. Biol,
27(2007): 2240-2252.

F. Wang, X.D Fu, Y. Zhou, Y. Zhang. Down-
regulation of the cyclin E1 oncogene expression by
microRNA-16-1 induces cell cycle arrest in human
cancer cells. BMB Rep, 2009; 42: 725-730.

Bonci D, Coppola V, and Musumeci M. The miR-
15a-miR-16-1 cluster controls prostate cancer by
targeting multiple oncogenic activities. Nat Med,
2008; 14: 1271-1277.

F. Sun, H. Fu, Q. Liu, Y. Tie, J. Zhu, R. Xing, Z.
Sun, X. Zheng. Downregulation of CCND1 and

www.ejbps.com

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

European Journal of Biomedical and Pharmaceutical Sciences

CDKG6 by miR-34a induces cell cycle arrest. FEBS
Lett, 2008; 582: 1564-1568.

Xu T, Zhu Y, Xiong Y, et al. MicroRNA-195
suppresses tumorigenicity and regulates G1/S
transition of human hepatocellular carcinoma cells.
Hepatology, 2009; 50: 113-121.

Johnson C.D, Esquela-Kerscher A, Stefani G, et al.
The let-7 microRNA represses cell proliferation
pathways in human cells. Cancer Res, 2007; 67:
7713-7722.

Kota J, Chivukula R.R, O'Donnell K.A, et al.
Therapeutic  microRNA  delivery  suppresses
tumorigenesis in a murine liver cancer model. Cell,
2009; 137: 1005-1017.

Schultz J, Lorenz P, and Gross G. MicroRNA let-7b
targets important cell cycle molecules in malignant
melanoma cells and interferes with anchorage-
independent growth. Cell Res, 2008; 18: 549-557.
Yu Z, Wang C, and Wang M. Z. A cyclin
D1/microRNA 17/20 regulatory feedback loop in
control of breast cancer cell proliferation.
J Cell Biol, 2008; 182: 509-517.

Qin X, Wang X, and Wang Y. MicroRNA-19a
mediates the suppressive effect of laminar flow on
cyclin D1 expression in human umbilical vein
endothelial cells. Proc Natl Acad Sci U S A, 2010;
107: 3240-3244.

Wang F, Fu X.D, Zhou Y, et al. Down-regulation of
the cyclin E1 oncogene expression by microRNA-
16-1 induces cell cycle arrest in human cancer cells.
BMB Rep, 2009; 42: 725-730.

Lujambio A, Ropero S, Ballestar E, et al. Genetic
unmasking of an epigenetically silenced microRNA
in human cancer cells. Cancer Res, 2007l; 67:
1424-1429.

Lize’M, Pilarski S, and Dobbelstein M. E2F1-
inducible microRNA 449a/b  suppresses cell
proliferation and promotes apoptosis Cell Death and
Differentiation. Cell Death Differ, 2010; 17:
452-458.

Bell LA, Ryan KM. Life and death decisions by
E2F-1. Cell Death Differ, 2004; 11: 137-142.
Polager S, Ginsberg D. E2F-at the crossroads of life
and death. Trends Cell Biol, 2008; 18: 528-535.
Pickering M.T, Stadler B.M, and Kowalik T.F. miR-
17 and miR-20a temper an E2F1- induced G1
checkpoint to regulate cell cycle progression.
Oncogene, 2009; 28: 140-145.

Lin R.J, Lin Y, and Yu A.L. miR-149* induces
apoptosis by inhibiting Aktl and E2F1 in human
cancer cells. Mol Carcinog, 2010; 49: 719-727.

Lee K.H, Chen Y.L, Yeh S.D, et al. MicroRNA-330
acts as tumor suppressor and induces apoptosis of
prostate cancer cells through E2F1-mediated
suppression of Akt phosphorylation.
Oncogene, 2009; 28: 3360-3370.

Guo X, Guo, Ji J, et al. miRNA- 331-3p directly
targets E2F1 and induces growth arrest in human
gastric  cancer. Biochem Biophys Res
Commun, 2010; 398: 1-6.

284


https://www.ncbi.nlm.nih.gov/pubmed/?term=Recurrent+DGCR8%2C+DROSHA%2C+and+SIX+homeodomain+mutations+in+favorable+histology+Wilms+tumors.
https://www.ncbi.nlm.nih.gov/pubmed/?term=.+Lund+E%2C+Guttinger+S%2C+Calado+A%2C+et+al.+Nuclear+export+of+microRNA+precursors.+2004%3B+303%3A95%E2%80%9398.
https://www.ncbi.nlm.nih.gov/pubmed/?term=.+A+cellular+function+for+the+RNA-interference+enzyme+Dicer+in+the+maturation+of+the+let-7+small+temporal+RNA.
https://www.ncbi.nlm.nih.gov/pubmed/16271387
https://www.ncbi.nlm.nih.gov/pubmed/19903759
https://www.ncbi.nlm.nih.gov/pubmed/19556464
https://www.ncbi.nlm.nih.gov/pubmed/?term=.+Recurrent+somatic+DICER1+mutations+in+nonepithelial+ovarian+cancers.
https://www.ncbi.nlm.nih.gov/pubmed/?term=Suzuki+H.I%2C+Yamagata+K%2C+and+Sugimoto+K.+Modulation+of+microRNA+processing+by+p53.+2009%3B+460%3A+529-533.
https://www.ncbi.nlm.nih.gov/pubmed/19219043
https://www.ncbi.nlm.nih.gov/pubmed/?term=.+A+TARBP2-dependent+miRNA+expression+profile+underlies+cancer+stem+cell+properties+and+provides+candidate+therapeutic+reagents+in+Ewing+sarcoma.
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mar%C3%ADa+Jos%C3%A9+Bueno+M.J%2C+Malumbres+M.+MicroRNAs+and+the+cell+cycle.+2011%3B+1812.592%E2%80%93601.
https://www.ncbi.nlm.nih.gov/pubmed/?term=Systemic+delivery+of+synthetic+microRNA-16+inhibits+the+growth+of+metastatic+prostate+tumors+via+downregulation+of+multiple+cell-cycle+genes.
https://www.ncbi.nlm.nih.gov/pubmed/?term=Systemic+delivery+of+synthetic+microRNA-16+inhibits+the+growth+of+metastatic+prostate+tumors+via+downregulation+of+multiple+cell-cycle+genes.
https://www.ncbi.nlm.nih.gov/pubmed/?term=.+miR-16+family+induces+cell+cycle+arrest+by+regulating+multiple+cell+cycle+genes.
https://www.ncbi.nlm.nih.gov/pubmed/?term=Down-regulation+of+the+cyclin+E1+oncogene+expression+by+microRNA-16-1+induces+cell+cycle+arrest+in+human+cancer+cells.
https://www.ncbi.nlm.nih.gov/pubmed/?term=.+The+miR-15a-miR-16-1+cluster+controls+prostate+cancer+by+targeting+multiple+oncogenic+activities.
https://www.ncbi.nlm.nih.gov/pubmed/?term=MicroRNA-195+suppresses+tumorigenicity+and+regulates+G1%2FS+transition+of+human+hepatocellular+carcinoma+cells
https://www.ncbi.nlm.nih.gov/pubmed/17699775
https://www.ncbi.nlm.nih.gov/pubmed/?term=.+Therapeutic+microRNA+delivery+suppresses+tumorigenesis+in+a+murine+liver+cancer+model.
https://www.ncbi.nlm.nih.gov/pubmed/?term=.+MicroRNA+let-7b+targets+important+cell+cycle+molecules+in+malignant+melanoma+cells+and+interferes+with+anchorage-independent+growth.
https://www.ncbi.nlm.nih.gov/pubmed/?term=A+cyclin+D1%2FmicroRNA+17%2F20+regulatory+feedback+loop+in+control+of+breast+cancer+cell+proliferation.
https://www.ncbi.nlm.nih.gov/pubmed/?term=.++MicroRNA-19a+mediates+the+suppressive+effect+of+laminar+flow+on+cyclin+D1+expression+in+human+umbilical+vein+endothelial+cells.
https://www.ncbi.nlm.nih.gov/pubmed/?term=Down-regulation+of+the+cyclin+E1+oncogene+expression+by+microRNA-16-1+induces+cell+cycle+arrest+in+human+cancer+cells.
https://www.ncbi.nlm.nih.gov/pubmed/?term=Genetic+unmasking+of+an+epigenetically+silenced+microRNA+in+human+cancer+cells.
https://www.ncbi.nlm.nih.gov/pubmed/?term=E2F1-inducible+microRNA+449a%2Fb+suppresses+cell+proliferation+and+promotes+apoptosis++Cell+Death+and+Differentiation.
https://www.ncbi.nlm.nih.gov/pubmed/?term=.+Life+and+death+decisions+by+E2F-1.
https://www.ncbi.nlm.nih.gov/pubmed/?term=E2F+%E2%80%93+at+the+crossroads+of+life+and+death.
https://www.ncbi.nlm.nih.gov/pubmed/?term=miR-17+and+miR-20a+temper+an+E2F1-+induced+G1+checkpoint+to+regulate+cell+cycle+progression.
https://www.ncbi.nlm.nih.gov/pubmed/?term=miR-149*+induces+apoptosis+by+inhibiting+Akt1+and+E2F1+in+human+cancer+cells.
https://www.ncbi.nlm.nih.gov/pubmed/?term=MicroRNA-330+acts+as+tumor+suppressor+and+induces+apoptosis+of+prostate+cancer+cells+through+E2F1-mediated+suppression+of+Akt+phosphorylation.
https://www.ncbi.nlm.nih.gov/pubmed/?term=miRNA-+331-3p+directly+targets+E2F1+and+induces+growth+arrest+in+human+gastric+cancer.
https://www.ncbi.nlm.nih.gov/pubmed/?term=miRNA-+331-3p+directly+targets+E2F1+and+induces+growth+arrest+in+human+gastric+cancer.

Bhattacharjee et al.

83.

84.

85.

86.

87.

88.

89.

90.

9L

92.

93.

94.

95.

96.

97.

98.

99.

Giannakakis A, Sandaltzopoulos R, Greshock J, et
al. miR-210 links hypoxia with cell cycle regulation
and is deleted in human epithelial ovarian cancer.
Cancer Biol Ther, 2008; 7: 255-264.

Huang L, Luo J, Cai Q, et al. MicroRNA-125b
suppresses the development of bladder cancer by
targeting E2F3. Int J Cancer, 2011; 128: 1758-1769.
Xu T, Zhu Y, Xiong Y, et al. MicroRNA-195
suppresses tumorigenicity and regulates G1/S
transition of human hepatocellular carcinoma cells.
Hepatology, 2009; 50: 113-121.

Ivanovska I, Ball A.S, Diaz R.L, et al. MicroRNAs
in the miR-106b family regulate p21/CDKN1A and
promote cell cycle progression, Mol Cell Biol, 2008;
28:2167-2174.

Kim Y.K, Yu J, Han T.S, et al. Functional links
between clustered microRNAS: suppression of cell-
cycle inhibitors by microRNA clusters in gastric
cancer. Nucleic Acids Res, 2009; 37: 1672-1681.
Lal A, Kim H.H, Abdelmohsen K, et al. p16(INK4a)
translation suppressed by miR-24. PLoS One, 2008lI;
3: 1864.

Malhas A, Saunders N.J, and Vaux D.J. The nuclear
envelope can control gene expression and cell cycle
progression via miRNA regulation. Cell Cycle,
2010; 9: 531-539.

Miller T.E, Ghoshal K, Ramaswamy B, et al.
MicroRNA-221/222 confers tamoxifen resistance in
breast cancer by targeting p27Kipl. J Biol Chem,
2008; 283: 29897-29903.

Chen D, Farwell M.A, and Zhang B. MicroRNA as
a New Player in the Cell Cycle. J Cell Physiol, 2010;
225: 296-301.

Wang Y, Baskerville S, and Shenoy A, et al.
Embryonic stem cellspecific microRNAs regulate
the G1-S transition and promote rapid proliferation.
Nat Genet, 2008; 40: 1478-1483.

Hwang H.W and Mendell JT. MicroRNAs in cell
proliferation, cell death, and tumorigenesis. Br J
Cancer, 2006; 94: 776-780.

Cimmino A, Calin GA, Fabbri M, et al. miR-15 and
miR-16 induce apoptosis by targeting BCL2. Proc
Natl Acad Sci U S A, 2005; 102: 13944-9.

Ota A, Tagawa H, Karnan S, et al. Identification and
characterization of a novel gene, Cl13orf25, as a
target for 13g31-g32 amplification in malignant
lymphoma. Cancer Res, 2004; 64: 3087-3095.

He L, Thomson JM, Hemann MT, et al. A
microRNA polycistron as a potential human
oncogene. Nature, 2005; 435: 828-833.

Chan JA, Krichevsky AM, and Kosik

KS.MicroRNA-21 is an antiapoptotic factor in
human glioblastoma cells. Cancer Res, 2005; 65:
6029-6033.

lorio MV, Ferracin M, Liu CG, et al. MicroRNA
gene expression deregulation in human breast
cancer. Cancer Res, 2005; 65: 7065-7070.

Lu Z, Liu M, and Stribinskis V. MicroRNA-21
promotes cell transformation by targeting the

www.ejbps.com

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

European Journal of Biomedical and Pharmaceutical Sciences

programmed cell death 4 gene. Oncogene, 2008; 27:
4373-9.

Zhang H, Ozaki I, Mizuta T, et al. Involvement of
programmed cell death 4 in transforming growth
factor-betal-induced apoptosis in human
hepatocellular carcinoma. Oncogene, 2006; 25:
6101-12.

Zhu S, Si ML, and Wu H. MicroRNA-21 targets the
tumor suppressor gene tropomyosin 1 (TPM1). J
Biol Chem, 2007; 282: 14328-36.

Zhu S, Wu H, Wu F, et al. MicroRNA-21 targets
tumor suppressor genes in invasion and metastasis.
Cell Res, 2008; 18: 350-9.

Kayani M.R, Kayani M.A, Malik F.A, et al. Role of
miRNAs in Breast Cancer. Asian Pac J Cancer Prev,
2011; 11: 3175-3180.

Takahashi R.U, Miyazaki H1, and Ochiya T Cancer.
The Roles of MicroRNAs in Breast Cancer. Cancers
(Basel), 2015; 7: 598-616.

Takahashi, R.U, Miyazaki H, Ochiya T. The role of
microRNAs in the regulation of cancernstem cells.
Front Genet, 2014, 4: 295.

Chaffer C.L, Brueckmann I, and Scheel C. Normal
and neoplastic non stem cells can spontaneously
convert to a stem-like state. Proc Natl Acad Sci U S
A, 2011; 108: 7950-7955.

Al-Hajj, M. Wicha, M.S, Benito-Hernandez.
Prospective identification of tumorigenic breast
cancer cells. Proc Natl Acad Sci U S A, 2003l; 100:
3983-3988.

Burk U, Schubert J, Wellner U, et al. A reciprocal
repression between ZEB1 and members of the miR-
200 family promotes EMT and invasion in cancer
cells. EMBO Rep, 2008; 9: 582-9.

Martello G, Rosato A, Ferrari F, et al. A microRNA
targeting dicer for metastasis control. Cell, 2010;
141: 1195-1207.

Yang MH, Hsu DSS, Wang HW, et al. Bmil is
essential in Twistl-induced epithelial-mesenchymal
transition. Nat Cell Biol, 2010; 12: 982-92.

Saeki M, Kobayashi D, Tsuji N, et al. Diagnostic
importance of overexpression of Bmi-1 mRNA in
early breast cancers. Int J Oncol, 2009; 35: 511-5.
Holohan C, Van Schaeybroeck S, Longley D, et al.
Cancer drug resistance: An evolving paradigm. Nat
Rev Cancer, 2013; 13: 714-726.

Honm K, Iwao-Koizumi, K Takeshita, et al. Rpn2
gene confers docetaxel resistance in breast cancer.
Nat Med, 2008; 14: 939-948.

Takahashi, R.U; Takeshita F, Honma K, et al.
Ribophorin 1l regulates breast tumor initiation and
metastasis through the functional suppression of
GSK3beta. Sci Rep, 2013; 3.

Korner C, Keklikoglou |, Bender C, et al.
MicroRNA-31 sensitizes human breast cells to
apoptosis by direct targeting of protein kinase C
epsilon (PKCepsilon). J Biol Chem, 2013; 288:
8750-8761.

Kartner N, Riordan J.R, and Ling V. Cell surface P-
glycoprotein associated with multidrug resistance in

285


https://www.ncbi.nlm.nih.gov/pubmed/?term=.+miR-210+links+hypoxia+with+cell+cycle+regulation+and+is+deleted+in+human+epithelial+ovarian+cancer.
https://www.ncbi.nlm.nih.gov/pubmed/?term=MicroRNA-125b+suppresses+the+development+of+bladder+cancer+by+targeting+E2F3.
https://www.ncbi.nlm.nih.gov/pubmed/?term=MicroRNA-195+suppresses+tumorigenicity+and+regulates+G1%2FS+transition+of+human+hepatocellular+carcinoma+cells
https://www.ncbi.nlm.nih.gov/pubmed/?term=MicroRNAs+in+the+miR-106b+family+regulate+p21%2FCDKN1A+and+promote+cell+cycle+progression%2C
https://www.ncbi.nlm.nih.gov/pubmed/?term=Functional+links+between+clustered+microRNAs%3A+suppression+of+cell-cycle+inhibitors+by+microRNA+clusters+in+gastric+cancer.
https://www.ncbi.nlm.nih.gov/pubmed/?term=p16(INK4a)+translation+suppressed+by+miR-24.
https://www.ncbi.nlm.nih.gov/pubmed/?term=The+nuclear+envelope+can+control+gene+expression+and+cell+cycle+progression+via+miRNA+regulation.
https://www.ncbi.nlm.nih.gov/pubmed/?term=MicroRNA-221%2F222+confers+tamoxifen+resistance+in+breast+cancer+by+targeting+p27Kip1.
https://www.ncbi.nlm.nih.gov/pubmed/20506120
https://www.ncbi.nlm.nih.gov/pubmed/?term=.+Embryonic+stem+cellspecific+microRNAs+regulate+the+G1-S+transition+and+promote+rapid+proliferation.
https://www.ncbi.nlm.nih.gov/pubmed/16495913
https://www.ncbi.nlm.nih.gov/pubmed/16495913
https://www.ncbi.nlm.nih.gov/pubmed/16166262
https://www.ncbi.nlm.nih.gov/pubmed/16166262
https://www.ncbi.nlm.nih.gov/pubmed/?term=Identification+and+characterization+of+a+novel+gene%2C+C13orf25%2C+as+a+target+for+13q31%E2%80%93q32+amplification+in+malignant+lymphoma
https://www.ncbi.nlm.nih.gov/pubmed/15944707
https://www.ncbi.nlm.nih.gov/pubmed/16024602
https://www.ncbi.nlm.nih.gov/pubmed/16103053
https://www.ncbi.nlm.nih.gov/pubmed/?term=MicroRNA-21+promotes+cell+transformation+by+targeting+the+programmed+cell+death+4+gene.
https://www.ncbi.nlm.nih.gov/pubmed/?term=Involvement+of+programmed+cell+death+4+in+transforming+growth+factor-beta1-induced+apoptosis+in+human+hepatocellular+carcinoma.
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zhu+S%2C+Wu+H%2C+Wu+F%2C+et+al.+MicroRNA-21+targets+tumor+suppressor+genes+in+invasion+and+metastasis.+2008%3B++18%3A+350%E2%80%939.
https://www.ncbi.nlm.nih.gov/pubmed/?term=.+Kayani+M.R%2C+Kayani+M.A%2C++Malik+F.A%2C+et+al.+Role+of+miRNAs+in+Breast+Cancer.2011%3B+11%3A+3175-3180.
https://www.ncbi.nlm.nih.gov/pubmed/?term=Takahashi+R.U+%2C+Miyazaki+H1%2C+and+Ochiya+T+Cancer.+The+Roles+of+MicroRNAs+in+Breast+2015%3B+7%3A598-616.
https://www.ncbi.nlm.nih.gov/pubmed/?term=Takahashi+R.U+%2C+Miyazaki+H1%2C+and+Ochiya+T+Cancer.+The+Roles+of+MicroRNAs+in+Breast+2015%3B+7%3A598-616.
https://www.ncbi.nlm.nih.gov/pubmed/?term=Normal+and+neoplastic+nonstem+cells+can+spontaneously+convert+to+a+stem-like+state.
https://www.ncbi.nlm.nih.gov/pubmed/?term=Normal+and+neoplastic+nonstem+cells+can+spontaneously+convert+to+a+stem-like+state.
https://www.ncbi.nlm.nih.gov/pubmed/12629218
https://www.ncbi.nlm.nih.gov/pubmed/20603000
https://www.ncbi.nlm.nih.gov/pubmed/20818389
https://www.ncbi.nlm.nih.gov/pubmed/?term=Diagnostic+importance+of+overexpression+of+Bmi-1+mRNA+in+early+breast+cancers.
https://www.ncbi.nlm.nih.gov/pubmed/24060863
https://www.ncbi.nlm.nih.gov/pubmed/24060863
https://www.ncbi.nlm.nih.gov/pubmed/18724378
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ribophorin+II+regulates+breast+tumor+initiation+and+metastasis+through+the+functional+suppression+of+GSK3beta.
https://www.ncbi.nlm.nih.gov/pubmed/?term=MicroRNA-31+sensitizes+human+breast+cells+to+apoptosis+by+direct+targeting+of+protein+kinase+C+epsilon+(PKCepsilon).

Bhattacharjee et al.

117.

118.

119.

120.

121.

122,

123.

124,

125.

126.

127.

128.

129.

130.

131.

132.

mammalian cell lines. J Biol Chem, 1983; 221:
1285-1288.

Kartner N, Shales M, Riordan J.R, et al
Daunorubicin-resistant chinese hamster ovary cells
expressing multidrug resistance and a cell-surface p-
glycoprotein. Cancer Res, 1983; 43: 4413-4419.
Doyle, L.A Yang, W. Abruzzo, et al. A multidrug
resistance transporter from human MCF-7 breast
cancer cells. Proc Natl Acad Sci U S A, 1998; 95:
15665-15670.

Fletcher J.I, Haber M, Henderson M.J, et al. Abc
transporters in cancer: More than just drug efflux
pumps. Nat Rev Cancer, 2010; 10: 147-156.

Pirker R, Wallner J, Gsur A, et al. MDR1 gene
expression in primary colorectal carcinomas. Br J
Cancer, 1993; 68: 691-694.

Reeve J.G, Rabbitts P.H, and Twentyman P.R.
Amplification and expression of MDR1 gene in a
multidrug resistant variant of small cell lung cancer
cell line NCI-H69. Br J Cancer, 1989; 60: 339-342.
Kovalchuk O, Filkowski J, Meservy J, et al.
Involvement of microRNA-451 in resistance of the
MCEF-7 breast cancer cells to chemotherapeutic drug
doxorubicin. Mol Cancer Ther, 2008; 7: 2152-9.
Doyle L.A, Yang W, Abruzzo L.V, et al. A
multidrug resistance transporter from human MCF-7
breast cancer cells. Proc Natl Acad Sci U S A, 1998;
95: 15665-15670.

Ross D.D. Novel mechanisms of drug resistance in
leukemia. Leukemia, 2000; 14: 467-473.

Liang, Z, Wu H, Xia, J, et al. Involvement of miR-
326 in chemotherapy resistance of breast cancer
through modulating expression of multidrug
resistance-associated protein 1. Biochem Pharmacol,
2010; 79: 817-824.

Ma M.T, He M, Wang Y, et al. MiR-487a
resensitizes mitoxantrone (mx)-resistant breast
cancer cells (MCF-7/MX) to MX by targeting breast
cancer  resistance  protein  (BCRP/ABCG2).
Cancer Lett, 2013; 339: 107-115.

Miller T.E, Ghoshal K, Ramaswamy B, et al.
MicroRNA-221/222 confers tamoxifen resistance in
breast cancer by targeting p27Kipl. J Biol Chem,
2008; 283: 29897-29903.

Bockhorn J, Dalton R, Nwachukwu C, et al.
MicroRNA-30c inhibits human breast tumour
chemotherapy resistance by regulating TWF1 and
IL-11. Nat Commun, 2013; 4: 1393.

le Sage C, Nagel R, Egan D.A, et al. Regulation of
the p27(Kipl) tumor suppressor by miR-221 and
miR-222 promotes cancer cell proliferation. EMBO
J, 2007; 26: 3699-3708.

Gupta G.P, Massague J. Cancer metastasis: Building
a framework. Cell. 2006; 127: 679-695.

Fidler, 1.J. The pathogenesis of cancer metastasis:
The “seed and soil” hypothesis revisited. Nat Rev,
2003; 3: 453-458.

132 Ma, L., Teruya-Feldstein, J.,Weinberg, R.A.
Tumour  invasion and  metastasis initiated

www.ejbps.com

133.

134.

135.

136.

137.

138.

139.

140.

141.

142.

143.

144.

145.

146.

147.

148.

European Journal of Biomedical and Pharmaceutical Sciences

bymicroRNA-10b in breast cancer. Nature, 2007;
449: 682-688.

Tavazoie, S.F., Alarcon C., and Oskarsson, T.
Endogenous human microRNAs that suppress breast
cancer metastasis. Nature, 2008; 451: 147-152.
Valastyan, S., Reinhardt, F., Benaich, N..et al. A
pleiotropically acting microRNA, miR-31, inhibits
breastcancer  metastasis.  Cell, 2009; 137:
1032-1046.

He, L., He, X., Lim, L.P., et al. A microRNA
component of the p53 tumour suppressor network.
Nature, 2007; 447: 1130-1134.

Kim, N.H., Kim, H.S. Li, XY. e a. A
p53/miRNA-34 axis regulates Snaill-dependent
cancer cellepithelial-mesenchymal transition. J Cell
Biol, 2011; 195: 417-433.

Gregory, P.A., Bert, A.G., Paterson, E.L., et al. The
miR-200 family and miR-205 regulate epithelial
tomesenchymal transition by targeting ZEB1 and
SIP1. Nat Cell Biol, 2008; 10: 593-601.

Song, S.J., Poliseno, L.Song, M.S.et al
MicroRNA-Antagonism regulates breast cancer
stemnessand metastasis via TET-family-dependent
chromatin remodelling. Cell, 2013; 154: 311-324.
Chou, J.; Lin, JH., Brenot, A. et al. Gata3
suppresses metastasis andmodulates the tumour
microenvironment by regulating microRNA-29b
expression. Biol, 2013; 15: 201-213.

Ryu, S., McDonnell, K., Choi, H.,et al. Suppression
of miRNA-708 by polycomb group promotes
metastasesby  calcium-induced cell  migration.
Cancer Cell, 2013; 23: 63-76.

Shen, J., Xia W., Khotskaya, Y.B., et al. EGFR
modulates microRNA maturation in response to
hypoxia through phosphorylation of AGO2. Nature,
2013; 497: 383-387.

Ferlay J, Parkin DM, and Steliarova, Foucher E.
Estimates of cancer incidence and mortality
inEurope. Eur J Cancer, 2010; 46: 765-81.

Rossi G, Mengoli MC,Cavazza A, et al. Large cell
carcinoma of thelung: clinically oriented
classification integrating immunohistochemistry and
molecular biology. Virchows Arch, 2008; 6:
375-382

Olive V, Jiang I, He L. mir-17-92, a cluster of
miRNAs in the midst of the cancer network. Int J
Biochem Cell Biol, 2010; 42(8): 1348-54.

Tanzer A, Stadler PF. Molecular evolution of a
microRNA cluster. J Mol Biol, 2004; 339(2):
327-35.

He L, Thomson JM, Hemann MT, et al. A
microRNA polycistron as a potential human
oncogene. Nature, 2005; 435(7043): 828-33.
Conkrite K, Sundby M, Mukai S, et al. miR-
17~92cooperates with RB pathway mutations to
promote retinoblastoma. Genes Dev, 2011; 25(16):
1734-45,

Ernst A, Campos B, Meier J, et al. De-repression of
CTGF via the miR-17-92 cluster upon

286


https://www.ncbi.nlm.nih.gov/pubmed/?term=MicroRNA-31+sensitizes+human+breast+cells+to+apoptosis+by+direct+targeting+of+protein+kinase+C+epsilon+(PKCepsilon).
https://www.ncbi.nlm.nih.gov/pubmed/?term=Daunorubicin-resistant+chinese+hamster+ovary+cells+expressing+multidrug+resistance+and+a+cell-surface+p-glycoprotein.
https://www.ncbi.nlm.nih.gov/pubmed/9861027
https://www.ncbi.nlm.nih.gov/pubmed/20075923
https://www.ncbi.nlm.nih.gov/pubmed/8398695
https://www.ncbi.nlm.nih.gov/pubmed/8398695
https://www.ncbi.nlm.nih.gov/pubmed/?term=.++Amplification+and+expression+of+MDR1+gene+in+a+multidrug+resistant+variant+of+small+cell+lung+cancer+cell+line+NCI-H69.
https://www.ncbi.nlm.nih.gov/pubmed/?term=Involvement+of+microRNA-451+in+resistance+of+the+MCF-7+breast+cancer+cells+to+chemotherapeutic+drug+doxorubicin.
https://www.ncbi.nlm.nih.gov/pubmed/9861027
https://www.ncbi.nlm.nih.gov/pubmed/?term=Involvement+of+miR-326+in+chemotherapy+resistance+of+breast+cancer+through+modulating+expression+of+multidrug+resistance-associated+protein+1.
https://www.ncbi.nlm.nih.gov/pubmed/?term=MiR-487a+resensitizes+mitoxantrone+(mx)-resistant+breast+cancer+cells+(MCF-7%2FMX)+to+MX+by+targeting+breast+cancer+resistance+protein+(BCRP%2FABCG2).
https://www.ncbi.nlm.nih.gov/pubmed/?term=.++MicroRNA-221%2F222+confers+tamoxifen+resistance+in+breast+cancer+by+targeting+p27Kip1.
https://www.ncbi.nlm.nih.gov/pubmed/?term=MicroRNA-30c+inhibits+human+breast+tumour+chemotherapy+resistance+by+regulating+TWF1+and+IL-11.
https://www.ncbi.nlm.nih.gov/pubmed/17627278
https://www.ncbi.nlm.nih.gov/pubmed/17627278
https://www.ncbi.nlm.nih.gov/pubmed/?term=.+Gupta%2C+G.P%2C+Massague+J.+Cancer+metastasis%3A+Building+a+framework.++2006%3B+127%3A679%E2%80%93695.

Bhattacharjee et al.

149.

150.

151.

152,

153.

154,

155.

156.

157.

158.

159.

160.

161.

162.

differentiation of human glioblastoma spheroid
cultures. Oncogene, 2010; 29(23): 3411-22.
Hayashita Y, Osada H, et al. A polycistronic
microRNA cluster, miR-17-92, is overexpressed in
human lung cancers and enhances cell proliferation.
Cancer Res, 2005; 65(21): 9628-32.

Kim K, Chadalapaka G, Lee SO, et al. Identification
of oncogenic microRNA-17-92/ZBTB4/specificity
protein axis in breast cancer. Oncogene, 2011; 60:
831-840.

Yu J, Ohuchida K, Mizumoto K, et al. MicroRNA
miR-17-5p is overexpressed in pancreatic cancer,
associated with a poor prognosis, and involved in
cancer cell proliferation and invasion. Cancer Biol
Ther, 2010; 10(8): 748-57.

Zhao HY, Ooyama A, Yamamoto M, et al. Down
regulation of c¢-Myc and induction of an
angiogenesis inhibitor, thrombospondin-1, by 5-FU
in human colon cancer KM12C cells. Cancer Lett,
2008; 270(1): 156-63.

Matsubara H, Takeuchi T, Nishikawa E, et al.
Apoptosis induction by antisense oligonucleotides
against miR-17-5p and miR-20a in lung cancers
overexpressing miR-17-92 Oncogene, 2007; 26(41):
6099-105.

O’Donnell KA, Wentzel EA, Zeller Kl et al. c-Myc-
regulated micro RN Asmodulate E2F1 expression.
Nature, 2005; 435(7043): 839-43.

Sylvestre Y, De Guire V, Querido E, et al. An
E2F/miR-20a autoregulatory feedback loop. J Biol
Chem, 2007; 282(4): 2135-43.

Takahashi T, Obata Y, Sekido Y, et al. Expression
and amplification of myc gene family in small cell
lung cancer and its relation tobiological
characteristics. Cancer Res, 1989; 49(10): 2683-8.
Zhang JG, Wang JJ, Zhao F, et al. MicroRNA-21
(miR-21) represses tumor suppressor PTEN and
promotes growth and invasion in non-small cell lung
cancer (NSCLC). Clin Chim Acta, 2010; 411(11-
12): 846-52.

Wang K, Li PF. Foxo3a regulates apoptosis by
negatively targeting miR-21. J Biol Chem, 2010;
285(22): 16958-66.

Loffler D, Brocke, Heidrich K,Pfeifer G, et al.

Interleukin-6dependent  survival —of  multiple
myeloma cells involves the Stat3-mediated
induction ofmicroRNA-21 through a highly

conserved enhancer. Blood, 2007; 110(4): 1330-3.
Schaefer U, Voloshanenko O,Willen D, et al.
TRAIL: a multifunctional cytokine. Front Biosci,
2007; 12: 3813-24.

Garofalo M, Quintavalle C, Di Leva G, et al.
MicroRNA signatures of TRAIL resistance in
human non-small cell lung cancer. Oncogene, 2008;
27(27): 3845-55.

Garofalo M, Di Leva G, Romano G, et al. miR-
221&222 regulate TRAIL resistance and enhance
tumorigenicity  through PTEN and TIMP3
downregulation. Cancer Cell, 2009; 16(6): 498-509.

www.ejbps.com

163.

164.

165.

166.

167.

168.

1609.

170.

171.

172.

173.

174.

175.

176.

177.

European Journal of Biomedical and Pharmaceutical Sciences

Zhang C, Zhang J, Zhang A, et al. PUMA is a novel
target of miR-221/222 in human epithelial cancers.
Int J Oncol, 2010; 37(6): 1621-6.

Liu L, Jiang Y,Zhang H, et al. Overexpressed miR-
494 down-regulates PTEN gene expression in cells
transformed by  anti-benzo(a)pyrene-trans-7,8-
dihydrodiol-9,10-epoxide. Life Sci, 2010; 86(5-6):
192-8.

Ji L, Nishizaki M, Gao B, et al. Expression of
several genes in the human chromosome
3p21.3homozygous deletion region by an adenovirus
vector results in tumor suppressor activities in vitro
and in vivo. Cancer Res, 2002; 62(9): 2715-20.
Ivanova AV, Ivanov SV, Pascal V, et al
Autoimmunity, spontaneous tumourigenesis, and IL-
15 insufficiency in mice with a targeted disruption
of the tumour suppressor gene Fusl. J Pathol, 2007;
211(5): 591-601.

Prudkin L, Behrens C, Liu DD, et al. Loss and
reduction of FUS1 protein expression is a frequent
phenomenon in thepathogenesis of lung cancer.
Clin Cancer Res, 2008; 14(1): 41-7.

Du L, Schageman JJ, Subauste MC, et al. A miR-93,
miR-98, and miR-197 regulate expression of tumor
suppressorgene FUS1. Mol Cancer Res, 2009; 7(8):
1234-43.

Wang PY, Li YJ, Zhang S, et al. Regulating A549
cells growth by ASO inhibiting miRNA expression.
Mol Cell Biochem, 2010; 339(1-2): 163-71.
Reinhart BJ, Slack FJ, Basson M, et al. The 21-
nucleotide let-7 RNA regulates developmental
timing in Caenorhabditis elegans. Nature, 2000;
403(6772): 901-6.

Pasquinelli AE, Reinhart BJ, Slack F, et al.
Conservation of the sequence and temporal
expression of let-7 heterochronic regulatory RNA.
Nature, 2000; 408(6808): 86-9.

Boyerinas B, Park SM, Hau A, et al. The role of let-

7 in cell differentiation and cancer. Endocr
Relat Cancer, 2009; 17(1): F19-36.
Chang TC, Wentzel EA, Kent OA, et al

Transactivation of miR-34a by p53 broadly
influences gene expression and promotes apoptosis.
Mol Cell, 2007; 26(5): 745-52.

Raver-Shapira N, Marciano E, Meiri E,et al.
Transcriptional activation of miR-34a contributes to
p53-mediated apoptosis. Mol Cell, 2007; 26(5):
731-43.

Tarasov V, Jung P, Verdoodt B, et al. Differential
regulation of microRNAs by p53 revealed by
massively parallel sequencing: miR-34a is a p53
target that induces apoptosis and Gl-arrest. Cell
Cycle, 2007; 6(13): 1586-93.

He L, He X, Lim LP, et al. A microRNA component
of the p53 tumour suppressor network. Nature,
2007; 447(7148): 1130-4.

Lize M, Klimke A, and Dobbelstein M. MicroRNA-
449 in cell fate determination. Cell Cycle, 2011;
10(17): 2874-82.

287


https://www.ncbi.nlm.nih.gov/pubmed/?term=Apoptosis+induction+by+antisenseoligonucleotides+against+miR-17-5p+and+miR-20a+in+lung+cancers+overexpressing+miR-17-92.
https://www.ncbi.nlm.nih.gov/pubmed/?term=MicroRNA-21+(miR-21)+represses+tumorsuppressor+PTEN+and+promotes+growth+and+invasion+in+non-small+cell+lung+cancer
https://www.ncbi.nlm.nih.gov/pubmed/?term=Foxo3a+regulates+apoptosis+by+negatively+targeting+miR-21
https://www.ncbi.nlm.nih.gov/pubmed/?term=.+Interleukin-6dependent+survival+of+multiple+myeloma+cells+involves+the+Stat3-mediated+induction+ofmicroRNA-21+through+a+highly+conserved+enhancer.
https://www.ncbi.nlm.nih.gov/pubmed/?term=Schaefer+U%2C+Voloshanenko+O%2CWillen+D%2Cet+al.+TRAIL%3A+a+multifunctional+cytokine.2007%3B+12%3A3813%E2%80%9324.
https://www.ncbi.nlm.nih.gov/pubmed/?term=MicroRNA+signatures+of+TRAIL+resistance+in+human+non-small+cell+lung+cancer.
https://www.ncbi.nlm.nih.gov/pubmed/?term=miR-221%26222+regulate+TRAIL+resistance+and+enhance+tumorigenicity+through+PTEN+and+TIMP3downregulation
https://www.ncbi.nlm.nih.gov/pubmed/?term=PUMA+is+a+novel+target+ofmiR-221%2F222+in+human+epithelial+cancers
https://www.ncbi.nlm.nih.gov/pubmed/?term=Overexpressed+miR-494+down-regulates+PTENgene+expression+in+cells+transformed+by+anti-benzo(a)pyrene-trans-7%2C8-dihydrodiol-9%2C10-epoxide
https://www.ncbi.nlm.nih.gov/pubmed/?term=Expression+of+several+genes+in+the+human+chromosome+3p21.3homozygous+deletion+region+by+an+adenovirus+vector+results+in+tumor+suppressor+activities+in+vitroand+in+vivo
https://www.ncbi.nlm.nih.gov/pubmed/?term=Autoimmunity%2C+spontaneous+tumourigenesis%2C+and+IL-15+insufficiency+in+mice+with+atargeted+disruption+of+the+tumour+suppressor+gene+Fus1
https://www.ncbi.nlm.nih.gov/pubmed/?term=.+Loss+and+reduction+of+FUS1+protein+expression+is+a+frequent+phenomenon+in+thepathogenesis+of+lung+cancer
https://www.ncbi.nlm.nih.gov/pubmed/?term=A++miR-93%2C+miR-98%2C+and+miR-197+regulate+expression+of+tumor+suppressorgene+FUS1
https://www.ncbi.nlm.nih.gov/pubmed/?term=.+Regulating+A549+cells+growth+by+ASO+inhibiting+miRNA+expression
https://www.ncbi.nlm.nih.gov/pubmed/10706289
https://www.ncbi.nlm.nih.gov/pubmed/?term=.+Conservation+of+the+sequence+and+temporal+expression+of+let-7+heterochronic+regulatory+RNA.
https://www.ncbi.nlm.nih.gov/pubmed/19779035
https://www.ncbi.nlm.nih.gov/pubmed/19779035
https://www.ncbi.nlm.nih.gov/pubmed/?term=Transactivation+of+miR-34a+by+p53+broadly+influences+gene+expression+and+promotes+apoptosis
https://www.ncbi.nlm.nih.gov/pubmed/?term=Transcriptional+activation+of+miR-34a+contributes+to+p53-mediated+apoptosis

Bhattacharjee et al.

178.

179.

180.

181.

182.

183.

184.

185.

186.

187.

188.

189.

190.

191.

Bandi N, Vassella E. miR-34a and miR-15a/16 are
co-regulated in non-small cell lung cancer and
control cell cycle progression in a synergistic and
Rb-dependent manner. Mol Cancer, 2011; 16(10):
55.

Mudduluru G, Ceppi P, Kumarswamy R, et al.
Regulation of Axl receptor tyrosine kinase
expression by miR-34a and miR-199a/b in solid
cancer. Oncogene, 2011; 30(25): 2888-99.

Kim NH, Kim HS, Li XY, et al. A p53/miRNA-34
axis regulates Snaill-dependent cancer cell
epithelial-mesenchymal transition. J Cell Biol, 2011;
195(3): 417-33.

Jeon HS, Lee SY, Lee EJ, et al. Combining
microRNA-449a/b with a HDAC inhibitor has a
synergistic effect on growth arrest in lung cancer.
Lung Cancer, 2011; 304: 521-530.

Calin GA, Dumitru CD, Shimizu M, et al. Frequent
deletions and down-regulation of micro-RNA genes
miR15 and miR16 at 13g14 in chronic lymphocytic
leukemia. Proc Natl Acad Sci U S A, 2002; 99(24):
15524-9.

Zhu W, Xu H, Zhu D, et al. miR-200bc/429 cluster
modulates multidrug resistance of human cancer cell
lines by targeting BCL2 and  XIAP.
Cancer Chemother Pharmacol, 2011; 69(3): 1752-3.
Cho WC, Chow AS, Au JS. MiR-145 inhibits cell
proliferation of human lung adenocarcinoma by
targeting EGFR and NUDT1. RNA Biol, 2011; 8(1):
125-31.

Chen Z, Zeng H, Guo Y, et al. miRNA-145 inhibits
non-small cell lung cancer cell proliferation by
targeting c-Myc. J Exp Clin Cancer Res, 2010; 29:
151.

Yin R, Zhang S, Wu Y, et al. microRNA-
145suppresses lung adenocarcinoma initiating cell
proliferation by targeting OCT4. Oncol Rep, 2011,
25(6): 1747-54.

Kefas B, Godlewski J, Comeau L, et al. microRNA-
7 inhibits the epidermal growth factor receptor and
the Aktpathway and is down-regulated in
glioblastoma. Cancer Res, 2008; 68(10): 3566-72.
Xiong S, Zheng Y, Jiang P, et al. MicroRNA-7
inhibits the growth of human non-small cell lung
cancer A549 cells through targeting BCL-2. Int J
Biol Sci, 2011; 7(6): 805-14.

Chou YT, Lin HH, Lien YC, et al. EGFR promotes
lung tumorigenesis by activating miR-7through a
Ras/ERK/Myc pathway that targets the Ets2
transcriptional repressor ERF. Cancer Res, 2010;
70(21): 8822-31.

Melkamu T, Zhang X, Tan J, et al. Alteration of
microRNA expression in vinyl carbamate-induced
mouse lung tumors and modulation by the
chemopreventive agent indole-3-carbinol.
Carcinogenesis, 2010; 31(2): 252-8.

Xi S, Yang M, Tao VY, et al. Cigarette smoke induces
C/EBP-beta-mediated activation of miR-31 in
normalhuman respiratory epithelia and lung cancer
cells. Plos One, 2010; 5(10): e13764.

www.ejbps.com

192.

193.

194.

195.

196.

197.

198.

199.

200.

201.

202.

203.

204.

205.

206.

European Journal of Biomedical and Pharmaceutical Sciences

Liu X, Sempere LF, Ouyang H, et al. MicroRNA-31
functions as an oncogenic microRNA in mouse and
human lung cancer cells by repressing specific
tumor suppressors. J Clin Invest, 2010; 120(4):
1298-309.

Valastyan S, Chang A, Benaich N, et al. Activation
of miR-31 function in already established metastases
elicits metastatic regression. Genes Dev, 2011;
25(6): 646-59.

Valastyan S, Chang A, Benaich N, et al. Concurrent
suppression of integrin alpha5, radixin, and RhoA
phenocopies the effects of miR-31 on metastasis.
Cancer Res, 2010; 70(12): 5147-54.

Nishida N, Mimori K, Fabbri M, et al. MicroRNA-
125a-5p is an independent prognostic factor in
gastric cancer and inhibits the proliferation of
human gastric cancer cells in combination with
trastuzumab. Clin Cancer Res, 2011; 17(9): 2725-
33.

Cortez MA, Nicoloso MS, Shimizu M, et al. miR-
29b and miR-125a regulate podoplanin and suppress
invasion in glioblastoma. Genes Chromosomes
Cancer, 2010; 49(11): 981-90.

Zhang Y, Gao JS, Tang X,et al. MicroRNA125a and
its regulation of the p53 tumor suppressor gene.
FEBS Lett, 2009; 583(22): 3725-30.

Le MT, Teh C, Shyh-Chang N, et al. MicroRNA-
125b is a novel negative regulator of p53. Genes
Dev, 2009; 23(7): 862-76.

Qiu T, Zhou L, Wang T, et al. miR-503 regulates the
resistance of non-small cell lung cancer cells to
cisplatin by targeting Bcl-2. Int J Mol Med, 2013;
32(3): 593-8.

Zhou L, Qiu T, Xu J,et al. miR-135a/b modulate
cisplatin resistance of human lung cancer cell line by
targeting MCL1. Pathol Oncol Res, 2013; 19(4):
677-83.

Dong Z, Zhong Z, Yang L, et al. MicroRNA-31
inhibits cisplatin-induced apoptosis in non-small cell
lung cancer cells by regulating the drug transporter
ABCB0. Cancer Lett, 2014; 343(2): 249-57.

Zhao Z, Zhang L, Yao Q, et al. miR-15b regulates
cisplatin resistance and metastasis by targeting
PEBP4 in human lung adenocarcinoma cells. Cancer
Gene Ther, 2015; 22(3): 108-14.

Janssens S, Tinel A, Lippens S, et al. PIDD mediates
NF-kappaB activation in response to DNA damage.
Cell, 2005; 123: 1079-92.

Arora H, Qureshi R, Jin S, Park AK, et al. miR-9
and let-7g enhance the sensitivity to ionizing
radiation by suppression of NFkB1. Exp Mol Med,
2011; 43: 298-304.

Salim H, Akbar NS, Zong D, et al. MiRNA-214
modulates radiotherapy response of non-small cell
lung cancer cells through regulation of p38MAPK,
apoptosis and senescence. Br J Cancer, 2012;
107(8): 1361-73.

Grosso S, Doyen J, Parks SK, et al. MiR-210
promotes a hypoxic phenotype and increases

288


https://www.ncbi.nlm.nih.gov/pubmed/?term=A+p53%2FmiRNA-34+axis+regulates+Snail1-dependent+cancer+cell+epithelial-mesenchymal+transition.
https://www.ncbi.nlm.nih.gov/pubmed/?term=Frequent+deletions+and+down-regulation+of+micro-RNA+genes+miR15+and+miR16+at+13q14+in+chronic+lymphocytic+leukemia.
https://www.ncbi.nlm.nih.gov/pubmed/?term=miR-200bc%2F429+clustermodulates+multidrug+resistance+of+human+cancer+cell+lines+by+targeting+BCL2+and+XIAP.
https://www.ncbi.nlm.nih.gov/pubmed/?term=miRNA-145+inhibits+non-small+cell+lung+cancer+cell+proliferation+by+targeting+c-Myc.
https://www.ncbi.nlm.nih.gov/pubmed/21479367
https://www.ncbi.nlm.nih.gov/pubmed/?term=MicroRNA-7+inhibits+the+growth+of+human+non-small+cell+lung+cancer+A549+cells+through+targeting+BCL-2.
https://www.ncbi.nlm.nih.gov/pubmed/?term=MicroRNA-7+inhibits+the+growth+of+human+non-small+cell+lung+cancer+A549+cells+through+targeting+BCL-2.
https://www.ncbi.nlm.nih.gov/pubmed/?term=MicroRNA-31+functions+as+an+oncogenic+microRNA+in+mouse+and+human+lung+cancer+cells+byrepressing+specific+tumor+suppressors.
https://www.ncbi.nlm.nih.gov/pubmed/21406558
https://www.ncbi.nlm.nih.gov/pubmed/?term=Fabbri+M%2Cet+al.MicroRNA-125a-5p+is+an+independent+prognostic+factor+in+gastric+cancer+and+inhibitsthe+proliferation+of+human+gastric+cancer+cells+in+combination+with+trastuzumab.
https://www.ncbi.nlm.nih.gov/pubmed/?term=miR-503+regulates+the+resistance+of+non-small+cell+lung+cancer+cells+to+cisplatin+by+targeting+Bcl-2.
https://www.ncbi.nlm.nih.gov/pubmed/?term=miR-135a%2Fbmodulate+cisplatin+resistance+of+human+lung+cancer+cell+line+by+targeting+MCL1.
https://www.ncbi.nlm.nih.gov/pubmed/?term=.+miR-15b+regulates+cisplatin+resistance+and+metastasis+bytargeting+PEBP4+in+human+lung+adenocarcinoma+cells.
https://www.ncbi.nlm.nih.gov/pubmed/?term=.+miR-15b+regulates+cisplatin+resistance+and+metastasis+bytargeting+PEBP4+in+human+lung+adenocarcinoma+cells.
https://www.ncbi.nlm.nih.gov/pubmed/?term=miR-9+and+let-7g+enhance+the+sensitivity+toionizing+radiation+by+suppression+of+NF%CE%BAB1.

Bhattacharjee et al.

207.

208.

209.

210.

211

212.

213.

214,

215.

216.

217.

218.

219.

220.

221.

radioresistance in human lung cancer cell lines. Cell
Death Dis, 2013; 4: e544.

Schetter A.J, Okayama H, and Harris C.C. The Role
of microRNAs in Colorectal Cancer. Cancer J, 2012;
18(3): 244-252.

Wang H, Wu J,Meng X, Ying X, Zuo Y, et al.
MicroRNA-342 inhibits colorectal cancer cell
proliferation and invasion by directly targeting DNA
methyltransferase 1. Carcinogenesis, 2011; 32(7):
1033-1042.

209.Yamakuchi, M., Ferlito, M., and Lowenstein,
C.J. miR-34a repression of SIRT1 regulates
apoptosis. Proc Natl Acad Sci U S A, 2008; 105:
13421-13426.

Liu M, Chen H. and Genet J. The role of
microRNASs in colorectal cancer. Cancer J, 2010; 37:
347-358.

Asangani IA, Rasheed SA, Nikolova DA, Leupold

JH, et al. MicroRNA-21 (miR-21) post-
transcriptionally downregulates tumor
suppressorPdcd4  and  stimulates invasion,

intravasation and metastasis in colorectal cancer.
Oncogene, 2008; 27(15): 2128-2136.

Lu Z, Liu M, Stribinskis V, Klinge CM, Ramos KS,
et al. MicroRNA-21 promotes cell transformation by
targeting the programmed cell death 4gene.
Oncogene, 2008; 27(31): 4373-4379.

Meng F, Henson R, Wehbe-Janek H, et al.
MicroRNA-21 regulates expression of the PTEN
tumor suppressor gene in human hepatocellular
cancer. Gastroenterology, 2007; 133(2): 647-658.
Wang P, Zhang X, Li H, Dulak A, et al. microRNA-
21 negatively regulates Cdc25A and cell cycle
progression in colon cancer cells. Cancer Res. 2009;
69(20): 8157-8165.

Gabriely G, Wourdinger T, Kesari S, et al.
MicroRNA 21 promotes glioma invasion by
targeting matrix metalloproteinase regulators. 1. Mol
Cell Biol, 2008; 28(17): 5369-5380.

Zhu S, Wu H, Wu F, et al. MicroRNA-21 targets
tumor suppressor genes in invasion and metastasis.
Cell Res, 2008; 18(3): 350-359.

Fujita S, Si ML, Wu H, et al. miR-21 Gene
expression triggered by AP-1 is sustained through a
double-negative. J Biol Mol, 2008; 378(3): 492-504.
Zhu S, Si ML, Wu H, et al. MicroRNA-21 Targets
the Tumor Suppressor Gene Tropomyosin 1
(TPM1). J Biol Chem, 2007; 282(19): 14328-14336.
Sayed D, Rane S, Lypowy J, et al. MicroRNA-21
targets Sprouty2 and promotes cellular outgrowths.
Mol Biol Cell, 2008; 19(8): 3272—-3282.

Cottonham CL, Kaneko S,and Xu L. miR-21 and
miR-31 converge on TIAM1 to regulate migration
and invasion of colon carcinoma cells. J Biol Chem,
2010; 285(46): 35293-35302.

Liu M, Tang Q, Qiu M, et al. miR-21 targets the
tumor suppressor RhoB and regulates proliferation,
invasion and apoptosis in colorectal cancer cells.
FEBS Lett, 2011; 585(19): 2998—3005.

www.ejbps.com

222.

223.

224,

225.

226.

227.

228.

229.

230.

231.

232.

233.

234.

235.

European Journal of Biomedical and Pharmaceutical Sciences

Baraniskin A, Birkenkamp-Demtroder K, Maghnouj
A, et al. MiR-30a-5p suppresses tumor growth in
colon carcinoma by targeting DTL. Carcinogenesis,
2012; 606: 415-435.

Braun CJ, Savelyeva I, Wolff S, et al. p53-
Responsive micrornas 192 and 215 are capable of
inducing cell cycle arrest. Cancer Res, 2008; 68(24):
10094-10104.

Wu J, Wu G, Lv L, et al. MicroRNA-34a inhibits
migration and invasion of colon cancer cells via
targeting toFra-1. Carcinogenesis, 2012; 33(3): 519-
28.

Liu X, Zhang Z, Sun L, et al. MicroRNA-499-5p
promotes cellular invasion and tumor metastasis in
colorectal cancer by targeting FOX0O4 and PDCD4.
Carcinogenesis, 2011; 32(12): 1798-1805.

Tsang WP, Ng EK, Ng SS, et al. Oncofetal H19-
derived miR-675 regulates tumor suppressor RB in
human colorectal cancer. Carcinogenesis, 2010;
31(3): 350-358.

Nie J, Liu L, Zheng W, et al. microRNA-365, down-
regulated in colon cancer, inhibits cell cycle
progression and promotes apoptosis of colon cancer
cells by probably targeting Cyclin D1 and Bcl-2.
Carcinogenesis, 2012; 33(1): 220-225.

Ding Q, Hsu JL, Li LY, et al. APOBEC3G promotes
liver metastasis in an orthotopic mouse model of
colorectal cancer and predicts human hepatic
metastasis. J Clin Invest, 2011; 121(11): 4526-4536.
Huang Z, Liang L,Ni S, et al. MicroRNA-95
promotes cell proliferation and targets sorting Nexin
1 in human colorectal carcinoma. Cancer Res, 2011;
71(7): 2582-2589.

Schetter AJ, Leung SY, Sohn JJ, et al. MicroRNA
expression profiles associated with prognosis and
therapeutic outcome in colon adenocarcinoma.
JAMA, 2008; 299(4): 425-436.

Takeshita F, Patrawala L, Osaki M, et al. Systemic
delivery of synthetic microRNA-16 inhibits the
growth of metastatic prostate tumors via
downregulation of multiple cell-cycle genes. Stem
Cells, 2010; 18: 181-187.

Fujiwara T, Katsuda T, Hagiwara K, et al. Clinical
relevance and therapeutic  significance  of
microRNA-133a expression profiles and functions
in malignant osteosarcoma-initiating cells, 2014; 32:
959-973.

Noguchi S, Ilwasaki J, Kumazaki M, et al.
Chemically modified synthetic microRNA-205
inhibits the growth of melanoma cells in vitro and in
vivo. Mol. Ther, 2013; 21: 1204-1211.

Takahashi M, Yamada, N, Hatakeyama, H, et al. in
vitro optimization of 2’-ome-4’-thioribonucleoside-
modified anti-microRNA oligonucleotides and its
targeting delivery to mouse liver using a liposomal
nanoparticle. Nucleic Acids Res, 2013; 41: 10659—
10667.

Bader AG, Brown D, Winkler M. The promise of
microRNA replacement therapy. Cancer Res, 2010;
70(18): 7027-30.

289


https://www.ncbi.nlm.nih.gov/pubmed/?term=Wu%20J%5BAuthor%5D&cauthor=true&cauthor_uid=21565830
https://www.ncbi.nlm.nih.gov/pubmed/?term=Meng%20X%5BAuthor%5D&cauthor=true&cauthor_uid=21565830
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ying%20X%5BAuthor%5D&cauthor=true&cauthor_uid=21565830
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zuo%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=21565830
https://www.ncbi.nlm.nih.gov/pubmed/18755897
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rasheed%20SA%5BAuthor%5D&cauthor=true&cauthor_uid=17968323
https://www.ncbi.nlm.nih.gov/pubmed/?term=Nikolova%20DA%5BAuthor%5D&cauthor=true&cauthor_uid=17968323
https://www.ncbi.nlm.nih.gov/pubmed/?term=Leupold%20JH%5BAuthor%5D&cauthor=true&cauthor_uid=17968323
https://www.ncbi.nlm.nih.gov/pubmed/?term=Leupold%20JH%5BAuthor%5D&cauthor=true&cauthor_uid=17968323
https://www.ncbi.nlm.nih.gov/pubmed/?term=Liu%20M%5BAuthor%5D&cauthor=true&cauthor_uid=18372920
https://www.ncbi.nlm.nih.gov/pubmed/?term=Stribinskis%20V%5BAuthor%5D&cauthor=true&cauthor_uid=18372920
https://www.ncbi.nlm.nih.gov/pubmed/?term=Klinge%20CM%5BAuthor%5D&cauthor=true&cauthor_uid=18372920
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ramos%20KS%5BAuthor%5D&cauthor=true&cauthor_uid=18372920
https://www.ncbi.nlm.nih.gov/pubmed/?term=Henson%20R%5BAuthor%5D&cauthor=true&cauthor_uid=17681183
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wehbe-Janek%20H%5BAuthor%5D&cauthor=true&cauthor_uid=17681183
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zhang%20X%5BAuthor%5D&cauthor=true&cauthor_uid=19826040
https://www.ncbi.nlm.nih.gov/pubmed/?term=Li%20H%5BAuthor%5D&cauthor=true&cauthor_uid=19826040
https://www.ncbi.nlm.nih.gov/pubmed/?term=Dulak%20A%5BAuthor%5D&cauthor=true&cauthor_uid=19826040
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wurdinger%20T%5BAuthor%5D&cauthor=true&cauthor_uid=18591254
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kesari%20S%5BAuthor%5D&cauthor=true&cauthor_uid=18591254
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wu%20H%5BAuthor%5D&cauthor=true&cauthor_uid=18270520
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wu%20F%5BAuthor%5D&cauthor=true&cauthor_uid=18270520
https://www.ncbi.nlm.nih.gov/pubmed/?term=Si%20ML%5BAuthor%5D&cauthor=true&cauthor_uid=17363372
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wu%20H%5BAuthor%5D&cauthor=true&cauthor_uid=17363372
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rane%20S%5BAuthor%5D&cauthor=true&cauthor_uid=18508928
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lypowy%20J%5BAuthor%5D&cauthor=true&cauthor_uid=18508928
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tang%20Q%5BAuthor%5D&cauthor=true&cauthor_uid=21872591
https://www.ncbi.nlm.nih.gov/pubmed/?term=Qiu%20M%5BAuthor%5D&cauthor=true&cauthor_uid=21872591
https://www.ncbi.nlm.nih.gov/pubmed/?term=Birkenkamp-Demtroder%20K%5BAuthor%5D&cauthor=true&cauthor_uid=22287560
https://www.ncbi.nlm.nih.gov/pubmed/?term=Maghnouj%20A%5BAuthor%5D&cauthor=true&cauthor_uid=22287560
https://www.ncbi.nlm.nih.gov/pubmed/?term=Maghnouj%20A%5BAuthor%5D&cauthor=true&cauthor_uid=22287560
https://www.ncbi.nlm.nih.gov/pubmed/?term=Savelyeva%20I%5BAuthor%5D&cauthor=true&cauthor_uid=19074875
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wolff%20S%5BAuthor%5D&cauthor=true&cauthor_uid=19074875
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wu%20G%5BAuthor%5D&cauthor=true&cauthor_uid=22198213
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lv%20L%5BAuthor%5D&cauthor=true&cauthor_uid=22198213
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zhang%20Z%5BAuthor%5D&cauthor=true&cauthor_uid=21934092
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sun%20L%5BAuthor%5D&cauthor=true&cauthor_uid=21934092
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ng%20EK%5BAuthor%5D&cauthor=true&cauthor_uid=19926638
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ng%20SS%5BAuthor%5D&cauthor=true&cauthor_uid=19926638
https://www.ncbi.nlm.nih.gov/pubmed/?term=Liu%20L%5BAuthor%5D&cauthor=true&cauthor_uid=22072615
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zheng%20W%5BAuthor%5D&cauthor=true&cauthor_uid=22072615
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hsu%20JL%5BAuthor%5D&cauthor=true&cauthor_uid=21985787
https://www.ncbi.nlm.nih.gov/pubmed/?term=Li%20LY%5BAuthor%5D&cauthor=true&cauthor_uid=21985787
https://www.ncbi.nlm.nih.gov/pubmed/?term=Liang%20L%5BAuthor%5D&cauthor=true&cauthor_uid=21427358
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ni%20S%5BAuthor%5D&cauthor=true&cauthor_uid=21427358
https://www.ncbi.nlm.nih.gov/pubmed/?term=Leung%20SY%5BAuthor%5D&cauthor=true&cauthor_uid=18230780
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sohn%20JJ%5BAuthor%5D&cauthor=true&cauthor_uid=18230780
https://www.ncbi.nlm.nih.gov/pubmed/?term=In+vitro+optimization+of+2%E2%80%99-ome-4%E2%80%99-thioribonucleoside-modified+anti-microRNA+oligonucleotides+and+its+targeting+delivery+to+mouse+liver+using+a+liposomal+nanoparticle.

Bhattacharjee et al. European Journal of Biomedical and Pharmaceutical Sciences

236. Trang P, Medina PP, Wiggins JF, et al. Regression
of murine lung tumors by the let-7 microRNA.
Oncogene, 2009; 29: 1580-7.

237. Wiggins JF, Ruffino L, Kelnar K, et al
Development of a lung cancer therapeutic based on
the tumor suppressor microRNA-34. Cancer Res,
2010; 70(14): 5923-30.

238. Elmen J, Lindow M, and Schutz S, et al. LNA-
mediated microRNA silencing in non-human
primates. Nature, 2008; 452(7189): 896-9.

239. Reinhart BJ, Slack FJ, Basson M, et al. The 21-
nucleotide let-7 RNA regulates developmental
timing in Caenorhabditis elegans. Nature, 2000;
403(6772): 901-6.

240. Obad S, dos Santos CO, Petri A, et al. Silencing of
microRNA families by seed-targeting tiny LNAS.
Nat Genet, 2011; 43(4): 371-8.

www.ejbps.com 290


https://www.ncbi.nlm.nih.gov/pubmed/?term=Regression+of+murine+lung+tumors+by+the+let-7+microRNA

