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Abstract Involvement of micro RNAs (miRNA) is currently
the focus for cancer studies as they effect the post transcrip-
tional expression of different genes. Let-7 family is among the
firstly discovered miRNAs that play important role in cell
proliferation and dysregulation leading to cell based diseases
including cancer. Another family, miRNA-200 prevents trans-
formation of cell to malignant form and tumor formation by
interacting with epidermal mesenchymal transition (EMT).
Similarly miRNA-125 controls apoptosis and proliferation
by affecting multiple genes involved in transcription, immu-
nological defense, resistance against viral and bacterial infec-
tions that ultimately leads to cell proliferation, metastasis and
finally cancer. All of these micro RNAs are known to be either
upregulated or downregulated in various cancers. Current re-
view is focused to elaborate the role of these three families of
micro RNAs on different genes that ultimately cause cancer.
In conclusion we can say that the miRNAs discussed here are
mostly downregulated in various cancers with some excep-
tions when upregulation of miRNA-125 may be attributed to
cancer formation.
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MicroRNAs (miRNA) are small non-coding, single stranded
RNAs of about 20-25 nucleotides. They are generated from
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the primary microRNA transcript (pri-microRNA) which has
many miRNAs. These primary miRNA transcripts are pro-
duced by RNA polymerase I, as separate transcriptional units
or embedded within the introns of protein coding genes. In
nucleus primary transcript is trimmed by the microprocessor
complex containing the RNase III enzyme Drosha which is
than exported to the cytoplasm by exportin 5. In the cytoplasm
other protein complexes including DICER and TRBP further
trim the pre-miRNA to produce the single-stranded mature
miRNA, which subsequently incorporates into the RNA in-
duced silencing complex (RISC). RISC bounded miRNA at-
taches with complementary RNA resulting in translational
repression or mRNA degradation. These non coding RNAs
were first studied in C. elegans in 1993 [1] and function in the
regulation of several cellular processes, including cell differ-
entiation, proliferation, apoptosis and metabolic homeostasis
[2]. Deregulation of these small miRNAs lead to cancer and
these may act as oncogene or tumor suppressor genes. Three
of the most deregulated miRNAs belong to family of miRNA
let-7, miRNA-200 and miRNA-125, which are frequently mu-
tated in different cancers.

miRNA Let-7 Family

Let-7 miRNAs family was first discovered in nematodes and
have 13 members located on nine different chromosomes.
They are believed to be involved in controlling the timing of
stem cell division, differentiation and proliferation. Therefore
they play an important role in cell dependent diseases like
cancer. It has been found in different researches that they are
frequently downregulated in bladder, breast, colorectal, cervi-
cal, endometrium, head & neck, lung, ovary, prostate and
renal cancers. These micro RNAs may act as therapeutic op-
tion for cancer treatment. They act as a regulator of normal cell
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differentiation and proliferation and inhibit the growth of tu-
mor cells. The levels of let-7 are crucial for development of
cell and they act directly on Ras genes via LIN28 [3]. Let-7
and LIN28 both have an inhibitory effect on each other but in
embryonic cells let-7 also inhibits IL-6 that results in high
levels of NFKB. NFKB along with c-Myc stimulates LIN28
creating higher levels of LIN28 in the cells. This increase in
LIN28 leads to a marked decrease in let-7. At the same time
Myec gene also inhibits let-7. Reduced levels of let-7 results in
increased levels of RAS leading to cell proliferation (Fig. 1).
On the other hand, in differentiating mature cells miRNA-125
and miRNA-200 inhibit LIN28 and this decrease in LIN28
leads to increased levels of let-7 causing further inhibition of
LIN28. Highest levels of let-7 lead to decreased production of
RAS gene and cause cell cycle, angiogenesis and cell adhe-
sion to increase. Therefore under normal conditions miRNA
let-7 act as tumor supressor gene and inhibit the activation of
oncogenes that may lead to cancer cell formation. Let-7 also
repress HMGA?2 gene that is only present in embryonic tissue
but undetectable in mature tissue [4]. Lower levels of let-7
leads to higher levels of HMGAZ2, more proliferation of cells
which results in cancer cell formation.

Let-7 has been found to be downregulated in lung cancer
patients as shown in many studies. It has also been found that
post-operative survival time in patients is directly correlated
with levels of let-7. Lung cancer patients with lower levels of
let-7 survived for less time compared with high levels of let-7
patients. It is known that RAS genes control many signaling
pathways and is upregulated in lung cancer. Previous work
shows that let-7 directly control cell proliferation by negative-
ly regulating RAS genes [5]. It was shown that down regula-
tion of let 7 family members like let-7a, let-7c and let-7 g in
lung cancer play an important role in the suppression of RAS

Fig. 1 Action of miRNA-let7 on
embryonic and mature cells

Differentiating mature cells

protein [6]. Let-7 represses the expression by targetting the
3’UTR of RAS genes. Few members of the let-7 family are
also found to be upregulated in lung cancer. For example, Let-
7a-3 is methylated in normal lung tissue but its epigenetic
activation leads to lung cancer initiation, ultimately let-7a-3
is upregulated in lung cancer tissues [7].

Let-7 has active role in breast cancer. Let-7a, let-7c, let-7d,
let-7e, let-7f, let-7 g, let-71 has been found to be upregulated
and let-7b is down regulated in case of breast cancer. Less
differentiated cells lack let-7 and were reported to have more
advanced stage of cancer [8]. Vice versa highly differentiated
cells have higher levels of miRNA let-7 and less advance
stage of cancer. It has been shown in a study that administra-
tion of let-7 is effective against breast cancer. Let —7 target
many genes like ANG, CCND1-2, CDC25A, CDK4, CDK6,
CYP19A1, DNA Polymerases, E2F5-6, ESR1, ESR2,
FGF11, FGFR, GRB2, HMG2, IGF1, IGFRI1, IL6, ITGB3,
MAPK4-6, MMP2, MMPS, MYC, RAS, RBI1, SKP2,
TGFB, TGFBR, TP53, HMGA2 and H-RAS [9]. Breast tu-
mor initiating cells (BTIC) show reduced expression of let-7
and its expressional levels increased with cellular differentia-
tion [10]. In vivo administration of let-7 in BTIC resulted in
less cell proliferation and metastasis, whereas silencing of let-
7 in non-tumor initiating cells leads to increased ability to self-
renewal. This study also proved that let-7 could be novel
treatment option for breast cancer due to its effect on self-
renewal ability of cancer cells. RAF inhibitory kinase protien
(RIKP) is a tumor suppressor gene, that control breast cancer
by targeting G protein coupled receptor kinase-2, NF-KB and
MAPK signaling cascade [11]. RIKP is repressed by let-7
signaling in metastasis of breast cancer [12]. Reduced expres-
sional levels of MAPK leads to low levels of LIN28 transcrip-
tion and finally to decreased expression of let-7 targets.
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Therefore from these researches it became evident that lower
levels of let-7 results in tumor suppressing effect of RKIP [13]
whereas its upregulation causes reduced expression of
HMGAZ2 which is associated with metastasis of breast cancer
cells. Let-7 also exerts its effect through another pathway in-
volving estrogen receptor alpha (ER alpha). Decreased levels
of'let-7 family members lead to increased ER alpha expression
and consequently increased cell proliferation and decreased
apoptosis [14]. Further studies on the molecular mechanisms
behind let-7 activity in cancer would improve treatment plans
for therapeutic applications of breast cancer.

miRNA-200

The human miR-200 family entails two paralogous clusters:
miR-200a, miR-200b, and miR-429 located on chromosome
1p36 and miR-200c and miR-141 located on chromosome
12p13. Further division of these clusters is centered on the
nucleotides 2—7 seed region, with miR-200b, 200c, and 429
grouped into one and miR-200a and 141 into other cluster.
The variation between both clusters is only due to the nucle-
otide (U to C) at fourth position in the seed region [15]. miR-
200bc/429 cluster modulates multidrug resistance of human
cancer cell lines [16]. miR-200 family members also form a
double negative feedback loop with transcription factors of the
ZEB protein family, which controls the epithelial mesencymal
transition (EMT) in tumorigenesis.

Urinary miR-200 family levels are repressed in patients
with bladder cancer [17]. miR-200c exhibits weak expression
in invasive tumors owing to promoter hypermethylation in
comparison to non-invasive ones [18]. miR-200c/141 cluster
is upregulated in bladder cancer. Consistently, microarray
based comparison of miRNA expression pattern by Wiklund
et al. (2011) in both invasive and superficial bladder tumors
with normal urothelia also showed that miR-200c was upreg-
ulated in the bladder tumors as compared to normal
urothelium [18]. In a microarray based miRNA study of tu-
mors from ten bladder cancers and corresponding lymph node
metastases, miR-200c along with other miR-200 family mem-
bers were found to be downregulated [19]. Study and compar-
ison of several bladder cancer cell lines displayed interdepen-
dence amongst epithelial phenotypes and high expression of
miR-200b and miR-200c. miR-200c is majorly involved in
epithelial-to-mesenchymal transition (EMT) in bladder cancer
cells while loss of its expression has been linked to disease
progression and poor outcome in patients carrying T1 stage
bladder tumor [18]. Examination of human urothelial cells has
also confirmed that methylation of miR-200b genes could
serve as bladder cancer biomarker [20].

Decreased expression of miRNAs of the miR-200 family
has been implicated in the growth and metastasis of breast
cancer cells [21]. miR-200 regulates multifunctional

phosphoglucose isomerase, which in turn mediates EMT,
while silencing of miR-200 by ZEB1 via KISS1 stalling leads
to augmented invasiveness of cancer cells [22]. miR-200c also
regulates numerous EMT-related processes, curbs movement
and breast cancer cell invasion by targeting actin-regulatory
proteins PPM1F and FHOD1. miR-200 has been demonstrat-
ed to limit breast cancer metastasis in syngeneic mouse tumors
via a moesin-dependent pathway [23]. miR-141 correlates
positively with estrogen receptor, while miR-200c correlates
negatively with HER2. This implies the dissimilar role of
these miR-200 family members in different breast cancer
sub types. miR-200c along with some other miRNAs is a
potential biomarker for circulating tumor cell status analysis
in metastatic breast cancer patients [24]. miR-200 levels in
low amount have also been related to decreased survival while
high expression levels proved beneficial in radiotherapy. Chen
et al. (2013) reported downregulation of miR-200c¢ in patients
that do not respond to neoadjuvant chemotherapy as com-
pared to the responsive ones [25].

PCR-based miRNA assay revealed tumor suppressor miR-
200a to be considerably linked with overall patient survival
[26] and expression profile of HeLa cells transfected with
miR-200a proved that it could govern cancer phenotype by
amending metastasis routes in cervical carcinoma [27].

miR-200 family is up-regulated in endometrial
endometroid carcinomas [5]. Repression of miR-200 family
results in EMT induction and high levels of miR-200c¢ are
related to poor survival. miR-200c hence, serves as a prognos-
tic marker of overall survival in endometrial cancer [28].

miR-200c and other miR-200 family members modulate
EMT and metastasis in the colon [19] with epigenetically reg-
ulated expression. High levels of miR-200a and miR-200c are
associated with increased survival in colorectal cancer pa-
tients. miR-429 levels are directly allied to increased and
disease-free survival [29]. Plasma and serum miR-200c levels
canalso function as potential biomarkers for colorectal cancer
prognosis/screening and predicting metastasis [30].

Expression of miR-200c in the metastatic lymph node area
of head and neck squamous cell carcinoma tissues de-
creases. It also plays an important role in the regulation
of stemness and EMT in head and neck tumor cells
[31], but promoter hypermethylation of miR-200c tar-
gets (Zebl/Zeb2) mask regulation of EMT and cell mi-
gration (Fig. 2) [32].

Tellez and colleagues (2011) reported that decreased miR-
200 is primary indication of lung cancer as expression of miR-
200 modifies the tumor microenvironment to impede the pro-
cesses of EMT and metastasis in reaction to extracellular sig-
nals [33]. miR-200 family is responsible for metastasis pre-
vention and invasion in lung cancers [34]. High expression of
tumor miR-200c has also been associated with poor prognosis
and disrupted miR-200b expression with reversed
chemoresistance in lung cancer patients [35].
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Fig. 2 Tumor suppressive signatures of miR-200. a MiR-200 inhibits EMT by interacting with ZEB1/2 and the Notch pathway. b MiR-200 represses
self-renewal and differentiation in CSCs. ¢ MiR-200 is involved in the regulation of cell division and apoptosis [62]

miR-200 family members exhibit enhanced expression in
ovarian cancer but are negligibly expressed at normal ovarian
surface cells with expression critical to transition of benign to
endometriosis-associated ovarian cancer [36]. Sequence vari-
ation among seed and non-seed regions of miR-200 family
members is correlated with variation in the ability to induce
mesenchymal-epithelial transition (MET) and drug sensitivity
in ovarian cancer cells [37]. miR-200a, miR-200b and miR-
200c overexpression can stimulate tumor development and
may serve as markers to prophesize the patient survival and
as therapeutic targets.

miR-200 controls EMT to MET and vice versa in prostate
cancer metastasis is accompanied by elevated expression
levels of the miR-200 family in case of MET. Cell invasion
and G-protein Subunit-13 expression is regulated by miR-
200a in prostate cancer cells. Plasma levels of miR-200c have
been recognized as prospective biomarkers of contained pros-
tate cancer distinction from metastatic castration resistant
prostate cancer [38]. miR-200-family expression is low in
renal cell carcinoma compared to non-cancerous tissues.
This family is responsible for tumor suppression in renal cell
carcinoma and when matched to its complementary proximal
tubular epithelial kidney cells, appear dysregulated in renal
cell cancer. miR-141 functions as a crucial manager of renal
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cell carcinoma metastasis and propagation by expression reg-
ulation of EphA2 [39].

miRNA-125 Family

MicroRNA 125 family consist of miR-125a, miR-125b-1 and
miR-125b-2, which generate same products of discrete genes.
MiRNA 125 family have been known to associate with differ-
ent carcinomas and other diseases as either repressor or promot-
er. MiR-125a is located at 19q13, while miR-125b is confirmed
to be transcribed from two loci located on chromosomes 11923
(hsa-miR-125b-1) and 21q21 (hsa-miR-125b-2) [40].

Relationship between microRNA and malignant tumors
had been explored widely and associated with diverse proper-
ties of different cancers types. MicroRNA-125, more impor-
tantly miRNA-125b in several cancer types have oncogenic
potential caught up in down regulation of anti-apoptotic pro-
teins. In this review role of miRNA-125 in different cancers
was evaluated.

Study by Jiang and co-workers revealed that type 2 endome-
trial carcinoma were found to have higher tumorogenesis level
when transfected with miRNA-125b in mice as compared to
negative controls which indicated that upregulation of miRNA-
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125b promotes proliferation of disease [41]. Another group re-
ported that miRNA-125a was downregulated in endometrioid
endometrial carcinoma [42]. Translation of ERBB2 (proto onco-
gene) was inhibited by overexpression of miRNA-125 in
endometeriod endometrial cancer. Over-expression of miR-
125b in HECIB cells inhibited in endometeriod endometrial
cancer invasion and this inhibitory effect on HEC1B cells could
be restored by miR-125b knock down [43].

In case of colorectal cancer high miR-125b expression
group showed a greater incidence of advanced tumor size
and tumor invasion compared to the low miR-125b expression
group. MicroRNA-125b directly targets 3" UTRs of Human
p53 mRNAs along with its downregulating molecule p21
resulting in the reduced apoptosis and allowing tumor pro-
gression by inhibiting the activity of p53 [44]. In several other
cancers over expression of miRNA-125 have tumor
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aggravating potential like in pancreatic cancer, prostate can-
cer, etc. According to Chen et al. (2013), miRNA-125 family
acts as tumor suppressor in colorectal cancer but its target are
not yet discovered [25]. Altered expression of miRNA-125b is
directly related to colorectal cancer with brain metastasis. It
was also confirmed from other studies that microRNAs were
involved in tumor invasion and metastasis [45].
Transcription factor like TP53 engages with a variety of
cancers including head and neck carcinomas, when activated
leads to cell cycle arrest or apoptosis. Mitra et al. (2014) re-
ported that miRNA-125b upregulation in head and neck can-
cer resulted in repression of TP53 leading to antiapoptosis
[46]. Unusual activity of miRNA-125b was studied by
Nakanishi et al. (2014) that expression of miRNA-125b-1
was suppressed in head and neck cancers, hyper methylation
of its promoter was observed along with the finding that it

o

NSCLC

Bmf

p53

L/ e
.".)\ne or

Y BOL2
— CBFB

Hematopoiwetic
tumors

Gastric cancer

(3

Follicular cancer

I unmethylated CpG ?molmml CpO | transcrptionsl stan ste

@ Springer



712

N. Masood, A. Yasmin

regulates the extracellular signal-regulated kinase (ERK)—
MAPK (mitogen-activated protein kinase) signalling pathway
[47]. Decreased expression cause overexpression of gene
TACSTD2 (36kD glycoprotein). This protein is overexpressed
at late stages of epithelial carcinomas with low-to-no expression
in normal tissues [47].

In prostrate cancer miRNA-125b behaves like onco-
miRNA as it increases the cell proliferation and halts apopto-
sis. Relationship between androgen and miRNA was found in
prostrate cancer that is an androgen-responsive element regu-
lates miRNA-125b present within the promoter of the miR-
125b-2 gene [48]. Upregulation of miRNA-125b resulted in
androgen independent growth in prostrate cancer cells and
apoptosis was inhibited by targeting apoptotic pathways like
BAKI1, BBC3, and p53. Amir et al. (2013) deliberated
miRNA-125b target P53 dependent and independent apopto-
sis in prostate cancer [49]. In dependent pathway miRNA-
125b interfere with P53 and its target genes P21 and Puma
while in P53 independent process apoptosis was induced via
the protein product of the ink4a/ARF locus, p14 (ARF).

Unique expression of miRNA-125 had been discovered in
lung carcinomas. In some instances it acts as tumor suppressor
and in other as oncogene by targeting different genes and
pathways. Changed expression of miRNA-125b effect
MTAT1 which functions in regulating the persistent phenotype
of lung cancer. Jiang, 2010 reported that hsa-miR-125a-3p and
hsa-miR-125a-5p were downregulated in non-small cell lung
cancer (NSCLC) but they have inverse relationship in migra-
tion and invasion of lung cancer cells [50]. According to the
study miRNA-125a-5p act as tumor suppressor in lung cancer
and was activated by the EGFR (growth factor) activation.
Moreover negative correlation was found between miRNA-
125a-5p and lung cancer metastasis which had inhibitory ef-
fect on cell proliferation, angiogenesis, cell motility, and inva-
sion. According to another study miRNA-125a-5p was down-
regulated in lung cancer by activating p53 pathway that in-
duces apoptosis [51].

MicroRNA-125 also has tumor suppressive activities in dif-
ferent cancers including breast, ovarian and bladder cancer [52].
One of the studies showed that in breast cancers, expression of
miRNA-125a was inversely related with the HuR (a stress in-
duced RNA binding protein). In normal cases expression of
HuR is high in different cancers. Overexpression of miRNA-
125a translationally downregulate HuR resulted in inhibition of
cell growth and rates of apoptosis were increased [53]. miRNA
both 125a and 125b were downregulated in breast cancer by
mediating ERBB2 and ERBB3 pathway or by targeting ETS1
gene, hence showed tumor suppressive function [54].

Bladder cancer was suppressed by miRNA-125b by
targeting E2F3 and it initiates apoptosis and inhibit cell prolif-
eration [55]. Ichimi et al. (2009) reported the downregulation of
miRNA-125b, which causes the suppression of bladder cancer.
Genes downregulated in miRNA-125b were also identified as
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KRT7, S100A14, WWOX and LEPREI [56]. miRNA-125b
was downregulated in bladder urothelial carcinomas so can be
used as potential biomarker for treatment of cancer [57].

miRNA-125b is overexpressed in cervical cancer and tar-
get phosphoinositide 3-kinase catalytic subunit delta
(PI3K/Akt/mTOR) signaling pathway that lead to decreased
cell proliferation, apoptosis and suppression of tumor growth.
A study was conducted with small cell carcinoma of the cervix
(SCCC) which revealed that patients having advanced SCCC
had miRNA-125b in suppressed state. Suppression of
miRNA-125b had the propensity for poor prognosis as con-
firmed after Kaplan-Meier survival curves [55].

miRNA-125 exhibited dual role in renal cell cancer (onco-
gene as well as tumor suppressor). miRNA-125b can be used as
biomarker in renal cell carcinomas as it was suppressed by
downregulation of miRNA-125b [58]. According to one of
the study overexpression of miRNA-125 led to the progression
of renal clear cell carcinoma [59]. Another study reported that
4EBPI1 pathway was targeted by miRNA-125b and miRNA-
125a-5p, which resulted in progressive renal cell carcinoma.

In ovarian cancer miRNA-125b-1 also act as a diagnostic
tool and biomarker for cure of ovarian cancer [47].
Downregulation of miRNA-125-b was supposed to be due
to either somatic mutations or due to presence of mutations
in the enzymes Dicer or Drosha. In 39% of ovarian cancer
tissues analysed, decrease of 60 and 51% in the levels of
Dicer and Drosha mRNAs respectively were recorded [60].
In human ovarian cancer cells EGFR pathway leading to tran-
scriptional repression of a miRNA through an ETS factor was
found to be conserved. miRNA regulation by growth factor
signalling represents an additional way of regulating tumor
progression. ARIDB3B a novel pathway of regulation of
mesenchymal-to-epithelial transition by miR-125a in ovarian
cancer was identified in mouse [61]. The repression of miR-
125a releases ARID3B promoting a mesenchymal phenotype
and contributing to disease progression.

Controversial functions of miR-125 had been studied in
different cancers (Fig. 3). In some cases it act as tumor sup-
pressor, reducing tumor proliferation and metastasis by
targeting/ downregulating oncogenes and in other scenario it
has tumor enhancing property by altering the apoptotic path-
ways. Same is the case with the widely studied member of
family miR-125, miR-125b which is also a double edge
miRNA. With the extensive study of miR-125 target genes
of this family has been identified, which give insight into the
exact role of this microRNA in cellular processes that are
related with the cancer diagnosis and treatment. Aberrant ex-
pression of miRNA-125 in different cancers allows utilizing
these microRNAs as biomarker for early diagnosis of cancers
and other diseases.

In conclusion this review showed that let-7 family of micro
RNAs are downregulated and are primarily involving LIN28
and starting a cascade of reactions leading to cancer. Down
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regulation of miRNA-200 affects the genes that control tran-
sition of epithelial to mesenchymal cells, whereas, abnormal
expression of miRNA-125 leads to cancer by exerting its neg-
ative role on many genes leading to loss of apoptosis and cell
proliferation.
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