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Abstract: Numerous studies have demonstrated the dynamic cell-to-cell communication mediated by
extracellular vesicles (EV) in cancer cell survival and metastasis development. EV content includes proteins,
lipids, DNA, and RNA like microRNAs. Non-protein coding microRNAs play a very active role in almost
all cellular processes targeting mRINAs for silencing. Different miRINA profiles have been found in different
cancer types, and clarification of miRNAs packed in EV from different types of cancers will allow the
understanding of metastasis and the application of miRNAs as biomolecules in diagnostic, prognostic and
therapeutic approaches to fight cancer. The profound review of Dhondt ez 4/., 2016, provides a wide view of
EV miRNAs involved in various steps of the metastasis process to illustrate how the cancer cell interaction
with the near and long distance microenvironment allows metastasis. These studies will surely conduce
to additional patient studies to prove the relevance of EV miRNAs in metastasis iz vivo. It remains to be
elucidated how the tumoral cell sorts the miRNAs for secretion to send a message, and to well recognize
the type of EV performing this message delivering. It will be very useful to identify whether miRNAs are

delivered with post-transcriptional modifications since this is an important feature for miRNAs activity and

stability.
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Significant amount of information supporting extracellular
vesicle (EV) associated miRNA mediated cell-cell
communication has accumulated along the years (1,2).
Specific miRNA vesicle loading is an important question
to be unveiled due to its implication in tumor cells
communication to near and long distance tissue cells.
There are three types of EV involved in molecules
secretion: microvesicles (MV), exosomes (with different
types of biogenesis pathways, implying different types
of exosomes) and apoptotic bodies. The variety of EV
has emerged the question whether different types of
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vesicles are related to different miRNA loading and
miRNA function in recipient cell. However, from the
studies shown in the profound review of Dhondt er 4l.,
2016, miRNA loaded exosomes are found either from
primary tumors and from metastasis cells, lowering the
possibility that this type of EVs are preferentially secreted
by one or the other type of cell (3). Nevertheless, more
studies discriminating between MV and exosomes and
differentiating between exosomes sizes or types would lead
to more definitive conclusions. The question of miRNA
load selection still remains open. In the same review it is
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shown that some anti-oncomirs are discarded in exosomes
favoring tumoral cell hallmarks as miR-145 (4), miR-146b,
miR-122 (5) and miR-23b (6). It still remains to know
whether miRNAs in these exosomes are active or not,
since recently it has been shown that post-transcriptional
regulation mediates miRNA activity and stability (7). It
is known that total miRNA cell profile differs depending
on the type of cancer cell (8-10). It is interesting to notice
that the majority of studies shown in this review focused
in oncomirs and less in anti-oncomirs analyses, whether
there is a preference of the type of miRNA secreted by
these cancer cells is not known. Therefore, additional
miRNA loaded EV studies in different cancer cell types
will widen the understanding of this cancer progression
mechanism. On the other hand, it is shown in Dhondt
et al.’s review that oncomirs loaded in exosomes of primary
tumors or metastasis cells favor the metastasis process
for example preparing other tissues niches like exosomes
carrying miR-105 secreted by breast metastatic cancer
cells and internalized by endothelial cells (11); favoring
angiogenesis like miR-214 found in exosomes of epithelial
cells (12); inducing migration by miR-409 from cancer
associated fibroblasts in EV (13); stimulating invasion
by mir-105 found in breast cancer cell exosomes (11);
promoting proliferation like miR-429 in hepatocellular
carcinoma (14); potentiating invasive and adhesive
capabilities as miR-210 in brain metastasis competent
cell-derived exosomes (15); triggering epithelial
to mesenchymal transformation by miR-409 from
cancer associated fibroblasts in EV (16) and miR-
221 in extra-hepatic cholangiocarcinoma (17); or
additionally, participating in mesenchymal to epithelial
transition (18). These results direct to the question: how
do cells tag a type of miRNA to be discarded or used
to enhance cancer traits? The study of the mechanisms
responsible of vesicles miRNA specific loading will be
useful to respond this question. If there are proteins or
miRNA post-transcriptional modifications involved in
miRNA sorting is a tentative subject of study. There are
important studies supporting this question. Recently,
Janas er al., 2012, suggested that miRNA sorting could
be explained by contacting of the miRNAs and the
microvesicular body (MVB) membranes due to the
well-known affinity of RNAs to the raft-like membrane
regions (19). Besides this mechanism, secretion of miRNAs
could additionally be more specific. Makarova er al.,
2016 (20) suggested the presence of universal sequence-
specific sorting mechanisms for miRNA loading into EVs

© Annals of Translational Medicine. All rights reserved.

Lépez and Granados-Lopez. EV-associated miRNAs in metastasis

since miRNA repertoires in EVs derived from different
cell types shared a higher similarity than that of EVs
and their corresponding parental cells (21), moreover,
significant differences in intracellular and extravesicular
miRNA profiles reported by several research groups
strengthen this hypothesis (22-28).

Extensive studies have shown that intracellular
and extracellular miRNAs are mainly found bond
to AGO proteins (29-32). However, recent findings
suggest miRNA stabilization can be different as well.
Makarova et al., 2016, revealed that in HeLa cells, the
amount of miRNA is approximately 13 times higher
than the amount of AGO proteins (~200,000 and 15,000
molecules per cell, respectively) (20). Moreover, two
recent studies have reported the discovery of more than
a thousand new human miRNAs (19,33). In addition,
a minor fraction of AGO proteins are associated with
other classes of short RNAs (33,34) which further reduces
the amount of AGOs available for the association with
miRNA. All this information leads to speculate that other
type of miRNA regulation may play a role in the different
processes where miRNAs participate, as it could be
miRNA sorting in EV.

In the same review, it is shown by in silico analyses
that 50-70% of animal and plant miRNAs are able
to form intrinsic secondary structures (hairpins and
homoduplexes) (35,36). Many of these miRNA structures
strongly resembled to anti-tenascin C aptamers (37)
implying that miRNAs may directly modulate protein
activity (36), but also it may imply that miRNAs may
have the ability to bind to different proteins and become
stabilized or be sorted for EV loading. Exosomes studies
have shown that among several pathways of exosome
biogenesis, the ceramide-dependent mechanism is a way
contributing to circulating miRNA release since export
of miRNA outside the cell was impaired upon inhibition
of neutral sphingomyelinase 2 (nSMase2) an enzyme
mediating ceramide biosynthesis (20,38-40). Another way
of miRNAs secretion mediated by ESCRT machinery of
exosome formation seems to be more controversial since in
HEK293 cells, after transient knock-down of the ESCRT-
associated protein ALIX, which regulates ESCRT-dependent
intraluminal vesicle (ILV) formation (41) the levels of miRNA
in conditioned media remained unaltered (42). However,
another study reported that miRNAs activity is an ESCRT
MVB dependent mechanism, suggesting this may be
another way of miRNA secretion (2). Therefore, additional
studies are needed to clarify the types of vesicles mediating
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miRNA export. MiRNA sorting into the MV, the other
type of EVs, is also unclear and it is subject of study (20).
The existence of different ways of secretion may imply the
existence of miRNAs sorting mechanisms for their specific
secretion and could also be linked to the type of function
that miRNAs are performing in recipient cells.

Different protein modifications are implicated in protein
function and fate therefore miRNA modifications can
probably serve as miRNAs sorting. The global localization
of miRNAs in the cell has emerged the idea of multiple
miRNA functions beyond that of gene silencing. It was
strongly thought that miRNA activity was limited to P
bodies (43-45) but it has been recently shown that miRNAs
and miRNA machinery are also found in ER, Golgi
apparatus, lysosomes and endosomes and that miRNAs
are functionally active in ER (46,47). ER is a cell organelle
where protein modifications are carried out (48). The fact
that miRNAs are found very close to these organelles gives
a possibility that post-transcriptional miRNA modifications
may be happening in this place. MicroRNAs are modified
through a series of processing events after transcription
like 5'-end phosphorylation, 3'-end adenylation or
uridylation, and terminal nucleotide deletion (49). The
study of Salzman er a/. showed that miR-34, a tumor-
suppressor miRNA that is important in cell survival and
that is transcriptionally upregulated by p53 in response to
DNA damage is found in a pool of mature miRNA in cells
that lack a 5'-phosphate and is inactive. Following exposure
to a DNA-damaging stimulus, the inactive pool of miR-
34 is rapidly activated through 5'-end phosphorylation in
an ATM- and Clpl-dependent manner, enabling loading
into Ago2. In a different study, it was shown that post-
transcriptional addition of nucleotides to the 3" end of
miRNAs is a mechanism for regulation of miRNA activity.
For example, such modification in plants and C. elegans
influence miRNA stability (49,50). In humans, miR-
122 was shown to be adenylated by the RNA nucleotidyl
transferase GLD-2, which resulted in an increase in the
stability of the miRNA (51). On the other hand, uridylation
of miR-26a had no effect on miRNA stability, but had an
effect on the ability of miR-26a inhibition of its mRNA
target (52). It has been shown that 3" modification of
miRNA is a physiological and common post-transcriptional
event that shows selectivity for specific miRNAs and
is observed across species ranging from C. elegans to
human (53). Thus, miRNA post-transcriptional
modifications are important to this molecule for different
purposes. This or other uncovered modifications may be
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taking place in order to select miRNAs for vesicles sorting.
Concerning miRNA EV loading and release, some studies
have focused on mechanisms involved in miRNA release
from EV to recipient cells. The protein neurophilin 1
has been found implicated in the mechanism of EV and
recipient cell interaction. miRNA EV loading on the other
hand has been less documented (54).

Given that exosomes can be isolated from almost any
cell, are involved in cell-to-cell communication, and
participate in both normal and pathobiological mechanisms,
there have been extensive studies exploiting their use both
as diagnostics and therapeutics (55). For example, exosomes
are used to detect tumors in patients with prostate, breast,
and ovarian cancers (56-58). The naturality of exosomes
to carry nucleic acids, such as DNA, RNA, and miRNAs
to targeted cells, inducing genetic modifications in both
biological and pathogenic processes, exosomes became a
major interest in treatment strategies involving genetic
therapy as drug delivery systems (55). The understanding
of miRNA loading and sorting in EV will strongly improve
the design and efficiency of this potential therapy approach.
The recent revelation that miRNAs activity is modulated
by phosphorylation (7) should be taken in consideration
when designing diagnostic and therapeutic methodologies
for more secure and effective methodologies. MiRNAs
have been extensively reported to be implicated in the
process of drug and radiation resistance, being both
miRNA under or over expression important determinants
of clinical response after cancer therapy (59-62). For
example, Pedroza-Torres er al., 2016 (63) identified 101
miRNAs that showed significant differences between non-
responders and complete pathological responders. Thus
miR-31-3p, miR-3676, miR-125a-5p, miR-100-5p, miR-
125b-5p, miR-200a-5p and miR-342 were significantly
associated with clinical response. Expression of miRNAs
above the median level was a significant predictor of non-
response to standard treatment. Interestingly, it has also
been reported that miRINA expression is affected after radio
and/or chemotherapy (64). MiRNA signatures are currently
being used to study miRNA based cancer prognosis after
conventional therapy. How may this treatment influence
the afflux of EV and miRNA load has not been profoundly
investigated and would provide important information to
the understanding of cancer relapse and the intervention
of EV to this process. Dhondt er 4l.’s review is a very
useful collection of sophisticated information that
clarifies the important function of EV miRNAs in cell-
cell communication in the metastasis process. It provides
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researchers with potential candidates for diagnostic and
prognostic markers and therapeutic targets to fight cancer.
It is a scaffold that will lead researchers to perform new
assays to gain additional reliable EV miRNA data as the
elucidation of the miRNA sorting mechanism to EV
loading that would also clarify the metastasis process and
lead to new anticancer approaches.

Acknowledgements

Funding: The authors want to thank to Consejo Nacional de
Ciencia y Tecnologia (CONACYT)-Ciencia Bisica Grant
No. 177620, Fondo Mixto de Fomento a la Investigacién
Cientifica y Tecnolégica CONACYT-Gobierno del
Estado de Zacatecas (FOMIX-ZACATECAS) Grant No.
203155, and Programa de Mejoramiento del Profesorado
(PROMEP) Grant No. 17192.

Footnote

Conflicts of Interest: The authors have no conflicts of interest
to declare.

References

1. Yang C, Robbins PD. The roles of tumor-derived
exosomes in cancer pathogenesis. Clin Dev Immunol
2011;2011:842849.

2. Gibbings DJ, Ciaudo C, Erhardt M, et al. Multivesicular
bodies associate with components of miRNA effector
complexes and modulate miRNA activity. Nat Cell Biol
2009;11:1143-9.

3. Dhondt B, Rousseau Q, De Wever O, et al. Function of
extracellular vesicle-associated miRNAs in metastasis. Cell
Tissue Res 2016;365:621-41.

4. Boufraqech M, Zhang L, Jain M, et al. miR-145 suppresses
thyroid cancer growth and metastasis and targets AK'T3.
Endocr Relat Cancer 2014;21:517-31.

5. Lee]C, Zhao JT, Gundara ], et al. Papillary thyroid
cancer-derived exosomes contain miRNA-146b and
miRNA-222. J Surg Res 2015;196:39-48.

6. Ostenfeld MS, Jeppesen DK, Laurberg JR, et al. Cellular
disposal of miR23b by RAB27-dependent exosome release
is linked to acquisition of metastatic properties. Cancer
Res 2014;74:5758-71.

7. Salzman DW, Nakamura K, Nallur S, et al. miR-34
activity is modulated through 5'-end phosphorylation in
response to DNA damage. Nat Commun 2016;7:10954.

© Annals of Translational Medicine. All rights reserved.

Lépez and Granados-Lopez. EV-associated miRNAs in metastasis

8. Yang, LiX, Yang Q, et al. The role of microRNA in
human lung squamous cell carcinoma. Cancer Genet
Cytogenet 2010;200:127-33.

9. Volinia S, Calin GA, Liu CG, et al. A microRINA
expression signature of human solid tumors defines cancer
gene targets. Proc Natl Acad Sci U S A 2006;103:2257-61.

10. Israel A, Sharan R, Ruppin E, et al. Increased microRNA
activity in human cancers. PLoS One 2009;4:¢6045.

11. Zhou W, Fong MY, Min Y, et al. Cancer-secreted miR-
105 destroys vascular endothelial barriers to promote
metastasis. Cancer Cell 2014;25:501-15.

12. van Balkom BW, de Jong OG, Smits M, et al. Endothelial
cells require miR-214 to secrete exosomes that suppress
senescence and induce angiogenesis in human and mouse
endothelial cells. Blood 2013;121:3997-4006, S1-15.

13. Josson S, Gururajan M, Sung SY, et al. Stromal fibroblast-
derived miR-409 promotes epithelial-to-mesenchymal
transition and prostate tumorigenesis. Oncogene
2015;34:2690-9.

14. Li L, Tang J, Zhang B, et al. Epigenetic modification of
MiR-429 promotes liver tumour-initiating cell properties
by targeting Rb binding protein 4. Gut 2015;64:156-67.

15. Camacho L, Guerrero P, Marchetti D. MicroRINA and
protein profiling of brain metastasis competent cell-
derived exosomes. PLoS One 2013;8:¢73790.

16. Hanahan D, Weinberg RA. Hallmarks of cancer: the next
generation. Cell 2011;144:646-74.

17. LiJ, Yao L, Li G, et al. miR-221 Promotes Epithelial-
Mesenchymal Transition through Targeting PTEN and
Forms a Positive Feedback Loop with B-catenin/c-Jun
Signaling Pathway in Extra-Hepatic Cholangiocarcinoma.
PLoS One 2015;10:¢0141168.

18. Tsai JH, Yang J. Epithelial-mesenchymal plasticity in
carcinoma metastasis. Genes Dev 2013;27:2192-206.

19. Janas T, Janas MM, Sapon K, et al. Mechanisms of RNA
loading into exosomes. FEBS Lett 2015;589:1391-8.

20. Makarova JA, Shkurnikov MU, Wicklein D, et al.
Intracellular and extracellular microRNNA: An update
on localization and biological role. Prog Histochem
Cytochem 2016;51:33-49.

21. Mittelbrunn M, Gutiérrez-Vazquez C, Villarroya-Beltri
C, et al. Unidirectional transfer of microRINA-loaded
exosomes from T cells to antigen-presenting cells. Nat
Commun 2011;2:282.

22. Kogure T, Lin WL, Yan IK, et al. Intercellular
nanovesicle-mediated microRNA transfer: a mechanism
of environmental modulation of hepatocellular cancer cell
growth. Hepatology 2011;54:1237-48.

atm.amegroups.com Ann Transl Med 2017;5(5):115



Annals of Translational Medicine, Vol 5, No 5 March 2017

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

Guduric-Fuchs J, O'Connor A, Camp B, et al. Selective
extracellular vesicle-mediated export of an overlapping set
of microRNAs from multiple cell types. BMC Genomics
2012;13:357.

Nolte-'t Hoen EN, Buermans HP, Waasdorp M, et al.
Deep sequencing of RNA from immune cell-derived
vesicles uncovers the selective incorporation of small non-
coding RNA biotypes with potential regulatory functions.
Nucleic Acids Res 2012;40:9272-85.

Li CC, Eaton SA, Young PE, et al. Glioma microvesicles
carry selectively packaged coding and non-coding RNNAs
which alter gene expression in recipient cells. RNA Biol
2013;10:1333-44.

Villarroya-Beltri C, Gutiérrez-Vizquez C, Sinchez-Cabo
E et al. Sumoylated hnRNPA2B1 controls the sorting of
miRNAs into exosomes through binding to specific motifs.
Nat Commun 2013;4:2980.

Koppers-Lalic D, Hackenberg M, Bijnsdorp IV, et al.
Nontemplated nucleotide additions distinguish the small
RNA composition in cells from exosomes. Cell Rep
2014;8:1649-58.

Squadrito ML, Baer C, Burdet F, et al. Endogenous RINAs
modulate microRNA sorting to exosomes and transfer to
acceptor cells. Cell Rep 2014;8:1432-46.

O'Carroll D, Mecklenbrauker I, Das PP, et al. A Slicer-
independent role for Argonaute 2 in hematopoiesis and the
microRNA pathway. Genes Dev 2007;21:1999-2004.
Winter J, Diederichs S. Argonaute proteins regulate
microRNA stability: Increased microRNA abundance

by Argonaute proteins is due to microRNA stabilization.
RNA Biol 2011;8:1149-57.

Wang D, Zhang Z, O'Loughlin E, et al. Quantitative
functions of Argonaute proteins in mammalian
development. Genes Dev 2012;26:693-704.

Zamudio JR, Kelly TJ, Sharp PA. Argonaute-bound small
RNAs from promoter-proximal RNA polymerase II. Cell
2014;156:920-34.

Londin E, Loher P, Telonis AG, et al. Analysis of 13 cell
types reveals evidence for the expression of numerous
novel primate- and tissue-specific microRNAs. Proc Natl
Acad Sci U S A 2015;112:E1106-15.

Burroughs AM, Ando Y, de Hoon MJ, et al. Deep-
sequencing of human Argonaute-associated small

RNAs provides insight into miRNA sorting and reveals
Argonaute association with RNA fragments of diverse
origin. RNA Biol 2011;8:158-77.

Maiti M, Nauwelaerts K, Lescrinier E, et al. Self-
complementary sequence context in mature miRNAs.

© Annals of Translational Medicine. All rights reserved.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

atm.amegroups.com

Page 5 of 6

Biochem Biophys Res Commun 2010;392:572-6.

Belter A, Gudanis D, Rolle K, et al. Mature miRNAs form
secondary structure, which suggests their function beyond
RISC. PLoS One 2014;9:e113848.

Hicke BJ, Marion C, Chang YEF, et al. Tenascin-C aptamers
are generated using tumor cells and purified protein. ] Biol
Chem 2001;276:48644-54.

Kowal J, Tkach M, Théry C. Biogenesis and secretion of
exosomes. Curr Opin Cell Biol 2014;29:116-25.

Kosaka N, Iguchi H, Yoshioka Y, et al. Secretory
mechanisms and intercellular transfer of microRNAs in
living cells. J Biol Chem 2010;285:17442-52.

Kubota S, Chiba M, Watanabe M, et al. Secretion of
small/microRNAs including miR-638 into extracellular
spaces by sphingomyelin phosphodiesterase 3. Oncol Rep
2015;33:67-73.

Falguieres T, Luyet PP, Bissig C, et al. In vitro budding of
intralumenal vesicles into late endosomes is regulated by
Alix and Tsg101. Mol Biol Cell 2008;19:4942-55.

Kosaka N, Iguchi H, Ochiya T. Circulating microRNA in
body fluid: a new potential biomarker for cancer diagnosis
and prognosis. Cancer Sci 2010;101:2087-92.

Liu J, Valencia-Sanchez MA, Hannon GJ, et al.
MicroRNA-dependent localization of targeted mRNAs to
mammalian P-bodies. Nat Cell Biol 2005;7:719-23.
Jakymiw A, Lian S, Eystathioy T, et al. Disruption of GW
bodies impairs mammalian RNA interference. Nat Cell
Biol 2005;7:1267-74.

Rossi JJ. RNAi and the P-body connection. Nat Cell Biol
2005;7:643-4.

Stalder L, Heusermann W, Sokol L, et al. The rough
endoplasmatic reticulum is a central nucleation site of siRINA-
mediated RNA silencing. EMBO J 2013;32:1115-27.
Barman B, Bhattacharyya SN. mRNA Targeting

to Endoplasmic Reticulum Precedes Ago Protein
Interaction and MicroRNA (miRNA)-mediated
Translation Repression in Mammalian Cells. ] Biol Chem
2015;290:24650-6.

Schwarz DS, Blower MD. The endoplasmic reticulum:
structure, function and response to cellular signaling. Cell
Mol Life Sci 2016;73:79-94.

Khan N, Mironov G, Berezovski MV. Direct detection of
endogenous MicroRINAs and their post-transcriptional
modifications in cancer serum by capillary electrophoresis-
mass spectrometry. Anal Bioanal Chem 2016;408:2891-9.
Ramachandran V, Chen X. Degradation of microRNAs

by a family of exoribonucleases in Arabidopsis. Science
2008;321:1490-2.

Ann Transl Med 2017;5(5):115



Page 6 of 6

51.

52.

53.

54.

55.

56.

57.

Katoh T, Sakaguchi Y, Miyauchi K, et al. Selective
stabilization of mammalian microRNAs by 3" adenylation
mediated by the cytoplasmic poly(A) polymerase GLD-2.
Genes Dev 2009;23:433-8.

Jones MR, Quinton L], Blahna MT, et al. Zcchel 1-
dependent uridylation of microRNA directs cytokine
expression. Nat Cell Biol 2009;11:1157-63.

Wyman SK, Knouf EC, Parkin RK; et al. Post-
transcriptional generation of miRNA variants by

multiple nucleotidyl transferases contributes to miRINA
transcriptome complexity. Genome Res 2011;21:1450-61.
Prud'homme GJ, Glinka Y, Lichner Z, et al. Neuropilin-1
is a receptor for extracellular miRNA and AGO2/miRNA
complexes and mediates the internalization of miRINAs
that modulate cell function. Oncotarget 2016;7:68057-71.
Ha D, Yang N, Nadithe V. Exosomes as therapeutic drug
carriers and delivery vehicles across biological membranes:
current perspectives and future challenges. Acta Pharm Sin
B 2016;6:287-96.

Nilsson J, Skog J, Nordstrand A, et al. Prostate cancer-
derived urine exosomes: a novel approach to biomarkers
for prostate cancer. Br J Cancer 2009;100:1603-7.
Corcoran C, Friel AM, Duffy MJ, et al. Intracellular and
extracellular microRINAs in breast cancer. Clin Chem

Cite this article as: Lopez JA, Granados-Lopez AJ. Future

directions of extracellular vesicle-associated miRNAs in
metastasis. Ann Transl Med 2017;5(5):115. doi: 10.21037/
atm.2017.01.26

© Annals of Translational Medicine. All rights reserved.

Lépez and Granados-Lopez. EV-associated miRNAs in metastasis

58.

59.

60.

61.

62.

63.

64.

atm.amegroups.com

2011;57:18-32.

LiJ, Sherman-Baust CA, Tsai-Turton M, et al. Claudin-
containing exosomes in the peripheral circulation of
women with ovarian cancer. BMC Cancer 2009;9:244.
How C, Pintilie M, Bruce JP, et al. Developing a
prognostic micro-RNA signature for human cervical
carcinoma. PLoS One 2015;10:e¢0123946.

Zhang B, Chen J, Ren Z, et al. A specific miRNA signature
promotes radioresistance of human cervical cancer cells.
Cancer Cell Int 2013;13:118.

LiJ, Ping Z, Ning H. MiR-218 impairs tumor growth and
increases chemo-sensitivity to cisplatin in cervical cancer.
IntJ Mol Sci 2012;13:16053-64.

Hu X, Schwarz JK, Lewis JS Jr, et al. A microRNA
expression signature for cervical cancer prognosis. Cancer
Res 2010;70:1441-8.

Pedroza-Torres A, Fernandez-Retana J, Peralta-Zaragoza
O, et al. A microRNA expression signature for clinical
response in locally advanced cervical cancer. Gynecol
Oncol 2016;142:557-65.

Phuah NH, In LL, Azmi MN, et al. Alterations of
microRINA expression patterns in human cervical
carcinoma cells (Ca Ski) toward 1'S-1'"-acetoxychavicol
acetate and cisplatin. Reprod Sci 2013;20:567-78.

Ann Transl Med 2017;5(5):115



