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Abstract

. . . . Keywords
MicroRNAs are small endogenous single-stranded non-protein-coding RNAs that often act y

as negative gene regulators at post-transcriptional level. These molecules actively participate microRNA (miRNA), Non-
in a wide variety of cellular events, and are involved in pathogenesis of different

malignancies, e.g. lung cancer. With a heterogeneous nature, non-small cell lung cancer small cell lung cancer

comprises more than 80% of lung cancer cases. As of recent, expression profile of non- (NSCLC), Diagnosis
protein-coding RNAs have been considered in various normal and morbid tissues, and ’ ’
possible roles of microRNAs in gene regulation have been speculated. Functionally, a Prognosis,

growing body of evidence categorizes these molecules as “oncomiRs” and ‘“‘tumor
suppressive  RNAs.” Through high through-put screening of genome, it has been
demonstrated that the expression pattern of specific microRNAs is associated with the
outcome of non-small cell lung cancer. Furthermore, quantitative gene expression
assessment has revealed that microRNAs with a high expression level in the normal lung
often become down-regulated in lung tumors, indicating their possible role as tumor
suppressive microRNAs. On the contrary, another group of microRNAs was found to be up-
regulated in lung cancer tissues, hence, the name “oncomiR”. In this article, we will have a
review on introduction, synthesis, and processing of microRNAs, and their importance in
normal and abnormal cells, normal and cancerous lung tissue, and mechanisms involved in
expression dysregulations, function, definition methods, and ultimately, application of these
molecules as biomarker in clinic.
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! Serial Analysis of Gene Expression (SAGE)
2 Next-generation Sequencing (NGS)

3 Immunoprecipitation (IP)

4 Computational Analysis

3 Tiling Path Arrays (TPA)

¢ Oligonucleotide-based Arrays

7 Sequencing

8 Deep Sequencing
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3 Formalin-fixed Paraffin-embedded (FFPE)

4 Fresh Frozen (FF)

5 Real-time Polymerase Chain Reaction (PCR)
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! Stage I

2 Retinoblastoma (RB) gene

3 Angiogenesis

4 Thrombospondin-1 (TSP-1): A trombostatic factor that
suppress the tumor growth by inhibition of
neovascularization

http://rjms.iums.ac.ir



https://rjms.iums.ac.ir/article-1-6090-en.html

[ Downloaded from rjms.iums.ac.ir on 2025-11-10]

RIS e (5olipiing pennie k300 ol GiaI5
5 Sl;. (VY$) 55— miR-138 L.y ERCCI

o LeRNA g, o i VY Jlw [0 o Lo
A50,S w,» Cisplatin a4 pglie AS49 Jslu (s09,
4 pylie sla Jglw TeSa il 3 a s o il o g
Sl ol 8l cels amir-513a-3p L Cisplatin
miR-513a-3p &8ly ;0.09-5 0 g)l0 sl au v ol
O o=l ami 0 GSTPL 5 —iols o tas ccl
GoauS wais Joole a5 cenl cou 3l (goaiiSaS
(VYY) o4 Cisplatin 4 Cueglin
LaRNA; Seo s ] ligions 3 ccomiznas
Dl sz B iE g5l 4 Cwglie § Gl o
miR-181a Lo l;-8l' L Cisplatin o Cowlus
ol ol sk 5l ol A cnglin 5 ol L e
Sl g = gl (VYA) 595 oo 0lowl miR-630
Slee U ol poe L Gefitinib b leyo Jlooy i
sl as” Jl> 0 .(AY) ojls bLs I miR-128b Lo
9,00 4 Cowlus Let-7a g miR-134 miR-137 )Ly
A2 o Liali8l ol as slagls 5l g leds ol
Baedan nle,s (saie) o (glaalllas T30 .(VYR)
Oz o plnil Ol 5 (6,58 Lawgs 4 ol
PLGA L oo slasan ool &l,3650 5l andllas ol o
J925 5 colan gl wiog SIRNA (g4l> a5 PEG
A=y 5 gou—iiS o sL—2SIRNA  _olais|
ool (Slb s gloJshs 73l pasls o357 S JBLS
33 3lee b (35 Ol 45 09 ol 5l (St bt s
A o 03650 (goaisS il o by sla Jolo
o1 GSIRNA (o> Lais a5 s by slo Jolos
G0 wline gaddllas .(VY+) 0g a8l yuals wiogs
adllas cpl )5 .28)5 el Gl Sen 5 Sl by 55
9,08 g3l> a5 "PEG 4 "PLGA L ;o] &l,34L 5
O, S v ook (leys gl wisg Cisplatin
oo OlySlas ol lis alols bl .ol solaiu!
3,5 b glb s slo ok ,o of5T Cisplatin Sle o
dm975 g Salaa i g 55l (il (goome D35S

4 Transfect

3 target Therapy

¢ Telomerase

7 Poly (Lactic-co-glycolic Acid) (PLGA)
8 Polyethylene Glycol (PEG)

http://rjms.iums.ac.ir

OSen g gllgynd 48,

5 pbae losgtw ) Sgisl U5 (28 o 5l el
P5-dse Jbwlie 5 o2led (Jlowiiljom Jlin! Jlas
miR-200 3 miR-145 Lo olall deasl -l 5.b
) ol ;o oz Gloys Jelse lpie & Wil o0
miR- Lo« aBlisle;l Lyl s 0 (VYY) o9, 5 @
sladslo )3 ()5 ad g (exrle 9d 2l 5129
T a5l o 51 4y Sl
a2y hB i Slaw 5 aals DNA og e
S gedlied Jaolge (lgse 4 LaRNA S
OhlSer g Lo VeV e Jw ;0 (VYT 40V) il oo
Ol sl S 53— b ImiR-9 4 5 o Sols L
s anlllas Uy o oo stisbin ialil Gl E oy jp0lS
plosl Slidod (Gl gl (S350 sladoe 59,
ealS el miR-9 7 _zals oo a5 ols jlas sus
099 S SLeyses soill 5 0al s, S
(OVV0) wlo o Bl s
o A Ceoglde o ouiS a4 (cloRNA 5, S
L ohlew Glm waz lag)ls i o8 yde o oo
Erlotinib ¢ Gefitinib , 1 « pls> JsSgo 59
O—zed 9 EGFR (g Lo sloo 509 61—
EMLA-ALK .S 56 b slo 9095 sl Crizotinib
e Glayd o by by e S
5 Cisplatin .05 ,.5 o )1, 8 le,o oo T 5
o2, 5 Lacdlgzol ST Ll .l Carboplatin
A Cnglio aipo oo JSii 1) alfas sl Sleyo
CnSls Sl oS sl g Sl St S Platin
Obles 5l )l 59 lem S8 00 aslol g (e
558 O & Cueglie SlapuilSio aSLl L o9 oo
aS 59, o Joix! g Sloois aslil H9tu
o Coglie )3 Joo b)) (ool5 SLRNAS S
3 ohlSen g Wang oS o ppdais |y Laglo oyl
1, RNAG, S VF gl Lo YoV L
oo, o Cisplatin ay pglie g4, by sl Jolw
A b gla Jolow Ly aslie 0 AS49 Jsl
Cisplatin 4y S v Jolw .250,5° 5155 Cisplatin
Lo MIR-138 a8 wisls o )l YU Copuslis

! E-cadherin (E-cad)
2 Knock down
3 Platin-based

AR K :\>j>'- AR QJLA.«; YV 09> lsjlj bsl.ilH ,ng.l:nl:g.n


https://rjms.iums.ac.ir/article-1-6090-en.html

[ Downloaded from rjms.iums.ac.ir on 2025-11-10]

sty oy > BRNA S,

2 i Olpil Jlisl b was sloig; cnl Jb e
s g Calin LUlys il yan ol slacdly s,
e Jae S 55 50,5 o 1, U (ol i 550
AT )y Sl @ 4y @ adly jloubio slogidle
—055LS hpgie—d Olg L Sen 5 =
as slasol sl L sad 2ol (gal Siigsllin
5 SIRNA _olais] Jog g coloa &lp ) 5,909
cclh aS Wo S Ak 65, slajbwlio 4 mIRNA
Oz S,y lS T3l ol jeegs o2 les g 00, 2als
Syt Eeel i Ban JoSTge (G00isS oty o 59!
Cdin C.:l.u Lol ‘w‘ AW )95..\.0 Lngu""ﬂ) MLM.}
5 0leon (Sl (sotes St Gy @ Lo D38
] T.:’;ilaﬂ G:l_;)h.,.cl 9 0= s aasls
YL ol b ol Jles ks anae sla s,
b e bLs )l Gy 5l o ayl RNA o)
slo S ol 2lwlid 6l (gl p g
oy 528 cMRNA L RISC-MiRNA _uSLeS
otz Lo eSl ogzg ey (Je (VF1) wil e
—op Stz 3 ol e b sl bl
‘_s_.mﬁ.o ‘SLQJJ._O A ddoxe LSB)M 6‘)" Let-7 LS.US
20,5 0 pll Sz o8 e sla Sl 4 (o
@l MIR-122 CecisSIsT glag5eloiSs cas >
L sla ilaesl pgs L8 50 € cslba loyo

Wl plool aalllas ol o a5 asl> jgp0 4 axgi b
3 ot i (lgmie 4 wiles o LoRNA § S
4z gi 3590 o) Ol il galaiz slapusilse
ol8 Loy &5 LRNA S S50 O jle 40 . 05,.5 )18
Aol )0 A0S 1,8 Bue flaie 4 50 vg5 aly
b Jsge pl 0, 8les 5 Lo lie o Jloliae Ol s
A, ol dlex 3l cendau glail byl ccls wilgs o
LaRNA o ololils 5 iS ol Jlosol 4y 090
Diloee Sl ]y ) olb e S5 G5l

19 High throughput sequencing

A4 sl 5 F o les TV o555 15l iy Db js gl alan

N Slargin o s p Ape slaRNA 3 S

5 Blige dy Gl 53 e Sloyo lahs; alex
Lo sy ol ol S'e) (and, iy slais,lous
S5 Tl b Syspe Sge 40 5T Gleyd s
=l poaSa, b w ey 0055
OLA)O ‘..\45_.»69 ool Uw d)l—“‘“" 64“‘5)—"“""
Sl 9095 a bogr o SLISS L jlocadle (slajlinbie
Se2l Sy Syl gy i 035 (sladsl
A gl cogdle a0l ol y Cronl f@u;ﬁé
Ll 5l ohlen (50 ol P03s 0 Sleyasin
9 099 S by )lzd Ay g 00l ddeo s (Sloydg
5 05 OYY VYY) gl o b9, (nl (o8l 2)lse
;> miR-31 Ly as sl o glasdlas b ol San
Sle o9y dm Gl 4SSl 5o (s Lo oo
miR-31 )Ly edais 09,5 pl .ol oo Giol38l caslosls
siails o s DNA (gooisS pons slacyy L |,
o8l as wssls lid 5o ) Kee g wlaayg (VYF)
A Cowlas @) Glb s Jsbo o0, jolet-7 )l
d)&_wo 6‘)% @.‘) @L’P sloulow )“ §oloss

il Gialegl 5 ey o o BRNAS Seo o
s RNAG S Lo pogSLil 0 )15 Jols oo, (0
RNA,, o Lo ou—als S =55 slaJsge
5 S s 5 Youh S slangal S5y
sazme ol Ly Gialidl sl Mg ngsiol sloysiS's
g Culaa (Jlio glm 0yl 092y Slolpal o aie;
s 050 Jowe 4 Sl ys GRNA solais! g
5 B e S, djlinlie b eds] sl pass i
yo dod Giali8l Jolts mly slo ) 5l (5l ol

! Radiotherapy

2 Chemotherapy

3 Surgery

4 Superior vena cava

5 Heterogene

¢ DNA repairing genes

7 Locked Nucleic Acids (LNA)
8 Adenoviral vectors
 Modification

http://rjms.iums.ac.ir



https://rjms.iums.ac.ir/article-1-6090-en.html

[ Downloaded from rjms.iums.ac.ir on 2025-11-10]

References

1. Ruby JG, Jan CH, Bartel DP. Intronic microRNA
precursors that bypass Drosha processing. Nature.
2007;448(7149):83-6

2. Ambros V, Bartel B, Bartel DP, Burge CB,
Carrington JC, Chen X, et al. A uniform system for
microRNA annotation. RNA. 2003;9(3):277-9.

3. http://microrna.sanger.ac.uk./

4. Rebecca L. Siegel, Kimberly D. Miller, Jemal A.
Cancer Statistics, 2020. CA: Cancer J Clin.
2020;70:7-30

5. Sheervalilou R, Khamaneh AM, Sharifi A,
Nazemiyeh M, Taghizadieh A, Ansarin K, et al.
Using miR-10b, miR-1 and miR-30a expression
profiles of bronchoalveolar lavage and sputum for
early detection of non-small cell lung cancer. Biomed
Pharmacother. 2017;88:1173-82

6. Herbst R, Heymach JV, Lippman SM. Lung
Cancer. N Engl J Med. 2008;359(13):1367-80

7. Wang Q, Diao Y, Xu RIMGM. Tumorigenesis
and molecular therapy of lung cancer. PUMP. 2008;
433-525.

8. Panani AD, Roussos C. Cytogenetic and
molecular aspects of lung cancer. Cancer Lett.
2006;239(1):1-9.

9. Wang QZ, Xu W, Habib N, Xu R. Potential uses
of microRNA in lung cancer diagnosis, prognosis,
and therapy. Curr Cancer Drug Targets.
2009;9(4):572-94.

10. Field R, Smith B, Platz C, Robinson R,
Neuberger J, Brus C, et al. Lung cancer histologic
type in the surveillance, epidemiology, and end
results registry versus independent review. JNCI.
2004;96(14):1105-7.

11. Sheervalilou R, Ansarin K, Fekri Aval S,
Shirvaliloo S, Pilehvar-soltanahmadi Y,
Mohammadian M, et al. An update on sputum
MicroRNAs in lung cancer diagnosis. Diagn
Cytopathol. 2016;44(5): 442-9.

12. Stang A, Pohlabeln H, Miller KM, Jahn I,
Giersiepen K, Jockel K-H. Diagnostic agreement in
the histopathological evaluation of lung cancer tissue
in a population-based case-control study. Lung
Cancer. 2006;52(1):29-36.

13. Herbst RS, SM L. Molecular Signatures of
Lung Cancer -Toward Personalized Therapy. N Engl
J Med. 2007;356(1):76.

14. Zhang B, Pan X, Cobb GP, Anderson TA.
microRNAs as oncogenes and tumor suppressors.
Dev biol. 2007;302(1):1-12.

15. Kent O, Mendell J. A small piece in the cancer
puzzle: microRNAs as tumor suppressors and
oncogenes. Oncogene. 2006;25(46):6188-96.

16. V. Narry K, Jin-Wu N. Genomics of
microRNA. Trends Genet. 2006;22(3):165-73.

17. Ender C, Meister G. Argonaute proteins at a
glance. J Cell Sci. 2010;123(11):1819-23.

http://rjms.iums.ac.ir

Sen g gllg e 4.8,

40 LaRNAy, S gu LS o5 13 slaans o
Lo s-Sge 0l g ot LSl & o390 slaail b
ol gl jo xS S oSl plsie &
sl Sldlas 5l Jol> uls wlaid 3 )18 ax>g5 0,90
30 LaRNA ¢, S a5 0SS o 0nlb |y gob90 o
L 5 Oloyo d sl (S Tt 05095 (el
ol il opdle Al (oS i ) lens
3 e G slmosgs nlod ool Lo JoSse
ol Kol olo QU5 525 9 ) e Sl jges8
Lol b gloazdl il 1) 4y, (ol cansoy Cilisee
9 Sy oy 4 0 P BB sl iy e s
ohles oleys 5 saeid ml, o, bl ol
o aejls Jlo e 50 g 009 ) b 4 Mt
95— S glwog I 10 O js—asS Sl sllae
il Sarmy Sl sl

ool o Sy,
Olyie 4 asilys oo LS & (JsSge (ngh Lol
a pleyd 5 pais @l laghy, b JeSe slave
sl g 4L, A5 S oy 5 S S5ty
Al s 5 3 e SlS sla S, ol
2O P e Sd iy 50 Ol 4 igd gk
081,08 1, LSl ) 5 Sgo slopailie L)
S5 ol 6Nl elsl 9,8 8 45 05l e
D98 olayd 5 (plulid g Sbye (o5 4 pazis
S 0, Sgy dn ey 2lad Sae é—% 5°
&5 ol s g o ol o il M pasd
s,y  first line screening test” xlaw )5 0,8 o
35549y (0550 )BT loye Bua 5550 5 0ud
“Lab- 4 “Point-of-Care” sou> sleolSass LS o
4 bl Jlal zals 4 Jbls &S on-Chip”
@S ollem 395 lolid 5 6 Sy (ol
Sl )0 5 ol d by 5 Sloyd slaghy, e
5 olail b aals g (S CodS pSeir ()|

AS oo ol Sy,

! “Personalized Medicine”
2 “Target Therapy”

1744 :\>j>'- AR QJLA.«; YV 09> Ejlj bSI.iIH ,ng.l:nl:g.n


https://rjms.iums.ac.ir/article-1-6090-en.html

[ Downloaded from rjms.iums.ac.ir on 2025-11-10]

sty oy > BRNA S,

18. Sheervalilou R, Shirvaliloo S, Fekri Aval S,
Khamaneh AM, Sharifi A, Ansarin K, et al. A new
insight on reciprocal relationship between microRNA
expression and epigenetic modifications in human
lung cancer. Tumor Biol.
2017;39(5):101042831769503.

19. Guo H, Ingolia NT, Weissman JS, Bartel DP.
Mammalian microRNAs predominantly act to
decrease target mRNA levels. Nature.
2010;466(7308):835-40.

20. avis-Dusenbery BN, Hata A. Mechanisms of
control of microRNA biogenesis. J Biochem.
2010;148(4):381-92.

21. Volinia S, Calin GA, Liu CG, Ambs S,
Cimmino A, Petrocca F, et al. A microRNA
expression signature of human solid tumors defines
cancer gene targets. PANS. 2006;103(7):2257-61.

22. Yanaihara N, Caplen N, Bowman E, Seike M,
Kumamoto K, Yi M, et al. Unique microRNA
molecular profiles in lung cancer diagnosis and
prognosis. Cancer Cell. 2006;9(3):189-9.

23. Calin GA, Croce CM. MicroRNA signatures in
human cancers. Nat rev cancer. 2006;6(11):857-66.

24. Volinia S, Calin GA, Liu C-G, Ambs S,
Cimmino A, Petrocca F, et al. A microRNA
expression signature of human solid tumors defines
cancer gene targets. PNAS USA. 2006;103(7):2257-
61.

25. http://www.ambion.com/techlib/tn/121/4.html.

26. Calin GA, Dumitru CD, Shimizu M, Bichi R,
Zupo S, Noch E, et al. Frequent deletions and down-
regulation of micro-RNA genes miR15 and miR16 at
13ql4 in chronic lymphocytic leukemia. PANS.
2002;99(24):15524-9.

27. Calin GA, Sevignani C, Dumitru CD, Hyslop T,
Noch E, Yendamuri S, et al. Human microRNA
genes are frequently located at fragile sites and
genomic regions involved in cancers. PANS.
2004;101(9):2999-3004.

28. Zhang L, Huang J, Yang N, Greshock J,
Megraw MS, Giannakakis A, et al. microRNAs
exhibit high frequency genomic alterations in human
cancer. PANS. 2006;103(24):9136-41.

29. Baskerville S, Bartel DP. Microarray profiling
of microRNAs reveals frequent coexpression with
neighboring miRNAs and host genes. RNA.
2005;11(3):241-7.

30. Ota A, Tagawa H, Karnan S, Tsuzuki S, Karpas
A, Kira S, et al. Identification and characterization of
a novel gene, C13o0rf25, as a target for 13q31-q32
amplification in malignant lymphoma .Cancer Res.
2004;64(9):3087-95.

31.Mao G, Liu Y, Fang X, Liu Y, Fang L, Lin L, et
al.  Tumor-derived  microRNA-494  promotes
angiogenesis in non-small cell lung cancer.
Angiogenesis. 2015;18:373-82.

32. Ohdaira H, Sekiguchi M, Miyata K, K Y.
MicroRNA-494 suppresses cell proliferation and

WA ls 5 ¥ o jles YV 0,55 15l) g Db ogle alan

VY

induces senescence in A549 lung cancer cells. Cell
Prolif. 2012;45:32-8.

33. Lin X, Yang Z, Zhang P, Liu Y, Shao G. miR-
154 inhibits migration and invasion of human non-
small cell lung cancer by targeting ZEB2 .Oncol Lett.
2016;12(1):301-6.

34. Yuan Y, Du W, Wang Y, Xu C, Wang J, Zhang
Y, et al. Suppression of AKT expression by miR-153
produced anti-tumor activity in lung cancer. Int J
Cancer. 2015;136:1333-40.

35. Cao W, Ribeiro RO, Liu D, Saintigny P, Xia R,
Xue Y, et al. EZH2 promotes malignant behaviors
via cell cycle dysregulation and its mRNA level
associates with prognosis of patient with non-small
cell lung cancer. PLoS One. 2012; 7: €52984.

36. Lei YM, Zu YF, Wang J, Bai S, Shi YF, Shi R,
et al. Interleukin-1beta-mediated suppression of
microRNA-101 and upregulation of enhancer of zeste
homolog 2 is involved in particle-induced lung
cancer. Med Oncol. 2015;32:387.

37. Johnson CD, Esquela-Kerscher A, Stefani G,
Byrom M, Kelnar K, Ovcharenko D, et al. The let-7
microRNA represses cell proliferation pathways in
human cells. Cancer Res. 2007;67:7713-122.

38. Wang X, Cao L, Wang Y, Wang X, LiuN, Y Y.
Regulation of let-7 and its target oncogenes
(Review). Oncol Lett. 2012;3(5): 955-960.

39. Halappanavar S, Nikota J, Wu D, Williams A,
Yauk CL, M S. IL-1 receptor regulates microRNA-
135b expression in a negative feedback mechanism
during cigarette smoke-induced inflammation. J
Immunol. 2013;190(7): 3679-86.

40. Zang YS, Zhong YF, Fang Z, Li B, J A. MiR-
155 inhibits the sensitivity of lung cancer cells to
cisplatin via negative regulation of Apaf-1
expression. Cancer Gene Ther. 2012;19: 773-8.

41.Lv X, Yao L, Zhang J, Han P, C L. Inhibition of
microRNA-155 sensitizes lung cancer cells to
irradiation via suppression of HK2-modulated
glucose metabolism. Mol Med Rep. 2016;14:1332-8.

42. Takeyama Y, Sato M, Horio M, Hase T,
Yoshida K, Yokoyama T, et al. Knockdown of
ZEBI, a master epithelial-to-mesenchymal transition
(EMT) gene, suppresses anchorage-independent cell
growth of lung cancer «cells. Cancer Lett.
1010;296:216-24.

43, Tellez CS, Juri DE, Do K, Bernauer AM,
Thomas CL, Damiani LA, et al. EMT and stem cell-
like properties associated with miR-205 and miR-200
epigenetic silencing are early manifestations during
carcinogen-induced transformation of human lung
epithelial cells. Cancer Res. 2011;71:3087-97.

44, Kumamoto T, Seki N, Mataki H, Mizuno K,
Kamikawaji K, Samukawa T, et al. Regulation of
TPD52 by antitumor microRNA-218 suppresses
cancer cell migration and invasion in lung squamous
cell carcinoma. Int J Oncol. 2016;49:1870-80.

45. Shi ZM, Wang L, Shen H, Jiang CF, Ge X, Li

http://rjms.iums.ac.ir


https://rjms.iums.ac.ir/article-1-6090-en.html

[ Downloaded from rjms.iums.ac.ir on 2025-11-10]

DM, et al. Downregulation of miR-218 contributes to
epithelialmesenchymal  transition and  tumor
metastasis in lung cancer by targeting Slug/ZEB2
signaling. Oncogene. 2017;36:2577-88.

46. Xi S, Xu H, Shan J, Tao Y, Hong JA, Inchauste
S, et al. Cigarette smoke mediates epigenetic
repression of miR-487b  during pulmonary
carcinogenesis. J Clin Invest. 2013;123:1241-61.

47. Xue X, Liu Y, Wang Y, Meng M, Wang K,
Zang X, et al. MiR-21 and MiR-155 promote non-
small cell lung cancer progression by downregulating
SOCS1, SOCS6, and PTEN. Oncotarget.
2016;7(51):84508.

48. He X, Chen S-y, Yang Z, Zhang J, Wang W,
Liu M-y, et al. miR-4317 suppresses non-small cell
lung cancer (NSCLC) by targeting fibroblast growth
factor 9 (FGF9) and cyclin D2 (CCND2). J Exp Clin
Cancer Res. 2018;37(1)230.

49. Castro D, Moreira M, Gouveia AM, Pozza DH,
De Mello RA. MicroRNAs in lung cancer.
Oncotarget. 2017;8(46):81679.

50. Calin GA, Sevignani C, Dumitru CD, Hyslop T,
Noch E, Yendamuri S, et al. Human microRNA
genes are frequently located at fragile sites and
genomic regions involved in cancers. PANS USA.
2004;101(9):2999-3004.

51. Osada H, Takahashi T. let-7 and miR-17-92:
small-sized major players in lung cancer
development. Cancer Sci. 2011;102(1):9-17.

52. Hayashita Y, Osada H, Tatematsu Y, Yamada
H, Yanagisawa K, Tomida S, et al. A polycistronic
microRNA cluster, miR-17-92, is overexpressed in
human lung cancers and enhances cell proliferation.
Cancer Res. 2005;65(21).

53. Diederichs S, Haber DA. Sequence variations
of microRNAs in human cancer: alterations in
predicted secondary structure do not affect
processing. Cancer Res. 2006;66(12):6097-104.

54. Lodygin D, Tarasov V, Epanchintsev A,
Berking C, Knyazeva T, Korner H, et al. Inactivation
of miR-34a by aberrant CpG methylation in multiple
types of cancer. Cell Cycle. 2008;7(16):2591-600.

55. Brueckner B, Stresemann C, Kuner R, Mund C,
Musch T, Meister M, et al. The human let-7a-3 locus
contains an epigenetically regulated microRNA gene
with oncogenic function. Cancer Res.
2007;67(4):1419-23.

56. Nasser MW, Datta J, Nuovo G, Kutay H,
Motiwala T, Majumder S, et al. Down-regulation of
micro-RNA-1 (miR-1) in lung cancer suppression of
tumorigenic property of lung cancer cells and their
sensitization to doxorubicin-induced apoptosis by
miR-1. J Biol Chem. 2008;283(48):33394-405.

57. Fabbri M, Garzon R, Cimmino A, Liu Z, Zanesi
N, Callegari E, et al. MicroRNA-29 family reverts
aberrant methylation in lung cancer by targeting
DNA methyltransferases 3A and 3B. PANS.
2007;104(40):15805-10.

http://rjms.iums.ac.ir

OSen g gllgynd 48,

58. Saunders MA, Liang H, Li W-HJPotNAoS.
Human polymorphism at microRNAs and microRNA
target sites. PANS. 2007;104(9):3300-5.

59. Pasquinelli AE, Reinhart BJ, Slack F,
Martindale MQ, Kuroda MI, Maller B, et al.
Conservation of the sequence and temporal
expression of let-7 heterochronic regulatory RNA.
Nature. 2000;408: 86-9 .

60. Hu Z, Shu Y, Chen Y, Chen J, Dong J, Liu Y,
et al. Genetic polymorphisms in the precursor
microRNA flanking region and non—small cell lung
cancer survival. Am J Respir Crit Care Med.
2011;183(5):641-8.

61. Wu M ,Jolicoeur N, Li Z, Zhang L, Fortin Y,
L'Abbe D, et al. Genetic variations of microRNAs in
human cancer and their effects on the expression of
miRNAs. Carcinogenesis. 2008;29(9):1710-6.

62. Mishra PJ, Mishra PJ, Banerjee D, Bertino JR.
MiRSNPs or MiR-polymorphisms, new players in
microRNA  mediated regulation of the cell:
Introducing microRNA pharmacogenomics. Cell
Cycle. 2008;7(7):853-8.

63. Campayo M, Navarro A, Vinolas N, Tejero R,
Munoz C, Diaz T, et al. A dual role for KRT81: a
miR-SNP associated with recurrence in non-small-
cell lung cancer and a novel marker of squamous cell
lung carcinoma. PloS one. 2011;6(7).

64. Tian T, Shu Y, Chen J, Hu Z, Xu L, Jin G, et al.
A functional genetic variant in microRNA-196a2 is
associated with increased susceptibility of lung
cancer in Chinese. Cancer
Epidemiol Biomarkers Prev. 2009;18(4).

65. Xiong F, Wu C, Chang J, Yu D, Xu B, Yuan P,
et al. Genetic variation in an miRNA-1827 binding
site in MYCLI1 alters susceptibility to small-cell lung
cancer. Cancer Res. 2011;71(15):5175-81.

66. Chin LJ, Ratner E, Leng S, Zhai R, Nallur S,
Babar I, et al. A SNP in a let-7 microRNA
complementary site in the KRAS 3’ untranslated
region increases non—-small cell lung cancer risk.
Cancer Res. 2008;68(20).

67. Chu H, Wang M, Shi D, Ma L, Zhang Z, Tong
N, et al. Hsa-miR-196a2 Rs11614913 polymorphism
contributes to cancer susceptibility: evidence from 15
case-control studies. PloS one. 2011;6(3).

68. Harfe BD. MicroRNAs in vertebrate
development. Curr Opin Genet Dev. 2005;15(4):
410-5.

69. Du L, Schageman JJ, Girard L, Hammond SM,
Minna JD, Gazdar AF, et al. MicroRNA expression
distinguishes SCLC from NSCLC lung tumor cells
and suggests a possible pathological relationship
between SCLCs and NSCLCs. J Exp Clin Cancer
Res. 2010;29(1):75.

70. Yu SL, Chen HY, Chang GC, Chen CY, Chen
H-W, Singh S, et al. MicroRNA signature predicts
survival and relapse in lung cancer. Cancer Cell.
2008;13(1):48-57.

1744 :\>j>'- AR QJLA.«; YV 09> Ejlj bSI.iIH ,ng.l:nl:g.n


https://rjms.iums.ac.ir/article-1-6090-en.html

[ Downloaded from rjms.iums.ac.ir on 2025-11-10]

sty oy > BRNA S,

71. Barsyte-Lovejoy D, Lau SK, Boutros PC,
Khosravi F, Jurisica I, Andrulis IL, et al. The ¢c-Myc
oncogene directly induces the H19 noncoding RNA
by allele-specific binding to potentiate tumorigenesis.
Cancer Res. 2006;66(10):5330-7.

72. Kumar MS, Lu J, Mercer KL, Golub TR, Jacks
T. Impaired microRNA processing enhances cellular
transformation and tumorigenesis. Nat Genet.
2007;39(5):673-7.

73. Melo SA, Moutinho C, Ropero S, Calin GA,
Rossi S, Spizzo R, et al. A genetic defect in exportin-
5 traps precursor microRNAs in the nucleus of cancer
cells. Cancer Cell. 2010;18(4):303-15.

74. Chendrimada TP, Gregory RI, Kumaraswamy
E, Norman J, Cooch N, Nishikura K, et al. TRBP
recruits the Dicer complex to Ago2 for microRNA
processing and  gene  silencing.  Nature.
2005;736(7051): 740-4.

75. GroBhans H, Biissing I. MicroRNA biogenesis
takes another single hit from microsatellite
instability. Cancer Cell. 2010;18(4):295-7.

76. Takamizawa J, Konishi H, Yanagisawa K,
Tomida S, Osada H, Endoh H, et al. Reduced
expression of the let-7 microRNAs in human lung
cancers in association with shortened postoperative
survival. Cancer Res. 2004;64(11):3753-6.

77. Melo SA, Ropero S, Moutinho C, Aaltonen LA,
Yamamoto H, Calin GA, et al. A TARBP2 mutation
in human cancer impairs microRNA processing and
DICERI1 function. Nat Genet. 2009;41(3):365.

78. Karube Y, Tanaka H, Osada H, Tomida S,
Tatematsu Y, Yanagisawa K, et al. Reduced
expression of Dicer associated with poor prognosis in
lung cancer patients. Cancer Sci. 2005;96(2): 111-5.

79. Nikfarjam A, pornour M, Sohrabi M. The
expression of Hsa-miR-490 in peripheral blood
circulation of patients with breast cancer. RIMS.
2019;26(10).

80. Wilbert ML, Yeo GW. Genome wide
approaches in the study of microRNA biology. Wires
Systems Biol Med. 2011;3(5): 491-512.

81. Gibb EA, Vucic EA, Enfield KS, Stewart GL,
Lonergan KM, Kennett JY, et al. Human cancer long
non-coding RNA transcriptomes. PloS One.
2011;6(10).

82. Meiri E, Levy A, Benjamin H, Ben-David M,
Cohen L, Dov A, et al. Discovery of microRNAs and
other small RNAs in solid tumors. Nucleic Acids
Res. 2010;38(18):6234-46.

83. Garnis C, Buys TP, Lam WL. Genetic alteration
and gene expression modulation during cancer
progression. Mol Cancer. 2004;3(1):9.

84. Lim LP, Lau NC, Weinstein EG, Abdelhakim
A, Yekta S, Rhoades MW, et al. The microRNAs of
Caenorhabditis elegans. Genes Dev. 2003;17(8): 991-
1008.

85. Lau NC, Lim LP, Weinstein EG, Bartel DP. An
abundant class of tiny RNAs with probable

A4 sl 5 F o les TV o555 15l iy Db js gl alan

ARR!

regulatory roles in Caenorhabditis elegans. Science.
2001;294(5543):858-62.

86. Lagos-Quintana M, Rauhut R, Lendeckel W,
Tuschl T. Identification of novel genes coding for
small expressed RNAs. Science. 2001;294(5543):
853-8.

87. Machado-Lima A, Del Portillo HA, Durham
AM. Computational methods in noncoding RNA
research. J Mathematic Biol. 2008;56(1-2):15-49.

88. Gorodkin J, Hofacker IL. From structure
prediction to genomic screens for novel non-coding
RNAs. LoS Comput Biol. 2011;7(8).

89. Xie X, Lu J, Kulbokas E, Golub TR, Mootha V,
Lindblad-Toh K, et al. Systematic discovery of
regulatory motifs in human promoters and 3’ UTRs
by comparison of several mammals. Nature.
2005;434(7031):338-45.

90. Betel D, Wilson M, Gabow A, Marks DS,
Sander C. The microRNA. org resource: targets and
expression. Nucleic Acids Res.
2008;36(suppl_1):D149-D53.

91. Wang X, El Naqa IM. Prediction of both
conserved and nonconserved microRNA targets in
animals. Bioinformatics. 2008;24(3):325-32.

92. Leite KR, Canavez JM, Reis ST, Tomiyama
AH, Piantino CB, Safiudo A, et al., editors. miRNA
analysis of prostate cancer by quantitative real time
PCR: comparison between formalin-fixed paraffin
embedded and fresh-frozen tissue. Urol Oncol-Semin
Ori. 2011: Elsevier.

93. Doleshal M, Magotra AA, Choudhury B,
Cannon BD, Labourier E, Szafranska AE. Evaluation
and validation of total RNA extraction methods for
microRNA expression analyses in formalin-fixed,
paraffin-embedded  tissues. J Mol  Diagn.
2008;10(3):203-11.

94. Klopfleisch R, Weiss A, Gruber AJH,
histopathology V. Excavation of a buried treasure—
DNA, mRNA, miRNA and protein analysis in
formalin fixed, paraffin embedded tissues. Histol
Histopathol. 2011.

95. Xi Y, Nakajima G, Gavin E, Morris CG, Kudo
K, Hayashi K, et al. Systematic analysis of
microRNA expression of RNA extracted from fresh
frozen and formalin-fixed paraffin-embedded
samples. RNA. 2007;13(10):1668-74.

96. Norouzi M, Yasamineh S, Montazeri M,
Dadashpour M,  Sheervalilou R, Pilehvar-
Soltanahmadi Y. Recent advances on nanomaterials-
based fluorimetric approaches for microRNAs
detection. Mater Sci Engin C. 2019:110007.

97. Sheervalilou R, Shahraki O, Hasanifard L,
Shirvaliloo M, Mehranfar S, Lotfi H, et al.
Electrochemical Nano-biosensors as Novel Approach
for the Detection of Lung Cancer-related
MicroRNAs. Curr Mol Med. 2020;20(1):13-35.

98. Hubaux R, Becker-Santos DD, Enfield KS,
Lam S, Lam WL, Martinez VD. MicroRNAs as

http://rjms.iums.ac.ir



https://rjms.iums.ac.ir/article-1-6090-en.html

[ Downloaded from rjms.iums.ac.ir on 2025-11-10]

biomarkers for clinical features of lung cancer.
Metabolomics. 2012;2(3):1000108.

99. Chin LJ, Slack FJ. A truth serum for cancer—
microRNAs have major potential as cancer
biomarkers. Cell Res. 2008;18(10):983-4.

100. Yu L, Todd NW, Xing L, Xie Y, Zhang H, Liu
Z, et al. Early detection of lung adenocarcinoma in
sputum by a panel of microRNA markers. Int J
Cancer. 2010;127(12):2870-8.

101. Tan X, Qin W, Zhang L, Hang J, Li B, Zhang
C, et al. A five-microRNA signature for squamous
cell lung carcinoma (SCC) diagnosis and Hsa-miR-
31 for SCC prognosis. Clin Cancer Res. 2011.

102. Chen X, Ba Y, Ma L, Cai X, Yin Y, Wang K,
et al. Characterization of microRNAs in serum: a
novel class of biomarkers for diagnosis of cancer and
other diseases. Cell Res. 2008;18(10):997-1006.

103. Foss KM, Sima C, Ugolini D, Neri M, Allen
KE, Weiss GJ. miR-1254 and miR-574-5p: serum-
based microRNA biomarkers for early-stage non-
small cell 1lung cancer. J Thorac Oncol.
2011;6(3):482-8.

104. Shen J, Liu Z, Todd NW, Zhang H, Liao J, Yu
L, et al. Diagnosis of lung cancer in individuals with
solitary pulmonary nodules by plasma microRNA
biomarkers. BMC Cancer. 2011;11(1):374.

105. Khoshmirsafa M, Seif F, Mohsenzadegan M,
Najafi M, Mokhtarian K, Shekarabi M. Circulating
microRNAs, valuable biomarkers in biological fluids.
RIMS. 2017;24(160):22-36.

106. Sheervalilou R, Lotfi H, Shirvaliloo M, Sharifi
A, Nazemiyeh M, Zarghami N. CirculatingMiR-10b,
MiR-1 and MiR-30a Expression Profiles in Lung
Cancer: Possible Correlation with Clinicopathologic
Characteristics and Lung Cancer Detection. [IMCM.
2019;8(2):118-29.

107. Lebanony D, Benjamin H, Gilad S, Ezagouri
M, Dov A, Ashkenazi K, et al. Diagnostic assay
based on hsa-miR-205 expression distinguishes
squamous from nonsquamous non—small-cell lung
carcinoma. J Clin Oncol. 2009;27(12):2030-7.

108. Dacic S, Kelly L, Shuai Y, Nikiforova MN.
miRNA expression profiling of lung
adenocarcinomas: correlation with mutational status.
Modern Pathol. 2010;23(12):1577-82.

109. Seike M, Goto A, Okano T, Bowman ED,
Schetter AJ, Horikawa I, et al. MiR-21 is an EGFR-
regulated anti-apoptotic factor in lung cancer in
never-smokers. PANS. 2009;106(29):12085-90.

110. Raponi M, Dossey L, Jatkoe T, Wu X, Chen
G, Fan H, et al. MicroRNA classifiers for predicting
prognosis of squamous cell lung cancer. Cancer Res.
2009;69(14):5776-83.

111. Markou A, Tsaroucha EG, Kaklamanis L,
Fotinou M, Georgoulias V, Lianidou ES. Prognostic
value of mature microRNA-21 and microRNA-205
overexpression in non—small cell lung cancer by
quantitative  real-time RT-PCR. Clin Chem.

http://rjms.iums.ac.ir

Y.

OSen g gllgynd 48,

2008;54(10):1696-704.

112. Saito M, Schetter AJ, Mollerup S, Kohno T,
Skaug V, Bowman ED, et al. The association of
microRNA  expression  with  prognosis  and
progression in early-stage, non—small cell lung
adenocarcinoma: a retrospective analysis of three
cohorts. Clin Cancer Res. 2011;17(7):1875-82.

113. Ebi H, Sato T, Sugito N, Hosono Y, Yatabe Y,
Matsuyama Y, et al. Counterbalance between RB
inactivation and miR-17-92 overexpression in
reactive oxygen species and DNA damage induction
in lung cancers. Oncogene. 2009;28(38):3371-9.

114. Hu Z, Chen X, Zhao Y, Tian T, Jin G, Shu Y,
et al. Serum microRNA signatures identified in a
genome-wide serum microRNA expression profiling
predict survival of non-small-cell lung cancer. Clin
Oncol. 2010;28(10):1721-6.

115. Lu Y, Govindan R, Wang L, Liu PY,
Goodgame B, Wen W, et al. MicroRNA profiling and
prediction of recurrence/relapse-free survival in stage
I lung cancer. Carcinogenesis. 2012;33(5):1046-54.

116. Kriitzfeldt J, Rajewsky N, Braich R, Rajeev
KG, Tuschl T, Manoharan M, et al. Silencing of
microRNAs in vivo with ‘antagomirs’. Nature.
2005;438(7068):685-9.

117. Elmen J, Lindow M, Silahtaroglu A, Bak M,
Christensen M, Lind-Thomsen A, et al. Antagonism
of microRNA-122 in mice by systemically
administered LNA-antimiR leads to up-regulation of
a large set of predicted target mRNAs in the liver.
Nucleic Acids Res. 2008;36(4):1153-62.

118. Hossain A, Kuo MT, Saunders GF. Mir-17-5p
regulates breast cancer cell proliferation by inhibiting
translation of AIBI mRNA. Mol Cell Biol
2006;26(21):AY4Y -201

119. Pisters KM, Le Chevalier T. Adjuvant
chemotherapy in completely resected non—small-cell
lung cancer. J Clin Oncol. 2005;23(14): 3270-8.

120. Pignon JP, Tribodet H, Scagliotti GV,
Douillard JY, Shepherd FA, Stephens RJ, et al. Lung
adjuvant cisplatin evaluation: a pooled analysis by
the LACE Collaborative Group.  Database of
Abstracts of Reviews of Effects (DARE): Quality-
assessed Reviews [Internet]: Centre for Reviews and
Dissemination (UK); 2008.

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

122. Gibbons DL, Lin W, Creighton CJ, Rizvi ZH,
Gregory PA, Goodall GJ, et al. Contextual
extracellular cues promote tumor cell EMT and
metastasis by regulating miR-200 family expression.
Genes Dev. 2009;23(18):2140-51.

123. Chen Z ,Zeng H, Guo Y, Liu P, Pan H, Deng
A, et al. miRNA-145 inhibits non-small cell lung
cancer cell proliferation by targeting c-Myc. J Exp
Clin Cancer Res. 2010;29(1)151.

1744 :\>j>'- AR QJLA.«; YV 09> Ejlj bSI.iIH ,ng.l:nl:g.n


https://rjms.iums.ac.ir/article-1-6090-en.html

[ Downloaded from rjms.iums.ac.ir on 2025-11-10]

sty oy > BRNA S,

124. Muniyappa M, Dowling P, Henry M, Meleady
P, Doolan P ,Gammell P, et al. MiRNA-29a regulates
the expression of numerous proteins and reduces the
invasiveness and proliferation of human carcinoma
cell lines. Europ J Cancer. 2009;45(17):3104-18.

125. Ma L, Young J, Prabhala H, Pan E, Mestdagh
P, Muth D, et al. miR-9, a MYC/MYCN-activated
microRNA, regulates E-cadherin and cancer
metastasis. Nat Cell Biol. 2010;12(3):247-56.

126. Wang Q, Zhong M, Liu W, Li J, Huang J,
Zheng L. Alterations of microRNAs in cisplatin-
resistant human non-small cell lung cancer cells
(A549/DDP). Exp Lung Res. 2011;37(7):427-34.

127. Zhang X, Zhu J, Xing R, Tie Y, Fu H, Zheng
X, et al. miR-513a-3p sensitizes human lung
adenocarcinoma cells to chemotherapy by targeting
GSTP1. Lung Cancer. 2012;77(3):488-94.

128. Galluzzi L, Morselli E, Vitale I, Kepp O,
Senovilla L, Criollo A, et al. miR-181a and miR-630
regulate cisplatin-induced cancer cell death. Cancer
Res. 2010;70(5):1793-803.

129. Cho WC. MicroRNAs as therapeutic targets
for lung cancer. Exp Opin Ther Targets.
2010;14(10):1005-8.

130. Fekri Aval S, Akbarzadeh A, Yamchi MR,
Zarghami F, Nejati-Koshki K, Zarghami N. Gene
silencing effect of SiRNA-magnetic modified with
biodegradable copolymer nanoparticles on hTERT
gene expression in lung cancer cell line. Artif Cells
Nanomed Biotechnol. 2016;44(1)188-93.

131. Nejati-Koshki K, Mesgari M, Ebrahimi E,
Abbasalizadeh F, Fekri Aval S, Khandaghi AA, et al.
Synthesis and in vitro study of cisplatin-loaded Fe;O4
nanoparticles modified with PLGA-PEG6000
copolymers in treatment of lung cancer. J
Microencapsul. 2014;31(8):815-23.

132. Lee YS, Oh JH, Yoon S, Kwon MS, Song C-
W, Kim K-H, et al. Differential gene expression
profiles of radioresistant non—small-cell lung cancer
cell lines established by fractionated irradiation:
tumor protein p53-inducible protein 3 confers
sensitivity to ionizing radiation. Int J Rad Oncol
Biology Physics. 2010;77(3):858-66.

133. Kraus AC, Ferber I, Bachmann SO, Specht H,
Wimmel A, Gross MW, et al. In vitro chemo-and
radio-resistance in small cell lung cancer correlates
with cell adhesion and constitutive activation of AKT
and MAP  kinase  pathways. Oncogene.
2002;21(57):8683-95.

134. Lynam-Lennon N, Reynolds JV, Marignol L,
Sheils OM, Pidgeon GP, Maher SG. MicroRNA-31
modulates tumour sensitivity to radiation in
oesophageal adenocarcinoma. J Mol Med.
2012;90(12):1449-58.

135. Weidhaas JB, Babar I, Nallur SM, Trang P,
Roush S, Boehm M, et al. MicroRNAs as potential
agents to alter resistance to cytotoxic anticancer
therapy. Cancer Res. 2007;67(23):11111-6.

A4 sl 5 F o les TV o555 15l iy Db js gl alan

'Y

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

137. Nana-Sinkam SP, Croce CM. MicroRNAs as
therapeutic  targets in cancer. Transl Res.
2011;157(4):216-25.

138. Garzon R, Marcucci G, Croce CM. Targeting
microRNAs in cancer: rationale, strategies and
challenges. Nat Rev Drug Discov. 2010;9(10):775-
89.

139. Castle JC, Armour CD, Lower M, Haynor D,
Biery M, Bouzek H, et al. Digital genome-wide
ncRNA expression, including SnoRNAs, across 11
human tissues using polyA-neutral amplification.
PloS One. 2010;5(7).

140. Chi SW, Zang JB, Mele A, Darnell RB.
Argonaute HITS-CLIP decodes microRNA-mRNA
interaction maps. Nature. 2009;460(7254):479-86.

141. Nunnari G, Schnell MJ. MicroRNA-122: a
therapeutic target for hepatitis C virus (HCV)
infection. Front Biosci. 2011;3:1032-7.

http://rjms.iums.ac.ir



https://rjms.iums.ac.ir/article-1-6090-en.html
http://www.tcpdf.org

