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ABSTRACT —— Objective. MicroRNAs (miRNAs) are small non-coding RNAs, thought to be involved in physi-
ologic and developmental processes by negatively regulating expression of target genes. We assessed alterations
of expressions of miRNAs in lung cancers. Methods. We examined the expression of miRNAs using Northern blot
and quantitative RT-PCR. We also studied the functions of miRNAs using miRNA expression constructs and an-
tisense oligonucleotides. Results. We found reduced expression of the let-7 family in lung cancers and significantly
shorter survival after potentially curative resection in cases with reduced let-7 expression. We also found marked
overexpression of the miR-17-92 cluster in lung cancers. Introduction of the expression construct of the miR-17-92
cluster enhanced lung cancer cell growth, whereas inhibition of two members of miR-17-92 cluster, miR-17-5p and
miR-20a, with antisense oligonucleotides induced apoptosis selectively in lung cancer cells overexpressing miR-17-
92. Conclusion. Our studies suggest that reduced expression of the let-7 family and marked overexpression of the
miR-17-92 cluster may play roles in the development of lung cancers. These findings contribute towards better
understanding of the anti-oncogenic roles of the let-7 family and oncogenic roles of miR-17-92, which might ulti-
mately lead to future translation into clinical applications.
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microRNA (miRNA) i%, non-coding RNA ®»—2>THh
D, FIDIZEWRNA S E LTiE S, HHie 7at R
AT 21~23 IR DO—AR RNA &0, RNAI &8
PO CENERFORBZ G T 5. MOIZHAE
N7z miRNA (I H D lin4, let-7 TH VY, RHOLHH
SR E RS 2 BB DRI 2 H 5 ¥ 7 VIS REE
DI LFEESNI. TOHBTIANVA, HWEEDEL
oAYTRRAEN, HHTHEIIFEINRTBY, J§4 -
TG EITB W TEERER 2R TZEPHPIL TS
Twb. 12 e b <650 Ll o> miRNA %% database
ICEFEINT, BEZESICHREEDbNE. —,
% 4 @ miRNA 1% 100 fELL EOBEMEE T Fll ST
W5 OT, SR O 3FIAMT S A D miRNA 12X %
HzrzFsLEZLNTNWDS

miRNA @ 53 & EH &% 12D\ T Figure 1A 1278
$. miRNA (X pri-miRNA & MFEN % EWRNA S & L
THE S, W T RNase @ Drosha & & ) IR &
pre-miRNA & 72 ), ICHITZE IZ#4T L RNase @ Dicer
XD iy h, # 22 mer ® mature miRNA &
b, FOREFEERZ argonaute (AGO) ZHLLNE T 55
AR miRISC I2HL ) A F 1% (Figure 1A). miRISC
1%, miRNA EEHNZAHAY 2 BL5 MRE % Fo N #EIsF

mRNA IZHE LT, FENEERTOFEBIIHAEN %2 372
9. ZoHEIEM I, Figure 1B I2/R3 X 5 ([ EHERENH] -
RNA 50§72 EHEHEL DB 59 5. #E{52F D mRNA
1 Figure 1B E® X 5 12, eIF4E, elF4G 7 & & PABP
LT, 5D cap M & 3 D poly (A) tail & AHE
G LEEERD, ZoOiE%E LT ribosome &Y 7
V— L TCHHBAD T LN S, miRISC iE, 3-UTR
\ZFETE 9 % MRE RIS EZF mRNA IS/ E L,
miRISC H ® AGO %% eIF4E @ cap i &~ D #E & = ¥
FL, EAMRPSHEESINS. 2 5I2AGO LEET 5
GWI182 #4L T, mRNA % —~X4 5 » ZAHEHE T D HHE
3% P-body ™ mRNA-miRISC #H &K 4T L, decap-
ping F## <" deadenylase |2 & V), cap i< poly (A) tail
2 51, mRNA BEHROGMRLFLEEINDL. ZDXH 7%

HRHE 7 BEHE CHRIFRIPE] - mRNA 53258 S, BEnE
1Z T DOFEEPPIH S 52 (Figure 1B).
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miRNA biogenesis and silencing mechanisms. A. miRNAs are initially transcribed as long primary

miRNAs (pri-miRNAs) and cleaved at hairpin-stems by the Drosha/DGCRS8 microprocessor complex, resulting in pre-
miRNAs in the nucleus. After nuclear export, pre-miRNAs are cleaved into miRNA duplexes by Dicer/TRBP, and the
guide strands of the duplexes are incorporated into miRISC. B. miRNAs suppress translation at the initiation and elon-
gation steps, and also induce deadenylation, decapping and degradation of target mRNAs within P-bodies (GW-bodies).
miRISC: miRNA-induced silencing complex, AGO: argonaute, TRBP: TAR (HIV-1) RNA binding protein, DGCRS:
DiGeorge syndrome critical region gene 8, MRE: miRNA recognizing element, elF: eukaryotic translation initiation fac-

tor, PABP: poly (A) binding protein, P-body: processing body.

Japanese Journal of Lung Cancer—Vol 49, No 6, Oct 20, 2009—www.haigan.gr.jp 895



MicroRNA Abnormalities and Their Roles in Lung Cancers—Osada

SNTwa. /7 MWENTT T -2 IICED
miRNA OFENEAZFET 202ed D 5 Tn5.3

Z® X 91 miRNA IR CRAE S, A2 LR
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SR 7 LICBAFR T B B\IET- 2R & LT, HEOIEE
T2 H)35 % miRNA R, SIEINHEEF 7% &2
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DTIE P EFE 2T, 2B % miRNA ORE %
ME LT &7 2R MR T, 5 EH
miRNA ® let-7 7 7 3 V) — R, JEEAENE miRNA @ miR-
1792 7 S A Y —OREPFEE L EFREHFO L 2B
L7z, 215 DfERZT.LICHEICB T 5 miIRNA O RE
RIS HIE T 5.

2) fENEIE miRNA (let-7 773U —

wONT, HliRE & IEEN & THRBZER DD S miRNA %
ML Zh, MBTHESNZlet7 77 3 =25,
BT BT 2R 2RI, i CEBEEICFED
KTFAREZILTVWS2ZEaHHLAZ let7 773 —1F
ZRDRA 2 N—mFEONS, WITITERR IR TIEBLHPH]
MR S 7z (Figure 2A). let-7 7 7 3 ) —OFBIZHED
E7 TR —MENT B L, MiFEA let-7 7 7 3 —DFEH
IEER TR 207 7 25 =125, FEHIKT
T, NFHIIBRBEDOFRVARTH S Z EAVHIHL 72
(Figure 2B). F72, ZEBMITICT, let-7 HHK T ITHH
WMEMSL L -FBRARRNTFTHLIELHRMLZ &5
W2, BhFERIERR AB49 12 let-7 A oRflIZE B s &5 &, Hilg
WA S N Z Z LD WS L7z 1 2D, Yanai-
hara 5,5 Yu 563, MifEiZB1F % miRNA O {8513
BUBRNTIC X D, let7 B FRHRICES T LG LT
5.

D XD ITHEIZ BT B B Z FEBULT Rl a3 sl
BITEHRROND Z &h D, let-7 7 7 IV —IZHE LR
WHEETE L THRET L EEZ NS, EBE, EHEE
F® RAS R HMGA2 DSEMERTF L LTHE S Tw
5. 78 i, ZRKRAS T VAV 2= v 77 AT
SiE U720 120k U C let-7 2S5 3H0H] - AR IEFHE %51
SEIFIEIMESINTNS. 2 72, FEiEET Myc
EAEACHIRIAICME < T EDATREBE N T W S0 (Figure
3).

BB X 512, let-7 3R E DI EB R DOIRERY) % F 5
TITFUVHATHEREL TEB D, RNA A HH lin-28 27 let-
TIZHIRIMER 35 2 LS T w7z, ik, ESHila
e EOXRGALHBZ I ClE Lin28 25383 L, mature

let7 IZHHAL TV &SN, S 512 Lin28 A%
let-7 @ loop #5124 & L, Droshalck s 7aty ¥ v
7 %% L, mature let-7 OFIASPWHI SN2 Z L A3
B L7210 let-7 I3fla bz REST 5 EE 2 6, —J
Lin28 1% let-7 D 5B % il L TRAITLHE DO HEFR I B 5
LTwa EER L5, BIREWZ &2, Lin28 A #E1R
F Lin28B 259 THBILHET 5 Z L 28501 5 1, Lin28B
DOFEFICHEIZ XV let-7 DFEHAMET L, M LasEHE
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ure2A). 7 IR Y —fFIT, INORBILET S
miRNA (Z3L:8 U7z 5BLHEN Y — > 2R L, W—2 5
R &7 =2 s Nz (Figure 2C). 7 7 3 Y —Mora X
INA T R ERMET LR R, etk 139313 EBALIZ)R
£ 3 % Cl3orf25 i& = 7 @ intron WIZFAE L, 71 >
miRNA (miR-17-5p - miR-17-3p - miR-182a - miR-19a -
miR-20a - miR-19b - miR-92a) #*5 ¥ % polycistronic 72
miR-17-92 7 5 A % —A3FBIICHE L TV B Z EASHHH L
7o, TORBITHEORT & LT, Y I XD,
JiligE HEHEAR A T 2 D EIR O EHAR T HIIEASE & 7z,
EHIZZ DO miR-1792 7 5 R ¥ — %@l FEH S & 5 Ll
FEMlg o 2 MAE L, MR OREET & LT
BELTWS I EAURKEE N7z 12 RITHIZ miR-17-92 7
Z Ay —2WIEHL T BRIk LT, 7T X
% —MN @ miR-17-5p - miR-20a 12X 3% 7 > F & ¥ A F
) T&E AL miRNA OFBL & #H 32 &, i) -
FUZE AR & 7213 (Figure 2D). TO7 »F kA
FE miR-17-92 % IRFEHL L T\ 2 filifa ek (4 2y
THhY, WIEHOZVIEMATIZIZ O LS Z23RIT
Ronahol Tz, 75 A5 —HOMO miRNA Z3F
THT7YFRVATEZIOLS ZRIREIASNT, 75
A & — OH T miR-17-5p, miR-20a 23 # 15 T- & L THERE
3% miRNA TH 5 Z LS L7:. DLEORED S,
miR-17-92 7 5 A ¥ — Z @SB L T\ 2 Jili i i e 23,
miR-17-5p, miR-20a {23 % [KFEME] 285, b
miRNA 230 DO HEHEER & 72 2] RetEAs i { R S
720183 F 72BBRZEWC &1, Cl30rf25 @ intron PN T miR-
1792 7 5 A ¥ — @ 3 AN BN EBAL C2 ASETE L, &
DOC2EMEEE T, miR1792 27 T A Y —DAREEHT
transcripts 2SiEME TRH L WL 2T LB AR LT
W3, 13

Z @ 13q31 #H3E, B >~ 8Eo CGH 7 L A
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Figure 2. Altered expression of let-7 family and miR-17-92 cluster miRNAs in lung cancers. A. Northern blot analysis
of miRNAs in lung cancer cell lines. Note the reduced expression of let-7a and let-7f in lung cancer cell lines in contrast
with their abundant expression in normal lung and two normal human lung epithelial cell lines, BEAS-2B and HPL1D.
Note also marked overexpression of miR-17-92 cluster miRNAs, miR-19a, miR-20a, miR-18a, and miR-17-3p. B. Hierarchi-
cal clustering and Kaplan-Meier survival curves based on expression of let-7 isoforms. (Upper) Results of unsupervised
hierarchical clustering of 143 non-small cell lung carcinoma (NSCLC) cases. (Lower) Kaplan-Meier survival curves for
NSCLC patients who were classified into let-7-Low or let-7-High clusters. The difference in postoperative survival was
highly significant (p=0.0003 by log-rank test). C. Unsupervised hierarchical clustering analysis highlights overexpres-
sion of miRNAs of miR-17-92 cluster and its paralogous clusters mainly in small-cell lung cancer cell lines (enclosed with
dashed lines). Normal lung tissues and the two immortalized human lung epithelial cell lines, BEAS-2B and HPL1D, are
enclosed with a solid line. D. MTT assay showing significant growth inhibition by antisense oligonucleotide treatment
against miR-17-5p and/or miR-20a in a lung cancer cell line ACC-LC-172 overexpressing miR-17-92 cluster.

FRNT C YRR 25 D, Cl30rf25 #fnT- AR O AT
BIET L LTHIESRTwiz., ZO%HK A oat & [
WIZ, & @ Cl3orf25 #Im T NIZ miR-17-92 7 5 A & —H3
FAEL, TOmRNA 7 5 X% —HEu-Myc 5 ~ X
TrzZv T AT, BMiAY yoNMEDFEEZRAEL, I
HIEZT L L THEET A 2 & 3z M F72, #EE
125 Myc 252 D miR-17-92 7 5 A ¥ —DFEPZFHE L

EHIZ7 T A7 —PNO miR-17 & miR-20 25 i 4 5ifi 12
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Figure 3. A schematic model showing the molecular mechanisms of miRNA-involved cancer
pathogenesis. let-7 family miRNAs are considered as tumor suppressor genes, while miR-17-92
cluster miRNAs function as oncogenes. Note an autoregulatory feedback loop between E2F fac-
tors and miR-17-92 cluster miRNAs and double feed-forward loop between E2F, MYC, and miR-
17-92 cluster miRNAs. TSP1: thrombospondin 1, CTGF: connective tissue growth factor, PTEN:
phosphatase and tensin homology, p130: retinoblastoma-like 2 p130, p21: cyclin-dependent kinase
inhibitor 1A p21, TGFBRIL transforming growth factor-f receptor II, BIM: bcl-2 interacting me-
diator, HMGAZ: high mobility group AT-hook 2.
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HlxZA LT, AW CHERZ L 72 X O 2l B g sm e
i - M ER EoEH 2 RT3 E 2615 (Fig-
ure3). ¥72, miR-1792 7 S AY —D /) v 777 b7
AT DFAETREDPEL, 17 —7, miR17-92 D+ >~ X
Vv 7 ATRE FEOMBRENFEINDS Z
EAERE S, 18 IEE R IS AR AR T b B e A RO AR
REZFOZ LG I N, 2D X H I, miR-17-92 7 5

— 3N DFEA EFLIZE S BI5- 3 % miRNA TH 5
ZLEPEHBSINTETNS

4) ZOfd miRNA DEE

(a) miR-15a/miR-16-1

Calin 5 (X CLL TR ICR LT % 13ql4 FHIE % f#
ML, 30-kb & @ & E K I8 I8 N 12 miR-15a/miR-16-1
DAAET 5 2 & # e L7219 miR-15a & miR-16-1 (Z4H
Moz 73I)—ThHy, BCLLEHED 66% LLETZh
5 ® miRNA ORKD % VIFFEHK TR 51, B-CLL
DFIEICELS AL LTWwb EEZ b5, ZOEN#ER
F L LTIIEBEETF BCL2 % EE 2 6T 5

(b) miR-34

AR ER T CTH % p53 A miR-34 7 7 I 1) —
FHEBWICHEBABEL, €O miR34 7 7 I —75,
CDK6, Cyclin E2, E2F3, ¢-MET, BCL2 72 X HEE 708
ZFREEZENE LCTRBAMGEIL, pb3 DTy 7+ vo
fm#E T & UG - 7R =3 2 - filfug b &
DHFNHNZ DA B T EARE SN 72.20 miR-34 7 7 3
Y — I3 A DI TRIERLFEIURT AR SN, FEIAEICH
595EEZOLNS.
(c) miR-21

miR-21 3, FLi % &% < oI TIE L TRBIAIT
HELTWLZEPHESNTBY, EERBMRENE
miRNA &£ # 2 5 TWw 5, 20 JiigHE s e - i 58 fH
EVEH G S, 72, ERIEPIEN OB G- R
HEEHDHE SN TS, miR21 OF —F7 v b & LTH
#iH#E =T PTEN, PDCD4 @S TWw5b
(d) miR-155

) U oNEIERE 2 R 3 5 non-coding RNA & L T BIC
BIZT-HRkE S, 0% BIC #a - O TR S
N2 FIRIC miR-15 BSEENT WD T EASHIB L 7. 22
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Table 1. Alterations of miRNAs Expression in Human Malignancies

Altered miRNA Locus

Cancer types *

Target genes

Down-regulated miRNAs (candidate tumor suppressor genes)

let-7 family multiple lung
miR-15a/16-1 13q14.3

miR-34a/b/c 1p36.23/11923.1 colorectal

miR-29 7q32.2 lung, CLL
miR-143/145 5q32 colorectal, breast
miR-125b 11q24/21q21 breast

RAS, HMGAZ, MYC, Lin28

CLL, pituitary adenoma  BCL2

CDKG6, Cyclin E2, E2F3, MET, BCL2
TCL1, DNMT3A/3B

MAPK?7 (miR-143)

Lin28

Up-regulated miRNAs (candidate oncogenes)

miR-17-92 13q31.3 lung, lymphoma E2F1, PTEN, RB2p130, p21, BIM, etc.
miR-21 17q23.2 glioblastoma, breast PTEN, PDCD4

miR-155/BIC 21q21.3 lymphoma, breast, lung ~ TP53INP1

miR-221/222 Xpll3 thyroid KIT, CDKNIB

miR-372/373 19q13.42 testicular germ cell LATS2

* CLL, chronic lymphocytic leukemia; TCL1, T-cell leukemia/lymphoma 1A; DNMT, DNA methyl-
transferase; PDCD4, programmed cell death 4; TP53INP1, tumor protein 53-induced nuclear protein

1; CDKNI1B, cyclin-dependent kinase inhibitor 1B p27; LATS2, large tumor suppressor, homolog 2.

miR-155 12 Y NE721T T <, /e R 2L 7=
ETHIRBULES A O, EELIEREME miRNA & L
T OREEFAEICEYS 35 L #F 2 51 5. Yanaihara
532K D, miR-155 HFEB L let-Ta-2 IRFEH VS EE 4 F
BAREFTHE I EFHEINR TS,

5) miRNA OHBEE DD FH#F

Z D X9 % miRNA ORIHRE O 5857 & LT,
Qeta (R - T T o R T A v 7 RE - TR
EHE IR TV 5.

(a) RBEHRE

miRNA O FFIZ Gt R /R 2k - BE O BY 5. A5 S B EE 12
HbHEEZS5NS. Calin 51F 186 1l ® miRNA % # 5
L, ZOFED EASEICEIE L CHeta iR - iR %2R
T, BORANZEFIBIAAE L TWE I E2iEHLTw»
%.23 ZD Zhang 517 L 4 CGH AT 2w, 5
Bog - 2L - EMERAE TEBEIC mRNA O 3 € —#
DEALH B Z L2 ML, 5122 s 3FOESET
JLE L TR 289 miRNA #%°, miRNA O 2 ¥ — o
ZALE B L OB ZHE L T 5.2 figko X 91,
PR Pk FT LR 0D 1B BE R JeSE I 13q14.3 ISFEAE T
Z FEIIHIE miRNA @ miR-15a/miR-16-1 2, Milifg - V) ~
Xl Y mARIEIER O B S b 13313 ICHFAET B
miR-1792 7 7 A ¥ — %, et R E 29 miRNA & L
TRLIMLNT WS,

(b) IES 1 XTA v I BRE

miRNA @ promoter FEE AW D 2 W25, BH D
BIET L FRRIZ DNA X F U LR & + U EfiliZe & T
VA 74 v 7 REDMEINTV S, FEIHIE

miRNA @ let-7a-3 X miR-34b/miR-34c ® DNA * F )L
1biZ X 2 BRI HE ST 5.2 F72, FEET
BCL6 # # —% v b &3 2 @ PE miRNA miR-127 &
IR T4 v 7 AL WMEEN TS, 26 —J;
miRNA 7 u+t v ¥ ¥ 7 %479 Dicer #° DNA X F 1k
W E WD) DD D, 27 miRNA 3¢ W 1d il @ non-
coding RNA S DNA X F WALIZ G- L T 5 0] GEPEAS
REEND.
(c) ZDfbOFIHESE

miRNA ($:38% OB T & FRICEG R FIC X ) 53
NS, EHKRBEWT &2, EEERT Myc &, miR-
17-92 O FEH Z 2 HE T 5 25, let-7 % & T )i #i 72 miRNA
DIEE 2T 5 LdHESINT VD10 3k 41X
miRNA ® 7 at v ¥ v 7ZIZEE % Dicer DI DOKT
PR CH O, ZOFRBULT 2RISR R &
LMY L FEARNTFCTHDLIEER LB ZD
%, FEBRINIZ S Dicer &7z miRNA Y ut vy ¥ v 7
DR 234 #i 7 miRNA FEBLORT & & 72 LIS K
RE - REZ M T 2 2 Ly S N7z 2 R0
E51CLlin28 ik B let7 DTty ¥ r ZFOMEDL R
HE3NTWS. BT % miRNA OFH &AM,
IEFAHARICHRTIRT 32055 0, 0k RHEHE
ZF 7% £ X %5 miRNA O3 BRI 2, miRNA & 71
by ¥ Y T ORED, WIBEICB W TEERZE 2 R
LCWBIEHEATRIE SN 5.

6) £&8

FECTHRBURT R REBILENHWE SN T BHAER
miRNA % Table 1 \Z/RF. Z&d, REDOFHE T, HigElks
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OFIE T, L OMLE %72, MRE 2F2 X 95 %
EWIUTRAPEE SN, MRE%Z & F 2 Wi\ 3-
UTR % 5D transcripts 2353 5 HHIAH 5 Z & A
H X 72,30 MIfASITEA 2 D X 9 7 miRNA OFEHALT
2372 { TH miRNA O, Sk 5 5 8% R - T
W5 Z EIFBEBRE L, BLICRVTh Z oo G-28
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