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Identification of FOS as a novel target of miR-222 up-regulated in gastric cancer

Zhu Endong Li Na Xiao Bin Li Bosheng Mao Xuhu Zou Quanming Department of Clinical Microbiology and Immunology
College of Medical Laboratory Third Military Medical University Chongqing 400038 China

Abstract Objective To analyze the expression profile of miR-222 in gastric cancer and identify its
target so as to lay necessary basis for research on the function of miR-222 in the initiation and development of
gastric cancer. Methods Ten paired gastric cancer and adjacent nontumor gastric mucosa tissues were ob-
tained from pathologically-identified patients of Xingiao Hospital Chongqing . The total RNA was extracted by
Trizol reagent with homogenizers. Real-time PCR was performed to detect the relative level of miR-222. The
potential target of miR-222 was predicted by using 3 currently available prediction programs including Tar-
getScan MICROCOSM and PicTar. FOS was chosen because it was predicted by all the 3 programs. The
3"UTR sequence of FOS was obtained by chemical synthesis. This fragment was then cloned into the pMIR-RE-
PORT and PMIR-GFP-REPORT FOS was validated as a target of miR-222 by diversity assay of luciferase
activity and GFP expression. Western blot analysis was performed to assay if Fos was down-regulated by miR-
222 at the translational level. Results miR-222 was upregulated in 70% gastric cancer tissues 7/10 . It
was found miR-222 had potential conservative target seeding sites of FOS in various species including human
beings by above-mentioned 3 prediction programs. It was proved that miR-222 targeted to FOS at mRNA level by
luciferase assay and GFP repression experiments and FOS was also suppressed by miR-222 at protein level.
Conclusion miR-21 may serve as a biomarker for gastric cancer and miR-222 may play a role in gastric canc-
er by targeting FOS.
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miRNAs microRNA /N RNA & —REH F)5
IRV 45 BE PR TR /N IN TR IR RS RNA 737 K
17 ~27 nt TR0 S AH PR 55 K35 miRNAs il of
SR 3'UTR X454 ME AT 401k s
AT EAREAIESE—LE miRNAs R840 i 5 4140
ti ik EXTT miRNAs 78 ) % A b i 4R AL
1fill S HE AT 52 i [ e 4 AR 0 2 AR AT A 1 T 2B b
3% miR-222 J§ T miR-221/222 FjE R i A Z P
HAEHS IR B hess FL I 55 2 Fh g vh 35k |
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o UL R B g 2 — TR
FREA KM Z 8 o T R R 7R
miR-222 AR Z W HEEL A b FOS i 1) C-fos 25 4
AP-1 BESEEREE S R AR R
ML A B R AR AR FOS B IRAE N —1M 8
SRS (H H FT A — L8 S50 FE R 55k oR
HAEAWEIEE 7EBEP Jin % ° XF 625 Hililfi K%
BHIF I R W] C-fos H 111 £ 2% R R 6 5 22 1Y i R 93
J5 AR IE o H miR-222 75 B P Rk K &
SoE HRE LD X miR-222 7Esgm B A4 kit
Al B & FE I DI REAL IS T 01T

1 #REHE

L1 #RARR

SEg b pr B AR BEAR AR A 2009 4F 10 J] 2 2010 4F 5
AT =B R B2 B i SR EA T T AR T 10 1 i
A IR R R L B 2 S SRR A A R SR IE R B ORS BEZH SUE
BRI >S5 em JEALBIRAE TRA T J5 BOR 5 B0 A
TUE T B 53 70 g T B F e B 2R3 10 43
1.2 XA BALE

Trizol® Reagent A1 lipofectamine 2000 Reagent Ity F 32 [ In-
vitrogen /A 7] TagMan® MicroRNA Assays TagMan® MicroRNA
Reverse Transcription Kit g [ 2% [E ABI /A 5] Premix Ex Taq™

Perfect Real Time 4 [ K% TaKaRa 2 & A RS 40 i

HEK293 A H B s 408 AGS Bk DHS« J&i ki pMIR-REPORT
F1 PMIR-GFP- REPORT “AAZERAE T, DNA ZR:fF Apa I Spe
I Hindll Sac I BamH 1 NYIREN A L ET. DMEM/H 1
FR5LMg [ 25 [F Hyclone FBS-500 4= My ShiE WHEE
GIBCO ZEAZ1H 2 hsa-miR-222 mimics/negative control miR con-
trol W4 [ 1535/ F PureYield™ Plasmid Miniprep System Ffl
dual luciferase reporter assay system W H 3% [# Promega 7\ &)
T-Per® Tissue Protein Extraction Reagent It H 3£ [E Pierce BCA
protein assay kit Wy H 27 1H + 2 c-Fos antibody Wy H 35 [H
Abcam B-Actin antibody ¥ H 3% [E Santa Cruz BAR B Aric 1L 2E
PR 16 H+L Mg AL A2 4HF  Supersignal® West Dura
Extended Duration substrate reagent 1 H 3 [# Thermo GloMax®

20/20 Luminometer 3% [ promega OLYMPUS {8 & ¢ i i

H7< OLYMPUS BD FACSCalibur™ system 2£[E BD  Chemi-
doc XRS Gel Documentation System 3¢[E Bio-Rad
1.3 7%
1.3.1  4iiffed% 5% N 20 L HEK293 1 i g 200 i
AGS 4RI 4 109% 44 1% i DMEM/H 5 HAM/F12 £ 3534
1£37°C 5% CO, % T 5537
1.3.2 41415 RNA A4 1L 90 2 2 B 55 1E T RS E
AN A 5 BT DEPC AL (&) 3 28 b 3% PR
50 mg/1 ml Y LLBIMIA Trizol A3 IFHRIUHLUE RNA 5T
30 pl JC RNase /K PRANFEHGE BRIl 2 W Trizol® Reagent i,
W43
1.3.3 Real-time PCR R TaqMan® MicroRNA Reverse
Transeription Kit 12X 71 & 15d W 5 i A 33 e 5% J2 Bz BT 5 3 57
TagMan® MicroRNA Assays 3241 miR-222 5|4 A4 RNA 253847
N WRESEISE 16 °C 30 min 42 °C 30 min 85 °C 4 min

WS I eDNA FEN B 347 Real-time PCR TS

M miR-222 75 B i 4L 2L K BL ARAE Premix Ex Tag®

Perfect Real Time 7] & 1M A Real-time PCR Jz i fiis
premix TagMan® MicroRNA Assays $2{iE[) miR-222 5% <DNA
PR W Real-time PCR 25 95 C 2 min 95 C 15 s
60 C 30s fHFRA0 U 20 pl itk R WESH U6 4528 H
Bio-Rad A7 #4443 Hr
1.3.4 miR-222 03 TE W 3l http //www. mirbase.
org/ M 35 42 4L A9 TargetScan MICROCOSM }¢ PicTar 3 4~
mi RN KL L] T 00 B30 26 500 mir-222 (4 ¥ ]
1.3.5  miRNA $ 5 K 5¢ 4 45 3 D5 4 A (g ¥ 7 7 R A5
TargetScan A& R AYHLELR 3" UTR 741 BB s 96 B i
J7 5153 550 H 20\ SO0 R B A K 2k pMIR-REPORT Fl4 (7,
SN HE 1AL ALK pMIR-GFP-REPORT 3 431 9751
T 1E X% 5'-CTAGTGGGCCCAGTCCTTACCTCTTCCGGAGAT-
GTAGCAAAACGCATGGAGTGTGTA-3" Jz Y4 3'-ACCCGGGTC-
AGGAATGGAGAAGGCCTCTACATCGTTTTGCGTACCTCACACA-
TTCGA-5" RIZM KMV H AP CTAGT Sy Spe I GGGCCC
JCCCGGG A Apa 1 TTCGA & Hind I

Hi Spe 1 5 Hind 1l 53 5 3 {#Y] pMIR-REPORT FI PMIR-

GFP-REPORT WiA~3 i 2 55141 95 C Smin B EE
TR ZR A IR KR & He A IR UI G B #AR 5 AL K AT
DHSo PR TERE SREUTORIIF 7050 Apa T 5ABEY] & Sac 1 Fl
BamH T WEGYISEE  HEHURED) 4 8 1A AY 7E 4% 32 Invitrogen
T I IE# Bk B s 4% >~ FOS 3'UTR Luciferase reporter
Fil GFP-FOS 3'UTR
1.3.6 ZOUREHGHEMAN Kb T 8ok KR HEK-293
M HEFD T 96 LA 24 h 5 NG RELN I 50% LG FR 0 BT 4%
e A R miR-222 mimics fz FIE %) HE miR control 544 &t
#-1 FOS 3'UTR Luciferase reporter 43 # {& empty 3’ UTR Lu-
ciferase reporter Jii ki pRL-TK I:%% 4t HEK293 4 if miR-222
mimics M miR control #5 YL 24 J& ok 50 nmol/L 7¢ ) % i 2 15
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4k N 80 ng pRL-TK i 20 ng E.{&K#:{F % Lipofectamine 190nt 200nt 210nt

2000 Reagent it B %4 4tJ5 24 h [ dual luciferase reporter
assay system ZUFR 200 Fl GloMax® 20/20 Luminometer 4 5%
DGR BE

1.3.7 GFPIHISEE:  Hekb T4 KT HEK-293 4 i
R T 12 FLAR 24 h J5 WG BE A IR 50% G i 34T 5
B ) miR-222 mimics K BB % B miR control 54 41 1Y
GFP-FOS 3'UTR } %5 #{k GFP-empty I %% Y. HEK293 41 fitd
miR-222 mimics & miR control #5 Y24 & 5 50 nmol/L. GFP %
B AR R 200 ng  EARERVEFE lipofectamine 2000 Reagent it 1
B FYe)5E 24 h ] OLYMPUS '8 50 B MEE RIF4
BD FACSCalibur™ system #:l] GFP ik

1.3.8 Western blot Z3#7  HAb FXFHA I AGS 4 iy
FERNT 100 ml $5FRHE 24 h JFIEREAIA 50% 10623 ¥&
J Y miR-222 mimics inhibitor & BFPXTHE miR control 43Il 55 4
AGS 4iiffi 48 h J§ RIPA LR IR40A S8 BCA H:llE 8 H
W B30 pg B 14 SDS-PAGE 43 BjJi 214 % PVDF Jii
b ARYE marker BR7KE c-Fos [ B-actin 550050 F 5% iR
Wik AR LL 11 000 #i R c-Fos J& B-actin P X
PUABE B SRIE SRR ICIL AT/ 1eG H+ L B
2 h JiJ Supersignal® West Dura Extended Duration substrate rea-

gent ﬂ‘fﬁﬂ#‘}%ﬁ[ﬁﬁé
2 HR

2.1 miR-222 Real-time PCR #m)

Helcastiy 10 1) B 98 K9 95 1E 5 18 I 20 2043 ) 4 O
RNA 0% 555 #E4T Real-time PCR 4 il miR-222 £ikJ5 11455
P 45 B8 miR222 46 70% 7/10 ) ERALREAR
Rk L B
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miR-222 FEkHIXF K
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1-10 #Ak%H5 GC
1 miR222 710 fIEEFTEAR GC RHFRIAKFE

2.2 miR-222 3ok B

# TargetScan MICROCOSM [ PicTar 3 4~ miRNA 1 3 [X]
TN KA R BT AS BN A5 SR LTS SR = S T A5 3 Y
FERVE as it FmiE S FOS LR miR-222 7R A ik A2k
TEN IR FEYRIEY FOS JEPH 3'UTR X #AT (15T 0 45 & Fh 7 )%
5 &2

A2 --GUGUGGACUCAAGUCCUUACCUCUUCCGGAGAUGUAGC—AA-—-
MR- GUGUGGACUCAAGUCCUUACCUCUUCCGGAGAUGUAGC—A A
Bt ---GUGUGGACUCAAGUCCUUACCUCUUCCGGAGAUGUAGC—AA—
N, --AUCUGGCCUCCAGUCCUCACCUCUUCCAGAGAUGUAGC—AA---
KB --AUCUGGACUCCAGUCCUCACCUCUUCCGGAGAUGUAGC—AA-—
% -—-GUGUGGACCCGAGUCCUUACCUCUUCCGGAGAUGUAGC—AA-—
#§  —-GCGCGGCCUCAAGUCCUUACCUCUUCCGGAGAUGUAGC—AA—
S Fl---GUGGGGACUCAAGUCCUUACCUCUUCCAGAGAUGUAGC—A A
Position 203 —209 of FOS 3'UTR 5. . UUACCUCUUCCGGAGAUGUAGCA. . .

hsa-miR-222 3’ UGGGUCAUCGGUCUACAUCGA

TFTRIZHR D AZERLTHLESEE FTEIFH AA FOS mRNA 37
UTR 5 miR-222 #9 A4k %5645 %5
2 miR-222 {fEFF FOS mRNA 3’ UTR 4115 B2 54

2.3 RAFTEEEAN

A3 518 miR-222 mimics & B X} AR miR control 55 5 5L K]
R pRL-TK $L55 3 HEK293 4Hf 24 h 5 ZU@ 40 f
RSORIE 5 SR ML B FOS 3 UTR Lucit.
erase reporter + miR-222 mimics 4 %% 't 3% 35 9 B AH X F X i
WEFET UL miR-222 X} FOS % 3'UTR A W] 19 455 15

il E3 4855 FOS & miR-222 [y 3L
35 -
3.0 -
#
vo 2.5
e 20
=15
Z‘é 1.0 a
B
0 L L L
1 2 3 4

I miR control 2 miR-222 mimics 3 miR control 4 miR-222 mim-
ics 1 -2 Al LTEHRETHA 3 ~4 5 A4 EME FOS
3'UTR #4 X R FEREHMA a P<0.01 5 miR control ik

B3 WHOLEMIRE ZSWIE miR222 5SMERMWEEER

2.4 GFP dp#hl 5236

43 5B miR-222 mimics K BH4 X} HE miR control 5 &1 2 [K]
kI gy HEK293 20/ 24 h 5 4350 FHAE) B 2¢O i
K4 54 B S5A B WEE K GFP B3R ik
ZER IR LD #4A GFP-FOS 3'UTR + miR-222 mimics
LY GFP Kk AT Tt I8 i FREAR 42/R FOS J& miR-222 fiy
B 2 —
2.5 Western blot 47

B b FRIEAE K IR AGS 41 i 2 R0 F 100 ml B 5%
24 h 5 REA A 50% 1A 2 K45 L) miR-222 mimics in-
hibitor A BA4E%T A8 miR control 43 FJ4E YL AGS 4iJif 48 h Ji5 RIPA
AR UM S 14 Western blot 4387 816 45 R miR-
222 A LI c-fos HEH AYERIR
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A # 4 miR-222 mimics #= GFP-empty i #2 B %% 4 miR-222 mimics = GFP-FOS 3'UTR /i #: C %% % miR control #= GFP-empty fi#: D # 4 miR

control /= GFP-FOS 3'UTR i #2
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A GFP ) MFI % k3REIA & 2 M4 5] A GFP-empty + miR-222
mimics 14.77 GFP-empty + miR control 16.61 B GFP ¢ MFI 3
KiEEAL B4 GFP-FOS 3’UTR + miR-222 mimics 9.99 GFP-
FOS 3’UTR + miR control 14.50

B5 RGN GFP HIHIK I 4R

12 3
— ﬂ «—c-Fos(62 x 10°)
h Y Bactin(43x 10°)

1 2% miR-222 mimics 2 %t % miR-control 3 #5 % miR-222 inhibitor
& 6 Western blot # il miR-222 Xt c-Fos & 8 3% 00

3 itig

B e b DL I e TR R AR
EHEAET - RINA 26 T2 % ° B KLEMEIRY
Ko B Zo s B DR 5 00 L DR Y SR R A R 2 RN AR
SRRMLER " miRNA 5 5 RO E &4
ZRNRTE CAUESE miR-222 75 2 80 h 2R3k il
JERE TR IIRE I H 2 80EHE % B miR-221 il
miR-222 [y 5 3R 3k 5 W T4 R OC B AR A
p27Kipl SERYFRIK WA A] Rk — 2 52 0 1 e 1 R
kR

SR miR-222 76 B i h i B s B 3> A B9
TE X 10 515 g Some g B R ZH 2L miR-222 4T
Real-time PCR A6l & BUAHX T~ i 96 B FiEAH 2 7
B 2 miR-222 3Rk F i

1 M 354 http //www. mirbase. org/_F AR 45 $2 4L 1
TargetScan MICROCOSM J% PicTar 3 /> miRNA # 5L [H

T BCRE FE R & B FOS 9 3'UTR A miR-222 45K
PRSFEIEE AL PTRESN miR-222 B9 — N HEIEH W
POCRMHR G RGO R ARIERE R Gk
MG 25 RABIESE FOS 5 [H Al B8 & miR-222 () — /Ml
L A F5YE miR-222 mimics [ AGS 4ifiH c-fos
I HFREH B FIE DL EiEYE R miR-222 7
RIS AR 7K T FOS ik 4278 FOS LA
J& miR-222 f— R IE A

AN FOS JER N F Yk 14921 ~23 1 i 4
AN AR AN E TR AL gt A By 380 > gt
FRZEAGAY 55 x 10° B N 1 S — ARk i B0
i B FOS JE M LT 1983 Eg e ks H
e Jun EAS AR T AP-1 265 B 4IEK FOS
Sl 1 g e IR 0 R A R IEAR G AR S
FE P IVERAA T A RAR R E A 255
FKHFOSEMIERRNSE T HE AN Z K EERG
S (R R 22 A RS I R ST T LA B
WS BRI FOS W RE & FE s DhRE 40 2005 4F Fukui
451 B FOS 8RR ) 5 R 1 S R AN AR rh ek
BN BY FOS FE SRR S 4f iy & rh R o ik b
W OMAE I — S i R b W R IK R JE 2007 4 Jin
4 RO Al N S R RN A A
B AP Z A P FOS £ 4% i Hofe B bl g
BN X ATRES FOS BYfE M T TR A ¢
R E AT X T FOS 78 5 9 v anfe] & #5 5T g i ik 55475
THIRATT

g8 b TR AR ZAE R SMIESE FOS 2 miR-
222 f—ERE N SRR S YT R T R AR A 1Y
Kl 5K miR-222 76 B @ i A Rl i e i Al v 5
FOS FEHRIEMAH B R IFAEIR SN 4 A i 55 ks I
miR-222 X T 0 A M bR A 38 2 I T 55 U I A9 5 )
AR ER I RE R A FOS JENZY M ke E
I %) 2 HE N R TR RSB B IE B
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