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Comparative analysis of microRNA expression profiles between human gastroin-
testinal stromal tumors and extra-gastrointestinal stromal tumors

LIN Hui, ZHANG Xiu-min, LI Zeng-shan ( Department of Pathology and Pathophysiology, Faculty of Basic Medicine,
Fourth Military Medical University, Xi’an 710032, Shaanxi, China )

[ Abstract ] Objective:To compare the microRNA expression profiles between gastrointestinal stromal tumors ( GISTs )
and extra-gastrointestinal stromal tumors ( EGISTs ), and to evaluate their relationship with primary sites and mutant status
of tumors. Methods: Formalin-fixed paraffin-embedded tissues of 5 GISTs and 3 EGISTs were evaluated for differential
microRNA ( miRNA ) expression signatures using Agilent microarrays containing 866 human miRNAs and mutation status
of these samples were analyzed by PCR amplification and direct sequencing. Results: Unsupervised hierarchical clustering
analysis revealed that 8 samples had been divided into 3 clusters. One gastric GIST and 1 EGIST with the same mutation
grouped together and the remaining 2 gastric GISTs also formed a cluster. The other 4 samples including 2 intestinal GISTs
and 2 EGISTs could be divided into a third separate cluster. And then we divided 5 GSITs samples into 2 groups according
to their anatomical location ( stomach and intestine ) and assigned 3 EGISTs samples to the group with a similar miRNA ex-
pression pattern. Twelve miRNAs, most of which were predicted to participate in the regulation of KIT/PDGFRA signa-
ling, were found to be differentially expressed between the two groups; among them, 5 miRNAs known to be involved in
tumor progression were found down-regulated in intestinal group. In addition, only 3 miRNAs were found differentially ex-
pressed between GISTs and EGISTs. Conclusion: GISTs and EGISTs have similar miRNA expression patterns related with
sites and mutation status; miRNA expression patterns may help to differentiate GISTs at the molecular level.
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B W73 18] J5i 78 ( gastrointestinal stromal tumors,
GISTs )& 8 WL i) 8 i 18 8] 2 SUe , vl R A T
THACIE 2 SR AL, LE AN 2 % (B &2y &
60% /INBZY i 35% ) s A RO T K AR TR
AETE SN, A IR RS | R I A i 2R B4, PR
T 41 T8 Jix 988 ( extra-gastrointestinal stromal tumors,
EGISTs ). W HAT AHALL i 95 8L | f 98 35 U F 931
G AERHE #3215 CD117 A1 CD34, (HX T 9 % 2
LA YR F Cajal [8] B 40 HU( interstitial cells of Ca-
jal, ICC B 5 1CC A1 Ji V- 1 L2 At [m] I 04 i 44 4
L, BRI A

E AT W, R [A J  aeA R 1
GISTs fEJE 2522 Ml R 3R 8L b A7 A7 22 52, 18 3 AN
PDGFRA 28781 GISTs L) b Bz 4 fifg B 2 UL, A= 12
17 RS TG — ML T 18 A KIT 58728 (14 995 191
3T KRR B A R & GISTs BRI, {H L 4K
PE DLBUE AL SER DI BEARISPE RS .mRNA 58 3R
TRIK- 1 22 S BTk LA R B GISTs phRe iy A 4
F1oh, XTI AT 40 25 kA W57l 0 mi-
croRNA( miRNA )R iA T8 5 & B, GISTs ) miRNA
FIRRBI G YR 14q Z2R MR I FRAL | fa i B2
R GEARHRYBE YRR O, AT LAAE 43 F K L R X 53

GISTs MMEZE . {HX SR 5% R 405 EGISTs g 4],
P = A TEAR R () Rk a3 AT R AR R 2 4L

miRNA &R KK 21 ~25 nt AEHIG/DN
RNA i & 548 mRNA (45RE 79 B AR 58 42 |
EE A, i T mRNA R 5 B E B
Zhang A8 fifi Agilent miRNA it F X P VK 7 /9
FEAS LA K AH IO e FEY I Y (] 2 A 0 A 3 formalin-
fixed paraffin-embedded, FFPE REASEFTHFST, IE WA
FFPE 24Uk TEAY miRNA WG TR SN A %
T EGISTs i ] b /0 UL , 1o BEA B bR AR A 5T 44
R KA AT, UL AR BifF 58 U 22 SR FFPE bR AR
J3HT GISTs 5 EGISTs Y miRNA R, I Wi & 2
[BSEAE

1 #REFE

1.1 B

MG 5 BS B BB PR 2007 4 & 2009 4R
GIST £ 2 11 A1 il 40 2 ZUAR A 8 {3, Hovp GIST 5
B JEGIST 3 3], FF A ARAS 2 B2 . REAS (I PR
TR MR DR S Ak B, R AR 35 ~75 %,
AEIE 53 % I R B R BR UL 1,

&1 84 GIST BE K RIBFFE
Tab.1 Clinicopathologic data of 8 GIST patients

Immunohistochemistry

Size Mitotic count
Case Sex/ Age Site Risk Mutation status
(/em) ( /50 HPFs )
CD117 CDh34

1 F/46 Stomach <5 <5 Low + + KIT V559D
2 M/51 Stomach 5 <5 Low + + KIT W557G
3 M/75 Stomach 13 >10 High + + KIT P551_V555delinsl
4 F/54 Small bowel 3 <5 Low + + KIT V569_L576del
5 F/62 Small bowel 11 >5 High + KIT D572_P573dup
6 M/35 Retroperitoneum >5 >5 High + KIT W557G
7 M/56  Retroperitoneum >5 >5 High + KIT W557_K558del
8 F/48 Pelvic cavity <5 <5 Low + + KIT W557_V559delinsC

F: Female; M: Male

1.2 KIT 5 PDGFRA & % #

518 Omega FFPE DNA Kit( D3399-01 ) #ii 45
M8 A AR A R EUIE R 4 DNA, PCR § 3% KIT
FEHANEF 911 .13 117 DL S PDGFRA 2 [ 1)
SMEF 12,1418, 5IMIFFI L3 2. PCR 1B H 5%

2 95 CHIAEME 2 min;95 CA81E 30 s, Bk 40 s,
72 CHEff 30 s, 35 RAEH; f i 72 °C ZEAH 5 min.
H B SR R Bralifb 26 6 5t os A 4 K3k RN I 4y
A BRI BT .
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Tab.2 Primer sequence and corresponding annealing temperature of PCR
Annealing temperature
Exon Forward primer Reverse primer
(1/°C)
KIT 9 TCCTAGAGTAAGCCAGGGCTT TGGTAGACAGAGCCTAAACATCC 56
KIT 11 CTGAGACAATAATTATTAAAAGGTGA TTATGTGTACCCAAAAAGGTGACA 60
KIT 13 GCTTGACATCAGTTTGCCAG AAAGGCAGCTTGGACACGGCTTTA 56
KIT 17 TACAAGTTAAAATGAATTTAAATGGT AAGTTGAAACTAAAAATCCTTTGC 55
PDGFRA 12 TCCAGTCACTGTGCTGCTTC GCAAGGGAAAAGGGAGTCTT 55
PDGFRA 14 GTAGCTCAGCTGGACTGATA AATCCTCACTCCAGGTCAGT 55
PDGFRA 18 ACCATGGATCAGCCAGTCTT TGAAGGAGGATGAGCCTGACC 56
1.3 miRNA %4 % # 5% miRNA A 3% P ARG S i 2 7,58 2 FE T4k 2 WAR( %

BAAWEFRA T BT 4 7 (20 wm/ ), 4%
miRNeasy FFPE Kit( Qiagen )#/E U5 B 2 BUEL RNA .
T B miRNA, B30 Agilent” s miRNA Com-
plete Labeling and Hyb Kit ( p/n 5190-0456 ) X} 100
ng M5 RNA BEATHRIC, RS #4786 A 244 22 ( Zedtife
A miRNA B2 4% 45 R J& H S A, B s Sk U T Sanger
miRBase V12.0 A ), S ANEHRIR . DA ESC
1 E A S E Y BORA FRA R 5E .

1.4 HFEpH At FRE

R B IE S Z S, FAE A 4y
Hr Z25:( http ://sas. ebioservice. com/ ), LAFTAHEA
H miRNA R AKCFARIEZE 0.2 S id dEFRifE, 12 HIE
W R R8s 8 BIFEAS 2 22 5 K Y miR-
NA RJE FHRHAMS:

HRAR I AL S B B8 2544 9 051 73, (] dlif-
gene( 4155 ¢ Ko g0 Fl SAM (Y455 )i vk 22 7 R IA 1Y
miRNA , F 247 HEH R T30 34

2 # R

2.1 84 GIST # A& KIT 55 PDGFRA & % #9420
&R

W7 45 3 28 He X5 ( http 2 //blast. ncbi. nlm. nih.
gov ), KIN 8 HIREAAFRAE KIT Sb BT 11 BHEME
PEZAE 4 B Ad A sl R FEAS 3.4.7.8),3 1l R
MRA(FEAR1.2.6),1 BIEERD(HAS), Hh
FEA 2 il 6 AR UARIR], #4120 W557G( % 1),
2.2 8 4] GIST # AW WEHERRESH

P ST E M bR E L U8 4815 375 4> miRNA, LA
WHATAE IR B B IR R b, S5 R IR, 8 BlFEA

B.C,EI 1), #E A 2 BIREAGEAS ERIE A1 [H], 1
W& AR REAR 6 ), 1 Bl A T HOREA 2);
B Y 2 BIFEAER IR T B (HEAR 1 M3 ) Mifk C
(1) 4 BIREA SR R RO AE /MG BEAS 4 RS )5 H b
(BEART RIS ) 3 ANFEMFEAS L&A = fa A IK
ERSIER YA

Lalor By
.'\.\.' wras
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Fig.1 Unsupervised hierarchical clustering

analysis of 8 GIST samples

2.3 MpiEARA AL FHRAA M E F KL miRNA
REEE R BoR, B 5/ 1359 18
AR, FIFR AT A EGISTs () miRNA &I n]
RE43 ) S 5 T 1Y GISTs Fe AR L, PRI, Sy
W5 8 AEEAIIRL2 4 7 A B Sl B ERERLL 5% C
R B R R AL ), N diffgene T BE 22 5
miRNA, I EBREFT A AT EFS ST REFAR
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FH) miRNA, 258 & B 12 4~ miRNA kK1) 22
SEAG I FEX(P<0.05, Z2058 <0.5 5 >
2N £3). HERMHS BHHERMHAMIL, H 74
miRNA | 14 ( miR-383 . miR-1275 . miR-193b . miR-

xr3

139-3p .miR-663 \miR-886-3p .miR-664 * ), 5 N &
AP miR-30e * \miR-186 .miR-10a . miR-199b-5p .
miR-218 ),

S 57 KRB E A GIST £ 2 %1% miRNAs

Tab.3 Differentially expressed miRNAs between 4 high-risk and 4 low-risk GIST samples

Predicted target genes®

miRNA Fold change® P Chrm].[lOS(.)me
localization Targetscan Microcosm

miR-383 7.890 0.048 8 - CD34,MAPK1
miR-1275 3.957 0.024 6 - -
miR-193b 3.036 0.032 16 KIT,KRAS,CCNDI1 E2F1
miR-139-3p 2.973 0.005 11 - AKT1, PLA2G4B, TBP4 , SMTN
miR-663 2.885 0.027 20 - CDKN2A,LTB4 ,SMTN
miR-886-3p 2.430 0.032 5 - CDKN2A,LTB4 ,SMTN
miR-664 * 2.384 0.014 1 - .
miR-30e” 0.345 0.031 1 - NF1,CDKN2A
miR-186 0.285 0.005 1 PDGFA ,MAPK1,CDK6 CD34
miR-10a 0.171 0.007 17 CDK6 -
miR-199b-5p 0.163 0.001 9 KIT,CDKNIC -
miR-218 0.027 0.021 4,5 KIT,PDGFRA , CDK6 CCNE1,CD34,TPMI

(DGroup with intestinal expression pattern versus group with gastric expression pattern; (2) Predicted target genes in this table are

presented in NCBI gene symbol

[, S50 % IS T 0 3 N REA AR AR (1) %
AL FIURER A 5 B ARSI R BB A Y FER
MZER TR 22 B R R 22 0 Wi i 7 A LB
5 CZmm2ZERFE, I hiHER A 5 BB 5 C
ZIA) 22 S A58 > 2 8 < 0.5 B9 miRNA , B35 7 e 2%
RINBI M. REDSIEER LI, 3 A2
A 28 > miRNA FiIkfrfEE R, A 5 B.B 5 C Z[H
225 miRNA 5351284 26 #1117 4~

SN R =D v o (G = I T NS 7
B H s 1515 4 FURAEREIC EE5 2 6] /N 1
B ok 2 ), K BRAE a9 A 2 > miRNA
AL ERA 2 AN TFIREP <0.05, 22 54588 <0. 5 8§
>2 X F4), AINEHILE T EHSE W E
5B B E LA miRNA 22 530k, 45

RRI,3 B I 25304 3.6 F119 > miRNA 22
SAGI R XCEERS ).
2.4  E5F %k miRNA #9¥e ) B Fn)

I F Microcosm ( http://www. ebi. ac. uk/en-
right-srv/microcosm/ htdocs/ targets/v5/ ) Fll Targetscan
( http://www. targetscan. org/ )47 $ 5L K F il
A~ miRNA HIRETON AL B . R, 2
% Florian ZE-° 7 il i 1 ¥ [R5 BBl PR 2 76 KIT A0
PDGFRA {5554 538 B /Y 10 4~ % H( KITLG \KIT,
PDGFA . PDGFRA . NF1, AKTl, FRAPI, STATSA .
KRAS .MAPK1 ) Zi i G,/S e 8 #/ 12 N4
FFH K ( CDKN2A . CDKN2B , CDK4 . CDK6 , CCND1
RB1. E2F1. TP53, CDKNIA, CDKN1B, CDKNIC
CDK2 .CCNE1 ), [A]ititfin b5 73 H S5 /M GISTs &
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k2 S5y 3L K ( PDGFRA . PLA2G4B . TNNI2 . CD34 .
LTBP-4 . TGFBR3, CCNDI , LAMM , pTSC22 ., SMTN,

ICE .FZD1 .TPM1 .ESG )-°/( #£3.,4),

R4 40IHRS 4 HIER GIST H Ak iE % F KX miRNAs
Tab. 4 Differentially expressed miRNAs between 4 high-risk and 4 low-risk samples

MiRNA Fold change® P Chromosome localization Predicted target genes?
miR-1305 7.558 0.026 4 KRAS
miR-494 3.231 0.020 14 CDK6
let-7a 0.493 0.041 9,11,22 CDKNI1A,RBI1,TP53
miR-505 0.472 0.044 X KIT

(DHigh-risk group versus low-risk group; @Predicted target genes in this table are presented in NCBI gene symbol

3 %W 8

AW IE T UK FFPE FE A N T GISTs Al
EGISTs (1) microRNA &Ik i 4341, M A B A A 4 Hie
i 5 RNA Z B4, /5 microRNA 1355 B i, R A
RIREFE T R B, S5 AR , 7F FFPE il 45
T AR, 32 E SR S A AN 10

H AT, GSITs Bl AT 1CCs, KA EH 1A AE
T Z AL, KR sr4RFRik CD117, JF HAfA T H
JATENUZ o 3 RAS D22 B AE W A TE S 0 A 25 B a0
TR B2 e 45 4 IR ICC B ICC RELR M, 3 AT AT LAfi#
B EGISTs AR “ . HZHERIEUNE L I
WFFE, R AT 3 2 4l

ARWFFENS 8 BIKEA microRNA FEik i E4T B2
A3, Hed 1 5] EGIST 5 H &6 GISTs JE % A,2 14
5/ GISTs ik BRI L% CCIE 1), GISTs
5 EGISTs 7€ microRNA &3k | 22 S I A HH .
Wor2E B INR , BAE R T 5 W AR AL 2L 18] R
W H UL H AT ETIZ BB 46 K5 43 EGISTs 1R AT fig &
JR& T E B EE R AE K &S B I RELZ 52
S0P EIE R EGISTs >, 1 WL 5 B 47 B¢ EGISTs
5JREE AL GISTs £ 45 7 1H 3R BLAH T i L 42,
Reith 2615 I — %5 75 4 402 R A if 32 260, {5
A %47 I, EGISTs 5 il GISTs H A2,
L GISTs B HAZ & M. IR v e T 15 i
GISTs B fifi [n] BE b A= K, [ b R 30 5 82 08 19
EGISTs il £ .

Yamaguchi 28 "7 V08T T 32 51 B AN GISTs
(R IR RA 1, 45 2 b /R 38 Tk 28 ) 55 357 B Jb A
XK, XN EH M 1CCs HAR R R — & IR, (B 7E o3 fh i
P SZ RIS () SO 358 5 T, ik PR R 3K 3% & A 4%
H AR AP AE . GISTs ) mRNA 5 microRNA ik

T2 [ AEAE ) — 26 25 5 Choi 257N JE i B35
/NI ZIE] KIT S8 AR AR R T8, ARBEFE 7 A
() 2 AFEAEHAT M) 1 28 45 | e B0 1) 58 A5 J2: 15
2%t microRNA FERY P2 Az B R, M R IESE .

YT 3 5] EGISTs BEAS microRNA 54351 5
KNz, A1k EGISTs 5 GISTs &/ fF
TEW R LR A B R AL S M iE R A ), -0k
12 53K microRNA, FHH 10 /> microRNA
AR N 2 5 KIT/PDGFRA 1555 3% G, /S #
% , miR-193b . miR-199b-5p . miR-218 F/ miR-
186 Al At F 4 4E 1 T KIT 5 PDGFRA, miR-193b,
miR-199b-5p Fl miR-218 AR KT 0k R 2008
PP 2 L P L LA R S 400 AR A A e L DL
s X PR AR S KIT 2 PDGFRA {554
T3 FEA Ko KIT #%9F 522 miR-221 YL 2
— KEEAR G B H Rk K- R 58 M4 50H
FHSE, TSI ) microRNA kAR 5
TR AH AN, 30 37 B AR 2R A 520, 3] BRI &R
43 8 BB A A B0 B i B4 SR

IeAh, H % A4 H miR-193b, miR-139-3p .
miR-663 \miR-886-3P 1Y ik 7K - 45 i 1 % A 411K,
T A FE LA & CCND1 .PLA2G4B . TBP4 .SMTN il
LTB4., AR, X 5 5L FLE B H GISTs 3k
BT, X FRAT 0 T 4 R AR AN AT, Hp
miR-193b O£ UFSEHERE ELHE 4 CCDN1, 1E Ry i
T 2 500 SRR A0 s 45 2 e )
Kt KRR

(]S, T A17T 0 MR 40 A i o J32 i 6 11 4 A 25 5%
23K microRNA , H i let-7a Al miR-505 7& & f& 20
R T, XF Let-7a, B4 8 Hid id T 212
FICCND2 25 G, /S WA, 76 56 A5 i
S g HP AR IR, P R R AR A 2 A8 RN s Ak
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LA A v B SRR I R, MIR-505 A5 1
e ILARIE , (H 0 45 5 R HOg R F KIT. mi-
croRNA 3Rk 25 7 Al LU BEFK 73 = /& GISTs PRkt
Rl R o

ZE LT FEARE 5T EGSITs 5 GISTs f mi-
croRNA FRAULERE A AL, P FRATT B DA ) 46 R 47
EGISTs S£ i |3 T GISTs FUML A, Pig&RAlY
AL WA G, 2 S AR A FE RS S L PP R
Wi, A 25 0] )3 T GISTs 764> F 7K F LAy 43
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