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Abstract: Objective  To investigate the expression of SHP-1 and JAKs mRNA in the primary acute my-
loid leukemia( AML) patients and their impact on leukemogenesis. Methods The expression of SHP-1
and JAKs mRNA in AML patients,CR and 19 healthy adults as normal controls(NC) was measured with
FQ-PCR and RT-PCR. The relationship between the expressions of SHP-1 and JAKs was analysed. Re-
sults The expression of SHP-1 mRNA in de novo AML patients was significantly lower than that in CR
(P=0.032) and NC group(P = 0. 000) ,and so was the relapsed. CR was achieved and decreased again
after the disease replased(P<Z0. 05) ; the expression of JAK1 mRNA in NC group was lower than that in
relapsed AML(P = 0. 047)and de novo AML, but the latter has no statistical significance(P = 0. 051).
The expressions of JAK2,JAK3 and TYK2 in AML were significant higher than CR and NC(P<Z0. 05).
There was a negative correlation between SHP-1 and JAK1,JAK3 mRNA(P<C0. 05). Conclusion SHP-1
gene is a potential anti-oncogene. There was a negative correlation between SHP-1 and JAKs mRNA,
which indicates that SHP-1 downregulates the JAKs signaling pathway in AML cells not only by decrea-
sing the phosphorylation of JAKs, but also by negatively modulating JAKs mRNA expression.
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G S51%i% ., JAK-STAT (janus kinase-signal tran-
sudcer and activator of transcription) 42 105 5 1 V%
551 05 40 M B 5 4k B DDA BT, TAKSs A
STATs  Efy Tyr 53RN 2L BEMR L /E JAK-STAT fF
SRS . EAEAFIE & B SHP-1 BERE &
JAK JF 75 JAK & A 2 BE R 4k DA T BH 1B JAK/
STAT ZRHK I . BT JAKs 3 5K F- it 5 B
RTAAR A AR FE A 52 % 4 PCR AN RT-PCR %,
A mRNA ZKFRIFFE T -4 2 & i (AML) &
H SHP-1 B A JAK G5 R Rk 22 51 [N 4B 1
SHP-1 Fl JAKs ) mRNA 7K K H ARG, Ay ik —
ARV SHP-1 JEH AN TAK S5 IEIR AE 1555 2 9 o
AR HIBE5E HAitl

1 #ERERE
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FRASTR A FeBe ML AL . 2005 4F 1 H ~2006 4F
6 H AL EE 63 i AML BB aEbaAs, Hr 50 64
TRERE 3 I K B F 19 Bl R R R
X, A AR YRR IR PRARIE B ek
AL, A RER Ak g iz . Hob M,
14 M, 2 6] (2 % 1D WML 15 51 (52 & 4 D) WM
15 (52 2 ) M2 5] (52 & 3 461D WM 17 i (B2 &
36D M1 il M; 0 . 55 34 511, 42 29 {51, v AR
1%31.5% (16~79 %), BiE2Z% M (CR) B 26
1,19 FlEREEE TS 11 & 8 A i aFEi
38 % (18~52 %), HWIFEXI R A0)iH AML 4
(AW RIRIFE) B & AML 4 G xfiin. 2 &
AML (2R AERRIZ G R AT IRIT D e 2 %%
iR (CR) | i B XS B4 . g8 4 41 vf SHP-1 5
JAKs BRIRN O AT HAH OGPk
1.2 e

Ficoll ik L4 Hu 43 B W . M-MLV, Taq DNA %
A ANTP BEHLS RAR G P30 B Promega 2
7], Realmastermix F &Y MiXF &M H Tiangen
23], Trizol I W H Solarbio 23 W], 5% I % &t
PCR DENGHRET H i 1L K 5 ik 42 356 K] i Ay A3 FR A )
H . W5k PCR 519 H 1§ Generay £ Al

A, SHP-1 1E X 514¥): 5'-GCG GCA GCC GTA
CTA TGC-3'. Jx X514: 5'-CAG TTC CAA CAC
TCG GTT CTC A-3', %4 F 5. 5-FAM-ACG
AGG GTG AAT GCG GCT GAC-TAMRA-3',
PCR §" 34~ E PE A F GeneAmp5700 A1,
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1.3.1  S2HF9E 6 5 PCR(FQ-PCR) ;i SHP-1
FERFEIL i AML 8 R R X B 5 ml,
2%EDTA-Na, Hii# , Ficoll 43 B 43 B B B A%
4 ffl (MNC) , Trizol — 20 ik 42 B4 5 RNA, 25
MG E R . W SRR Ry o5 X L s G o
Wi 4 pl, BIES1890. 4 pg, ANTPs 0. 2 pg, 00 5 i
1.0 ug.DEPC 7K 9 pul,RNA 1.0 pg. BARF 20 ul,
W 4R 37 °C 1 h,95 °C 3 min, BHMERE R FES
DFE ) PCRAK R R 5 X 28 it PCR Z2 P 10 pl,
LUES I 0 pgs TSI, 0 ng  ANTP 0.5 pg, %
JEARER 1 pl, Taq BE1. 5 u, cDNA BEAR 5 pl, XZEIK
30 ply BARFL 50 pl, OB 45493 °C 2 min, 93 CAR
P 45 5,55 C 45 s, 3L 40 MFEFR . GENE5700 3/
SITa R, AR K UL/ pg B RNA = $£ D
1/l cDNA + FEA RNA Y ODog fH X 1. 05,
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FERFIR Trizol —B7E4EHBUALE RNA, 2505350
HEETHE R, WSROV AR R AL S RAZ AT IR |
0.5 pg. MMMLV 200 u, 5 X 3 # 5% buffer 4 pl,
dNTPs (2 mmol/1.) 2 pl, Rnasin 25 u, RNA 2 g, H
DEPC 7K %h 2220 11537 °C 60 min, 94 °C 5 min, 1 C
2 min, PCR WK Z K .10 X buffer 5 pls MgCly 3
dNTPs 5 pl, |- #5149 4% 3 pl, Taq fiff 2u, cDNA
2 pl, WFEIKAN 2 50 puls OB 250F R 94 °C 5 min, 94 °C
60 5,58 “CiR K 60 5,72 °C 90 s,25 MEH G ,72 “CH
FEAR 10 min, BU=HI10 1l 2 20 B IR MR I FRLUK » 5541
AT WS REAH , 5 TR BRI AR R Ge v 434t LA
DL JAKSs FePRAH R B4 38w R B RS I S N
XTI Bractin {12 AR HUAEAE S mRNA 357K,
RT-PCR 5975103 1,

1.3.3  Gib0rik 458 SPSS 11 s& it it
AT AT . BHPESRZ I 25 5 H 2 K, ik KF

%1 RT-PCR3|¥F3
Table 1 Primer Sequences of RT-PCR

Gene Forward primer Reverse primer PCR products(bp)
JAK1 TGGAGGTAACCACATAGC CCGAGAACCCAAATAGTC 250
JAK2 CAACCTCAGTGGGACAAAGA TTCTCGTCTCCACAGACGCA 480
JAK3 CTCCTTCCGAGCCGTCAT CTCCCGCTGAAAGTCCCT 310
TYK2 GTGGCTTGCTTGAGTGA CACTGTGTTGGCGTACAGGT 367
Bractin TCATCACCATTGGCAATGAG AGCATCAGGCTTGCATCT 155
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Table 2 The expression levels of JAKs mRNA in AML patients and normal control(z £ s)
Group n JAK1 JAK2 JAK3 TYK2

Newly diagnosed 50 0.575£0. 372%~ 1. 667 £0. 984 %4 0.790 £0. 419*4 0.374£0.093*4
Relapsed 13 0.599 £(.335%4 1.466£1,012%4 0.945 £ (. 541%4 0.416£0. 143*4

CR 26 0. 403 £ 0. 233 0. 978 0. 490 0.537+0. 245 0.292%0. 075

NC 19 0.376£0. 194 1. 033 +£0. 836 0.483+0,217 0.079 %0, 023

Note:* P>>0. 05, compared with CR group; & P>>0. 05, compared with NC group; * P<C0. 05, compared with CR group;
A P<0. 05, compared with NC group

&3 JAKs mRNA & H AML BEFEREARRIER
Table 3 The positive rate of JAKs mRNA in AML patients and normal control

Group n JAK1(%) JAK2(Y%) JAK3 (%) TYK2(%)
Newly diagnosed 50 84, (0(42/50) 2% 86. 0(43/50) 2% 68. 0(34/50) 4% 82. 0(41/50)A
Relapsed 13 69.2(9/13)4% 84, 6(11/13)°* 69.2(9/13)4% 76.9(10/13)°A
CR 26 76.9(20/26) 65.4(17/26) 57. 6(15/26) 60.0(13/26)
NC 19 69.0(13/19) 86. 1(16/19) 57.8(11/19) 36.8(7/19)

Note:* P=>0. 05, compared with CR group; £ P>>0. 05, compared with NC group; * P<Z0. 05, compared with CR group;

A P<0. 05, compared with NC group

22 5 A ¢ KB sk Ty 2% 0 B A R
Spearman P T LS., DL P<<0.05IN h 7
Aot L.

S

2.1 RNA 4l ff a4

JREZ IR RNA £ 585036 BE TR, LA
FELL 8~2. 0Z ], I R R FL VK S5 5 . 28 5. 18 s
e i N wi SR 5
2.2 AML ## JAKs mRNA ik 5 FAB 431

3 My Fl M, fB 5 4 F JTAKs Y3638 B M, |
M M, . M 955 51 8520 ml i s A 5 25 43 B B B
ARG M T Mo M M,y Ms 4 FpE R 25
JAKs %3k, B 225381, P=>0. 05, Ak 4
PR3 JAKs Rk R TG4 E L.
2.3 JAKs ZEREEIEH A K AML #5110 1522 5

JAKs 7EIEH A e AML 45 3346 SR FE i il %
IR BN IZFE R TR IE B RS A I o Rk . S 54
MupgA BRI e, IEH A KA AML B35 1) JAKT,
JAK2 il JAK3 mRNA AP E R 2RI G I+
BP0, 05) 31 TYK2 FEVRG A Kk A F#ikH
W T CR M NC #H, 2R A%t X (P<
0.05), JAK2,JAK3, TYK2 mRNA 7£ %] j& #1455 %
AML 21533 35K F-IA 8 #5 F NC Fil CR 4P <
0. 05), W35 AML F1%& % AML 2 Ja],CR il NC 412
()25 S TG T2 X (P 10, 05), JAKI 7E90iG
AML P-4 3R55K P05 T CR F NC 4, 2255 T640
TR L (P>0. 05) s fE K & AML 20 mRNA /KP4
CR I NC 45 (P<<0. 05), W5 2.3,

% 4 SHP-1mRNA 7£ AML,CR &2&fEE
FRAKRIEGE LS
Table 4 The expression levels of SHP-1 mRNA in
AML, CR patients and normal control(z * s)

Group n  Positive( %) mRNA
Newly diagnosed 50 44(22/50)C& (0 —1.92X1(°°A
CR 26 60(19/26)4 0-6.23x10"4
Relapsed 13 26.7(4/13)%A  (0=1.79X 10°°4
NC 19 100(19/19) 3.21 X 10° — 6. 88 X 107

Note:© P<C0. 05, compared with CR group;4 P<0. 05,
compared with NC group
2.4 SHP-1 EIEH NS AML 45 #3822 5]

WHEME K& AML 41 SHP-1 FikRAfIFE LK
SR BT CR 401 NC 41 (P #<20.01), CR 4
IMIETF NC 41, 2R H G248 L (P<<0.05), £
ZLIB I 6 9 20k e S KR R — H S
= ARG f# AR A B SHP-1 mRNA Rk KF,
KIMWNGH S ik — H 4 il — H M fig 2147
ZHAH L SHP-1 mRNA £k /KFER A 52458 X
A BT 2 AR LI R 5 P = 0. 0327)
VIR 5 HA =24 22 51, =B 2l Z ) A 22
s L2 4,
2.5 SHP-1 f1 JAKs mRNA ik A1k

XFRIE#EAT JTAKs F1 SHP-1 #3050 119136
AML B #4138, SHP-1 5 JAK1 (= 0. 501,
P=0.048) f1 JAK3 (r = = 0.307, P = 0.038) 7&
mRNA CFR A, 5 JAK2 F1 TYK2 AT
K (P=>0.05),

3 itig
JAKs hy 3k 52 1R 7Y 1% 22 2 4 . £ 45 JAKT,
JAK2,.JAK3 F1 TYK2 PYA4S 5 61, WF s 4k 8 AML
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AR L JAKs ik JAKs 54 13 14
G546 s VU A0 B R 2 AR B IX S LY 7R A2 AR B
BEAR AT % — R B RR AL . I 1 R 1k 3G
TR STAT i 2 5% 47 808, 58 N Fr 7 1
DNA VIO A i 5% 5% . JAKs/STATs {5
S IR AR SR O 5 0 AR G R K A AR
04 JAKs il STATs i Tyr 5360 L wma 1k
J& JAK-STAT {55 F M EEALHS . B4 %R
ZEW M5 / 6k E2 03 40 Bt 2 41 g R Ramos, HY Jur-
kat FNFLIF 40 = HTB26 & v & A B (& xF JAK1
T TYK By R A5 11 2 JAKT A TYKD & K
S R AR A R ) MG132 fig BH B i A AR
A, Han Y %5t % 81 NPM-ALK PH P A [] 45
A I R A 2 v J AKS SR R, 42
718 FLI9s & A9 BEALAT TP A TAKSs {5538 1
A RPERCE A C TR B o] BB IR A7 AE JAKSs R £k
FR) SR B g B R A B 9T JAKs mRNA kK
T ARAE

FAT5HT T TAKs mRNA 78 AML - B 3Rk
50L& B, W18 B Kk AML # % JAK2, JAK3,
TYK2 Fik7K-FHE & T CR A1 NC 4, JAK1 7E9)
16 AML 2 £k K48 NC A Fi ks H 2 5500
Gt 2 X TR AT REA - (D FEAR R D (2)
JAKT kK- AEA R BB 2 8] 25 SRR M i T
iR 2. CR G JAKs #£ kK FEH B FRE. 8%
NC HZ R TGI8 X E S AML B3 7
TE JAKs FEH SR KF FE, 20t HE [k
-3 R R A3 BRI

SHP-1 & —Ff & SH2 1 (src homology-2 do-
main) F9 60 Jo5 1 S 1 Tl P T » = 22 96 3K ikt 4
J& JAK/STAT {5538 % 09 608 2 7. 76 14 10
JE %, SHP-1 2 35 51 1) Bk 5 % 1R 1 BB J& & 5L
JAK/STAT i g5 230G pLe 2 — . FZ2 A
I /6 B 983 41 it 22 v SHP-1 mRNA F1 & 1 7K F
HIHA 5T B, 7R 14 S A AN T A I b LA
FEME X, A0 HEV G AML B 1
SHP-1 mRNA 3 ik K 8 #F R AL, CR 57K F 1
Tt B LB FRRCR RS Hom Rk SHP-1 903G
AML #BFE WG B4F. AT FHBUEE | R 5
A Ve b HoE R ER ) FQ-PCR ikt — 4
X251 AML f8 35 B B SRS A% 41 rh SHP-1 g 3%
IRHEAT R i 45 SRS R HGE A — 20 R R AT sh 3
BEEMEET 6 i) AML 5 FERT 6 BB BN [ 2% fie
B SHP-1 mRNA #3844k, K BLF— AML B #
2959735 CR J5 SHP-1 Rk KV AR E T E
MBS E e, E—F Ui SHP-1 k%

KE AN F k] BEE S E AML B R i E K 2
— IR SHP-1 78 [ L5 & s BIL i Hh ke G 5 171 145
YERT, IEXE AML B3 15 A e HoA B2

SHP-1 3 %238 o & B JAKs 2 [ % /iR 1k Xt
JAKs #4783, tnl i JTAKs 8 (R T 7
JAK/STAT #4250, &A% JAKs Fi1 SHP-1 fy
FIREIAT T & B F mRNA /K3, SHP-
12355 JAKT,JAKS3 5 G4 56, 1 5 H b 93 #h
JAK LR ToAH M s #2787 SHP-1 XF JAKSs FEE ) i
PR ITAE HOR LB TAKSs B2 £k ifif BH 8t
JAK/STAT 4% , 38 ] Be7F 5% S K F- A7 75, (3
e 28 Z W 9T Rk i — R SC . SHP-1 X JAKSs
FIE By O AR A T T3 — 2P 8k, DL
AML 35 SHP-1 38 58 Wnful i@ o R i (5 5
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