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Expression and function of Twist-1 gene in myeloid leukemia cells
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REN Qian,MA Xiaotong( State Key Laboratory of Experimental Hematology, Institute of Hematology & Hospital of Blood
Diseases, Chinese Academy of Medical Sciences & Peking Union Medical College, Tianjin 300020, China )

[ Abstract ] Objective:To investigate the expression of Twist-1 gene in patients with leukemia and tumor cell lines of
hematopoietic system and to discuss the effect of its overexpression on proliferation and apoptosis of myeloid leukemic
cells. Methods: Expressions of Twist-I mRNA of hematopoietic tumor cell lines and PBMCs in patients with acute
myeloid leukemia ( AML ), acute lymphoid leukemia ( ALL ) or chronic myeloid leukemia ( CML ) as well as in normal
healthy human were detected by Real-time PCR. Lentiviral vector for overexperession of Twist-1( pCDH1-Twist-1 ) were
constructed and transduced into myeloid leukemic K562, U937 and KG-1a cell lines. Effect of Twist-I on proliferation,
colony forming, cell cycle and apoptosis of the leukemic cells was evaluated by cell counting, colony forming, flow cytom-
etry and Annexin V/PI assays. Results: Expressions of Twist-Iin patients with AML and CML were significantly higher
than that in control group( all P <0.05 ), but there was no significant difference between all patients group and control
group ( P >0.05). The overexpression and interference analyses demonstrated that overexpression of Twist-I in myeloid
leukemic K562, U937 and KG-1a cell lines promoted proliferation and colony formation of the tumor cells, and inhibited
apoptosis of the cells. Howevere, interfering expression of Twist-I had the opposite effect. Conclusion: Twist-1 was over-
expressed in myeloid leukemic K562, U937 and KG-1a cell lines and its overexpression could promote proliferation of the

leukemia cells and inhibit their apoptosis.
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RS EAERESE S AN, Twist-1 S 9 5, 7EAR
Z AR MR rh R s IR B TR AR, O
KE A AR A O Twist-1 1Y FE AR A4S
2 28 b o A0 Pk A A R T 07 R R ) b
6] 70 J5 7 e LA B i AR 280 BROOR Twist-1 75K
PR R Hh BV — B A g st 0 (B2 H AT
1k, Twist-1 5 ML 956 R BF9E M 2. Li % 2R
8 TEE B A i 2R AR, Twist-1 R AEHTIH T
YEF o ASBIFFERS I Twist-1 784525 F L5 H &
L3 1 2R e P P e 200 R A R R R O, R I H
Ik T 2 PEHE & A M ( acute myeloid leukemia,
AML ). 1 P K 40 B2 11 i %5 ( chronic  myeloid
leukemia, CML )35 HE S A% 40 A 6 2 I
YRR . AW Twist-1 76 1 100555 4H M A 45 00 4R
JH B Twist-1 32 RIBFNT RIS 15 AT T B e i
R M0 2R VRS LT 1 L5 20 A 14 5 L 4R 75 T2
S R TR AR W S T RE RS R, A ) I AR
M 1 & A= BT SR R e 2K

1 #RE5FE

1.1 s R4

JEHL 2005 4F 1 H % 2008 4F 12 A 78 b [FH £ 2#
P I B B 12 IF 1R 2 W AML 2 Pk
ELAH B I3 ( acute lymphoid leukemia, ALL ) &
CML B 1 B #Ebr A3 199 1], Hrp AML 103 ] |
ALL 37 5] .CML 59 5, Firf (B #4228 MICM 2545
12 , 2 WrbrifE S B IR 12 W7 By b e )
AE B E B 120 B 2t 79 B, il 14 ~ 78 &
HALAEIS 40 2 o X RRAL R [R1 4 29 (B B4 K BUE
B fE R BB A
1.2 ZZHAFXA

it 3% ik 18N B K pCDHI., U 3 it ki
pPACKHI-GAG . pPACKHI-REV K pVSV-G Iy F
SBI /37, shRNA H 548955 4 14 pLL3. 7 4% it
# pMDL .RSV-Rev 4 H Addgene A #] . i 2F ML
TRIzol i3] .RPMI 1640 £1 DMEM 1532 410 [ &
[E Gibco 2~ Al ; SYBRgreen PCR kit.EcoR 1 \Not T .
Xho 1 F1 Hpa T BRI 1 P9 U0 T LA KA G 22 v il 341 1)
H HZ TaKaRa /A &) ; SPLA Twist-1 2 5w P IAR I
F 3 E Abcam A A, AT A B-actin HL 50 BT IA Y

EES Sigma /Nl 3 Annexin-V-Alexa Fluor647/ll4L
PIBEC PLIHI &I T 26 [ BD A Al i 5193 H
HE R LR ARG
1.3 fmiaskl sk
6 2 1 M 40 R K562 ,U937 \HL-60 \KG-1a,
NB4 . J6-1, Ik F F I 5 90 B 988 41 Y 22 Namalwa |
CEM . Jurkat .Romas , A Jixi fi¢ 51 988 40 s % U251 D J¢
HF Rt AR 40 R HEK 293T ¥ A5
YA H % 10% B 4= L3 B9 RPMI 1640( HEK
293T 4ffi ] DMEM ), # T 37 «C 5% CO, THFIREE
(0 25 T R 3%, OGBS A 4 S A I A 5 A T
1.4 #HAkehkit M
1.4.1 tkik Twist-1 A K HFHEK WA
Twist-1 3L CDS #3131 PCR 514, HAKFF 51 UL
F 1. LU KG-la 4008 cDNA A, PCR 4" Twist-
1 HEH 1. 0% R0 B 0 L Dk 48 2 JF IRl PCR 7™~
Y. LA EcoR 1 A1 Not 1 WL Y] PCR [=] UL 7= ) I
pCDHI % 14 by i 36 38 Twist-1 5 41 18 9% 7% 2 14
pCDHI-Twist-1 o

*1 PCRIIIHEZERFT
Tab.1 Oligonucleotide sequences for PCR

Oligonucleotidese quence

Gene
(5'-3")
Twist-1 F  CGCGAATTCGCCACCGTC
CGCAGTCTTACGAGGAG
R CCGGCGGCCGCTGGAG
GACCTGGTAGAGGAA
shTwist-1A F CGATGGCAAGCTGCAGCTAT
R ATAGCTGCAGCTTGCCATCG
shTwist-1B F  GGCTGAGCAAGATTCAGACC
R GGTCTGAATCTTGCTCAGC
shScrA F ATGCGAGACGTACGCATTG
R CAATGCGTACGTCTCGCAT
shSerB F ATGCTACTAGACGCGAACG
R CGTTCGCGTCTAGTAGCAT
Twist-1* F GTCCGCAGTCTTACGAGGAG
R TGGAGGACCTGGTAGAGGAA
GAPDH* F GAAGGTGAAGGTCGGAGTC
R GAAGATGGTGATGGGATTTC

F: Forward primer; R: Reverse primer; a: Primers for

Real-time PCR
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1.4.2 Twist-1 TIHEE TELBTT Twist-1 P FF
ST 51 ( shTwist-1A L shTwist-1B ) & B3 % 18
J¥%1 ( shScrA | shSerB ), B AR 7 51 WL 3R 1. MR ¥
pLL3. 7shRNA kA& 1) 2 45 p #4 i 5 20 ok, 22U
JPESE P9 I
1.5 Sk &fe g g

W 2R AR R 5 % By IR 3 Ao B AR vk e A
HEK 293T 400, f 18 05 55 . 48 K 72 h Ja W ARk
B I IHRAR . A BRAR BRI e FE I B, - 80 C
(I

W Twist-1 35 % 3595 8¢ ( pCDH1-Twist-1 ) /g% 4
K562 .U937 4l [A] i A2 2% 4435 8 ( pCDHI -vec-
tor ) B 7] 41 i £ Sy %o L

&R Twist-1 FEPRF P THRFFY pLL3. 7-
shTwist-10 A \B )JEY% K562 ,U937 \KG-1a 4 S, [ it
DU A BEPLAT FRF 51 Y pLL3. 7-shSer( A \B )@ YL AH
[Fi) 240 R R XoF R

YL 48 h 5, UM AL /3 BE GFP* 41 g, LA
GFP* 4l BH M R AR TR AR . B i) fm R H
Real-time PCR il Western blotting £ 4 il PN Twist-1
FIZeR K, LASG UE G Fek A4 ic)
1.6 Real-time PCR #] Twist-1 2 B o % 3%

WSCR 1 005 A8 5 T A A A 3 Il R
PE bR 40 L R AR, DA 2K Twoise-1 0 N JiE S5 988
YA ZR U251 1 R BHAE X B, A TRIzol 3855 $2 B
RNA, I 5 RNA ¥ J&, Jf /5% 5% & i cDNA, LA
GAPDHVE N N2, Real-time PCR il Twist-1 3 K
fyZeik( AR FI LR 1), R 2722 b A
YEAAXT R IR
1.7 Western blotting #&] Twist-1 & & 89 & ik

WAL 11 005 A8 A A I Il R
PE b 240 B 22 C R BRI T T 4B AR, L U251 A
VA SR L, A 2 11 D o) 590 1) 25 e vk 2
SH, BEBUS AR 11, SDS-PAGE H4 M 13 NC il
WA —Pi( RPN Twist-1 ZH1,1: 750 Fi ke ; B
i B-actin B4, 1:3 000 FikE ) SRS TR BT —
Pt HRP ARiC i L 2E4T L 1gG ATILET R 1eG, #4995
1:3 000 #i % ), HRP-ECL {5 .
1.8 WLE Twist-1 F 3k XTI 55 28 JO38 75 A8 1 69 % v

PG TR YL HT S 19 K562 U937 K KG-1a ZH il
DI 1 x10*/ml U937 Jy 1 x10°/ml )i %5 BE4ERD T 96
FLH, BEFL 100 wl, 453% 3 AL, BRI EAL s 2
i, 87 d B3 FLA AL Sl AR 2R
1.9 MLE Twist-1 %I 95 20 JL 58 35T A% A8 71 09 %5 )

K 2 x 10°/ml 955 B 1T 9 200 JEL B in A 46

KIETR R R T 96 FLAUh R 3E 14 A KT
50 2R H A —EE 7K TS F LI AR TR 4K
1.10 R X 2 Je RAE M Twist-1 & A& 5Bk 55 28 K 8
AR T8 %A

O 75 B L T 5 A, B 1 < 10° SR
AT0 % VKZEE L ml,4 °C[EE 24 h, E.O0F B, n
RNase A 100 pg/ml, ZRFFE 15 min 5150 weg/ml
PL, kY2 IR E 30 min, 72X 40 A G 0 41 it J5)
Wi, [RImst, #2818 BD /A 7] Annexin-V-Alexa Fluor647/
PR TR ] G 10 WA R, A0 75 B e T 5 2
JE T
1.11 %itsam

N SPSS 22 B A3 M Bt , TE ST s BB
x £ 57, PIZL )8 LU AR ¢ R 505 AR IE R 40 A
T BORA A 7 B 20 )RR, WA [A) LB R FH
TRSTAEA FE 3 B B AR 35 Mann-Whitney , U K56 ) .
PLP<0.05 5% P<0.01 FRERAGIEEL,

2 & R

2.1 Twisi-1 82 G R ie 2 b &Rk
Real-time PCR 75 7% fll Western blotting £ | &
Z2 ALY 40 2 ( K562, U937 \HL-60 . KG-1a ,NB4
J6-1 ) itk & 1 1M 95 55 Ik £ 983 48 L R ( Namalwa
CEM . Jurkat . Romas ) "' Twist-1 ) mRNA #1425 1Y
Pk, LR R IR Twist-1 1A N0 I 0088 41 i &2 U251
VB R BRPEXT R, 25580 B 1) B, Twist-1 7ERE Z 1ML
A R PR, BESTHRRABMACP =
0.04 ).
2.2 Twist-1 76 S35 & 69 F A HE L
Real-time PCR K il 2% 5 %504 28 Bk RS 56 43 Bt
W, SIEH X REAH LG, AML M CML #.# Twist-1 3
KW ETHE( ¥ P <0.05), 1 ALL 241 5 X IR 2 3k
ZERTGITFEX(P>0.05 ) F2), #t—E0Hr
Twist-1 257K FIHE Z 1105 2 3 I R R AIE i) O
2GR Twist-1 mRNA 235K 5 B9,
MRS SRR FRIE CD34 HUJE BRSNS E | A1 JE I A
T4 TE A S AR DCPEC BERER R ).
2.3 i &k Twist-1 ATHE & G o J% 48 L6 % om)
2.3.1 MWEW Twist-1 T4k 357 7 2OWRR 3 40 f Y
IiE BN EE UKL K562 U937 40, YL %
435K K562-Twist-1:(91.32 £3.72 )% ,K562-Vec-
tor:( 93. 31 £ 2. 05 )% , U937-Twist-1: ( 70. 60 +
4.23)% , U937-Vector: ( 72. 75 = 3. 23 )% . Real-
time PCR Kl Twist-1 mRNA ik, 455 7R K562
U937 i3Ik H( Twist-1 ) B X FBZH( Vector ) Twist-1
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BE1 Twist-1 7ZEAMKMEZEPERIEER

Fig. 1 Relative expression of Twist-1 in hematopoietic malignant cell lines

A: The expression levels of Twisi-I mRNA were detected by Real-time PCR; B: The protein expression

levels of Twist-1 were determined by Western blotting, B-Actin was shown as internal loading control
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B2 Real-time PCR #&ill Twist-I mRNA
EBEMFEEPHRIEER
Fig.2 Twist-1 mRNA expression in BMMNCs from

patients with leukemia, as determined by Real-time PCR

2.3.2 It kik Twist-1 3R B F WG HE . &
ER AR BT AEIGEE( B 3 ) R
TER K 4 )sz8H, K562-Twist-1 . U937-Twist-1 Y 4H
LT VR T ) 0 2 v TS AR R P <
0.05 ). WA I 20 A R 45 2R 18 5) o, i 34k
ik Twist-1 f# U937 e S B L7134 P <0. 05 ),
X K562 JCHA 5 i, BLoh, i 238K Twist-1 Xt
K562 F1 U937 a3 T~ JC i 52 mi( P > 0. 05, %
BER IR ).

100 _ K562
L
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; 80 L B Vector
E = Twist-1 %
= 60
v
£
5 40t
= *
& 20f *s
= 20 4 EE
I 2 3 4 & 6 7
Time (t/d)
100 1937 e B
g

Time (¢/d)

B3 IRIE Twist-1 {23 K562 K U937 A RaiE5H
Fig.3 Twist-1 overexpression promoted
proliferation of K562 and U937 cells

" P<0.05, """ P<0.01 vs vector control group
2.4 TR Twist-1 356 F @ Sk 2 i0 A4 5 e b =R
2.4.1 MEMW Twist-1 T3 H A FHRAE W BT
Real-time PCR f Western blotting 501555 75 JB YL )
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K562 4Hf T Twist-1 1 THRR05, 458 WoR T4
( shTwist-1 )X RBZH( shSer ) Twist-1 FeRAHR Fik
HKSF 23 9 R T (64,35 +2.33)% . (62. 56 +
0. 87 )% , £ FAAHXTFIR K FIRBONT HRZH b 2 TR

) O vector W Twisi-1
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=
2
= B0F
=1
[=]
=)
|

40

0
K562 U937

B4 FRIE Twist-1 123 K562 B U937 HMEETK
Fig.4 Overexpression of Twist-1 promoted colony
formation of U937 and K562 cells

" P <0.05 vs vector control group

Oovcr EAs
105 - K562

[ [l

Cell cycle (%)

Wild Vector Twist-1

1937

Cell cycle (%)

Wild Vector Twist-1
Bl 5 TERIE Twist-1 3t K562 K U937 4B BV HA B9 5401k
Fig.5 Effect of Twist-1 overexpression on
cell cycle of K562 and U937 cells

" P <0.05 vs wild and vector control group

2.4.2 T Twist-1 StEZR A maEIEHE EX

R EH . BATWEE  Tws-1 BEGEME T
K562 .U937 11 KG-1a it 55 ( & 6 ), 1 i FH[FAK
T K562 4 e i 755 P <0.05,&1 7 ).

K562

60 [ = shlwisi-lA **
_ = shScrA *E
_é 45 —— shTwist- 1B o
! —— shSerB
2 30fF b
E
=]
= 15}
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0 e
01 2 3 4 5 & T 8
Time (t/d)

0 r KGla "
= *h
- %
x40t *4
:‘D‘-J L2
g
s 201
=
(O]

i) 1

01 2 3 4 5 6 7T B8
Time (/d)

B 6 RbE Twist-1 #H] K562 % KG-1a 4115858
Fig.6 Knockdown of Twist-1 inhibited cell
growth in both K562 and KG-1a cells
** P<0.01 vs shSer control group
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Fig.7 Down — expression of Twist-1 inhibited
clone formation of K562 cells
A: shScrA&shTwist-1A; B shScrB&shTwist-1B
""" P <0.01 vs shSer control group

R Twist-1 % K562 418 91 69 5 00 i A
Giit# 225 BI8A ) (HAIES U937 At BH T G1
WA 18 8B ), 3275 Twist-1 Xof 21 i J& 390 5% 0l 522 B 400 g
RAURAFEFRAE o ARG I &5 SR & 9 ) iR, &
Y shTwist-1 J5 09 K562 20 B 8 T 5 2 8o
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(P<0.05),7&M Twist-1 %F A ML 40 M5 GE 1A
FEEVEM . T Twisti-1 %7 U937 4 T JCHH i
(P >0.05, 5RER R ).

K562
105 - | [N Es Cleoa
90 F
g 15}
S 60F
_;: 45t
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I5T
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105 I scm o TR m €l
901
s 7571
2 60
5 st
E 30¢
15
0

shScrA ShTwist-1A shScrB  shTwist-1B

B8 RiFE Twist-1 3t K562 K& U937 4Rt EHARI %M
Fig.8 Effect of Twist-1 knockdown
on cell cycle of K562 and U937 cells
** P <0.01 vs shSer control group
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B9 Rk Twist-1 {23 k562 HAET
Fig.9 knockdown of Twist-1promoted
the apoptosis of K562 cells
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Ji R A $2 3 (R AT S U937 A0 B T G1 ;5
[, JE& G shTwist-1 J5 1 K562 4078 T &2 5,
1M U937 AR AT A W AR Ak, 475 Twist-1 X 4
IO R0 T ) i T R LA 20 i 2 AR A 1 oy
fE AR T 2 — 25050 AR SCE R 7R, B S8 M43
Hh, Twist-1 1.5 5 1 1 72 505 Mo i kA& &
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T F 037 40 Lt 245w A FH o

B2 A IR KRB Twist-1 53235 T AML,
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