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[ E] 8 6350 RUNXT SRR 5 IR AT 30 0 TG 55 2, DU Sk (B M9 i MR AR T S TS J0 BT B ANk
P73 (minimal residual disease, MRD) ¥ ¥ M 2 (L WA (K 250 464 . 2 é& 2 B4R 20124E 4 H £ 20134F 4 HF T RE ¥ b (BN
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Expression of RUNXI1 isoformsand its clinical significance in acute leukemia
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[Abstract] Objective: To investigate the relationship between the expression of RUNXI1 isoforms and the clinical curative effect and
the prognosis of acute leukemia (AL), in order to provide valuable experimental data for the individualized treatment, MRD (minimal
residual disease) monitoring and prognosis prediction of AL. Methods: AL patients with primary treatment (PT, n=88) and recrudes-
cence (RC, n=10) that treated at the Department of Hematology of Affiliated Hospital of Guangdong Medical University from April,
2012 to April, 2013 were included in this study. Real-time PCR was used to examine the mRNA expression of RUNX! isoforms
(RUNXla and RUNXI1b/c) in PT patients, RC patients and controls (non-malignant hematological disease patients). The changes in
mRNA expression of RUNXIa and RUNX1b/c in patients before and after the chemotherapy were also observed. Results: (1)The ex-
pression levels of RUNXIa mRNA in AML and ALL PT group and AML RC group was significantly higher than those of control group
(P<0.05); The expression level of RUNX/a mRNA in AML PT group was increased compared with ALL PT group (P<0.05). (2) The ex-
pression levels of RUNXIa and RUNX1b/c mRNA in AML and ALL patients at initial treatment were significantly higher than those af-
ter complete remission (CR) (P<0.05). (3) By comparing the expression levels of RUNX7a and RUNX1b/c mRNA at initial diagnosis,
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there was no significant difference between 6-month death group and survival group, CR group and NCR (non-complete remission)

group after first cycle of chemotherapy, or the high leukocyte group and non-high leukocyte group (all P>0.05).The expression level of
RUNXIa mRNA in AML-ETO positive group was higher than that of negative group (P<0.05). (4) The expression levels of RUNXIa

and RUNX1b/c mRNA in patients with acute leukemia decreased with the increasing chemotherapy cycle, and significantly increased

when had a relapse, which may even succeed the initial level. Conclusion: RUNX1a isoforms participate in the pathogenesis of acute
leukemia, and isrelated to the relapse of AML. The expression levels of RUNXIa and RUNX1b/c mRNA are related to the clinical effica-

cy that can be used as an indicator of curative effect, but have no significant correlation with the prognosis of the disease.Dynamic mon-

itor of theexpression levels of RUNX1a and RUNX1b/c isomers can be used as an effective indicator of MRD monitoring after chemo-

therapy, which can be used to evaluate the efficacy and identify the risk of recurrence at early stage.

[Key words] RUNXI isoforms; acute leukemia; evaluation of curative effect; relapse ; minimal residual disease(MRD)
[Chin J Cancer Biother, 2018, 25(6): 620-628. DOI:10.3872/1.issn.1007-385X.2018.06.012]

Runt #f 2% ¥% 5% [A ¥~ (runt-related transcription-
factor, RUNXD K & /& — R EH LW K F K+, 7
Y M I BE . Ak R B UL R T iR A AE .
RUNX 5% % 7 40,45 RUNX1.RUNX2 Al RUNX3!",
AR, RUNX KRS 5 T 2 MM kA,
LT RUNX 1 7 38 I 45 DA S I 8 Jite 88 (1) % A= e
e L EAE FH s RUNX2 A 4B 40 B 1) e S VR e S TR 7
5T B8R E S5 WY RUNX3 12K 7E
Al PR RS P, AN F ) RUNX B A
I 1A 2H A 3R K R S VR RIAS [R) IR A ) 4 T R o AR ¢(8;
271 P S P Rl AT AR % 1 93 ( acute myeloid leuke-
mia, AML) & & 5 [K 57 31 v RUNXT 8% 5 ORI
IR N AML1Y,. RUNXI 1T mRNA BT AN A, 7]
% i) RUNX1a. RUNX1b il RUNX1c = F 53 4 14 .
RUNX la ik Z C AR i 4 55 I 15 25 #4938, {H 5 RUNX1b
SAH AR NIRSE ) . RUNX1Ib 5 RUNX e & A M
7] 1) C I 45 44, 19 2 B A ALK D) B , RUNX 1a RE %
T4k 40 ) RUNX1b M2 RUNXIc. A W 527K FIL,
RUNX la i #5& 7T LA B G-CSF 5 5 (15 HE i &
K2 B fR 2% K 2 4k, RUNX Da B = 5 550 1%,
RUNX1b B m (SR S8 R g5 4, R i3t
T AL R . RUNXa fE S ik ([ I 5 B s
BN R A B P R SR A KT T SR B ) S Bk
5 RUNXla i % 1L 68 % 5 8 A i 1 & Y.
RUNXla 5 4 #4 K 8308 T Ay il CD34 4 B B
A, /N BB BEAL R T RUNXTa i 235 BERS R HERS A
JE A", RUNX1a fe % 4 59 18 1M+ 48 i , 1 17 1
RUNX 1a ¥ Iy g 7] DL AR 125 B0 A% 240 Ff A0 ORE 48 Jfa 1) 28
RIS, 5 A I S , RUNXTb/c i #5838 1 ps3
W PE R 2222, I B 3E 7 36 40 fg 43 4kt
1, A [A] RUNX T 53 49 1 1R 2 328 7K T 5% 10 5 BlCTR
120 Wi AR B AR AR R AR . H oAl B A AR
29 T RUNXT F: R i B o) I [R] 1 e s i 425
ML) () BF 5, {5 55 F RUNX1 # 5% K 7 5 # &
RUNX1a.RUNX1b DL & RUNX1c FRIE/K 5 2t H

L7 W R 2R 7Y 7 280 S T I 5% 3 R AT 9 i A 40
IR e AR B 5 38 5 Bl A 2 1 I W0 YK IR 97 (primary
treatment , PT). & & (recrudescence, RC) i # 5 % fH 21
RUNXI1 54 /& RUNXIa F1 RUNX1b/c mRNA {3 ik
ZE 5, B R B ST HT J5 RUNX S i AR I 3R I8 48
A, TR RUNXT S A4 42 117 33k 5 1 R 97 288~ 92 3 il
Ja ¢ 2, LU 20 I I I R AR IR 7 L T
J& H) W A 43/ % B 995 (minimal residual disease,
MRD) i IR A 4 8 1) S50 4K 5 o
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CIOAT AR BE R R 22D B i 125 Bt (L8 P9 R B 1) Ak
H L 4] 6 3 88 1 Bk B3 10 BRI i X &
2 W2 1 2008 4F WHO 7 bR ", N4 AML PT
A 5201 \RC B3 S ] (2 PE 5 Ik 4 A 1 it R
M3 [E4h), ALL PT 35 36 ] \RC 35 541, LA 5141
Al 3 i YRS B Ak R, R Bk 1 7T 0T 26 51
40 40 Jf 4 B2 110 6 451 < AR A I /DN S 2 2 5K 0 19
5 551 30 491, 2ok 21 ), A AR 68 41 2 (15~82 %)
fb97 5 % : AML(M3 F:41) 155 5 22 % K FH DA[ R4 5
B BE M T (Ara-C)] 7 &, P V6 97 2R F K77 &=
Ara-C; ALL if5 3 22 fig ML Va7 K F VDCLD(K &
B+ T 2185 2 I I fr+ 1] A T Jie g+ 3 2 K )
T AR AREFRK M8 B B 2= A0 3
TR AR, A NN G2 8 s =15 .

88 BIPT BEHBE L 1~134H , b A — B E )L
B DL K B 9T FE 9T 5 4% 2% fif (complete remission,
CR) Ji5 1) RUNX1 ¢ #4 45 (1) R 1K 7K S, mT VP Al 1 2R 5
AML 16 5 \ALL 17 5. FRHEFRGIH12 148 N 2 5 A7
7 N AMLBET2H (9 D 5 A73E 40 (154D , ALL 3K
T2 OO BD SAEEH QL BD s AR B 7 R 5 21
L F| CRIIRZA 90 A CR 4L (AML16 41 L ALL17 %) 5 o
5€ 4= 2% fi% (non -complete remission, NCR) 21 (AML9
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% - ALL3 i) 5 AR 48 #1112 i 40 J& 1 11 20 B 20 CAML :
WBC>100x10°/L A= FH 40 i ; B-ALL: WBC>30x10°/
L, T-ALL: WBC>100x10°/L A= (A 40 i) K5 88 &4 47
N A2 13 41 CAML 7 %1, ALL 6 %) , 5 4E & A
4 fru 2 75 %51 CAML 45 %1, ALL 30 51D - 52 5] AML i

31 B E B R 9 JE AL A A B R R T
AML-ETO Bl & 3 ], iR 4 AML-ETO gt & 55 R G 45
T 31 5 e 9y N AML-ETO Fib &5 5 R SA 12 26 (4 451))
AIEAMELL Q76D . 88 B EFIRR TR LK 1,

1 88 B EIEmKZ ()
Tab.1 Clinical data of 88 patients(n)

Clinical feature AML(N=52) ALL(N=36)
Leukemia classification Mo2, M1, M, 14, M4 16, L3,L,17
M; 15, M2, Unclassified 2 Unclassified 16
Sex Male 27 Male 21
Female 25 Female 15
Age(ta) 48(5-87) 23(5-76)
CR group and NCR group after CR 16 CR 17
the first course of chemotherapy PR 4 PR 1
NR 5 NR 2
RC 5 5
Death group and survival Death 9 Death 9
group at 6 months Survival 15 Survival 11
High leukocyte 7 6
Non high leukocyte 45 30
AML-ETO fusion gene Positive group 4 -
Negative group 27
1.2 &K 40 MEHA

TG R Sy B ORI AR A A
TRIzol. ¥ # 5 R 77 £ . SYBR@Premix Ex TaqTMII
T & H TaKaRa A 7w, G140 HAE TAY TR
A PR R & .

13 ERNARR

T HCE B8 W 2~4 ml, I EDTA $i it , bk 2 40 i 4
B B AN Z A, 1% TaKaRa A 7] TRIzol 57 &
Ui B 5 52 B RNA, F 58 4073 66 BE O DR FE
AR, H Dago/Dago LEAE N 1.8~2.0,

1.4 cDNA 4 &

FEUK b 3R AT 300 4 5% s SR IR TG L 00 A &
10 ul, fL%5 & RNA 3 pl. 5xPrimeScript Buffer 2 pl.
RNase-free 7K 5 pl, 37 °C = ¥ 15 min, 85 °C X ¥ 5 s
L FE)-20 °CHRAE o
1.5 PCRY 3 = # 44 ¥T 3E M AR

I PCR 77 W 5 fige ith 2 23 it 4 W7 7= 420 1) )
PE. DL cDNA fE AR, i A PCR X B f& & 47 1
RUNXIa F1 RUNX1b/c 3[R Fy Bt Je W 2 GAPDH.. i
S NAR 2 10 ul: SYBR Premix Ex Taq™ II 5 ul, PCR
Forward Primer(10 umol/L) 0.2 ul, PCR Reverse Prim-
er(10 pmol/L) 0.2 pl, Wi 4% 5% R B4 1 pl, dH.0 3.6
ule PCREIMZAE: 95 °C 30s :95°C 55,60 °C 20 s,

1.6 q-PCR 4 RUNXIa-RUNXIb/c mRNA #* i& K -F

R #% RUNXT mRNA J¥ %], Primer3 (http://frodo.
wi.mit.edw/) A 7E 28 5% 1T RUNX 1a Fl RUNX 1b/c 5|
¥y, IF 3t 47 BLAST 43 #T (www. ncbi. nlm. nih. gov /
BLAST), 7 ERs S E 834 s N S GAPDH 51 WK H
WHSIY. 5IEA TAY TR AERAR A
o Sl ey B LR 2. qPCR M. 1%
TaKaRa 7 @] SYBR Premix Ex TaqTM I 71 &5 15 B
P47 . FEUK 34T qPCR [ MR C & : SYBR Pre-
mix Ex TaqTM II5 pl,PCR Forward Primer(10 pmol/L)
0.2 ul, PCR Reverse Primer(10 pmol/L) 0.2 pl, i¥6 %% 5%
SN ul, dH,O 3.6 pl, MK R 10 plo oo 64
AP 95 °C 30 s, 1 M #H s PCR RV 95 °C 5 s,
20 °C 45 s, 60 °C 20 s, 20 °C,30 s, 40 4™ 7 3% .
RUNXIa.RUNXIb/c mRNA %} 2% 15 & 45 F 24T
RN ACT = CT apsew—CT wzmmo
1.7 83720 G f ik & H Kb B &I 2407
A2)6 RUNX1 S # 4k & ik T AL 6945 3

ST HIEH B — NIRRT S VR TR
AT JG 3 AN IS T) p R S g A 28 3 1 i B AR A, SR
qPCRIZEAG I 3 >IN 8] SR 1) RUNXTa M1 RUNX1b/c
mRNA ik /K F 5 3% 228 BR 13 4 & 35 (AML 8 #i

are
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ALL 5 %) 1697 2 A~ 97 £ ) RUNXIa #1 RUNX1b/c
mRNA KX b,
1.8 %t

B2 SPSS 17.0 Gt AF 7 tfr. ATERHE Tt &
TR H AR A IEZS 2041 - AL B (M) 3k 5 B[R —

S AR R T RS R B R A RC X BT Y
Wilcoxon £ 5 FRAIAG 56: 41 , 4% 2 2H 2 [A] | LA 380K
FH ST B A Mann-Whitney U R A 56, LA P<0.05 B¢
P<0.05 R EZRAG R L.

#2 RUNXIa 1 RUNXIb/c 5|5 R 1 F B,
Tab. 2 RUNXIa and RUNX1b/c primers and amplified fragments

Gene Primer sequence Amplified fragment length(bp)

RUNX la F 5’- AACCCTCAGCCTCAGAGTCA-3’ 191
R 57- CCACATTCTGCCTTCCTCAT-3’

RUNX Ib/c F 5’- AACCCTCAGCCTCAGAGTCA-3’ 98
R 57- CAATGGATCCCAGGTATTGG-3’

GAPDH F 5’-GTCAGTGGTGGACCTGACCT-3’ 212
R 57- TGAGCTTGACAAAGTGGTCG-3’

) B (#3.4). AML [ ALL PT %41 .RC 4H 5 %} & 4H Eb %5

2.1 PCR¥ ¥ =hm¥)—-T%

Fr$g RNA £ 73 G B THR I 5 Daso/ Daso fH N 1.8~
2.0, 4B 4T, ] T qPCRATM . ¥4 A i £ 40t (B 1D
7R, RUNX1a-RUNXIb/c F1 GAPDH £ [ PCR 41

%9 BRI ) — , Ry 36— W, B

= ss— , ToARRE Y3 51 R A
22 %M &aidsmPT.RC %% RUNXIa Fl RUNX1b/c
mRNA % i K-F

AML J ALL PT ) RUNXIa mRNA &1k /K-
Py ok W 4 16 =y, AMLPT 41 ff) RUNX1a mRNA %15
KF#: ALL PT 4.7+ %1 , AML RC 44 RUNX1a mRNA
FEIE K BH I T R 2H (5 P<0.05); ALL RC 41 3%
B BRI H 2 B R G H E (P>0.05)

AMLPT 0 5 ALLPT 4 tb %%, RUNX1b/c mRNA £iX
K TS 22w (P>0.05)(3% 3+4).
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1: RUNXIb/c; 2: RUNXIa: 3: GAPDH
E1 RUNXIb/c\RUNXIa %1 GAPDH {5 #Rh%: E
Fig. 1 Fusion curves of RUNX1b/c, RUNXIa and GAPDH

=3 AMAMFEPT.RC EE N FIBLA 2 E RUNXIa.RUNX1b/c mRNA FRiA7KF

Tab.3 Expression levels of RUNXIa and RUNX1b/c

mRNA in AL patients of PT, RC and controls

RUNXIa mRNA RUNX1b/c mRNA
Group n
M zZ P M Z P
Control 51 0.001193 0.0267403
(0.0000070-0.0290397) (0.0026170-7.8154440)
AML PT 52 0.0031500 -3.885 0.000 0.04322520 -1.867  0.062
(0.0000471-1.4401002) (0.0003680-25.8463530)
RC 5 0.0190454 -2.715 0.007 0.0741320 -0.991  0.322
(0.0013168-52.7027373) (0.0054430-0.1417550)
ALL PT 36 0.0015505 -6.524 0.000 0.0243370 -0.2.84 0.776
(0.0001398-4.8074390) (0.0000110-1.2118520)
RC 5 0.0080501 -1.566 0.117 0.1431910 -1.911  0.060

(0.0000148-4.8317555)

(0.0178860-2.1750790)
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2.3 RUNXla#= RUNXIb/c mRNA &) % 5 K -F 5 4
M & fr 5 I7 508G &k A
X FHEC %51 1 Wilcoxon 755 R AN AR 56 49 47 5]

I8 4k, 45 B (R 5 Bon, AML K& ALL 3% 91746 it
RUNXIa 1 RUNX1b/c mRNA [ %35 K~V 5 T4 yr
CR J&, Z R EA gt 27 = L(P<0.05).

— B FALIT T JG RUNXIa M1 RUNX1b/c mRNA ik

#*4 AML 5ALL PT & RUNXIa 1 RUNX1b/c mRNA FRik7KFE
Tab.4 Expression level of RUNX1a and RUNX1b/c mRNA in AML and ALL PT patients

Group RUNXIa mRNA RUNXIb/c mRNA
n M z M Z P
ALL PT 36 0.0015505 0.0243370

(0.0001398-4.8074390)

AML PT 52 0.0031500 -2.003  0.045

(0.0000471-1.4401002)

(0.0000110-1.2118520)
0.0432252 (0.0003680-25.8463530) -1.914 0.056

2.4 RUNXla#= RUNX1b/c mRNA # %k ik K-F 5 %
HFFLBENXZR

PU 2 4 Y B T4 5 A7 0 A RR S RT2 B I
RUNXIa 1 RUNX1b/c mRNA ik /K F, 45 B (3 6) %

N, AML FIALL A T-H 5 AR L, E )2
I [¥) RUNX1a F1 RUNX1b/c mRNA2 11315 7K F- 15 2
FIGT R L (P>0.05),

%5 2MAMRPT M CREE RUNXIa F1 RUNXI1b/c mRNA HIFRIAKF I
Tab. 5 Expression level of RUNX1a and RUNX1b/c mRNA in AL patients of PT and CR

RUNXIa mRNA RUNXI1b/c mRNA
Group n
M VA P M Z P
AML  PT 16 0.0046180 1.877 0.002 0.0492840 1.600 0.012
(0.0001260-1.4401000) (0.0050500-25.8463253)
CR 16 0.0020310 0.0157890
(0.0001160-0.5862180) (0.0040060-15.3750050)
ALL PT 17 0.0020220 2.183 0.000 0.0297700 1.411 0.037
(0.0001400-4.8074400) (0.0024430-1.0044340)
CR 17 0.0008960(0.0001920- 0.0146680

0.0248430)

(0.0000110-1.2118520)

*o6 [MBEMFFFARTHSFFABE GBI RUNX1a F1 RUNXI b/c mRNA BIFRIEKF
Tab. 6 Pre-treatment level of RUNX1a and RUNX1 b/c mRNA of acute leukemia patients

in the 6-month death group and survival group

RUNX1a mRNA RUNX1b/c mRNA
Group n
M P M Z P
AML  Death 9 0.0027140 -0.03 0.976 0.0249490 -0.865 0.387
(0.0005640-0.0088060) (0.0003680-0.5988120)
Survival 15 0.0027430 0.0384820
(0.0000470-1.4401000) (0.0059300-25.8463530)
ALL  Death 9 0.0017480 -1.064 0.287 0.0261000 -0.57 0.569
(0.0001800-0.0106870) (0.0054110-0.1988800)
Survival 11 0.0008000 0.0155170

(0.0001400-0.0066610)

(0.0000110-1.2118520)

25 HBHRAEMSTECR AL NCR A EH L7 A
RUNXI F+##R 8 & 3% K-F

kb % AML-CR 5 NCR 41 & #& 6 J7 " 1
RUNXIlaRUNXI1b/c mRNA FRiE/KF, &R (R D E

=

7~, CRAHE NCRAH B HIGITHI RUNXIaRUNXIb/c
(1) mRNA £k K R 2 S e giit 22 s L(P>0.05) .
H T ALL [ NCR 4 &8 & Bl 5 e /b, AgYNA IR L 3%
ST
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2.6 RUNXla#= RUNX1b/c mRNA # % ik K-F 5 %

G ok & A5 S B e & tm ot B X AR
FH ALL = i i 45 A = B 44 RUNX T a

RUNX1b/c mRNA FIEIK-, 85 R (R Q) o, AR E

41 Al 2H RUNX1 AN 7 #494K RUNXTaRUNX1b/c 1]
mRNA LXK T 36 & A4 4, (H 4 b 2=
LG R L(P>0.05).

®7 AML &7 CRAS NCRAZFIGTT AT RUNX1a F1 RUNX1b/c mRNA HYZRIA7KF
Tab.7 Pre-treatment level of RUNX1a and RUNX1b/c mRNA of AML patients with CR and
NCR after the first course of chemotherapy

RUNXIa mRNA RUNX1b/c mRNA
Group n
M Z P M A P
CR 16 0.0046180 -1.302 0.193 0.0492830 -0.566 0.571
(0.0001260-1.4401000) (0.0050500-25.8463530)
NCR 9 0.0013420 0.0358670

(0.0000470-0.0154030)

(0.0056090-0.5988120)

2.7 RUNXI # %% K-F5 AML-ETO &k & & A &
Lt 8 AML-ETO Rt & 5 R FH 1 4 5 91 1% A
RUNXIla.RUNXI1b/c mRNA FiE/KF, R (F ) E

7N s AML-ETO fili 5 25 5 BH 4 4 RUNXTa mRNA (1) 3%
1K 7K 9 1 2 B B T 1 (P<0.05), T RUNXIb/ ¢
mMRNA (1] IA K F1E B 415 B M 4 e i 2 S 248
TR (P>0.05).

#*8 =S HEMEAS5IES A MK RUNX1a #1 RUNX1b/c mRNA KIRIAKFE
Tab.8 Expression level of RUNX1a and RUNXI1b/c mRNA in high leukocyte group and non- high leukocyte group

RUNXI1amRNA RUNX1b/c mRNA
Group n
M Z P M zZ P
AML High leukocyte 7 0.0027430 -0.121 0.904 0.0373520 -0.362  0.717
(0.0019000-0.0544090) (0.0003680-2.4056250)
Non-high leukocyte 45 0.0033050 0.0372330
(0.0000470-1.4401000) (0.0050500-25.8463530)
ALL High leukocyte 6 0.0062170 -0.313  0.189 0.0513520 -1.061  0.289
(0.0002980-0.0501030) (0.0118320-0.2018050)
Non-high leukocyte 30 0.0010320 0.0210870

(0.0001400-4.8074400)

(0.0000110-1.2118520)

#9 AML-ETORh& EEPAMELE SFAM4H RUNX1a F1 RUNX1b/c mRNA HIZRIEKF
Tab. 9 Expression level of RUNXIa and RUNX1b/c mRNA in positive AML-ETO fusion gene group and negative group

RUNXIa mRNA RUNXI1b/c mRNA
Group n Y, e - i 5 5
Positive 4 0.0161450 -2.121 0.034 0.0299480 -0.236 0.814

(0.0083900-0.0307600)
Negative 27 0.0032560
(0.0000470-1.4401000)

(0.0075670-25.8463530)
0.0392330
(0.0050500-3.1680470)

2.8 Rl—2 W admEH Ais 3| g2 N7
53 J& RUNX1 F#) 4K 09 % 8 T A4S

TE B U I 13 5 2 i B DTG B LR 2
NIRRT J5 RUNXT SRR I RBP4k, 25 31
(E2) &R, 76 1 (ALL B35 597 2 (AML-M, &
FOLES 1 AT FEJG PR I RUNXa [R5 K F T
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