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ABSTRACT Objective: To investigate the expressions and clinical significances of ERG, MDR1 and BAALC genes in the bone
marrow mononuclear cells of patients with acute myeloid leukemia (AML). Methods: 90 cases of adult AML were selected as the
subjects. All the patients were treated with anthracycline induced chemotherapy combined with ara cytarabine. The expression of ERG,
MDR1, BAALC gene in bone marrow mononuclear cells was detected by real-time quantitative fluorescence quantitative PCR technique,
and the relationship between the expression of ERG, MDR1, BAALC gene and clinical characteristics, risk stratification, treatment
efficacy and survival rate of AML patients were analyzed. Results: The expression of ERG, MDR1 and BAALC genes in AML patients
were strongly expressed. There was no significant relationship between the expression of three factor and the clinical index such as white
blood cells, platelets, etc (P>0.05). There were significant differences between the expressions of ERG, MDR1 and BAALC (P<0.05)
corresponding to the stratification of different risk degrees (P<0.05), the expression of ERG, MDR1 and BAALC in the middle and high
group were higher than those of the low group. In relation to the effect of treatment and the survival rate, the CR  (93.1%%, 89.6%) and
OS (56.5%, 66.7%) of ERG and MDRI1 low expression group were higher than those of the higher expression group with CR (61.4%,
81.3%) and OS (56.5%, 66.7%)(P<0.05). There was no difference in the CR and the survival rate of OS with different expression of
BAALC (P>0.05). Conclusion: The expressions of REG, MDRI and BAALC gene in the bone marrow mononuclear cells of AML
patients are negatively correlated with the risk degrees, curative effect and survival rate. REG and MDRI1 are sensitive to AML, and
BAALC is less sensitive. The combined detection of the expression of REG, MDR1, BAALC gene may improve the accuracy of risk
stratification, curative effect and prognosis of AML patients.
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AARK MBI AML HA w5 B 5wt A s e, Ao IR
UL iDL G Y o3 7) L )7 NI W = 1R 5772 o 19 (NG D
G A, TR I G S DR T R 1 0 Ak L
T RURE IR B RCR o B BUARTT 250 H ¥R 58 35 iIRYT 0 &8
AR 3 1T 40 I A% AE H R 1 T3z s I 4 AML B9 A
SRAF RN AR T B AML 5 5 K BURF i xELL TR =
BORITRILEA,

WFE s —Le 3L B 9 57 2638 5 1 s 2 08 & Sl U5
ZAFAE—E R FR o ETS F#HICH H(ETS related gene , ERG)/J& 22 i/
FYeak B R L R REAS 1T AAE 240 i oAk 3G 5 Fn 2
HERY, 2251 25 5 M 1 (Multidrug resistance gene 1,MDR1)
S5 R TR 24 AR DG I TR BN, BE LA = A T 2k, R I
RIGIT AML 5 SE IR Al B2 — o AR 20 1 100995 Jfd 5T (Brain
and acute leukemia cytoplasmic, BAALC) ¥ £5 Fl3 Ifi 2 g
PR RIBWEER, AIER — S R U B 50 T4 05,
ERG MDR1 ,BAALC :[H i 53 %155 AML 57 M 22 (9
TG B — BB R O AT L RE I AML 5 Y
BRI T LASEENT AML i —25 T i, g Wt AT LUSCRIUS W
SRS FRARYG . ASWFSE F 2R T AML 23 ERG \MDR1
BAALC =FEH FA I 4047 1 i R L

1 MR 575

L1 IR BT
TEEX 2016 47 1 H 2 2018 4 5 HEAREIRIT ) & AML

AL LA 90 ), Hoh 55 46 ], 2 44 ) 4ENE 18~ 75 % F
PAES 35.7 % ,FAB 4378 M1 14 6] M2 12 5] M3 24 {5i] M4
25 15l M5 15 Bl . GIAKRAE : SRl IR I = AE- BE A1 M T A5 4
W2 AML B35 R B EEN , BRI S IEH . HERRbR
W B ITINIRE , 2540 20 20 SO0 , A T 2 s A
S, I R I SR S BEVT TR 2 NIRRT i
TN FEHEZNIEFRE D, R T AR BRI ZE R &0
E(1RG:

1.2 7%k

12.1 S&FAR RABRIT I RIBT AML, H205 A
B2 3d, FTE A MA 5 ROKHEEER 6~ 8 mg/(m?-d)x
3d+ B4 M EE 100~ 200 mg/(m2-d)x 7d HDA J7 2 (75 =442
ST 4 mg/(m2-d)x 3d+ FLEE 35~ 45mg/(m2-d)x 3d+ [

M EF 100~ 200 mg/(m?-d)x 7d), Z3d 1~ 2 DT FEFRIEF] 10
FESALITI , S 08 MRS W 7 RO I B A 112 8 &
IPA. RDUIEYT J5 ARG M/ INB B B0 A 200 0 S50 s R ARPALE
FEHARATT , B0 5%
122 HEEBMAZE (DI RNA, BUBHER 2 mL, iFEH
#E, N 2 mL 0.9%58fb BAVE TROMG e L Ntk L2 40 B 73 20 (Vg1
FH AR A7 BN F1)Z: 2500 r/min B0 J5 W B4 AR 4
JifL, BRELEL RNA, TU5E A260 / A280 ff, %55 RNA 4[5} e it
Jii . F -80C it ()it . O &85 1 WIHLIRET . M GeneBank
4k B ERG .MDR1 .BAALC % [H B 3£ 51, W F primer ex-
press3.0 W51 ¥ 454, A 51414 BLAST KAEJodk H 95
R 88 51 S5EET A L RAR, ZEAR R A4 6 7 22 FN 4%
405154 REG \MDR1 BAALC 3£ [K mRNA, @ &%
FEH PCRBRMEBR . {fiH] RT-PCR(TAKA-RA /A F])EE L) RNA
A 1 CDNA, 7E5 | I1E -9 BaAH 0 L, 4lifk )5 5 pMD18-t
Vector 35482 , HeAL B K IAFF I , B 3% PHE e BES2 U R, ©) fifE
FH MI 9700PCR ¥ (3% Bio-Rad /A /]) #4734 5% . (3)5HE
f# PCR il & 53518 . 41/ ABI 7500 4> [ 33505 & PCR
X (ZE1E ABIARD#EFT PCR N, A5 LS R IEHrit 5.
1.2.3 origts  MRIEME R REG MDR1 ,BAALC 3 H %k
PO FHERI R KL, RO By,
AFEHAyoRES 2 4, 38 6 4 TG R B R K R AL L 4
Mo G AR AR E G REFEFS AR SR 402 IRy AL
CR {H AEAF3 OS {8, #4746 He A HT
1.3 GitERHE

ST A E T SPSS19.0, 118 Bk was F7R , AL HL 4K
SR H A5 THECPORR A 4 B (o) 3R, A L RCR R
Az 50, K 9 T8 A 7 ) 2R ] Kaplan-meier 655, L P<0.05 K

R EA GRS

2 #R

2.1 AML EEZ 85884 ERG.MDR1.BAALC HEF %
EEIGRBRHX R

Hh# ERG \MDR1 BAALC JEH (55, IRFX 1 AML &
e Aol S N B N1 AN RA R = R il i
YA, B RELRELN M LU A LA 22 R T R S L (P>
0.05), W35 1,

% 1 AE ERG.MDR1.BAALC EFEFKiX AML £ & WIGRIFME LR
Table 1 Comparison of the clinical features between AML patients with high and low ERG, MDR1 and BAALC gene expression

Expression n WBC(x 10°%/L) PLT(x 10°%L) MCHC(g/L) PBIC(%) BMIC(%)
ERG high 46 55.46% 50.43 52.83% 45.42 82.51% 25.63 53.46% 25.85 61.43+ 21.58
ERG low 44 47.54+ 43.13 51.43% 46.36 83.24+ 26.61 54.38+ 28.41 58.44+ 20.69
MDR1 high 42 48.56x 50.04 56.53% 41.05 86.44+ 25.84 50.88+ 27.64 63.53+ 22.31
MDRI1 low 48 51.37+ 46.41 58.86% 40.46 80.53%+ 27.35 56.47+ 28.17 66.23+ 23.14
BAALC high 45 53.22+ 45.36 60.52+ 42.66 82.87+ 26.15 57.31% 30.48 73.15+ 22.78
BAALC low 45 50.82+ 41.38 64.24+ 42.73 80.38+ 25.76 54.38+ 31.42 69.36% 23.94

i¥: ERG.MDR1,BAALC EFEMSRFRIZAMIERFELLESTHAEES P>0.05,
Note: there was no significant difference in the clinical characteristics of ERG, MDR1 and BAALC gene expression groups, P>0.05.
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2.2 AML £& S8 5 /1% 4 s ERG.MDRI . BAALC EE %
EE5RRESENXR
AML B F BG4 208G 18 4, HhiE 51 4], =i /g 21

i, hfadh R e AML ¥ #) ERG MDR1 BAALC JE[H £
IRR B TAREL , 255 A GE 2778 X(P<0.05),

R 2AERRKESE AML 2& B8 HE MZ M ERG.MDRI,BAALC EFERIXH L
Table 2 Comparison of the ERG, MDR1 and BAALC gene expression between AML patients with different risk stratification

Chromosome risk stratification n ERG MDRI1 BAALC
Low 18 0.004+ 0.003 0.008+ 0.004 0.005+ 0.023
Middle 51 0.032+ 0.011 0.025+ 0.009 0.022+ 0.018
High 21 0.018+ 0.013 0.016+ 0.015 0.013% 0.011

i BBz L%, ERG.MDR1 BAALC EEFRIZEFHE, P<0.05,

Note: the expression of ERG, MDR1 and BAALC genes were significantly different among the groups, P<0.05.

2.3 AML 232 285 5 1% 4 1 ERG.MDR1.BAALC EFE %
ESFRHX R

BB AT THUR, 71 (155 CR.CR %y 78.9%.
ERG i #k ¥ CR RN 65.2% , BK k%5 (93.1%) i FE AT

(P<0.05); MDR1 3358 CR % Hy 61.7%, % MDRI £k
R (89.6%) 1 F FHR(P<0.05); BAALC ik CR FHE
BAALC fREik B4 VRG22 7 (P>0.05)

% 3 ERG\MDRI1,BAALC EERIES5ETITHXER
Table 3 Relationship between ERG, MDR1 and BAALC gene expression and therapeutic efficacy

Expression n CR(n) CR rate (%) % P
ERG High 46 30 65.2 10.560 0.001
ERG Low 44 41 93.1

MDRI1 High 42 28 61.7 7.064 0.008
MDRI1Low 48 43 89.6

BAALC High 45 34 75.5 0.600 0.438

BAALCLow 45 37 82.2

i :ERGMDRI f)REFikZA 2 8 CR RILBRHER P<0.05,

Note: there is a difference in the CR rate between the different expression groups of ERG and MDR1 P<0.05.

2.4 AML £ B8 8 /%M ERG.MDRI1,BAALC EFF*
EEFERXR

ERG 3 6ik41 OS 3l 483 K, 08 FH 56.5%(26/46),
fEZik40 OS K7 705 K ,08 % 61.4%(27/44), VL& 1; MDR1 #&
EiFIA4 OS Hy 532 K, 08 KK 66.7%(28/42), K FE k4l OS
9 803 K ,08 # 81.3%(39/48), ULIFl 2, ERG MDR1 #:PH i 3%
ik2H OS K OS F B EMKT ERG MDRI JEHLHRIEH (P<
0.05), BAALC [N Fik4H OS N 571 K ,08 Fh 71.1%
(32/45) %323k OS Hy 656 K, 08 K 75.6%(34/45), H 2 % To
Gt X (P>0.05), LA 3.,
3 ITig

H i, 75 AML B3697 AR A8 E R 1R A T Ia e AT 41
EFXEAR FIRG FE B B 28 T 41 W IR YT AR SR ITACR . {H AML
RIS AL . AML ALY IR YT T BB AR BB A G
43k E) CR, AR JE HIRYY FF R IR ™A% A S, 2B AR
WA R 2 TITSE B RERS A VAT JARMESRAF I B> 1, i 43
HEYIEEREAR B R R, AT AML E95% 1 70 FALHIE T IR A
BT i, BB — eI R A 50 ik 5 AML 19 &0 KX TG 6 R
), AML JRYT I TS A Wi s 2 b 7509, 45 1 s 2 1

ERG Low Expresszion

05

B ERG High Expression

LT

Time /d
1 R[E ERG EE Fi& AML £&H OS M
Fig. 1 The OS curve of AML patinets with different ERG gene expression

THEREL AT ik o A ELAR T HE [ Rl S DR AR P 2R
I ¥ AL , ELHE PR [0 97 2 06 7 B B S RS I L 3T 1Y
i FH Y P A 7 A2 BB

WFE s AML 44 1) ERG \MDR1 BAALC JE[H ik
T E ISR, ERG JE T ETS Fe 5P, BET 15 ik L2 20 ffa 5 12
R, R85 b 20 0T st A rh A FE GV I, T
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Fig.2 The OS curve of MDR1 patinets with different ERG gene expression
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Tk, HEFE LG AR, PR FE 09 5 5 235 1T B 25 I T
JG o MDRI WRIE= YRR 2258550 P-gp, 254
It P 3532 i B0 A8, B A AT A P 24 3, A ] SR A i A
AR 25 , T R B | 35 B B AICAE FH AN A A 24 Pk B 1Y)
AR L TC I RAR 253005, BAALC 7 (A VA Y7 7 T & 1E
HEBEMIEM , 23R RAUR B B 5 40, 78 5
MR A T {2 32R3K TR A B T A DU A DA 58]
FaRPA,

AHFFEE T PCR B AR M E AML B35 A% 41l ERG,
MDR1.BAALC JEPH FR 0L, H ARG LS S B R4 ik
TRFFL, A 0 B R 0 55 R R I PR AE SE RS BE S 2
TRITIT A A BTG Z A1 E 22 o = B 11 55 2635 BT X i
B REFIE R X LA RE, B IR R Rebn 0 22 5 48
B R AR TR S AR H IR AR EFR AR C R AN B D), L]
ERG Fis Xl RAFAEJC I BRI . 76 SR B Ar R C R A Lk
o NSS40 B BB ERG 263K 2 AR, ERG .MDR1
BAALC =30 FRIR XN & i W fa b 73 2 55 9%, B = A+
F IR 55 [F] fG I B 43 )2 02 IEAH OC ), ERG \MDR1 ,BAALC 7]
REN AML fE R 73 IR 4R S H 3515

I F B 5IRIT R X R 5 1, ERG . MDR1 %38 3%
FIBIT CR ZIK, 557655 1Y CR A, P ZF Al hia
JrCR R EAG RN, ERG K G815 e 40 i 431k 14 58
R IR TR AR X AML IRY7 R A S TH 2 0 , MDR 1
VERBLZR -, Feak B mm I o 1 A8 A i B 2 ok L LR
R TVRITACR . AIFSE B BAALC LB 75 2 HEBE 2 I
R IAH R E R CR R, mRIAHHL T CR AL, H
H A, ARG B R AR BAALC KA CR R TLH
WS, WA HERE BAALC X AML 5 Wi B9 U 8K,
BAALC FiAX CR FEZ AN g 385 A — s

TEFE R 23k 5 W5 ¢ R 7 1, AP 58 /8 ERG \MDRI 2
HirsH AABRANAETR, BRAETHAARENATE,
Ii BAALC JHRF R H AR EF AL, 428 ERG.
MDRI1 f#3&ik%+F AML il J5 UK, 1 BAALC WA AU
Zi I, AML B 5 BN AN ) ERG MDR1 BAALC 333k
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Fig.3 The OS curve of BAALC patinets with

different ERG gene expression

IR GHIPRANAEAF R GRS, S ERG Al MDRI [7] AML

K F HUR L BAALC U &Ik, 65 K% Il ERG \MDRI

BAALC F: K FKEA B THEm AML faf 402 . ST i

IR TR

& # 3T Wk (References)

[1] Li Z, Yang L, Liu X, et al. Long noncoding RNA MEG3
inhibitsproliferation of chronic myeloid leukemia cells by sponging
microRNA21[J]. BiomedPharmacother, 2018, 14(104): 181-192

[2] Je2R3R, 2. BobE il fm i & ok 69 R LI A5 FF K A L de
76 97 69 B B R [J]. B FRdfr B ik 52 22 &, 2016, 39(5): 414-418

B3] fTifpik, K. AW A G hmfed b7 e R[] F B 55k
ik 5 2 &, 2016, 24(1): 245-249

[4] #LHE. ZoPEEE 20 R0 G ok 308 77 09 SR RJE B [J]. B FR i fo & o
T e &, 2016, 39(4): 280-283

[5]1 48, T4, FRE, F. 96 LHH £ 9 0k &4 MDRI f=
Nrf2 3k B o9 A B R [J] 240 E 5 T2 516 K, 2015(6): 623-628

[6] #hihih, KF &, B4hfE, F. AWM 420 R RE T F XAMA
MR [T]. 9 4 A E 52,2017, 15(10): 1763-1767

(7] B35 . %5 2 KA & & fm s RAFEFRTUS B Z34 (D] M
X 3, 2016

[8] 3Rk, Botemn g &M A & & % %% MDRI BAALC A
A3k B MDRI 3 B £ #$457 & a9 A [D].da & EA K %, 2016

(9] &A, ##. b & 7 8k %% MDRI #= BAALC A& 9 k&
AERRLEFEH £ EoH [J]. B RekEF4LE, 2017,38
(13): 1786-1789

[10] F Ak, 5k V&, % id. Botml B o dp ) & & B e 20 G f %
MREOELFLEBRMAGRRBRTHEL ] BRAMLE,
2017, 34(8): 535-537

[11] BRAkHT, F# A, k4540, o bir A F | AR AELZMHM A G h
B AR R Mz I P 89 FGA )] T K FIR(E FAR), 2018,
28(1): 65-69

[12] 2Fwedk, FTEE, AAW,5. WM 2 6 it ARk b T @it
MG E ML A gE Xt G R AR (1] PRAEFRE,
2015, 95(2): 123-125

[13] R4 E, 5F4, ROLF. 2R B TR E o BT RE
VR G 4 B & (HAD/HAD G 536 97 #1706 S0 M R @ om0 K297
B HTI]F Ae i 5 22 &, 2016, 37(2): 94-99

(THE 1142 )

PDF SCH# ] "pdfFactory Pro™ X RAG)HE www. Fineprint.cn



http://www.fineprint.cn

- 1142 .

IREYES#HE biomed.cnjournals.com Progress in Modern Biomedicine Vol19 NO.6 MAR.2019

Endometriosis[J]. Rev Bras Ginecol Obstet, 2017, 39(5): 217-223

[17] #=. FF AT mie S 50E T & A B b 89 45 A R AT A it
JE[I].F B4R AR, 2016, 20(28): 4250-4256

[18] Koippallil Gopalakrishnan AR, Kishore U, Madan T. Mesenchymal
stem cells:
endometriosis[J]. Regen Med, 2017, 12(1): 69-76

[19] Ma L, Xu YL, Ding WJ, et al. Prognostic value of Musashi-1 in
endometrioid adenocarcinoma [J]. Int J Clin Exp Pathol, 2015, 8(5):
4564-4572

[20] Gitte M, Wolf M, Staebler A, et al. Increased expression of the adult

a promising tool for targeted gene therapy of

stem cell marker Musashi-1 in endometriosis and endometrial
carcinomalJ]. J Pathol, 2008, 215(3): 317-329

[21] BfF Ao 58 MBS AL 69 8150 5 i AR )], & 4k da = A 4 &,2003,
38(8): 478-480

[22] Zhang L, Xiong W, Xiong Y, et al. 17 3-Estradiol promotes vascular
endothelial growth factor expression via the Wnt/B-catenin pathway
during the pathogenesis of endometriosis[J]. Mol Hum Reprod, 2016,
22(7): 526-535

[23] Zhu X, Li Y, Zhou R, et al. Knockdown of E-cadherin expression of
endometrial epithelial cells may activate Wnt/B-catenin pathway in
vitro[J]. Arch Gynecol Obstet, 2018, 297(1): 117-123

[24] Zanatta A, Pereira RM, Rocha AM, et al. The relationship among
HOXA10, estrogen receptor,and

receptor «, progesterone

progesterone receptor B proteins in rectosigmoid endometriosis:a
tissue microarray study[J]. Reprod Sci, 2015, 22(1): 31-37

[25] # 2 4%, % 4% Wnt/B i 37% F» NF-K B 12 58 % 3 5% i5 8 D 44
PEERABEL LB X AZAGARERED PESREL F2 5 5
&, 2014, 28(5): 779-783

[26] Xu H, Yang JJ, Wang CH, et al. Effect of Wnt/B-catenin signal
pathway on of matrix metalloproteinase-7 and vascular endothelial
growth factor gene expressions in endometriosis [J]. Clin Exp Obstet
Gynecol, 2016, 43(4): 573-577

[27] de Mattos RM, Pereira PR, Barros EG, et al. Aberrant levels of
Wnt/B-catenin pathway components in a rat model of endometriosis
[J]. Histol Histopathol, 2016, 31(8): 933-942

[28] Rath G, Jawanjal P, Salhan S, et al. Clinical significance of

inactivated glycogen synthase kinase 33 in HPV-associated cervical

cancer:Relationship with Wnt/B-catenin pathway activation [J]. Am J

Reprod Immunol, 2015, 73(5): 460-478

X &, AT, B, F ST T AR &R AT E

™ JBE 1) it 2 e ik, NGF & COX-2 4 % vm BAr @381 50 [J].F

B da 44k AT 5, 2017, 28(1): 51-53, 65

Kulak J, Fischer C, Komm B, et al. Treatment with bazedoxifene,a

[29

—

[30

=

selective  estrogen receptor modulator,causes regression  of

endometriosis in a mouse model [J]. Endocrinology, 2011, 152(8):

3226-3232

(E#% 1102 1T)

[14] #&R, § =, TH. WM A & hm FLT3 AR R LA LR E]
FRE ¥, 2016,45(8): 1104-1107

[15] 363, R, B 2#H, 5. mAFILE ER G bk F ik bk B
Fak ey i [J].7 9 E 5, 2017, 39(7): 952-954

[16] B3, RHARK, B, F RERSAANIEBHEmIEG
BB A A AR RS 1] ARG E S, 2017, 25(7):
1097-1100

[17] Aref S, Al K T, Zeed T A, et al. The Prognostic Relevance of
BAALC and ERG Expression Levels in Cytogenetically Normal
Pediatric Acute Myeloid Leukemia [J]. Indian Journal of Hematology
& Blood Transfusion An Official Journal of Indian Society of
Hematology & Blood Transfusion, 2015, 31(1): 21-8

[18] B & &. 7% x4 2m i, & $oo% 4m fAf R 89 AF 7 [D]. 290 X 2,
2016

[19] BmA, L4, Hak, F. 5K 0 7 * G hmF 48 MDRI
mRNA e P-gp £ ik 64 %a[]].F B P & E L4465 &, 2017, 37(12):
1491-1495

[20] Latuske EM, Stamm H, Klokow M, et al. Combined inhibition of
GLI and FLT3 signaling leads to effective anti-leukemic effects in

human acute myeloid leukemia [J].
29187-29201

[21] #r¥M, E4we, 5085, RS APL BUs % g £ 49 B -F[J].
A A M B St &, 2015, 15(12): 2397-2400

[22] Zhang J, Shi J, Zhang G, et al. BAALC, and ERG, expression levels

Oncotarget, 2017, 8 (17):

at diagnosis have no prognosis impact on acute myeloid leukemia

patients hematopoietic ~ stem  cell
transplantation[J]. Annals of Hematology, 2018, 10(12): 1-7

[23] Rashed R A, Kadry DY, El T M, et al. Relation of BAALC and ERG

undergoing  allogeneic

Gene Expression with Overall Survival in Acute Myeloid Leukemia
Cases[J]. Asian Pacific Journal of Cancer Prevention Apjcp, 2015, 16
(17): 7875-7882

24] #itdh, ¥k, 5.5 2HM A & b4 BAALC 9 &k B
Hs R E L] R K F FH(E FIR), 2015, 25(2): 169-174

[25] Guo X, Shi P, Chen F, et al. Low MDRI1 and BAALC expression
identifies a new subgroup of intermediate cytogenetic risk acute
myeloid leukemia with a favorable outcome [J].Blood Cells Mol Dis,
2014, 53(3): 144-148

[26] F#k, 5RO E, FRARAE, . BAALC & & £ &0 G ik oh Kk
B Bl R SLI e d B 5, 2014, 25(5): 639-641

PDF SCHF# ] "pdfFactory Pro™ X RAG)E ww. Fineprint.cn



http://www.fineprint.cn

