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[Abstract] Objective To investigate whether Huaier can reverse the drug resistance of CEM-C1 cells to glucocorticoid
(GC) in human acute T lymphocytic leukemia (T-ALL) and its possible mechanism. Methods CEM-C1 and CEM-C7 cells
were set as control group (0 pg/ml) and experimental groups (200 and 600 jLg/ml) after treated with different concentrations of
Huaier; T-ALL CEM-C1 cells were set as Huaier (100 pug/ml) combined with dexamethasone (DEX)(12.5, 25, 50, 100, 200 j.g/ml)
groups; CCK-8 was used to detect the affect of Huaier on the inhibition rate to proliferation of each group of cells; Flow cytometry
(FCM) was employed to detect the effect of different concentrations Huaier (200 and 600 j.g/ml) on the apoptosis and cell cycle of
CEM-C1 and CEM-C7 cells; Western blotting was performed to detect the MDRI and Pim3 protein expression levels in CEM-C1,
CEM-C7 cells and CEM-C1 cells treated with different concentrations of Huaier (200 and 600 p.g/ml); qRT-PCR was used to detect
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the expression level of Pim3 mRNA in CEM-C1 and CEM-C7 cells and CEM-C1 cells treated with different concentrations of Huaier
(200 and 600 pug/ml). Results
For CEM-C1 cells, compared with DEX alone, the drug resistance was reversed by 1.34 times in Huaier+DEX group, and Huaier

Huaier inhibited the proliferation of CEM-C1 and CEM-C7 cells in a dose-dependent manner;

(100 pg/ml) combined with low concentration of DEX (12.5, 25, 50 ug/ml) increased the proliferation inhibition rate of CEM-C1
cells (P<0.05); the coeffcient of drug interaction (CDI) values of all groups were <1. Compared with control group, the apoptosis
rate of CEM-C1 and CEM-C?7 cells increased significantly with the increase of Huaier concentration (P<0.05). Compared with
control group, the number of CEM-C1 and CEM-C7 cells decreased in G,/G, stage and increased in S stage in 200 and 600 pg/ml
Huaier groups. The expression levels of MDR1 and Pim3 protein and Pim3 mRNA in CEM-C1 cells were higher than those of
CEM-C7 cells (2.41 + 0.32 vs. 1.34 £ 0.43; 0.39 £ 0.10 vs. 0.13 + 0.05; 1.00 vs. 0.37 + 0.02, respectively, P<0.05). Compared with
control group, the expression levels of MDR1 and Pim3 proteins and Pim3 mRNA reduced obviously in CEM-C1 cells after treatment
with 200 and 600 p.g/ml Huaier (P<0.05). Conclusion Huaier can inhibit the proliferation and promote the apoptosis of CEM-C1
and CEM-C7 cells, and partially reverse the resistance of CEM-CI1 cells to GC, the mechanism may be related to the down-regulation

of Pim3.
[Key words]

S0P Uk B4 B T L6 (acute lymphoblastic
leukemia, ALL)J&JLEE & ULAEPERR , 29518
% UL ILEIZ B825%, FIE4RALLIY &R
RGAETHR Y SCHIRIRAE , TN 2k A
IﬂlJﬁ(T-ALL) E@ﬂﬁ%{#ﬁiﬁ%(event-ﬁee survival,
EFS) B 5% T B4 A S bk B2 40 i 11 i (B-ALL)
HT-ALLE SR, &%k . RUHPE T 0 XU & T
B-ALLY . ER3EE K T-ALLH LI SAEEFS(S-EES) A
65.7%~83.8%, T&[E H40.29%~66.0%, 54 2:,
fif 25 Mo 52 % S ALLYR YT A Wiy E B, i J& B
PFALLBJL KIS a7, Ho, o B &
(glucocorticoid, GC)WT%I%EF@[)LAEEALL{QT?%
W EEIFER 2 —0 JLEALLYNAH G, A4
20% 1 8 LT GC= A I & e 2 5 i 52 A fail v
GCIit 253 5 ik70% " ik, FHRALLI 254156
FERDOF 2 e IRALL 25 19 75 %8, © A ALLIG IR
WEFE B FAT

MEE R E R B8y, H BT
512 HH 6Fh L E 5 18R BE TR 25 B P U 2R A
HAPA R Pubg . PORSESEAY, 5a
WF 9 % B0, M T 3t 2 R R A 2
5 H AT v TR B R ALLI 245 IO A DG HiGE . B350 2
SR L9595 55 093 57 28 -V o5 (provirus integrating
site moloney murine leukemia virus, Pim) FIGEFEN AL
fEPim1 ., Pim2 M Pim3, Zifih 22 2R /73 2 FR W
TG B LE 5 2, IR 2R A EAT R
WM 5 . ARG ST R A, 5 R Y AR R R
YIRS, Pim3 L & B IS b g — A
Pim WA, 55 eI S5 2 A IR I 25 A5G, I RES:
57 b i 2 0 A B AR RO AR g LG Cfit
2520 bk CEM-C 1 52 G CHBUER AN i Bk CEM-C7 R BIF 5
YT, PRI EERE 75100 % ALLAN I X G CRY Tt 25 K
HTRe LS, B AEIR R EALLY GCIfit 24 1

acute lymphoblastic leukemia; Huaier; Pim3; drug resistance

ik, AL LEALLIRYT I 5 St /U LUR 4R {1
R

1 MR5FE

1.1 Met ANALLAHEFECEM-C1. CEM-C7H
DU K2 A2 PG 55 — P Be By 5 5 B2 i g o AR H-
A EVLI A AR5 K125 A BRA w2 KA
(dexamethasone, DEX)JWKJ B [E 254 A A A 254 R
S Fl; RPMI 164085 32 A H 3¢ [E Hyclone A 5

2 LT W A R E UM O 2 N Rl SRR
(DMSO) I [ 3 [ESigma/A 7l ; 58 R N BEH R
P, BRNARBGAF & . CCK-8 M AR i AL ¥y il
Y TR 2 T 1 N = B R (15 - ey N/ R = 5 i
G S S e 1 R A 5% RV (QRT-PCR) a7
&4 H HAToYoBo/AH]; GAPDH, Pim35|¥)H
A T A TR A FR/AFl 3 FITC Annexin V
Apoptosis Detection Kit T 290 i o TG 32 59) 6 ) 1
K EBDZ Al 5 20 R A A I 7 6 I R e L
AEUBHEABRAF; R ANGAPDH—HLIW A 3 [
Proteintech’/A ] 3 éﬁ*ﬁj\%éﬁﬂﬁéﬁglﬂl(MDRl) N

Pim3 5 EHUAR —HT I A 9 E CSTA .

1.2 ST

1.2.1 IR &4 ¥ CEM-C1. CEM-C7
AN BT T & 10% 064 M7 . 100 U/mlEEH & X
0.1 mg/ml§ 35 2 WY 7E G Fe bbb, JHEM T35
Fili, BT37C. &5%CO,. MM IE A
HEIGSR, 2 A LIRS SR WO, O EE
KAWL 4T R 22555 . CEM-C1, CEM-C74 /il
ZANAMEE (0. 100, 200, 400, 600, 800 pug/ml)
MRLE AL EE24 . 48, 72h)5, HRYECCK-8LIHiE48 h
9 F WAL, 200, 600 pg/mIM H- N J5 4L 52 5 i+
T, 100 wg/mIBR HAE G FH 251k 5 AT
WePE(12.5, 25, 50, 100, 200 pg/ml)DEXIEE A1 H



T CEM-C140 /i1,

1.2.2  CCK-8A 20 A () 354 48 il 256 ISR X 4K
KW CEM-C1. CEM-C7ZHMI, 5% 40 i1 25 i
2% 10°1/ml, %890 w4 &k ZoefLiih, &
FUIMA L0 WITHS IR BE 45 2 25, R R 2RI
50, 100, 200, 400, 600, 800 pg/ml, DEXZYK S
A12.5. 25, 50, 100, 200 pg/ml, DhJ100 pg/ml
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OD.siy41)] X 100%. K GraphPad Prism7 i 43542k
BRI BE (1Cs,) o T 24 300 B A% =1 25 R A TC 0/
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OD o #1CDI<L, W AEEIEH, {E8/NIHR]
YERIG ; CDI=1, W25 MAHMEA; CcDI>1, Wi
2N AR, (ER R RSBV A bR

1.2.3 P S A0 M AAS 0 41 i TR O O Bl
KW AYCEM-C1. CEM-C740, ZA[RIHeEE (0,
200, 600 pg/m)MEH-ALFE48 h)5, FHRPBSTER2
W, AL x 456 58 vh il B A0 M, 5 5% 20 i 2% i
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CGACGGCAC-3', JZIilS-TATCGTAGAGAAGCACG
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GAGTACGTC-3', [[i]5-GGTCATGAGTCCTTCCA
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Effect of Huaier on the proliferation of CEM-C1 and CEM-C7 cells (n=4)

550 pg/mIBL EEAL HA, (1)P<0.05; 5100 pg/mIMIE-A L 45, (2)P<0.05; 5200 pg/mIMIE-4H H S, (3)P<0.05;5 5400 pg/mitl
HAHH, (4)P<0.05; 5600 pg/mIE H-A AL, (5)P<0.05. 524hiflkL, (6)P<0.05; H548hifikL, (7)P<0.05.

IR . S5 DEXA 4 HEs, 100 pg/ml
PEHHR SRR (12,5, 25, SO pg/ml)DEXHE s [
CEM-CLAN 3T Ml 22, Z2FA%I=E X
(P<0.05, F1); £ WEDEXEHME-ACDI<1,
R 25 EA M EVE .

2.3 FLHXTCEM-C1. CEM-C74H i = i 5 i

it o2 A ARG T &5 SR s, A R R )
Ji, CEM-C1K CEM-C7 40 i i I 1 3R 3% Wi 4 v
XA (0 pg/mIfH) B 22 R A G i E X
(P<0.05, #2).

®1 DEX+ILH X CEM-C LA S I I 3R (5L 0 (ks n=4)
Tab.1 Effect of DEX+Huaier on the inhibition ratio to CEM-C1 cells proliferation (¥+s, n=4)
DEX £ (ug/ml) . f U G CDI t/Z P
DEX4] 100 pg/mlIff H-+DEX4]
12.5 10.020 + 0.783 20.820 +2.224 0.847 £0.108 -9.163 0.001
25 13.850 + 1.302 25.140 +£ 3.352 0.817 £0.121 -6.282 0.004
S0 23.160 + 5.649 32.240 +2.353 0.816 +0.120 -2.968 0.025
100 48.410 + 6.810 58.280 + 4.428 0.768 + 0.240 -2.429 0.051
200 74.000 +2.593 77.190 £ 0.553 0.794 = 0.190 -2.406 0.088

CDI. W5 2540 5 AFHF5 %L

RK2 IR M H- X CEM-C1 % CEM-C740 il i T 2 Ay
(%, xts, n=3)
Tab.2 Effect of different concentrations of Huaier on the

apoptosis of CEM-C1 and CEM-C7 cells (%, Xts, n=3)

VAERY 353 CEM-CI4IfifT-3%  CEM-C74IMIJAT=%
0 pg/ml 9.937 +0.966 7.810 = 0.850

200 p.g/ml 27.780 + 0.528'"" 26.643 +1.310"
600 pg/ml 35.577 + 125877 34.820 +0.697%
F 556.401 590.162

P <0.001 <0.001

50 pg/mIiM A FL e, (1)P<0.05; 5200 pg/miIbE H-4H Lt
%, (2)P<0.05,

2.4 AN[EVE EE R E X CEM-C 140 i B B9 520 3%
AN A AR EE R 7R, 200, 600 wg/mItE H-4b 2
CEM-C1, CEM-C74iffi48 h)5, SHHZNA LL 1] Lb X
ML &, Go/ G U4 ML LU 9] LU X AR R A, 22 5%
AT GET 78 X (P<0.05), 45 HLANMLIY G,/ M HL 3122
LG E X (P>0.05, #£3).

2.5 CEM-C1., CEM-C74iJd T K # H-4b B )5
CEM-C14i i P MDR1 . Pim37%& [k /K i
Western blotting*ﬁ‘mu ZER M8, CEM-Cl4iigh
MDRI1%E 1 %34 K - (2.41 + 0.32) B i 5 T'CEM-C7
AL (1.34 £ 0.43), ZRAGI#E L (t=3.45,
P<0.05, [K2A). CEM-C140f1Z:200. 600 pg/mltf
HAFE S, MDRI1ZE FH #Eik K FEMET0 pg/mIil B
ZH(1.62+0.03. 1.34+0.16 vs. 1.92 £0.10), 254
GiiteF i X (P<0.05, K2B), CEM-C741 /i Pim3
kK F(0.13 +0.05) B AKX T TCEM-C1
411 (0.39 £ 0.10), ZEFH G #E X (t=3.94,
P<0.05, K2C), CEM-C14Hf1£:200. 600 pg/mlfi
HA#E, Pim3&H [ARBAEHMLT0 ng/mIFL B
ZH(1.05+0.14, 0.75+0.13 vs. 1.48 £ 0.33), 2EHFH
45t X (P<0.05, [K2D),
2.6 CEM-C1., CEM-C74iirh K #f B 4b B )5
CEM-C1Zi /i ' Pim3 mRNAF LK FAYHLH  qRT-
PCR&E /R, CEM-C74H i A Pim3 mRNAH] X
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F3 AW EMEXCEM-C1 X CEM-C74I IS E I (520 (%, F+s, n=3)
Tab.3 Effects of different concentrations of Huaier on the cell cycle of CEM-C1 and CEM-C7 cells (%, X*s, n=3)

) CEM-C 141 it 5 1 CEM-C741 Jifd J 4]
SR S G,/M G/G, S G,/M Go/G,
0 34.807 + 1.305 9.967 +0.112 55227 + 1.416 37.823 +6.362 8.483+1.292  53.693 +7.547
200 39.363+0.785") 12790 £ 1.523  47.847 + 1.250" 61.010 +1.715"  6.010+0.306  32.977 + 1.486"
600 44253 +2.975" 7.663 +1.438  48.083 + 1.857" 41.617 +1.364"  10.680 £0.528  47.553 +0.970"
F 17.985 13.481 22.567 30.752 5.725 16.955
P 0.028 0.059 0.001 <0.001 0.068 0.003

50 pg/mWEH2H L3, (1)P<0.05.
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Fig.2 Comparison of the protein expression levels of MDR1, Pim3 in each group
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Fig.3 Comparison of the expression levels of Pim3 mRNA in each group (n=3)
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o WRTATE L B T RO, 5 1T 2t &
3 W # RO TR RORT . GE Ky . W AR AS

BT 2R OT . (b7 . TR ORI A . AR,
iy, B RGOV, R TR LA, R TR A2 T



218  BMAEEXZGE 20214E3H280  H4aeds HE3

MR T (AR ) P ML 1R B T Y
WYy, DI AE R AR L BT T AR R
WOk, MLEEABUMEER, BE Tz N TR
RVENFRE . BR . FLIRE SR R A B IR
LR SN a2 W E R U AT LN WA Lo 3 e )| L
I 18 ) R Y R ORI K80% 7. ARHIFSE &
R, MRS AR A CEM-C1 . CEM-C7
YN ML A IR LU T, R IARE B ALLAN A
A YU ROV . ABFIE R, B AT I
A b R A0 T 2 0 QuR PURY BT A K
B, MR ETT G5 O JE AE Tkaros 5 R IF 16 (ikaros
isoform 6, Tk6) P K Phije 0,44 B A 2 e bk 12 41
JHL ¥ 1009 (Tk6 "Ph*ALL) 1 A BURAE o A IR B,
HEHDEXILH, 100 wg/mlti H-EK & DEX A i —
AT CEM-CLAN ML R3S 58, it 25 10 S A5 0 R 1.34
o 50 IR (0 pg/mIBEH) LL#E, 200, 600 pg/ml
ML Go/ G W40 HE e B R A, SIUT 4 L (1) 334
L, R MEAE -2 RE FHEMENG,/G,
Wy, AN A, DR SEARIEE T, R
Wik CEM-C1A1 X GCRYT 251k . AR 9T 348 A& BE
5 GCHUBMECEM-C7AIE L, GCI 2§k CEM-C1
Y 2 25T 25 F I MDR1AE B Rk, S HAb 3
J& , CEM-C14I g P MDR1 (1) 3 i 52 751 B A9 i 1 114
TR, 5 R OB 4 AR, LLE
SRR, MEHATAE — o R L ALLAA i Ay i
2Pk, JfHETRCEM-C 140X DEX 4 SRk

Pim3 3 PR 5 ) 2% 38 2 o o 4 A 8 R B
T2 DR AT R LR Y R R MR N Pim R
f)—01, Pim3fi F225 LAk (22q13), &AM
W BFFE D — DR pim3B 54 L H
R i A kR, TR R . R AR . FLIR
o URELIE L SUME I ARk LR A g R
LRI A WS S A ) Pion 3 fE 01 1 AT 51)
SN AN By E i OBl N (5P B
KW HEMFRE DR — TR, Pim3ib i kS Z£
PRI 2540 5¢ . GuoE ™ R B, VIERPim3REN 4
BT 2 s XuZ PR B, UTER Pim3 a0 B A 9
2 1 445 DT 388 X G b Ak R R
AREFFEEE R B, 2540 CEM-C1HPim34E H
JemRNAZF A K-8 T HURAMICEM-C7, /R
Pim3 A fES 545 TALLIYT 24 5 KA [A) e B2 AR
HANHCEM-C141 /5, HPim3&H 1 XmRNAKIL
I B A, B Pim3 ] AE AR 0 5% AL LI
ZHPERYHE S 2 — . P, BAPim3h H LR 1 LA
0 AT B8 A 39 B AL LN 25 B2 418 i VR T SR s SR 97
A5

g BTk, MR P lgilsa, Tl

ALLZNM A4 FE e dE U T2, 961 40 Mo R 30, 3
5i LA 240 B X G C SO, A AL AR vl B =
TIPIm3A I . ABFTEEE R NI BiR T ALLR
BB BIE R, ELH ] Pim3 K [N Y 3k T HE
Je— AR IR YT ALLI 25 (A 207 1%, (AR
B i 5 2t — L TRABTIE

[ &% 30k )

[1] Miranda-Filho A, Pifieros M, Ferlay J, et al. Epidemiological
patterns of leukaemia in 184 countries: a population-based
study[J]. Lancet Haematol, 2018, 5(1): e14-e24.

[2] Smith MA, Altekruse SF, Adamson PC, et al. Declining
childhood and adolescent cancer mortality[J]. Cancer, 2014,
120(16): 2497-2506.

[3] Xu YZ, Wang XG, Chen LR. Fusion genotype analysis of
248 children with acute lymphoblastic leukemia in Henan
Province[J]. ] Zhengzhou Univ (Med Sci), 2019, 54(3): 470-
473. [fh—nL, FPUE, BRIV T X 24861 L E Sbebk
2L 1 09 Al RE TR ST AR AT [ 7]. FBIN R e (B2 ),
2019, 54(3): 470-473.]

(4] Zhan SZ, Zhang LP, Zeng HM. Treatment and prognosis of
childhood acute T lymphocytic leukemia[J]. J Clin Pediatr,
2019, 37(8): 632-636. [ 7 LB, Tk IR, B 24, JLE LT
I AN A AT M BUR (7], I R LA R, 2019, 37(8):
632-636.]

[S]  Asselin BL, Devidas M, Wang C, et al. Effectiveness of high-dose
methotrexate in T-cell lymphoblastic leukemia and advanced-
stage lymphoblastic lymphoma: a randomized study by the
Children's Oncology Group (POG 9404)[]J]. Blood, 2011,
118(4): 874-883.

[6] CuilL, Li ZG, Chai YH, et al. Outcome of children with newly
diagnosed acute lymphoblastic leukemia treated with CCLG-
ALL 2008: the first nation-wide prospective multicenter study in
China[J]. Am J Hematol, 2018, 93(7): 913-920.

[7]  Yu HT, Fu MJ. Research progress of Chinese materia medica for
reversing tumor multidrug resistanc[J]. Clin J Chin Med, 2019,
11(27): 71-74. [ FUE04, THIUE. w24 30054 b 22 24 i 25 7%
BB SEE I (7). T BRI KBTS, 2019, 11(27): 71-74.]

[8] ZengX, Yu]J. Research progress on the genetic mutation related
to the relapse of childhood acute lymphoblastic leukemia[J].
Mod Med Heal, 2018, 34(23): 3663-3666. [ {5 &, T3, JL# 2
IR O D 11 10995 52 A DG L TR 9 A8 O RIT S e 7). AR
BE25 11, 2018, 34(23): 3663-3666.]

[9] GaoJ, Ma ZG. Glucocorticoid resistance in acute lymphoblastic
leukemia:molecular mechanisms and related issues[]J]. J Clin
Pediatr, 2010, 28(5): 407-409. [{F2¢, ko, 2Pkl 4N
P ILI I 1 B 08 2R T 24 149 931 AL B AR S R R . 1 IR
JUBHRAE, 2010, 28(5): 407-409.]

[10] Long SL, Liu WJ. Research progress of signal transduction
pathways associated with glucocorticoid resistance in acute
lymphoblastic leukemia[ J]. Int J Blood Transfus Hematol, 2018,
41(5): 441-445. [Je DA, X SCHE . 2Pk 40 A il b 5
FRIR T 25 A0 S5 3l i A B R S (7. 61 o il 1, B 10 v
2pZeili, 2018, 41(5): 441-445.]

[11] Yuan SJ, He XS, Yuan XH, et al. Antioxidant activity evaluation
and low-polarity components analysis of coriolus versicolor and
trametes robiniophila[ J]. Sci Technol Food Ind, 2019, 40(6):



[12]

[13]

[14]

[15]

[16]

(17]

(18]

[19]

[20]

[21]

[22]

1-5. [VFR, BT, /AL, 5. 22 SIE UL HET
M BARMAELL 7> GC-MS I 73 BT[], £ i Tk BHE, 2019,
40(6): 1-5.]

Tong L, Chang MJ, Hu J, et al. Experimental research of Huaier
aqueous extract on lung cancer tumor growth inhibition in nude
mice[J]. Chin J Clin Med, 2019, 26(2): 205-208. [ ZEHk, ¥ 3
A, WA, A MRV T RN R SN i 40 M E 8 B ],
I PR B 2%, 2019, 26(2): 205-208.]

Lu MQ, Lu HY, Feng XS, et al. Inhibition of xenografted human
MCEF-7 cells in nude mice and regulation of miR-126 expression
by Huaier cream[J]. J Southeast Univ (Med Sci Ed), 2019,
38(2): 328-332. [ W%, Wil e, 1A, 45, BRE I XL
V988 MCF- 7 2 0 #R LRS840 i VT B 5 9 4% miR -
126RIKM KR [J]. R K2 (BE24 M), 2019, 38(2):
328-332.]

Liu QJ, Gao X, Qiu B, et al. Protective effect of extractum
trametes robiniophila murr on puromycin aminonucleoside-
induced podocyte injury in vit ro of mice and its mechanism[]J].
J Jilin Univ (Med Ed), 2019, 45(5): 1020-1024, 1194. [ X744,
IR, AR, A R IRTE O NS R R A A 1 T B SN
SRS /IR A 240 A4S 3 1 DRAP VR T B LR [ 7], 35 AR R 7
(=220, 2019, 45(5): 1020-1024, 1194.]

Cheng WH, Wang JY, Ying ZH, et al. Reversal effect of
polysaccharide of trametes robininophlia murr(ps-t) and TOR in
human lung adenocarcinoma cell with resistance to cisplatin[J].
J Liaoning Univ Tradit Chin Med, 2017, 19(2): 23-25. [#£ 7 %,
LR, NI, S5 B TR ORI e A A 240 A It
B 25 PR SC IR 5T )], 3L T R 25 K2R 254, 2017, 19(2):
23-25.]

Lu MQ, Lu HD, Lu ZX, et al. Effect of Huaier on proliferation
and platinum resistance of human lung denocarcinoma A549/
DDP cell line[J]. Chin Arch Tradit Chin Med, 2016, 34(9):
2185-2187. [-WIZE, 1k, B, A5 MUHE T A
T AS49 /DD P L M4 BE B R R S LA I 25 305 5 4 (7). +F
Aarh B2 224 T, 2016, 34(9): 2185-2187.]

Zhang ZG, Liu B, Liang WF, et al. Preliminary study on reversal
of sorafenib resistance of hepatocellular carcinoma cells by
Huaier granule[J]. ] Nangjing Univ Tradit Chin Med, 2020,
36(1): 83-87. [SRIFDL, XIvK, Bekie, 2. Bl HPURLYE FE T
A XS B AR R 25 WAL TS [ ]]. B R R 2 R 2244,
2020, 36(1): 83-87.]

Jinesh GG, Mokkapati S, Zhu K, et al. Pim kinase isoforms:
Devils defending cancer cells from therapeutic and immune
attacks[J]. Apoptosis, 2016, 21(11): 1203-1213.

Qi Q, Pan YF, Han SW, et al. PIM3 functions as oncogenic factor
and promotes the tumor growth and metastasis in colorectal
cancer[J]. Anat Rec (Hoboken), 2019, 302(9): 1552-1560.

Xu DP, Cobb MG, Gavilano L, et al. Inhibition of oncogenic Pim-
3 kinase modulates transformed growth and chemosensitizes
pancreatic cancer cells to gemcitabine[ J]. Cancer Biol Ther,
2013, 14(6): 492-501.

Chauhan SS, Warfel NA. Targeting PIM kinases to oppose
hypoxia-mediated therapeutic resistance[ J]. Oncoscience, 2018,
5(9/10): 254-255.

Yuan SJ. Establishment of new method for quantitatively
calculating synergistic, additive and antagonistic effect in
multiple-drug combination[]J]. Chin J Pharm Toxicol, 2016,
30(12): 1316-1332. [P, 225G LR L A A

Med J Chin PLA, Vol. 46, No. 3, March 28, 2021

219

(23]

(28]

(29]

[30]

(31]

[32]

(33]

[35]

FEPURE R RO R L[], v 2 B 5 R I,
2016,30(12): 1316-1332.]

Zhao GP, Dai S, Chen RS, et al. The dictionary of Chinese
herbal medicine[M]. 2nd ed. Shanghai: Shanghai Scientific and
Technical Publishers, 2006: 873. [#X [, #iIE, (417, 55,
REE[M]. 200 B IR AR A, 2006: 873.]
Zhang Y, Wang X, Chen T. Efficacy of Huaier granule in patients
with breast cancer[ J]. Clin Transl Oncol, 2019, 21(5): 588-595.
Yu J, Wu Y, Cai Y. Clinical study of Huaier granules combined
with S-1 monotherapy for elderly patients with advanced gastric
cancer[J]. Pract ] Cancer, 2019, 34(9): 1505-1507. [AX1&, 53,
BEEE. ML ORLIDE G 7 IR T S AR 0 1 9 09 1 ATk
WEEL[T). S HIREAE 24, 2019, 34(9): 1505-1507.]

Chen Q, Shu C, Laurence AD, et al. Effect of Huaier granule
on recurrence after curative resection of HCC: a multicentre,
randomised clinical trial[ J]. Gut, 2018, 67(11): 2006-2016.

Qiu ZC, Chen P, Hu Q. Effect of instant powder of Jinke upon
cytokine in the treatment of chronic myeloid leukemia[J]. Chin
Cancer, 2000, (12): 50-51. [ERFPJI, BRIM, S35y, 4 va X 1tk
AL AL 1 10099 200 L PR s i [ 7).+ A9, 2000, (12):
50-51.]

Xu ZY, Cheng XD, Du YA, et al. An experimental study of the
Huaier role in reversing multidrug resistance of chemo-resistant
gastric cancer cells[J]. J Chin Oncol, 2016, 22(2): 129-133. [1&
AL, BRI AR, KSR, S OB R N T 25 40
Z M 2R SRR R [ T]. M2 2%, 2016, 22(2): 129-
133.]

Yu Z, Wu T, Zhang Y. The reversal effects of trametes
robiniophila murr. on multidrug resistance in resistant human
hepatocellular carcinoma cell line BEL-7402/5-Fu[]]. J Chin
Oncol, 2013, 19(6): 443-447. [y ik, 5%, 5K BH. ALE-0 14
S N 25 240 I BEL-7402/5-FuZe 25T 251 1], Wi
270K, 2013, 19(6): 443-447.]

Tang JN, Cheng XD, Xu ZY, et al. Inhibition of Huaierqing Paste
on gastric carcinoma with peritoneummetastasis in nude mouse
based on negative regulation on PI3K/Akt pathway[]]. Chin ]
Tradit Chin Med Pharm, 2016, 31(11): 4468-4471. [T, #&
WA, TRAEIE, 4. ML S R P2 PIS R/ Ak #5410 1 £
R R (7). AP R 25755, 2016, 31(11): 4468-
4471.)

Qu P, Han J, Qiu YN, et al. Huaier extract enhances the treatment
efficacy of imatinib in Ik6"Ph" acute lymphoblastic leukemia[J].
Biomed Pharmacother, 2019, 117: 109071.

Malone T, Schifer L, Simon N, et al. Current perspectives
on targeting PIM kinases to overcome mechanisms of drug
resistance and immune evasion in cancer[]]. Pharmacol Ther,
2020, 207: 107454.

Fan RF, Zou LY, Hao XL, et al. Pim-1 kinase inhibitor SMI-4a
inhibits proliferation and induces apoptosis in U937 cells[J].
Chin J Pathophys, 2017, 33(9): 1625-1630. [JL& 5, 4L N 2,
AR5 22, 4. Pim- LTI ) 7] SMI-4a 3 1] U937 2 i 384 58 T F:
PRI T[]. H EE AR B A AR, 2017, 33(9): 1625-1630.]
Cervantes-Gomez F, Lavergne B, Keating MJ, et al. Combination
of Pim kinase inhibitors and Bcl-2 antagonists in chronic
lymphocytic leukemia cells[J]. Leuk Lymphoma, 2016, $7(2):
436-444.

Zhou W, Ma XF, Ge R. Expressions of Moloney mouse
leukemia virus pre-viral integration stage (PIM)-1, (PIM)-3



220 R EE Rk

202143 H28H a6 53l

[36]

[37]

[38]

[39]

and protooncogene C-MYC/[J]. Chin J Gerontol, 2016, 36(19):
4803-4804. [Jil 2, Thids, Ja Bl W MR b 53K e B I
B AR AR R A 401, -3 RUR AR C-MYCRYSRIL[]]. h
[EZ A 2R 5408, 2016, 36(19): 4803-4804.]

Wang JQ, Lao L], Zhao H, et al. Serine threonine kinase Pim-3
regulates STAT3 pathway to inhibit proliferation of human liver
cancers|[ J]. IntJ Clin Exp Med, 2014, 7(2): 348-355.

Guo H, Dong J, Hu S, et al. Biased random walk model for the
prioritization of drug resistance associated proteins[J]. Sci Rep,
2015, 5: 10857.

Aziz AUR, Farid S, Qin KR, et al. PIM kinases and their
relevance to the PI3K/AKT/mTOR pathway in the regulation of
ovarian cancer[J]. Biomolecules, 2018, 8(1): E7.

Zhang XN, Song MQ, Kundu JK, et al. PIM kinase as an

(40]

executional target in cancer[J]. J Cancer Prev, 2018, 23(3): 109-
116.

Li Q Jiang CW, Wang Y, et al. Resibufogenin suppresses tumor
growth and inhibits glycolysis in ovarian cancer by modulating
PIM1[J]. Naunyn Schmiedebergs Arch Pharmacol, 2019,
392(12): 1477-1489.

Liu LH, Lai QN, Chen JY, et al. Overexpression of pim-3 and
protective role in lipopolysaccharide-stimulated hepatic stellate
cells[ J]. World J Gastroenterol, 2015, 21(29): 8858-8867.
Mumenthaler SM, Ng PYB, Hodge A, et al. Pharmacologic
inhibition of Pim kinases alters prostate cancer cell growth and
resensitizes chemoresistant cells to taxanes[ J]. Mol Cancer Ther,
2009, 8(10): 2882-2893.

(SR HIB: 2020-06-12; f&EIH M 2020-12-31)
(PTG kA





