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[(# ZE] H®: WIEGEE (BGB-3111) BEGMEMAK (Btz) X AZEKESHERE (MM) 41
TR, JF BT AR AL . ke IRSMEESR A MM U266, PS-R. RPMI8226. KMS28-PE,
KMS28-BM Hl HI29 #iifl, Western blotting 2 K il /S [ 48 Jfd v A - i i 2 W2 i (BTK) R H Rk
KA. SR AR & 8 (CCK-8) LA 0. 10, 20, 30, 40 150 pmol-L ' BGB-3111 4b (1
RPMI8226 ., U266 K& KMS28-BM 471G % . O £ K ] RPMI8226., U266 Fl KMS28-BM 4 M, 43
x4 . BGB-311141 . Btz 4 1 BGB-3111+Btz 41, & ¥ 3 40 M AR A 00 4% 201 40 i o8 7 %,
Western blotting i A6 I #5 2H 41 g b 88 40 M F1 s P17 1 (MCL-1) . B4Rk LA 2 (Bel-2) . Bel-2 41
AT A REH (Bim) ., BEfR{L Bim (p-Bim)., P65, B§fRIL P65 (p-P65). MhEIRILIN T2
ML F (TRAF) 2 MFERIEH F o« (TNF-a) FEFEA 3 (A20) HHERILKFE. U266 405
M A203 Rk (A20-OE4) Mz B4l (EVA), 24440 AR . BGB-31141, BTZ4
M BGB-3114+BTZ 4L, %YW Bk, & F Western blotting 1 K6 1 4 41 40 g % e 33, i =X 40 AR
K I 3k 26 1k A20 5 & AL AN T3 . Z5 8. Western blotting ¥ A&l , 5 KMS28-BM 4 fitg b %%, U266,
RPM18226 F1 H929 4 i i BTK & 11 & ik K FH W] i Ft&  (P<<0. 058 P<C0.01), CCK-8ikfil, 5
0 pmol-L™" BGB-3111 41 b4z, 10, 20, 30, 40 I 50 pmol-L ' BGB-3111 4 RPMI18226 4l Jiti & U266
A AF IS R B K (P<<0.058 P<<0.01), 20, 30, 404150 pmol-L~' BGB-31114{ KMS28-BM
EAFIE R WML (P<C0.01)., 5 RPMIS226 fl U266 4 b4, 20, 30140 pmol-L. ' BGB-311141
KMS28-BM 4il i £7 1% £ ¥ B i Fh i/ (P<<0.05), #EHL10 pmol-L ' BGB-3111 I FJ5 £ 52 46 o ¥ 2 4f il
ARAGI, 55X 8, BGB-311140 . BtzZl Ffl BGB-3111+ Btz 41 RPMI8226 2 U266 £ fiti Ji 1= 3 1y
Bl W I e (P<<0.05 8 P<<0.01); 5 BGB-311141# Btz 41 I %, BGB-3111+Btz 41 RPMI8226 &
U266 0 TR B B 8 & (P<<0.01); S5XIIR4 A, Bzl BGB-3111+ Btz 41 KMS28-BM 4
Mo JE TR I B S (P<<0.01); 5 BGB-311141k4, BGB-3111+ Btz KMS28-BM 4 ig i 1R i &k
ThE (P<<0.01); S EVAMMILE, Bzl M BGB-3111+Btz 4 A20-OF 4 il i 7= K ¥y 0 W I} =
(P<C0.01) . Western blotting ¥ il , 5 XF B4 lb# , BGB-3111 41 . Btz 41 #l BGB-3111+Btz 4
RPMI8226 4 ] 2 U266 4 L o Bim & 1 & A K P8 B 7k m (P<<0.05), BtzZH M BGB-3111+BtzZH
RPMI8226 41l fifd K U266 411 fifd t MCL-1. p-Bim Hl Bel-2 & 11 & ik K V¥ 8 B &AL (P<<0.05); 5
BGB-3111 40 F1 Btz 41 4%, BGB-3111+ Btz £ RPMIS8226 4 ifd 11 U266 44 Jifd v Bim 45 1 3 35 7K °F 14 1
It (P<<0.05), MCL-1, p-Bim il Bel-2 #5 1 & 3A K-S B B B AR (P<<0.05) ., 55X B LA,
Btz 4 #l BGB-3111+ Btz 2 RPMI8226 & U266 4fl Jiil ' p-P65 £ 11 % 35 /K - ¥ 8] 8 7t & (P<<0.05),
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Effect of BTK inhibitor BGB-3111 combined with bortezomib
on apoptosis of human multiple myeloma cells and its
mechanism

LI Hongjie', LAN Maozhuo*, WANG Xiao', FENG Ranran', TAO Yanyan', LIU Jiaging', SUN Haibai'
(1. Department of Clinical Laboratory, Haihe Hospital, Tianjin 300350, Chinaj 2. Laboratory of Cancer
Precision Medicine, First Hospital, Jilin University, Changchun 130021, China)

ABSTRACT Objective: To discuss the effect of zanubrutinib (BGB-3111) combined with bortezomib
(Btz) on the apoptosis of the human multiple myeloma (MM) cells, and to clarify its possible mechanism.
Methods: The human MM cell lines U266, PS-R, RPMI8226, KMS28-PE, KMS28-BM, and H929
were cultured in vitro. Western blotting method was used to detect the expression level of Bruton’s
tyrosine kinase (BTK) protein in various cells; cell counting kit-8 (CCK-8) method was used to detect the
survival rates of the RPMI8226, U266, and KMS28-BM cells after treated with 0, 10, 20, 30, 40, and
50 pmol-L ' BGB-3111. The RPMI8226, U266, and KMS28-BM cells at the logarithmic growth phase
were selected and divided into control group, BGB-3111 group, Btz group, and BGB-3111+ Btz group.
Flow cytometry was used to detect the apoptotic rates of the cells in various groups; Western blotting
method was used to detect the expression levels of myeloid cell leukemia 1 (MCL-1), B-cell lymphoma-2
(Bcl-2), Bcel-2-interacting mediator of cell death (Bim) , phosphorylated Bim (p-Bim), P65, phosphorylated
P65 (p-P65) , tumor necrosis factor receptor-associated factor (TRAF) 2, and tumor necrosis factor alpha-
induced protein 3 (A20) in different kinds of cells. The U266 cells were divided into A20 overexpression
group (A20-OE group) and empty vector control group (EV group). Each group was further divided into
control group, BGB-3111 group, Btz group, and BGB-3111+ Btz group. The corresponding plasmids
were transfected; Western blotting method was used to detect the transfection efficiency of the cells in
various groups; flow cytometry was used to detect the apoptotic rates of the cells in various groups after
over-expression of A20. Results: The Western blotting results showed that compared with KMS28-BM
cells, the expression levels of BTK protein in the U266, RPMI8226, and H929 cells were significantly
increased (P<C0.05 or P<C0.01). The CCK-8 results showed that compared with 0 pmol-L ' BGB-3111
group, the survival rates of the RPM18226 and U266 cells in 10, 20, 30, 40, and 50 pmol-L ! BGB-3111
groups were significantly decreased (P<C0. 05 or P<C0.01), and the survival rates of the KMS28-BM cells
in 20, 30, 40, and 50 pmol-L ~!' BGB-3111 groups were significantly decreased (P<C0.05). Compared
with RPM18226 and U266 cells, the survival rates of the KMS28-BM cells in 20, 30, and 40 pmol-L !
BGB-3111 groups were significantly increased (P<C0. 05). Therefore, 10 pmol-L."' BGB-3111 was selected
for subsequent experiments. The flow cytometry results showed that compared with control group, the
apoptotic rates of the RPMI8226 and U266 cells in BGB-3111 group, Btz group, and BGB-3111+ Btz
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group were significantly increased (P<C0.05 or P<C0.01) ; compared with BGB-3111 group and Btz
group, the apoptotic rates of the RPMI8226 and U266 cells in BGB-3111+ Btz group were significantly
increased (P<C0.01) ; compared with control group, the apoptotic rates of the KMS28-BM cells in Btz
group and BGB-3111+ Btz group were significantly increased (P<C0.01) ; compared with BGB-3111
group, the apoptotic rate of the KMS28-BM cells in BGB-3111+ Btz group was significantly increased
(P<C0.01); compared with EV group, the apoptotic rates of the cells in A20-OE group in Btz group and
BGB-3111+Btz group were significantly increased ( P<C0.05). The Western blotting results showed that
compared with control group, the expression levels of Bim protein in the RPMI8226 and U266 cells in
BGB-3111 group, Btz group, and BGB-3111+ Btz group were significantly increased (P<C0.05), while
the expression levels of MCL-1, p-Bim, and Bcl-2 proteins in the RPMI18226 and U266 cells in Btz group
and BGB-3111+ Btz group were significantly decreased (P<C0.05); compared with BGB-3111 group and
Btz group, the expression levels of Bim protein in the RPMI8226 and U266 cells in BGB-3111+ Btz
group were significantly increased (P<C0.05) , while the expression levels of MCL-1, p-Bim, and Bcl-2
proteins were significantly decreased (P<C0.05). Compared with control group, the expression levels of
p-P65 protein in the RPMI8226 and U266 cells in Btz group and BGB-3111+ Btz group were significantly
increased (P<C0.05), while the expression levels of TRAF2 and A20 proteins were significantly decreased
(P<<0.05) ; compared with BGB-3111 group and Btz group, the expression levels of p-P65 protein in the
RPMI8226 and U266 cells in BGB-3111+ Btz group were significantly increased (P<C0.05), while the
expression levels of TRAF2 and A20 proteins were significantly decreased (P<C0. 05). The flow cytometry
results showed that compared with EV group, the expression level of A20 protein in A20-OE group cells
was significantly increased (P<C0.01). Conclusion: BGB-3111 induces apoptosis in the MM cells by
inhibiting BTK activity and enhances the pro-apoptotic effect of Btz. Over-expression of A20 increases the
sensitivity of the MM cells to the combined treatment. The antitumor effect may be related to the inhibition
of the nuclear factor kappa B (NF-kB) signaling pathway.

KEYWORDS Multiple myeloma; Bruton’s tyrosine kinase inhibitor; Bortezomib; Tumor necrosis factor

alpha-induced protein 3; Nuclear factor kappa B
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B KB40 MO o
Lymphoma, DLBCL) #iffg345E "', # MM Ik
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1.1 mpe. .22 XMAFNE A MM 4 U266
(EFAEAL ) X Bz U4 f) . PS-R (X Bz ffit 25 9
U266 48 il ) . RPMI8226, KMS28-PE, KMS28-
BM. H929 f1 HEK293T 41 ffd 4 thy 7% Ak K #56 — =
Bt ik e A P 2 2 G wE FR A . RPMI-1640 15 972 W
G 4 T RN R -BE A R WP (38 [ Gibico A H )
Annexin V -FITC/PT M 4 7 Ak 57 (R E: =85 4k
Y ARBEMARAF), BGB-3111 ({# [ Sigma 2>
Hl ), Btz (3 E Selleck 2 &), — H X T W
(dimethyl sulfoxide, DMSO) (7 [ Merck 28 A ) ,
BTk 4 Bl Al & (78 B QIAGEN 2 ),
Lipofectamine™3000 Fl Opti-MEM ( € & Thermo
2y #l), psPAX2 Fil pMD2. G ( 3 [H Addgene 2>
"), BTK#ifk . GAPDH. B-Tubulin, &2
1% A F 1 (myeloid cell leukemin-1, MCL-1) |
P65/#i 2 1k P65 (phosphorylated P65, p-P65) . fif
B W 3 Ak M OC 7 (TNF receptor-
associated factor, TRAF) 2. B 40 g itk &5 5% 2
(B-cell lymphoma-2, Bel-2) F1 Bel-2 41 5 1E I 41 g
FET- /v i 1 (Bcel-2 interaction mmediator of cell
death, Bim) /#f 2 ft Bim (phosphorylated Bim,
p-Bim) ({54 Ser69) (SEE CST/AH). HITH
kAL (22 H Bio-Rad 2 &l ), i X4 il 43 B (3£
EBD ).

1.2 3B 45w U266, PS-R, RPMIS226,
KMS28-PE., KMS28-BM 1 H929 41 ifd & H & 10%
Jif 2F 175 1 RPMI-1640 K5 37 555 7% o B T Xt 5k
A KW i RPMI8226, U266 Al KMS28-BM 4 Jifd |
Sy R X4 . BGB-3111 41 (10 pmol-L ' BGB-
3111) . Btz#4 (3 nmol-L ' Btz) #l BGB-3111+
Btz 21, XF B4 m A5 T 4 25 9 I 1k B
DMSO. KMS28-BM 4ii ffl & FHAH [F] 4341, BrzfEH]
W B R 5 nmol-L ', RPMIS8226 1 U266 41 iy 1
24 h, KMS28-BM 4 i /5 1] 48 h.

(diffuse large B-cell

1.3 ki A203 KX mmes) & HCH 47
LB SR R, BN S R S5 pL A 5 mL
LBR; R %P, FREE E37°C, 220 r-min fHE 5
FR12~16 ho ARBCEW, & Bk B2 B0 & Ui B 15
BaAE L 4R BB ORD BE AT RE g, B UL P IR 4R MR
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20 0 ) 2 0 T LBV, L IR T e Y
Ja RBRIHREFR 3, R B R 2% b (phosphate
buffer saline, PBS) JH¥E 1. BL EFEYM, AW -
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AR U266 4, 37 2 200 i A G 0 40 e F T A O
T EE 3

1.4 & fa 3 % X A & 8 (cell counting kit-8,
CCK-8) ##m R B % & BGB-3111 & 2 & MM
mpe A EE L T ECE KA RPMIS226 .
U266 F1 KMS28-BM 40 i , ¥ % 40 g % 12 S 45 AL
3X 1040 M, BT 96 FL AN ML 35 AL, 4
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AhBR 24 W5, HALINA 10 pL CCK-8 i, 4k4t
WEE 4 h, TRERAE, WIS 1 BRI,
v 5 ming SR HIBEAR AL T 450 nm &b I 5E 15
B O(A) fH, EREE 3., MiiFEE= (LR
AE—=HILAME) / (FHEAALAMH—=HAL
AfH) X100%.

1.5 Annexin V-FITC/PIR % ik #4&0 &4 MM &
AR AT EUS DL L 35X 107441 i Y 2%
Fer T 12 fLan M s IR A b, o0 2H Ak B S AR AN A
F 2 1500 remin B0 5 minJ5, % PBS 2 iR
BIFMME, REVER2K, #F W, WA 300 pL
1XBinding Buffer & % 48 Jl, # 1 A 5puL
Annexin V-FITCIR A G, =R H 15 min,
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1.6 Western blotting 34 &4 MM %8 & B —
X EGRZIAKRF  WUEL T XA KR PSR,
U266, H929. KMS28-PE. KMS28-BM HI
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EHREKFHFEESSA, UatsER, £
A [A)RE AR 5 85 b B R B 3R 22900, A IR RE AR
RO PG L #R F LSD-c K 86 . LA P<<0.05 Ry 22 57
EENES -9
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21 REMM&EEFTBTKEaRZAKT 5
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Expression level of BTK protein

Lane 1: PS-R cells; Lane 2: U266 cells; Lane 3: H929 cells; Lane 4: KMS28-PE cells; Lane 5: KMS28-BM cells; Lane 6: RPMI8226

cells. "P<<0.05, “P<C0.01 compared with KMS28-BM cells.

B1 6F MM AHH BTKZE H&REHEIKE (A)FME XA (B)
Fig. 1 Electrophoregram(A) and histogram(B) of expression of BTK protein in 6 kinds of MM cells

2.2 RFKEBGB-3111 4% ) MM 2 J 4 & %

5 0 pmol-L 'BGB-3111 4 e %, 10, 20. 30,
40 #1 50 pmol-L 'BGB-3111 41 RPMI8226 } U266
20 A7 R B T IR (P<<0. 05 8 P<<0.01),
10 pmol-L ' BGB-3111 1 KMS28-BM 41l Jiil 77 i %
Fefk, HERLHEIH2E L (P>0.05), 20, 30.
40 A1 50 pmol-L ' BGB-3111 £ KMS28-BM 4l ity
T R B L (P<<0.01). 5 RPMIS8226 FiI

U266 41 g b %%, 20, 30 Ml 40 pmol-L '
BGB-3111 4 KMS28-BM 4il it 17 7if % 3 W & 7t =
(P<<0.05). W 1. 10 pmol-L ' BGB-3111 /£
F RPMI8226, U266 f1 KMS28-BM 4ii g i}, Hxf
3 A 3 P AR AR s, TSRS 2
RO, 10 pmol- L' BGB-3111 i F J5 &&
2.3 24 MM@ERATE S5XEA K,
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R1 AFRWEBGB-311141EHJG & 4H MM 4 j 7715 3
Tab.1 Survival rates of MM cells in various groups after treated with different concentrations of BGB-3111 (n=3, x5, /%)

Surival rate

Group 0 pmol- L™ 10 pmol- L™ 20 pmol-L™" 30 pmol-L™" 40 pmol- 17" 50 pmol-L~"
BGB-311 BGB-311 BGB-311 BGB-311 BGB-311 BGB-311
RPMI8226 91.18+£1.16 83.97+1.55" 65.57+2.44" 47.30+1.63" 32.274+1.39" 21.514+6.43"
U266 90.21+£2.49 82.67+2.86" 69.634+2.39" 53.67+0.62" 40.53+0.55™ 27.284+2.13"
KMS28-BM 89.87+2.45 85.83+£0.91 72.63+2.957°F 61.17+3.20"4* 45.00+4.22"4% 24.61+4.61"

'P<<0.05, "P<C0.01 compared
U266 cells.

BGB-3111 #1. Btz # M BGB-3111 + Btz 4
RPMI8226 K& U266 41 il i T H 0  Fh i (P<<
0.058; P<<0.01); 5 BGB-311141 #l Btz 41 It %%,
BGB-3111-+Btz 2 RPMI8226 1 U266 4 it I 1= %
P ETHE (P<<0.01). S5XTHRA L, Brzdlf
BGB-3111+Btz 44 KMS28-BM 41 Jifi 5 1= % ¥ 1
IR E (P<<0.01), BGB-3111 41 KMS28-BM 4

with 0 pmol:L™" BGB-3111 group;

£P<20.05 compared with RPMI8226 cells; “P<C0.05 compared with

BGB-311141 1t # , BGB-3111+ Btz 41 KMS28-BM
MR T- KRBT E (P<<0.01); 5 Btzdl g,
BGB-3111+Btz 4 KMS28-BM 40 il #f 7= % 2 7
TG E L (P>0.05) ., 5 EV 4410 %,
Btz 41 1 BGB-3111+ Btz 40 A20-OF 4fi Jfid i T 2K 1
B BT (P<<0.01); BGB-311144 A20-OFE 41 ifg F1
EVAIMT- R I 25 Kt % B X (P>0.05),

MU TR E R RS I E X (P>0.05; 5 WK 2~5,
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Annexin-V

A—D: RPMI8226 cells group, 24 h; E—H: U266 cells group, 24 h; I—L: KMS28-BM cells group, 48 h; A, E, I: Control group;
B, F, J: BGB-3111 group; C, G, K: Btz group; D, H, L: BGB-3111+Btz group.
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Fig. 2 Apoptosis of MM cells in various groups detected by flow cytometry
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A—D: EV cells; E—H: A20-OE cells; A, E: Control group; B, F: BGB-3111 group; C, G: Btz group; D, H: BGB-3111+

Btz group.
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Fig.4 Apoptosis of EV and A20-OE cells after treated with BGB-3111 and Btz detected by flow cytometry
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