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HWE . BH RKAANADA BRI e A Tebuhl. 7k A S LW EHE(MM) @itk
RPMI 82263 7 Z37 4 A KA1, KA CCK—8 i) 4m oL & eI & F 2cap #) A E (1C,) o 3 MM @itk RPMI
8226 AL A = G4, MBIEK(BTZ) A . AALF @4 A (NCe) 242 BTZ+NCe 41, BTZ £24m A 500 pL
10 nmol/L BTZ &%, HMIC, f£NCeBAnA 500 pL 4.5 pmol/L NCe, BTZ+NCe#8ArA 250 pL 10 nmol/L BTZ
#2250 pL 4.5 wmol/L NCe, #%:357:24 h, FARX e Ktem S Ao B N, LT STRAMHER
J2. Western blotting#ﬁ‘?ﬁ!‘]Z\é’ﬂélﬂﬂ@STK% YAP1. Cl—caspase—3 mRNAFei&& #kak, R Hrailsn, &
A &FLe e E B TEAR(P <0.05) 3 50 pmol/LNCeFLHER, 1 pumol/L, 2 pmol/L, 4pmol/L, 8 wmol/L NCe 3L
oy i LA R TEAR(P <0.05) . M F 24 heg1C, A (456 10.64) wmol/L, 5= @4irkik, BTZ4, NCel &
BTZ+NCe 2L4m i =553 (P <0.05), 5= G4ikik, BTZ2, NCeL A BTZ+NCe 20 STK4 mRNA F2%& ¢
st F ik FHAK(P <0.05), YAP14= Cl—caspase—3 mRNA ek @Aast ik FH 3 (P <0.05), 518 AAFm@4r
BRIT A AR aa R g gh, ARt T, AR TARIB At M) STK4/Y AP @55k 523,
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Mechanism of nitidine chloride on promoting apoptosis of
myeloma cells*

Luo Man', Gu Xue-kui', Lan Hai’
(1. Department of Hematology, The First Affiliated Hospital of Guangzhou University of Traditional Chinese
Medicine, Guangzhou, Guangdong 510405, China, 2. Department of Hematology, Shunde Hospital,
Guangzhou University of Traditional Chinese Medicine, Foshan, Guangdong 528300, China)

Abstract: Objective To explore the mechanism of nitidine chloride on promoting apoptosis of myeloma
cells. Methods Multiple myeloma (MM) cell lines RPMI 8226 were cultured to the logarithmic phase, and the
cell viability and the half-maximal inhibitory concentration (IC,)) were detected via the CCK8 assay. RPMI 8226
cells were randomly divided into blank group, bortezomib (BTZ) group, nitidine chloride (NCe) group and BTZ +
NCe group. The cells in the BTZ group, Nce group and the BTZ + NCe group were then cultured for another
24 hours in the presence of 500 pL 10 nmol/L of BTZ, 500 uL 4.5 umol/L of NCe according to the IC,,, and 250 pL
10 nmol/L of BTZ plus 250 pL 4.5 pumol/L of NCe, respectively. Annexin V-FITC/PI double labeling was
performed to measure the cell apoptosis, while quantitative real-time polymerase chain reaction (QRT-PCR) and

Western blotting were applied to detect the relative mRNA and protein expressions of STK4, YAP1, and Cl-caspase-
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3 in each group, respectively. Results Compared with the blank wells, the cell survival rates of other wells

decreased (P < 0.05). Compared with the wells without NCe, the cell survival rates of wells with 1 pmol/L, 2 pmol/L,
4 umol/L and 8 pmol/L of NCe also decreased (P < 0.05), and the IC,, at 24 h of culture was (4.56 + 0.64) pmol/L.

Compared with the blank group, the apoptosis rates were higher, the relative mRNA and protein expressions of

STK4 were lower (P < 0.05), and the relative mRNA and protein expressions of YAP1 and Cl-caspase-3 were
higher in the BTZ group, NCe group and BTZ + NCe group (P < 0.05). Conclusions Nitidine chloride can inhibit

the proliferation of myeloma cells and promote their apoptosis, which may be achieved by regulating the STK4/

YAPI pathway.

Keywords: myeloma; nitidine chloride; apoptosis; cell proliferation; in vitro study

% & Pk 86 % (multiple myeloma, MM ) J& — F
KT R | el 22k o T R R AN 3 2E O AR
(4 i Jg BB B R A B T R AR L Rl
o I AE" . MM AR K0 TR 0.4% , 2 96 FE L R
F10) A I VR . MIML G 96 W) RS 9 A, B N AR
K SR 2 AR IBT Y BEAE 2% 1  TR 98 A 4 TR L YR 9T AT
FEIE Z WIAEY . B ET G PRIG T MM 3 28 DURI A {4 K
(Bortezomib, BTZ ) 45 £ [ g4 100 il 70 1A TS B e 55
BB UH 5 R0 R L ARYA YT IS I 24 MR N S B0 Ak
RAEW . IE AR, AR iR 40 i B 22 6 97 (chimeric
antigen receptor T cell, CAR-T) £ A | i Ifi T 41 f2 7%
FEH AR R & S8 B IR B4 R 29 57% MM B 3%
AR > 6 4ED BRI 2T T R 9 VR YT 25
& 55 MM AR A A7 B[R] R A A7 I o

H BTN MM & Tl 0l e  E R
TS EOR 7 B R o . BRI B IR YT MM
R LA RN B IR R 2 T AT ELA I i
A% 1 Tl &%, %46 P T B 5 (nitidine chloride, NCe )
JEH F A YE W AT, IR 2 AR B 5
T, NCe HA PR PR BUAMFEMY, 7R
B N E BRI & T NCe 1 A5 MM (1 57 25
YR &Y, 5 H AT N 1k, NCe 42 #E MM 8 7= 59 #L
AN IR . AR ST LN MM 41 AR RPMIT 8226 S fiff
TR G, TRFE NCe £ i FLH T2 AL, LA Ry e IR
TRYT MM $2 (LT 1 0 A

1 RS

1.1 RasEiR . FEXFI 5L
111 Zmpekd A MM 4 g bk RPMI 8226 1 [

R R 22 e 40 M %2 . K40 B 7% 20% FBS. 100 u/mL
F 2 . 100 w/mL%E 5 Z 12 mmol/L 4 % Bt 1 i) RPMI
1640 ¥ 72 3 rh i 55, AR R SO E N

37 C. 95% B . 5% — A ALk CO,. B KW
AR 1R,
112 2250 AAEPEE (5 me, 465 96.59%,
77 il 4 T590761) Bl {4 K (5 mg, 4% 100.00% ,
7 b i T2399) | 3 W AR (dimethyl sulfoxide,
DMSO) (100 mL, 45 &£ 99%, 7= i 4 5 TO341) I { I
U P 25 A AL BB A BR A L, PBS (185 £ 12483020) |
IMDM % 3% 55 (4§25 : 12440500) 14 [ 2% [# Gibeo 24 7,
Cell Counting Kit-8 (CCK-8) &7 £ (#25 : 0038, -
338 = RAEYFH A R A, Annexin V-FITC/PT 4
Ji O TG R & (55 - 40302ES20, I i g A W)
BHER B2 R, MTT 4 3 78 1357 & (585 : M1020,
b R FE R ATBR 2 1)), MolPure® Cell RNA Kit
BE AN RNA $2 05 & (1545 : 19231ES08)  Hifair®
Il One Step qRT-PCR SYBR Green Kit — 513007 5t 5
A & (555 : 11143ES50) \RIPA lysis buffer RIPA %4
fif W (5245 : 2010ES60) W [ 1 251 36 4= M) B 45 A7 FR
N T, 225 TR 195 B R L 4 (serine/threonine kinase 4,
STK4) . Yes 5 Bt 5 H 1 (Yes—associated protein 1,
YAP1) (UI#I 2 bt 2 W2 85 1 i -3 (Cleaved—caspase-3,
Cl-caspase—3) i A—¥L HRP FRic LI 2E 5t 3t
I 26 F CST A A o
113 FEAE C170 48 AR 40 M 3% 55 40 (fi
[ Eppendorf /A 7] ) , CytoFLEX i 2 40 g% (3 [ Il 78
SRR ), DNM-9606 fiff b7 43 7 4% (At 50 3 B
B ARG RAT ), Countess 4 11 2 41 Mg 340 . E-
Gel Imager #E i A AW A 36 B 3880 G /R A A,
QuantStudio 5 5% W %% J¢ & & R & W # [ N
(quantitative real-time polymerase chain reaction, qRT—
PCR){X (& E ABIAH]) .
1.2 CCK-8:&#&iN4mAmiE

BCRE B A= K 1 59 MM 48 B9 1 000 r/min B 0>
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5 min, 57 [ W5, PBS VSIS VU 1 il o TG 1LV 5 7R
R, A 96 fLAR A FL 100 pL(2x 10° 4~/
fL), BT 37 C 5% — A Akl 55 357 56 b 4k 22 85 5%
12 he 239 A 0 pmol/L , 1 wmol/L . 2 wmol/L .
4 pmol/L | 8 pmol/L NCe ¥ WX 50 L, 10 nmol/L BTZ i#
W50 WL, BNk BE U B 445 AL, 00 Im] B AR B R
24 h J5 M A 10 pL 5 mg/mL A CCK-8 ¥k . 1% &
FAL (UM A SRR BE 72 W . DMSO il CCK-8 ¥ W )
Aas AL Chn A %5 & 40 M . DMSO 1 CCK-8 ¥ ) «
BTRHIFMAMALERT 1 h, BRI E % L
450 nm Ab Y6 % BF (optical density, OD) . 15 40 o 77
5 %= (525 L OD {H - % fL OD A ) /(%5 L 0D
H-VEZFL OD fH) x 100% , I #3 95 40 f A7 76 R 154
2 8504 ) e B (half-maximal inhibitory concentration,
1C,, ) fH -

1.3 4Hpasr4E

B 854 30 19 MM 41 L, BE BL 4> 45 4
BTZ # \NCe 21 Fl BIZ+NCe 41 , 15 6 FL15 35 M 42
S, R A A Y 200 B % B R 2 x 10/ AL, I E 4
L. BTZALANA 500 wL 10 nmol/L BTZ i #i , 2 I
IC,, 7 NCe 21 /il A 500 uL 4.5 pmol/L, NCe, BTZ+NCe
ZH M A 250 L 10 nmol/L BTZ 1250 pL 4.5 pmol/L
NCe. #H TH:FEA T 24 h# .

1.4 HRRAREAGNHAEEAT

W13 A 2H 4 1 000 r/min 250> 5 min, Y&
40 M, PBS YE 2 YK, 1 000 r/min B 0> 5 min )5 3 %
PBS, il A 100p.L 1 x Binding Buffer £ 40 0 . il A
5 wL Annexin V=FITC F1 10 L PI Staining Solution 4%
FEIRA) o #EE E R T R 15 mine ATA 400 pL
1 x Binding Buffer, ¥ 2] J& >R FH Uit =X 4H A A3 A6 0 240 Jd
1.5 gRT-PCR # Ul 48 B8 STK4. YAP1, Cl-
caspase-3 mMRNA )&%

L3 H 41408 1 000 r/min 250 5 min, i £
2B, R FH RNA $2 B0 & 46 B4 B b 5L RNA, —
A e Sk e AR & 551 (1 50 L3R 1) 78
42 °C .10 min Z&5 T 386 5% 5% JFAE qRT-PCR AL 4
W E R, WA 95 CHUAEYE S min, 95 °C AR
105,60 “Cil *k 30 s,72 CHEAH 2 min, 35 30 MG R .
LA B-actin NS L, 2R A 27449k 1153 H 19 JE
RO Ty

%1 qRT-PCR3|#F73I
EIL7RS
LR 2R L2
B /bp

1E] : 5'-GGCAATAGACATTAGA-3' 517
STK4

JZ 1] : 5'-CAATAGGACATAGACAT-3'

IEM] : 5'-CAATAGACATAGACCA-3' 431
YAPI

JZ 1] : 5'-ATAGACATAGACATAG-3'

1EM : 5'-GCATTAGACATAGGAA-3' 160
Cl-caspase-3

JZ 7] : 5'-TGACATAGCATATACCG-3'

1EM] : 5'-CGATTAGACCAGATTCAG-3' 22

B-actin
JZ 1] : 5'-CCCATAGTTAGCATAGAA-3'

1.6 Western blotting #& il 28 it STK4.YAP1,.Cl-
caspase-3 & AR IE

H1.3 2R 2H 40 1 000 /min B .0 5 min, Y4
L, PBS I W PE A 1 IR, A 200 L RIPA 2 i
RA), 380 24 5 12 000 r/min 250> 5 min, B [ 3§
W, K FH BCA B G I e 2 vk B o DU Wk B s
17 SDS-PAGE #E ¢ i Uk , 1 1R 1 5 46 75 4 i o /s 1
ko R B (5% AR R ) . — P R E (1:
1 000 # B¢ ) . — i E 1 h(1:500 % B ) , e J5
TBST W VEIE , A ECL AL KGR B . ek
JBE R AGAL RS B Y 8K 1 %A1, DL B-actin NS 4R
PR U R A &
1.7 Sitr=EFHiE

A 43 BT R 1 SPSS 21.0 G it B ik . iR
BILIIH + b 22 (x £ 5) Fom , LU 22504, Wi
P L 55 FH LSD—t K2 5 o P <0.05 Jy 22 A G it 2

2 R

ZFLMTEERILR

25 F1FL 2 0 wmol/L, 1 wmol/L.2 pmol/L .4 wmol/L,
8 pmol/L NCe L 19 4H L £7 1 & 43 5l g (99.96 +
0.02)% . (6793 £5.72)% . (58.37 +4.62)% . (43.85 +
4.62)% . (37.94 +3.80)% M1 (40.67 +3.54)% , & J7 %
ST, 2R A Gt L (F=148.097, P =0.000) . 5
25 LA L, HA 2% L AH ML A 15 R4 BRI (P <0.05) 5
50 pmol/L NCe fLAH H, 1 pmol/L .2 wmol/L .4 pmol/
L. 8 pmol/L NCe L (1 4t fifd £7 1% #6 ¥ B I (P <0.05) .
5 24 h A9 IC,, M (4.56 +0.64) pmol/L, VL& 1.2,

2.1
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D52 fLIE#, P<0.05; @50 pmol/L NCe fLILEE , P<0.05,
1 ARERE NCe FL MM 17 iE Z LL 5

120
[
I 90
& 60 I
=
s ol
0 L L L L
-0.5 0.0 0.5 1.0 1.5
Log NCe/( pmol/L)
E2 NCeM=E-RXHRHLL

22 FBAMABEATERIEER
25 4 BTZ 2 \NCe 2H J BTZ+NCe 241 1 2 L I
TR 5% K (314£081)% . (1821+2.38)% .
(831 +1.02)%F1(31.07 +3.31)% , 2797 =007, 225
HGiitF i L (F=115384,P=0.000). 525 HAM
[t , BTZ 41 . NCe 4 J2 BTZ+NCe 2H 20 Jil Y 7= % Ft 55
(P<0.05), UK 3,
2.3 RAYMESTKA,YAP1,Cl-caspase-3 mRNA
HExTRIZELE

25 [ 4] BTZ 41 . NCe # & BTZ+NCe £ 41 il
STK4 , YAP1 , Cl-caspase-3 mRNA A X} 3 ik i L 5%,
LI XM, ERERITFEL(P<005), 5
2 Y 8, BTZ 41 . NCe 24 K BTZ+NCe 4 STK4

10° 4 Q1 Q2 1073 Q1 Q2
= 1073
E =104
10 o3| 10 0
h ||ll|;|I T l\lliﬂ| T I||IHI| TT Hll\l\ T IIIH:I| T I'\I!I'II] 'I'\I!I'II‘ IIII!HT‘ T
100 100 10* 10° 10° 100 10* 10°
Annexin V-FITC-A Annexin V=-FITC-A
AU BTZ 41
3

mRNA AH X} 3= ik & % Ik (P <0.05) , YAP1 FlI Cl-
caspase—3 mRNA X FE A E I E (P <0.05) .
L2,

*2 #HKLHSTKA.YAP1 .Cl-caspase-3 mMRNA

HEXRIZELE (vxs)

215 STK4 mRNA  YAPI mRNA Cl-caspase-3 mRNA
E{EE 0.81+0.16  0.13+0.05 0.09 £ 0.01
BTZ 4 0.33+0.09"  0.58+0.12° 0.41+0.13°
NCe #4 0.57+0.11"  0.39+0.07" 0.38 £0.07°
BTZ +NCe#Z] 0.11+0.02" 1.17+021 0.98 +0.15°
F{H 31.619 47.431 49.982

P 0.000 0.000 0.000

P SE 4, P<0.05,

2.4 FHYK STK4, YAP1, Cl-caspase-3 & H
X RILE LB

25 141 . BTZ 41 . NCe 41 & BTZ+NCe 41 41 iy
STK4 ., YAP1 , Cl-caspase-3 5 [ %F F ik &t L #8, &
T ENHT, ERIA RIS E L (P<0.05). 551
HA L, BTZ 41 . NCe 41 & BTZ+NCe 41 STK4 & 1 A
X 3¢ 35 AR (P <0.05) , YAP1 Fll Cl—caspase—-3 %5 [

X R IE R T E (P<0.05), WER3 MK 4,
R3 HKAMASTKA.YAP1 Cl-caspase-3EH

HITRIEELE (xxs)
251 STK4 5 H YAP1 5 H Cl-caspase—3 & &
= HH 0.53+0.11 0.09 = 0.01 0.05 = 0.00
BTZ 2 0.12+0.02"  0.31+0.03" 0.29 + 0.02°
NCe#H 0.24+0.03"  0.16+0.01° 0.11 +0.01°
BTZ + NCe 2H 0.07+0.00°  0.91=+0.14" 0.74 + 0.10"
FA4 50.706 107.614 148.457
PAH 0.000 0.000 0.000
5SS AU, P<0.05,
10° 4 QI Q2 10° 7 Q1 Q2
5 ) ) 1
<F 10 % <F 10 3
= 0 y = 3
10 308 10 104 03
102 100 10* 10° 10> 100 10* 10°
Annexin V=-FITC-A Annexin V=-FITC-A
NCe 2 BTZ + NCe 2

BAEMA R 4R E
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STK4 59 kD

YAPI 65 kD
Cl-caspase-3 17 kD

42 kD

B-actin

A:ZSHY; B:BTZ41; C:NCe4l; D:BTZ+NCe 4,
El4 &EMASTKA,YAPT, Cl-caspase-3 & ARIFRIL

i

MM & —Ff 5 b , 2 0T 2 AR B, OF AL

B 25 T i LR & R B A B TE. MM R
A JG B AR 0T B L AT T
o = N /)7 N S o D 25 7/ e D g 1 e 1
Fo ik £, (RN BB I AE 4 28 14 A A7 i [a] O
H 2599697 5 Wik 23 B 251 o 5 i 5 X MM
FETC I B, EAR Al 0 PR PRORE LA ok < B i
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3

J_
7@3&? NCe {2 37F MM 41 fid i - IL 1 14 41238
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10 nmol/L"", [Al . A 8 5% 5K FH 10 nmol/L BTZ #1475
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BTZ 5 AN [l ¥ BE NCe L 1% 4t B A7 1% R SRR AL, 2R
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AT AYE SR AR o 5 0 AR ARESETE ST 7, NCe
A DA £ A 9 AN 3 A, FLBE 2 NCe W& JE T i 1
HE A E . AR, 55 0414k, BTZ
41 NCe 2 J BTZ+NCe 41 40 ML -8 T+ 55 , $2 7K~ NCe
A LR SE MM 4R T, H5 BTZ A5 Prl/E A . BTZ
& A RO R R, 32 IR T MMORTEE 40 ik
B9 o Lt A JEL 0 s ] g 6, MM AR A e R
Z = 4 BTZ it 25 ¥ (B AE A58, BTZ 5 NCe
A VR T MM 40 5, AT LA G i B2 fIC MM 48 i
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F T BTZ 4R NCe 41, Ui B NCe AN AL 1] RLAE 1 41
MOJE T, 85 BIZ A U R

AW R BN, 525 HAM E, BTZ 41 . NCe
2H N BTZ+NCe 2H STK4 mRNA F1 85 [ AH % 22 35 2 [
%, YAP1 ., Cl—caspase—3 mRNA Fl#E [ (9 40 % 22 35 12
Th &, UL W NCe 7] L) 45 STK4/YAPL 18 B% , 3%
Caspase-3 fE St MM 40 1=, 3= SR AMREEIIE 5T 45 1L
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MM 25 HoAth i % 22 G840 O 1 8 b of, YAPT 5
g A A e,
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B, A2 E MM 20 B 08 T, 9 ELIZAE AT e A i
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