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[Abstract] Objective To investigate the effect of schizandrin A on drug resistance of glioma stem/
progenitor cells (GSPCs) and its mechanism. Methods Isolate and culture SHG-44s cells from human
glioma cell line SHG-44. The SHG-44s cells were treated with different concentrations of schizandrin A (0,
12.50, 25.00 and 50.00 pmol/L) and vineristine (400, 800 and 1200 nmol/L). The cell proliferative activity
was measured by cell counting kit-8 (CCK-8) assay. Rhodamine 123 staining was used to detect the drug
delivery ability of SHG - 44s cells. The transcription and translation ability of ATP binding cassette
subfamily B member 1 (ABCB1) gene of SHG-44s cells was detected by real-time polymerase chain reaction
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(PCR) and Western blotting. Results The proliferative activity of SHG-44s cells was inhibited when the
concentration of schizandrin A was 50 pmol/L (P =0.001, 0.001, 0.039), so this concentration was removed
in the follow-up study. No matter the concentration of vincristine was 400, 800 or 1200 nmol/L, combining
with schizandrin A could inhibit the proliferative activity of SHG-44s cells (vincristine 400 nmol/L: P =
0.007, 0.001; vineristine 800 nmol/L: P =0.001, 0.000; vincristine 1200 nmol/L: P =0.000, 0.000). Inverted
fluorescence microscopy findings showed SHG-44s cells in the group of schizandrin A 0 wmol/L rarely
revealed green fluorescence, while SHG-44s cells in the groups of schizandrin A 12.50 and 25.00 pwmol/L
presented obvious green fluorescence. Flow cytometry showed that with the increasing of schizandrin A
concentration, the percentage of positive cells by Rhodamine 123 staining was 10.40% , 39.20% and
45.20% , respectively. Real-time PCR showed that ABCBI gene expression levels of SHG-44s cells in
schizandrin A 12.50 pmol/LL group and 25.00 pmol/L group were significantly decreased comparing with
schizandrin A 0 wmol/L group (P =0.027, 0.006), especially in schizandrin A 25.00 wmol/L group (P =

0.034). Western blotting showed that the expression level of P-glycoprotein (P-gp) in SHG-44s cells was

gradually decreased with the increasing of schizandrin A concentration. Conclusions Schizandrin A can

inhibit the drug delivery ability of P-gp coded by ABCBI gene existing in the surface of GSPCs. It can

further reverse the drug resistance of GSPCs by reducing the transcription and translation of ABCBI gene.
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HE (x5, 0Dis0m)

Table 1. Comparison of proliferative activity of SHG-44s
cells among different concentrations of schizandrin A (x s,
ODasom)

T2 AS[E B R H K 2 SHG-44s 20 I 18 48 7% 4 1Y
W P Eb 4

Table 2. Paired comparison of proliferative activity of
SHG - 44s cells among different

schizandrin A

concentrations  of

Group N Proliferation F value P value
Schizandrin A 0 pmol/L (1) 3 0.99+0.03
Schizandrin A 12.50 wmol/L. (2) 3 1.04+0.07

28.677 0.001
Schizandrin A 25.00 pmol/LL (3) 3 0.74+0.08
Schizandrin A 50.00 pwmol/L (4) 3 0.34+0.18

Paired Paired

. q value P value . g value P value
comparison comparison
(1):(2) 0.899  0.145 (2):(3) 5.076  0.054
(1):(3) 4.176  0.062 (2):(4) 11.746  0.001
(1):(4) 10.847  0.001 (3):(4) 6.670  0.039

Table 3.
vincristine (x 5, ODusoun)

R3OS TR H RIS AR L SHG-44s A0 39 A 1 19 A (% £ 5, ODaso )

Comparison of proliferative activity of SHG -44s cells among different concentrations of schizandrin A and

Group N Vincristine 400 nmol/L Vincristine 800 nmol/L Vincristine 1200 nmol/L
Schizandrin A 0 pmol/L (1) 3 1.00 £ 0.02 0.99+0.01 0.88 +0.03
Schizandrin A 12.50 wmol/L (2) 3 0.73+0.08 0.54 +0.06 0.42 +0.04
Schizandrin A 25.00 wmol/L (3) 3 0.46 +£0.03 0.43 +£0.04 0.37+0.01

F value 92.624 128.599 229.609

P value 0.000 0.000 0.000

Table 4.

combining with vineristine

R4 AR EE R B RICA KT B80T 24 SHG-44s 41 A 384 1 16 M % 795 B Eb 45

Paired comparison of proliferative activity of SHG -44s cells among different concentrations of schizandrin A

Vincristine 400 nmol/L

Vineristine 800 nmol/L

Vincristine 1200 nmol/L

Paired

CoMparson q value P value q value P value q value P value
(1):(2) 9.534 0.007 17.338 0.001 24.861 0.000
(1):(3) 19.250 0.001 21.332 0.000 27.438 0.000
2):(3) 9.716 0.004 3.994 0.041 2.577 0.065
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BB T AR A0 L OR 2 ) R

PRI 123 J& — i BE 6% 25 7 4t A I O 7F 40 i Y
AR YORL , FLOE O 3 AT LS e i geg 4 i 25
HEE AR B AR ). B SO B A B
7N, LR T 2 0 mol/L 2 SHG-44s 21 g 55 WL &4 (4,
¢, R T H 2 12.50 wmol/L 20 125.00 pmol/L 21
SHG-44s 4l it 7] W] B 2k 5,5 6 (B 1a~ 1c) o Wil
AR BoR, AR R 0 wmol/L 41 . 12.50 wmol/L
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0.006) , Ju LA LMk F B 2 25.00 wmol/L 41 & 3% (P =



o AR 22 B 2 35 2017 4R 6 H A 17 6545 6

Chin J Contemp Neurol Neurosurg, June 2017, Vol. 17, No. 6 . 443 .

1 B ECRMBEWERL 012336 x
100 la FLBRT £ 0 wmol/L 21 SHG-44s 4 Jil 55 WL 4% (4
2ot 1b HBEFH 3K 12.50 wmol/L 41 SHG -44s 41l it AT
ekt 1e HKTH EK 25.00 wmol/L 41 SHG-44s 4l
I A SR S

Figure 1
Rhodamine 123 staining x 100  SHG - 44s cells rarely
showed green fluorescence in schizandrin A 0 p mol/L
group (Panel 1la). SHG - 44s cells showed green
fluorescence in schizandrin A 12.50 p mol/L group (Panel
1b). SHG-44s cells showed obvious green fluorescence in
schizandrin A 25.00 wmol/L group (Panel lc).

Inverted fluorescence microscopy findings

0.034) , % W Jifi 75 T Wk WY 2 Mk B2 A9 3 0, X ABCB1
LA B AE H E (3R 5,6) . Western
blotting 7% i 7~ , Pifi 5 Wk H 2k BE A9 35 m (0.
12.50 F125.00 wmol/L) , SHG-44s 41 iy P-4 & 1 ik
KB W REAR (1 3) o

i

2 J5 96 2 i DR DL 1 D R P HRORK Bl 22 R G ik
A2 R R 22 R G R Y 50% , TG A 25 . Bl
AR E T 20 i RS 1 2 B AT EE SR TR A, HETIA
IR IE T A T P R A2 R A AR IR, L v B SRR AR
SRR IR T I 2 M £ 25 25 Pk (MDR) . £
fiif 25 14 28 $5 4t i X 4 AN [ 04 245 9 1A it 245 1 3
G EUEE T A0 2 25 2 M 0 IR R A 2R BR
R AL F G s, 18 5 ATP 45 & & (ABC) F iz &
I i 2235 LA R UR T R A D S AR AL A e T
ABCH: iz B R IEIE M, BN T 2 A 25 M Rk
(B — 51, Gk ATP BRI BE fE K 25 W) e is 2 40

AN, Sl AR . BT S 2 A2
K ABC 502 3 1 F B R L IR W 25 & O
(BCRP/ABCG2) . £ 24 Tif 25 #H 5C £ 11 (MRP) 1 P- b
E e MR 2 2t 2y v rh O ik AR ]
H, ABCBI1 2 141 3 19 2 245 Tt 24 1k AL ) A ok 1 22
ABCB1 2 FI1E M 259 32, 0l LUK £ R 25 4 52 1 40 il
A, (4 L P 25 B D i A B AR L A
i 7= 22 2 2y 1

[ Py Z2 T 5 0N, TR AR O B AT 8K
A R T 3R LA 0 A T 2 A A (E X
TR 2 BE 75 30 5 e T /4H 41 L (TSPCs) Jo H:
S G 5T 9R T /AH 20 B i 24 Pk e FEAE ML AR T
o AR R ORI EE Lk T % (0.12.50
H125.00 wmol/L) Xf SHG-44s 4 il 4 7= A= B . () 384 58
FHIE T, 25 R H 25K 50 wmol/L B 5 R B 1
B A0 AE R R O A A A R R MR B Lk R
(0.12.50 F125.00 pmol/L) #4755 . CCK-8 40 M &
PE S8 R, SHG-44s 20 M 76 K 7 H 2 MK BB
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E _ 1001
3 P2 ER P2
S
50+
T T T
0 10° 10° 10* 10° -142 0 10° 10° 10°* 10°
Fluorescence intensity (FITC) 2a Fluorescence intensity (FITC) 2b
1504 P —
. FITC, fluorescein isothiocyanate , 5B 7 2 7€ ' %
] B2 WAAEATTL 20 FETHE 0 pmol/L 4l SHG-44s
1 ML FE W 123 Y €0 B A0 L O 10.40%  2b FORTH
10073 % 12.50 pmol/L 41 SHG-44s 411 B FF 1] 123 e o B 1: 40 L 1 151
E ] $739.20% 2c¢ T H K 25.00 wmol/L 241 SHG-44s 4l it 2 FE
S ] P2 T 123 Y& €0, B P4 48 0 1L 1) 45.20%
50_' Figure 2 Flow cytometry findings The percentage of positive
J SHG - 44s cells by Rhodamine 123 staining was 10.40% in
4 schizandrin A 0 w mol/LL group (Panel 2a). The percentage of
g positive SHG-44s cells by Rhodamine 123 staining was 39.20%
in schizandrin A 12.50 wmol/L group (Panel 2b). The percentage
0 " L G T 2 2 L T of positive SHG - 44s cells by Rhodamine 123 staining was
- 155 0 10 10 10 10 45.20% in schizandrin A 25.00 wmol/L group (Panel 2c).
Fluorescence intensity (FITC) 2¢
RS OAN[AMR L TR 7 W R 4 SHG-44s 4 L ABCBT S H 3%
Ji7k¥ fY Hﬁﬁé(f +s) Relative
Table 5. Comparison of ABCBI expression in SHG - 44s Schizandrin A Schizandrin A Schizandrin A molecular
cells among different concentrations of schizandrin A (x ) 0 pmol/L. 12.50 pmol/L  25.00 wmol/L (;nilgsﬁ)
Group N ABCBI1  F value P value e R SR S
Schizandrin A 0 wmol/L (1) 3 1.02+0.35 P-gp
Schizandrin A 12.50 wmol/L (2) 3 0.71+£0.24 4.641 0.021
Schizandrin A 25.00 pmol/L (3) 3 0.57+0.16
ABCB1, ATP binding cassette subfamily B member 1, ATP 45 & & %% fB-actin

izF Bl

R 6 AL TR T R SHG-44s 4 il ABCBT £ 3%
KKV 1 P L A
Table 6. Paired comparison of ABCBI gene expression in
SHG-44s cells among different concentrations of schizandrin A
Paired comparison q value P value

1):2) 3.443 0.027

(1):(3) 6.077 0.006

2):(3) 3.365 0.034

P-gp ., P-glucoprotein, - 25 1 ; B-actin, - L8N & A

B3  Western blotting 3 i 7 , B 47 T T H 2 M B2 119
I (0.12.50 F125.00 pwmol/L) , SHG-44s 2 fifl P-H% & [
IR K T AT

Figure 3 Western blotting showed that the expression
of P-gp in SHG-44s cells was gradually decreased with
the increasing of schizandrin A concentration (0, 12.50

and 25.00 pmol/L).

BRI 50 B 4l K 3 0 B0 0 P I T B
F WY R H 2 AT LAER 43305 5% SHG-44s 40 ML XS AL IT7
259 1 it 2 4

Z 80 A0 M AT DL E RO LB, 1 Hoechst 33342
A FFE 123, ABC %32 2 11 ABCG2 F1 ABCBI

FEAT LU AR s E BRI A —
R 20 M A T (0 240 B AS 2 0, 5 T A B
X N 25 A 114 PR A0 LR A 00 R £ L (SP 4t L) F
FEAUE S 22 Fl Wi I8 40 o 35 47 A DB A L A
8% AN [l ¥k B F Wk 7 F R 4 SHG-44s 4 i UE1T 2



o AR 22 B 2 35 2017 4R 6 H A 17 6545 6

Chin J Contemp Neurol Neurosurg, June 2017, Vol. 17, No. 6 . 445

B 123 Yo (o, {5 1 ¢ ot 58 Ak B 00 5% 0 it =X 40 i R I
N B TR T R MR A3 0, SHG-44s 41 i 94 5%
SiR B BN L ¢ O Yl (o PH P 40 A L 3 3, 2 B ok
TH R AT LU ABCB1 1 H 25168 1.

A B 58 K FH 55 BF PCR F Western blotting 25 %
ABCBI 3 [ J H 4 % 1 P-4 2R (£ 8 2R (b 17 46
W, 25 5 oK, 7k R 5 SHG-44s 4 il ABCB1
FED e S MBI R T 3 T B . BESE R, JE R Mo
Vi Ry £ 2y it 25 36 I ABCG2 WA R RS 4 HL A3 a0 s L
HREMPE R " s Bk 7 B 253 g 0 o e IR T
L 40 M % 1R © A7 A6 9 ABCB T 35 [H 9 B4 1 P-4 11
%25 W1 RE 1 IF FE AR ABCBT 3k R 5% 53 0 B Bk
PN K 4 396 Bt o I 980 1/ 4H 4 LTS 25 P AR . e
RHCOF 5 kTR RS ERE G — 2
o I T IR 97 0 T i — A AR

S W IR e R - W i g e R
Jitl 2 16 A7 75 B9 ABCB1 3L R 4 15 1) P- B 26 11 58
2918 1, 38 T LLGE 1 B AR ABCB T JE R % S R B %
Rl 7, 1k — 2 3380 % JSg SR T /KL 200 i 1 T 245 1

Z £ x #t

[1] Singh SK, Clarke ID, Terasaki M, Bonn VE, Hawkins C, Squire
J. Dirks PB. Identification of a cancer stem cell in human brain
tumors. Cancer Res, 2003, 63:5821-5828.

[2] Kelly PN, Dakic A, Adams JM, Nutt SL, Strasser A. Tumor
growth need not be driven by rare cancer stem cells. Science,
2007, 317:337.

[3] Qin XQ, Liang YG, Gao HZ, Qu HY, Dong RH, Wu XW, Li
HY, Liu ZY. Reversing mechanism of schizandrin A on multi-
drug resistance of K562/ADR, HL60/ADR, MCF - 7/ADR cell
lines. Zhongguo Yao Li Xue Tong Bao, 2011, 27:329-333.[ Z& /)
Ui, RFOt, ki, i, S A, RATAE, B, X E
. TR T W X K562/ADR VHL60/ADR . MCF-7/ADR £ 2 ffif
2N HLR WS, I 25 B2 A, 2011, 27:329-333.]

[4] Jin XD, Xu QL, Zheng XZ, Zhang XD, Liu GL, Sun W.
Reversal effect of vy - schisandrin compound on multidrug
resistance of human carcinoma of colon cell THC-8307. Yi Xue
Zong Shu, 2011, 17:1552-1554.[ & F5 /<, thFk¥, M2E 2, k4
AR, XVHEE, P01 057 IUUR T R B 2 25t 245 M NS5
HHH THC-8307. BR~£Z51&, 2011, 17:1552-1554.]

[5] Li L, Wang T, Xu ZL, Yu Y, Chen W, Chen F. Effects of
schisandrin B on reversing multidrug resistance in human
breast cancer cells transfected with mdrl gene. Zhonghua Yi
Xue Za Zhi, 2005, 85:1633-1637.[ # &, £, &R, 6,
BRL, BRAE. 0K T £ R 5 s 2 251 25 1 BL R Y MCF-7 41
1 22 241 25 AR . v AR B 2R G, 2005, 85:1633-1637.]

[6] Wang JP, Huang Q, Zhang QB, Dong J, Zhu YD, Wang AD,
Lan Q. Isolation and preliminary identification of brain tumor

stem cells in human glioma cell line SHG-44. Zhongguo Zhong

Liu Lin Chuang, 2005, 32:604-610.[ T 4§, #5358, 5k 0k, &%
T, REAE, ERA, 22T, AWK TR T 40 M SHG-44s ) 0 [
KR % . [ R IR R, 2005, 32:604-610.]

[7] Zhang HY, Dou J. Targeted therapeutic strategy aiming at
multidrug resistance genes in tumor stem cells. Sheng Wu Ji
Shu Tong Xun, 2011, 22:269-272.[ 5Kk it S, SRR o R
240 M0 22 24 1§ 24 4 DR 1) B 10 T SR . AR PR G IR, 2011,
22:269-272.]

[8] Zhao YD, Zhang QB, Lou MQ, Huang Q. Research of PTEN
mutation in glioma stem/progenitor cells. Zhongguo Xian Dai
Shen Jing Ji Bing Za Zhi, 2010, 10:646-651.[ % 43, ik 42k,
RESEUS, WO, PTEN 76 58 JSURE /4 40 S v 72 S bR 285 0 F 5.
H I AR 2 A A A, 2010, 10:646-651. ]

[9] Zhao YD, Wei ZL, Zhang QB, Lou MQ, Huang Q. Adenovirus-
mediated wild-type PTEN promote glioma stem/progenitor cells
autophagy activity. Zhongguo Xian Dai Shen Jing Ji Bing Za
Zhi, 2013, 13:425-430. LM, B0 J, sl 4k, SRS, ¥
SRR A 5 I AR R PTEN A2 3E I SO T /AR A0 1 3 1
S BR BETE. R AU P 2R A, 2013, 13:425-430.]

[10] Jeong CB, Kim HS, Kang HM, Lee YH, Zhou B, Choe J, Lee
JS. Genome-wide identification of ATP-binding cassette (ABC)
transporters and conservation of their xenobiotic transporter
function in the monogonont rotifer (Brachionus koreanus). Comp
Biochem Physiol Part D Genomics Proteomics, 2017, 21:17-26.

[11] Donnenberg VS, Donnenberg AD. Multiple drug resistance in
cancer revisited: the cancer stem cell hypothesis. J Clin
Pharmacol, 2005, 45:872-877.

[12] Takara K, Sakaeda T, Okumura K. An update on overcoming
MDRI - mediated multidrug resistance in cancer chemotherapy.
Curr Pharm Des, 2006, 12:273-286.

[13] Jin Y, Bin 7ZQ, Qiang H, Liang C, Hua C, Jun D, Dong WA,
Qing L. ABCG2 is related with the grade of glioma and
resistance to mitoxantone, a chemotherapeutic drug for glioma. J
Cancer Res Clin Oncol, 2009, 135:1369-1376.

[14] Lopes - Rodrigues V, Oliveira A, Correia-da-Silva M, Pinto M,
Lima RT, Sousa E, Vasconcelos MH. A novel curcumin
derivative which inhibits P-glycoprotein, arrests cell cycle and
induces apoptosis in multidrug resistance cells. Bioorg Med
Chem, 2017, 25:581-596.

[15] Loo TW, Bartlett MC, Clarke DM. Nucleotide binding, ATP
hydrolysis, and mutation of the catalytic carboxylates of human
P - glycoprotein cause distinct conformational changes in the
transmembrane segments. Biochemistry, 2007, 46:9328-9336.

[16] Lou M, Zhao Y. Satisfactory therapy results of combining
nimustine with nicardipine against glioma at advanced stage. J
Cancer Res Ther, 2015, 11:1030.

(i H #9:2017-05-08)

N DI = P/

HEAERE(REHHGEA
f&fﬁﬁ[‘ﬁﬁ\ﬁ]) ....................................... £ —
?%(%%‘%ﬁ‘]%ﬁ]‘ﬁ/&fﬂ) .............................. =

BLE(BARRARLEHLHRAF) ESju



