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Over-expression of programmed cell death 5 gene enhances chemosensitivity of
brain glioma cells to temozolomide

WANG Lei', SHEN Weigao?, LIU Yanbo®, XU Haiyang'(1. Department of Neurosurgery, Affiliated Hospital of Beihua University, Jilin
132000, Jilin, China; 2. Department of Neurosurgery, Affiliated Hospital of Jilin Medical College, Jilin 132081, Jilin, China; 3. Depart-
ment of Pathophysiology, School of Medicine, Beihua University, Jilin 132000, Jilin, China;4. Department of Neurosurgery, First Clini-
cal Hospital, Jilin University, Changchun 130031, Jilin, China)

[Abstract] Objective: To explore the role of tumor suppressor gene programmed cell death 5 gene (PDCDS5) in the growth and temo-
zolomide (TMZ) sensitivity of brain glioma cells. Methods: A total of 116 patients with cerebral glioma admitted to the Department of
Neurosurgery, First Clinical Hospital of Jilin University from January 2009 to December 2014 were enrolled in this study. QPCR, WB
and immunohistochemistry method were used to detect the mRNA and protein expressions of PDCD5 in glioma cell lines (U87, U251),
U87 cell line with stable PDCDS5 expression (U87-PDCDS), glioma cells with si-PDCDS5 transfection and primary cerebral glioma tis-
sues, respectively. MTT assay was used to detect the effect of over-expression or knockdown of PDCDS5 on the growth and TMZ-sensi-
tivity of glioma cells. The subcutaneous tumor-bearing model of glioma cell line U87 was established in nude mice, and then the experi-

mental mice were randomly divided into control group, TMZ group, PDCDS5 group and TMZ+exogenous PDCDS5 recombinant expres-
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sion vector group. After 20 days, the animals were sacrificed by cervical dislocation and the tumor tissue was excised to measure the tu-
mor volume and weigh. The expression of PDCDS in tumor tissues was detected by gPCR and WB methods, and the effects of PDCDS5
combined with TMZ on the growth of gliomas were also analyzed. Results: The relative mRNA and protein expressions of PDCDS in
U87 cells were significantly lower than those in U251 cells (both P<0.05), and the mRNA and protein expressions of PDCDS5 in high
level glioma tissues were significantly lower than those in low level tissues (all P<0.05). The sensitivity of U87-PDCDS5 cells and U251
cells to TMZ was higher than that of U87 cells (all P<0.05). The sensitivity of cells to TMZ in U87-PDCDS5-siRNA group and U251-
siRNA group was significantly lower than that of the control group (both P<0.05). The tumor volume and weight of nude mice xenografts
were compared, and the results showed control group>TMZ group>PDCD5 group>combined group (all P<0.05); however, the mRNA and
protein expressions of PDCDS in the transplanted tumor tissues of each group showed the opposite trend (all P<0.05). Conclusion:
PDCDS over-expression can enhance the chemosensitivity of brain glioma to the chemotherapy drug TMZ, while silencing of PDCDS5 ex-
pression exerts the opposite effect. Thecombination of PDCDS5 and TMZ can better inhibit the growth of xenografts in nude mice.

[Key words] programmed cell death 5 gene (PDCDS); cerebral glioma; U87 cell; U251 cell; temozolomide (TMZ); chemosensitivity
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ANCEEIAT, H A0 H TR 97 BT 4T 249 A
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DDP) . FZ I #% (methotrexate, MTX) %5 . H 1 TMZ
TR TR 2 10— O AR e A7), B 3R B E
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5-G J - IR P-4 Tt e R0 BRI, 4 FH T e 8 4 Pl %A
43 24 FA 1, A b 8 41 D DNA e 364k, 3k i & 2B R
T2, STUPP P58 K I, TMZ 697 BX A 10T 7T B
SR v i A 22 5 R D W PR T %8, A i e 4 i A
I AE G2-M 1, % 30 42 40 i %o 00T S BBURR (T B B
AT 48 5 SEL 4T 25 A R 0T BB

T2 7 1 41 A8 T2 22 (8] 5 (programmed cell death
gene 5,PDCDS) JE PR & — it A I 4 2 1A, i 42
TFAR19(TF-1 cell apoptosis related gene-19), %&£ T
ek 19q13.11, B [ A3 X 4> F 5 & 8 14 0009,
PDCD5 H. A 75 5 Jt w0 3% 14 Jirb I 200 B 9% T« 4900 1) e g
YA K ThRE . 1T WANG 25545 78 % B , PDCDS5
AT FAHMBTER, AT 254 kb 38 J 5
2 e 4 25 HAth 15 5 8 T R R AR AE T, PDCDS 1T 2
i 4 f R T O B A TR e . B
FLN R I, PDCDS WA 407 2540 0T i 88 248 1 (14 41 1
PE AT s fs FH i A0 97 254, WA 8 PDCDS A 2
VERAGTT 2338 ), 38 K Mg s AR A 0 i
AEAE TR . AR G I 4 1 R 2 i H PDCDS %%
1k KIS TMZ BURIE R R A DG iiE . At
FUARDT 9 £ K PDCDS 7 il 10 22 i 7 8 240 i A= 4 %
TMZ A7 B VR F , A PR . H PDCDS BX &
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1.1 BARFRARE

AT i PR R 2 B85 — Il DR = B o 22 41 R} 2009 4F 1
H #2014 4 12 F TR CI6 1R 100 22 i J5 08 S8 5 116
i, Horh 55 64 91\ 22 52451 s Horh 2013 4 1 7 22014 4F
12 FWCER 32 TF- ARG 97 (10 i 428 Jg I JRg A6 (1 B
YLLARR A 30 151 3 55 T et L 2R AS 1451, 57 4h 85 Bk
AR A R 2 bR A . 4% B WHO 3 22 43 440K 30
BT 5 28 SUbR AR 3 il AR R I SR . e N
FrifE s (DBZIGIR TR IR A2, B3N
JER A i e 26 2 IR 5 (2D 4% 18~80 %7 5 (3 AR &
B o7 AT . HERRARUE : (D BEFEA T
(2) v iR A b8 5 (3D [ A (6 LA 254« AW 5
W XN AR N Sl N (e AR (41
i BEZE T RERES.
1.2 EERBEMFFX

I FR 4 A kk UST A1 U251 1 T E Rl
U AR i B S S0 BE 40 L BT U 0 o siRNA oligo Hi
Ambion 2 7 it & . TMZIE TR+ f170 2524
ME A PR 2 7] (B8 50 mg, #1E5 : 20160620) ). SPF 25 #
BT i s SRS A BR ST A Rl (SR8 &
F&AIE 5 : SYXK(Y7)2017-0005]. 41 i 5% 441k 7 Lipo-
fectamine™ 3000 I F & [E ThermoFisher 22 &) ;s MTT i
AT Sigma AW . /NRATA PDCDS 55w BEHT A H
Cell Signal A 5], /NRPTN B-actin B 5L FEHTA \HRP A5
IR 1gG FIZET B 1gG ¥4I ) 55 [E Santa Cruz 2
] , Taq f#F1 ANTP (deoxy-ribonucleoside triphosphate ) J12)
H TaKaRa A 7] , RT-PCR X714 . TRIzol 2  FERRIR
— Z.Tig (diethyl pyrocarbonate , DEPC) /K H b 5T K AR
AR BR A ], G AR &0 E 6 B 48 A
B ARTF R A7), WBARA G H 3 = R AEYRHY
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HIRAF . %O6E R PCRAUEH BIO-RAD A .
1.3 e Rat 4

¥ U87 M U251 48 M2 /b T & 10% B 4+ 75 -
100 U/ml 7 75 % . 100 pg/ml 5% % % ) DMEM K 55 3t
H, BT 5%C0,+37°C + 95% Vi FNE JE £ 5% 46 A AR AR
Ri gt GBIk 3 ARG , B B A K 40 i k47 sk
5. UST MIU251 4 fig R 450 T 6 ALk, 7 40 I

A HI% 30%~40% I i Lipofectamine™ 3000 %% %t siR-
NA-PDCD5 A% B 5t 18« 40 B V& 35 70%~80% i
YL PDCDS # 2] % IA 44 (pDsRed2- N1-PDCD5)
AN UST A 1. 7F 37°C . 5%CO, S 55
R 9% 6 h, oA IE 5 55 7R AL Ak 15 77 , iRl S8 BR 7E
AF VBT ] e ST B A0 B A T s

# 1 siRNA %1
Tab.1 Sequence of siRNA

Name

Sequence

siPDCD5-siRNA-1 sense
siPDCD5-siRNA-1 antisense
siPDCD5-siRNA-2 sense
siPDCD5-siRNA-2 antisense
NC-siRNA sense

NC-siRNA antisense

5’-GAGAAUUACCUUAUACAGTT-3’
5’-UCUGUAAGGUAAUUCUCTA-3’
5’-GAACAAGGUUUAAUAGAAATT-3’
5’-UUUCUAUUAAACCUUGUUCTG-3’
5’-UUCUCCGAACGUGUCACGUTT-3’
5’-ACGUGACACGUUCGGAGAATT-3’

1.4 qPCR &) 5 B it 783 4@ ftL A= 4022 ¥ PDCDS &9 % ik
iYL 24 h 5, AR S A0, K A TRIzol V24
HUAH PR RNA . BT AR HR N2 e B0
FH 4150 mg, M 1 ml TRIzol, fE5J AL TR TR,
HR A U6 B PR 4 2% RNA. B4 pg RNA, 1 ul Oli-
godT, 21T RT-PCR #£/3* 70 °C+5 min, VK_ /& 1 min,
IO VRGN (S*ZZM 5 ul, INTP 3 pl, M-mllv 3%
SERF 1 uD ,42 °C.60 min, 85 °C6~7 min & cDNA , /=
Y —20°C{#7E. I BIO-RAD % 5E & PCRAAS
4 i PDCD5 mRNA K iA&7K V-, PDCDS5 [ L5104 -
5’ -CCATGGCGGACGAGGAGCTTG-3", Fili5I N
5’-TCAATAATCGTCATCTTCATC-3", B-actin ff]_[- i
51915 5" -AGAGCTACGAGCTGCCTGAC-3" , F i 5
YN :5"-AGCACTGTGTTGGCGTACAG-3" . %I LA
IR ZBEAT QPCR Y1 : cDNA 1 pl, 2xTaq PCR Master
Mix 12.5 pl, 10 pmol/L _E M5 14)%% 1 ul,ddH0 9.5 ul,
LSRR 25 ple [N 56444 : 94 °C T2 E 5 min,
94 °C.305s,57 °C.30s,72 °C.30 s 1% 30 M, 72 °C
SEH 5 min, 4 °C.5 min. HEATEEHE R B vkoOW 42 45
B FHAT 5T IKFE 5347, THE AR R .
1.5 WB kA& fii B 7 7 2m B & PDCDS & & 89 & 34
W B % e 48 h I 4H A , {5 FH RIPA 2 Ak W it 47 48
[HIRAS i RN - = I R N ER7) BV Q7 NS S We el A A
50 mg, IR SR, BCALHH TR AE &, AR
B 30 pg 28 1 BE il 47 8%SDS-PAGE , 2R J& 4 4K 11 1 il
2 I EEFRAL BE 1K) PVDF B, LA 5% JIt g 9ok 76 25 0
HHF 1 h, I 121 000 W BE () —Pt, 4 °CIF B LK, Ik
H PBST %% 3 ¥ » I\ 15 000 4B () HRP #5id
=Pt ZWEFFF 2 h, M ECL AR T 15 = W gk,

eI Fr % A3 8 CanoScanLiDe 90 9 4% 344
KA BB Imageld AR E B H 2% K AR I 1H 5
EHAERRILE.
1.6 H# &ALk N A4y 2 KRB AP
PDCD5 #) % ik K -F

W98 I 9 55 2 SRR AR FH 10% Hh 1 B s i ] 5
24 h, AT E A A V) . Ul SR AT IR
G T e R BT EAE S N 50wl 1 3%H.0,, &
I % & 10 min. PBS ¥k 3 I, i A Ll 3 I3 B 1A
W, EIWFE 20 mine I 50 Wl —Hi, 4 °Cit & .
PBS #¥E 3 ¥, I 50 pl —H1,37 °CHi% & 60 min.
PBS #'¥E 3 X, % A 100 ul DAB W 2t , F 44K
bR A, HY) RIBLETAKE W A 35 min, FE4T
B AZ Yt BRIERS 2> (1, HORAKIEAL . L BEREE
WA, EH T PSR, BB,
HEAH

PDCDS5 fHMERIE T 40 i sl ftx N, 2FR
WOk, BEMLIERE S A M 5 BT , AN LEF 140 200
AR, R sy T E s R G R VR 0
gy, EM 1, EOT;2 0, BERET 30, EH A
TR o e BE 1 1 B B A9 VF 23 < 0 43 5 5 20 1 O 2 44 i
B Eb<5%: 199, >5%~25%: 2 43, >25%~50%: 3 43
>50%. KA (O 5REAS 5 5 BHVE4E R 2 A A o)
FHIRAF BIPATE REL: 01 70 E (=), 2.3 73 HIE N
(), 4~6 3 FIE N ), 9 4 A E N (HD .
1.7 MTT 4 M) PDCDS5 % X #F U87. U251 4@ jia
TMZ L5 B R 1 69 % v

B St 00 A K T A4 L A R R A 2 B A 6
10%/ml, X\ 96 FLIR &L 100 ul,37°C 5%CO, 385
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5 B 16~24 h 5 W E3F . 23 50 N 043046090
120150 pmol/L ] TMZ, MK E & 3N E L. wE
KNG L AN AL . Nz 24 h)g, & LI 5 mg/ml
FJMTT 20 pl, 37 CHRLEHE H 4 ho FE/M 3G 77
W, B LI 50 pl DMSO, B T # K _FG#EZE % 10
min 145 V785 T AR TEBEAR Y 570 nm Kb HCE-AL
He % (D) ME . 41 A A7 2 = (D - D ey )/ (D g -
D) %100%  LAAS[R] 2590 B 1) %) BB A AL
YT A A7 R A AR ] AR K T 2R
1.8 UST ta AR R T I R 7 A2 AL o A 12 R UL
1] £ %o B0 AE K U8 T 41 i B v, H PBS 4 41 i
B FE R HEAN 1310 N/L, U1 ml 41 AR E 00 S5 AR B
WX BT T3 3~4 JE L AR AR Y . AR BRI B R AT
fie K% Jiet g 4515 B 7 s Th ST B AR A Y . ok 20
i IR AR BB R B AL 20 4 41, 43 Sl B AR B 2R UK 100
Wl G BB 4, n=5) , TMZ 10 mg/kg(TMZ 2, n=5) , 4N
4 PDCDS H 21 3 i& % & 20 ug (PDCD5 41, n=5) ,
TMZ+4MEYE PDCDS 5 H R IA AR (A4, n=5, %4
27 S RAEMIED R4 d 42 1R HE3 IR
BT 20 d J5 W AL B8 i A AR B 170 B 9 25 2R 3
B HSUAT FRE, BUH 08 i 20 2 HE 4L 2 RNA F

Us7 U251

PDCD5
B-actin

*

PDCD5/B-actin

PDCD5/B-actin
coooooooo
O—=NW A UNNI00O

ug7 U251

aQ

NTI T2 T3 T4 TS

practin | ———

COOS0O00O
o—hwhRLN®

PDCD5 s sm—

B-actin e——

B =R S MR R ISR AR
V=(m/6)LW*(W N5 12 L N KZ A N em®) . Al
F qPCR. WB J7 % A& Wl 7 6 £% A8 083 4 23 25 4
PDCD5 ] mRNA Fl 2 4 # AT L
1.9 %itsan

K SPSS17.0 B A 43 # , tF & LR H x5 £
N CBCR e K36 577 22 0 B, VB R DL R Bk
Iy RN, USR5, BA P<0.05 B P<0.01 KoK
R BB GRS

2 & R

2.1 PDCDS5 mRNA #= & & /& i 4 22 f 98 4@ fe B
R O Sy

qPCR £ M 45 3 & 7K , PDCDS mRNA 7£ U87 Al
U251 4 fa 35 A [F] #2 £ (1) 15 , PDCDS5 mRNA fE
U7 4H i H (¥ AH T 2 34 & B BAIK T~ U251 48 il (P<
0.05, F 1A) ; 59554141 (ND EL#¢ , PDCDS5 mRNA 7
iR VA o A 428 M o 98 2H 2 rp 1 3Rk R AR R B 1
T TI-T), EEFR TS, ZR YA ST %2 XL
(P<0.05,E1C).

Ug7 U251

*

us7 U251

NTI T2 T3 T4 TS

0.8[ * 1

. *

< 8:; g 12[ 4
% 0.5 5 1.0
« 0.4 = 018
g 03 8 96
a 02 ] 04
~ 0.1 ~ 0.2
0 0

N T1 T2 T3 T4 TS

N

B-actin m— s ————

Tl T2 T3 T4 TS5

A: PDCD5 mRNA expression in U87 and U251 cells ("P<0.05 vs U87 cell); B: PDCDS3 protein expression in U87 and U251 cells
('P<0.05 vs U87 cell); C: PDCD5 mRNA expression in primary cerebral glioma tissues (N: Para-carcinoma tissue, T1-T5: Tumor

tissue, "P<0.05 vs T1-T5 group); D: PDCDS protein expression in primary cerebral glioma ("P<0.05 vs T1-T5 group);

E: PDCDS5 protein expression in primary cerebral glioma and para-carcinoma tissue by immunohistochemistry (x200)

(N: Para-carcinoma tissue, T: Tumor tissue)
1 PDCD5 mRNA F1%5 A7 fN 2B BT AR FiZR LR R A 3R0E

Fig. 1 mRNA and protein expressions of PDCDS5 in brain glioma cells and tissues

are
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WB £ il 45 1 5 qPCR Al 45 5 — 2, PDCD5 &
175 UST H 1 3R 1A /K ~F B BAK T 78 U251 HH R A
(P<0.05, ] 1B) ; #5541 4L (NDPDCDS5 & [ [ R 157K
S8R 6 v T D T s T 9RE 4H 2R (T1-T4, P<0.05, &
1D), TS AL P 2 H k.

Yo 55 ARSI 25 5 (I 1B B , 7698 55 4L 43
PDCDS5 PH 4 2328 2= BEAL T i Jod 4 B A% S 40 M Jog 9
AR AR R, F A R IR B R R T
TMAE R A 2 B R 4L 44, PDCDS Yot 55 55, HE &
BH 1 R IE o

22 JEAYZ IR G 44 F PDCDS 89 & ik 5 R A
HEX 7

2 8 WHO 5 B 4 20K 2013 45 1 H £ 2014412
HUSCER 1) 30 191l b A 4 B e~ IR 22 ) R T 98 » qPCR &
B 7R, PDCDS5 mRNA FH X 0k 5 7E 15y 24 ) i # 28
F T 8 4H 2R TR 308 B SR TR IR 41 23 (0.31 7+
0.025 vs 0.549+0.046, P<0.05) . 428 4 AL A4S I &5 5
IR, A 22 1 598 4 23 PDCDS 28 (1) 3Rk B 9
32 FH i T AR (P<0.05) , 1T S AR Itk 51l 2 404
TR (P>0.05,%2).

#*2 PDCD5 ERAEMMERFBHEATHRESIRKFES HERI X R

Tab.2 Relationship between PDCDS protein expression and clinico- pathological parameters in primary cerebral glioma

PDCDS5 expression (1)

Pathological feature N U P
S

Age (t/a)
<50 69 29 16 19 5 0.71 0.48
=50 47 16 13 14 4

Gender
Male 64 25 19 16 4 0.73 0.46
Female 52 20 10 17 5

Organizational classification
Astrocytoma 57 24 15 14 4 1.24 0.74
Glioblastoma multiforme 42 15 12 12 3
Others 17 6 2 7 2

Pathological grading
I-IT 71 14 20 29 8 5.38 0.00
m-1v 45 31 9 4 1

Position
Frontal lobe 41 17 10 11 3 0.33 0.99
Temporal lobe 30 12 7 9 2
Occipital lobe 26 10 6 8 2
Parietal lobe 19 6 6 5 2

2.3 PDCDS &3 5 & i 98 tm I £ K B AL IT B8Rt
a X F
MTT A 9 45 3 (B 2) 87w, 24 TMZ 3K FEAE 0~
110 pmol/L Y [l I, B 25 TMZ ¥ BE 1 7 1 , UST Al
U251 40 i i A 6 AR A7 R ¥ Bl 2 R %, H U251 44
MAEFETHEME NEE, 5 U7, ZRA
Grit = L (P<0.05) 5 24 TMZ ik % K F 110 pmol/L
B, R ) 2B A7 R AR AN K
2.4 PDCD5 it & ik 4% % U8T @ fid TMZ &9 8% B 4
qPCR ( & 3A) . WB ( & 3B) #& Wl 25 R &7,
PDCD5 mRNA Fl 4 H 7£ % 4% pDsRed2-N1-PDCD5 ]

41 il UR7-PDCDS5 H AH X 1A 5 W 35 1 T R 4L 1
U7 4t e (3 P<0.05) , 1t B 1% Dy #4) & 155 % 15 PDCDS
41 i /2 US7-PDCDS5.

MTT 3546 I 45 5 (B 30) B, 24 TMZ 3K S 7
0~110 pmol/L i FEl i, i % TMZ ¥ 5 1 Tt , U8 7 Al
U87-PDCDS5 4H i [y A8 X} A= A7 2 ¥4t 2 T %, H U87-
PDCD5 0l AE 472 T BRI B N 2, 5 UBT M L, 22
S Gt 2R L (P<0.05) , i W H X TMZ U
1 U87. 4 TMZ W E KT 110 pmol/L I, 9 F 4H
) A A7 R AR AN K
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18 2.5 &K PDCDS5 % A M4 1K i AF 22 g 1 78 4m e 5t
§ gg TMZ &9 8 R
E 10 o qPCR (& 4A) Fl WB (& 4 B Rl 45 B 275, 5
é %0 i BE 21 LL 8%, B 3t PDCDS5 siRNA J§ U251 fll US7-
g 3 PDCDS5 4l fid )y PDCD5 mRNA Fl 2 [ (1) #1535 ] &2
3 10 P& (35 P<0.05) .
30 60 90 120 150 180 MTT #5255 (& 4C.D) &, B % TMZ ik &
TMZ [c./(umol-L* .
Le/(puncloLi] {117} 25 , US7-PDCDS5-siRNA Fl U251 -siRNA 4 ff1 1]
2 U87.U251 ZRAE7E FREIREE TMZ 1EF T4 sk A XA A7 R B 2 R B%, T U87-PDCDS5 - siRNA.,
Fig.2 Growth curve of U87 and U251 cells treated by U251-siRNA H 41 it (1 A A7 R I B & 5 T F e 4, =
different doses of TMZ #;ﬁé}fﬁ‘”’i)((i’] P<0.05).
A B C
— 1007
PDCDS PDCD5 v e S 90 ~+—U87-PDCD5
. 8 80r -u-U87
B-actin B-actin  ee—— S 70
= 60 |
< 1.0 * g 08 1 E 50r
£ 07 Bh 40}
% 08 2 06 2 30 *
E 06 o 03 £ 20|
S o 2 0 C | .
2 o B 0.3 0 30 60 90 120 150 180
U87  U87-PDCD5 U87 US87-PDCD5 TMZ [c,/(umol -L1)]

*P<0.05 vs U87 cell
A: PDCDS5 mRNA expression in U87 cells after PDCDS siRNA transfection; B: PDCD5 protein expression in U87 cells after PDCD5
siRNA transfection; C: Growth curve of U87 and U87-PDCDS cells treated by different doses of TMZ
3 U87-PDCD5 45T TMZ KB R =T UST 4B
Fig. 3 U87-PDCDS cells were more sensitive to TMZ than U87 cells

»>
w

A
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Fig. 4 Silencing PDCDS5 promoted proliferation of U251 and U87-PDCDS cells and reduced their TMZ sensitivity
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