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Relationship between SPAGS Low Expression and Poor Prognosis of Ovarian Early Stage
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Abstract: [Objective] To investigate the role SPAGS play in ovarian adenocarcinoma cell mitosis, Taxol sensitivity and
ovarian high grade serous carcinoma patients’ prognosis. [ Methods] Transient knockdown of SPAGS in SKOV3 cell were performed,
and MTT assay and cell cycle flow cytometry assay were carried out. IHC staining of SPAGS protein in 110 high grade serous
carcinoma patients’ tumor tissues were performed, and the expression were analyzed with clinical data and prognosis. Finally, SPAG5
were knocked down in OVCAR3 A2780 and SKOV3 cells followed by 0.5uM Taxol treatment, MTT assay were performed to detect
cell viability. [ Results] SPAGS knockdown inhibited cell mitosis of ovarian adenocarcinoma cell SKOV3 by G2/M arrest. High grade
serous carcinoma patients after neoadjuvant chemotherapy gained the expression of SPAGS. Patients without neoadjuvant
chemotherapy with low SPAGS expression have poor progress free survival, especially in early stage patients. Patients with low SPAGS
expression also have poorer overall survival, but the difference was not statistically significant. Furthermore, SPAG5 knockdown in
OVCAR3 A2780 and SKOV3 cells reduced Taxol sensitivity. [Conclusion] SPAGS5 regulated cell mitosis and promoted cell
proliferation in ovarian adenocarcinoma cell lines. Expression of SPAGS in patients’ tumor tissues predicted patients’ prognosis and
Taxol sensitivity. As the results, individualized treatment of high grade serous carcinoma patients is necessary.
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Ul 898 (ovarian cancer) /& @A H R 58 = K
JifiRg 22—, Horp B8 | Bz % 98 (epithelial ovarian
cancer, EOC) (5 JIr 47 8 K 41 19 95% , i EOC H
o — 2 S B 900 5 M PE R (high grade
serous carcinoma, HGSC) "', B # HGSC & JA fat
B, oy KA A% BB RN 2 2 R R BIPN
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ol S B P A 5 19 SIS R e, JECR A 245 40 i) R
PET 2000 0 ZAF R S IR 52 B 2 E 52, B
HLHGSC X FHZE R RUR S 75 0y fi B SR i R T 4
PRz —  (HBI S HGSC X 5 AZ B 245 W) S M ) P 35)
SIRFGEARRT S o Bl X SRS BSR4 O SR R
FERA , I L HGSC X S A2 Bk K 4L
Tl BTN 52 B 22 A, DURF7E SRR T4 5
b 5L HGSC (8 5 fLy7 o S A2 B i ™ o SPAGS
(sperm—associated antigen 5) /& — 2R ZE & &
FT, VR A B S A A T 1 0 R A A At
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Ja AR /N2 R AR R S R TS AR DG BLAR
VERIPLHIIFBAIIIE . o T 542 s T2 0 i [
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THESGEA  HER e EEl 86 M
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2 HUENE I BAE TS 25k B A OC T i i 3k
TR, 2% 42 Mt 7 i 983 4 B b i VR AT BE S
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110 5] £ 35 20 232 34 Sy v 00 SR R P s (KT B R
W T W D R B8R 2004 4F B M.D.An-
derson J& SiE H0> Malpica 32 Hi |, ASSZ56G A 41 151 K
FB 4341 R FH WHO 73 9% 2248 . Malpica [a] I 42 i
WHO 7394 2 ~ 3 A2 m B e )
45 FIGO 438 1~V H / 35 (53 WIFR A Feder-
ation International of Gynecology and Obstetrics Stag-
ing Guideline 2014 ) , Horfv T 1 Jirid g 28 73 101 34
3L, A RGBT IRIE . FBor BE AR 208
i BIARYT , HORAT 2 0 00 B A 1 R s &
i BT B9 b 3 20 L DB KR, R R A Y 2 il B
FBI7 , BE DT R h 2~144F . bR 28 FE [ 58 )
2 P A R B R BRI A, B A
HE Y )5 , 28 2 057 G FR LA o 34 15 2 1 2 s
A 2 78 Sy B9 S /35 R0 R M o e s SR A 41
(A=W i AV
1.2 ZHREEESR

B9 S5 i 965 20 L 3% 1 7% 10%FBS (Gibceo , 35 [H )
DMEM 5¢ 485 353 (Gibeo ) 37°CHR T/ $H 5%CO,
TRUFAE BE 5 97, A5 AL AR SO AR I, 7 e R
J&i , PBS %E 3 ¥, LA Trypsin - EDTA ( Gibeo ) Z R 4f-
Peid A AT INAL , e ARG TR R I AL, 4
W 150xg, 5 min Z.0, 78 LI, #0752 A B 77 5t
FHRIEAN AR IR/ L Ak 2 5 55
1.3 20 A8 2 RNA # 12 & gPCR #& ifll SPAG5
MRNA F &K F

i i B B IR VR s & B3 L in A TRI1Zol
(Gibeo)500 pL FE4 212K ) , 48 TR IA 200 L 54
fli/mL. TR1Zol, S AE#2 Z2 1 21, ZE I E 10 min,
4 °C 12 000%g &0 15min, B | JZ 0 {638 W A4
PR B 1.5 mL EP A, JITA 500 wlL 5% 74 i /mLL
TRIZol I N HIHIRE 2], F IR E 5 ~ 10 min, 4 C
12 000Xg #:L> 10 min, 57 3, A 1 mL 750 mL/L
£ BE/mL TRIZol Y& I ULTE , 4 °C 8 000xg 5.0 5
min, 5% W, 5 TS A GE 5 R K
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RNA L€ , NanoDrop il £ RNA ¥ J& o 45 M~
MLV 38 %% S il (Promega, 3¢ [F ) 5 B 4526 9% , Ran-
dom Primer (Promega) %J 2l ffd &L RNA #1355 5% , 15
F|cDNA, #HE GoTaq® Green Master Mix (Promega )
Vi 452538, Bio—rad CFX96 %) 5E & PCR XX H
bR 1 mRNA 7 2 847 qPCR A& , Bio-Rad CFX
Manager XJ B4 #4774 o

NCBI 4 & SPAG5 mRNA J¥ 415 , | ] Primer
Premier 5 & 11 5 % J¥ 51 41 F : SPAG5 Forward
Primer: 5= CATCTCACAGTGGGATAACTAATAAA
C-3";SPAGS5 Reverse Primer: 5’-CAGGGATAGGTG
AAGCAAGGATA-3"; GAPDH Forward Primer:5°-C
TCCTCCTGTTCGACAGTCAGC-3"; GAPDH Reverse
Primer: 5-~-CCCAATACGACCAAATCCGTT-3",
14 REHANLKN SPAGS & A RIAKFE

B ZHZUE 60 TR 30 min 5 BRI Z 28
FBE AT 10 minx3 YCBS BE W BE £ B 45 5 min K AL,
PBS ¥t 5 minx3 YK, 4 15 2 #1422 v R 10 iple e st 48
2, AR H B R, PBSYES minx3 1K, 3% H.0,
() %3 10 min, 25 BR N IR A AL Y0 , PBS
PE 1 minx 50, L3 M0E TAE# 2 I 30 min £ 7],
SPAGS —41 1:400 i B¢ 5 4 “CIFH 127, PBS ¥t 1
min X 5 K, i HRP — i % Jiil L % 7 30 min,
PBS ¥ 1 min X 5%, DAB JEY) &4 1 min #7111, 75
ARZEZWRGO S5 min J5 , BRI 7316 2 s, 35 K o
1 30 min 3R W, B BE Y BE ZREAC 5 min JBK,
A5 min x3 WGEWE PR TSR B B A
et J5 1 2 0 TP RBR DB B S A X ZH 2L L £
15 BLHEAT PR 23, 35 G (0 5 5 A I 2 5 B 1 20 501)
WO0.1.2.37), FE-S AR AT &5 LU AH R, 3R
FRZ AR A G 0y
1.5 #fRarh SPAGH B% Bt &y bE

siSPAGS5: CAGACUUAUCUUCAGAACATT,
UGUUCUGAAGAUAAGUCUGTT; siNC: UUCUCC-
GAACGUGUCACGUTT,ACGUGACACGUUCGGAG-
AATT. K¥2 LipofectamineRNAiMax (Invitrogen 3k
) Ut W 15 k% siRNA Mimic 2 51 5598 40 it o, 7l
R SPAG5 mRNA #ik
1.6 MTT &40 A iE 7

[] & B B S LA P A MTT RER 2 240
F£ 0.5 mg/mL, 5555 4 h, FF 2 EEFEIL 5 A 150 wl/
96 FLARFL DMSO, FE53 175 iff 5% (45 it , Wi (SRS
490 nm P OD i, A4S /.

1.7 #BAEE 5 #IR K Western Blot

A 53 2 1% SR B VYR JS I Trypsim EDTA {8
A M R, 150%g, 5 min B0 5 I, PR UL
B 45 Z 3K A ProteoJET Mammalian CellLysis Re-
agent (Invitrogen ) , %5 Ji il & 10 min 754724 , 4 C
12 000 x g & 0> 10 min 753 F] 4 i & 2 A, 4K 4
Pierce BCA £ 11 7€ 1 10 & U W] 43, FIH] Bio—Rad
it R AR D 562 nm 4 OD {6, 620 FF i 2 1k
FE . B E 2 = 1 H H Proteo] ET Mammalian Cell-
Lysis Reagent i B 2 £H [A] Ve B2, Jin A 1/3 f& R 4x
DualColor™ Protein Loading Buffer 5 1/19 & 20x
Reducing Agent (2 mol/L. DTT) , 100 °C 3 5 min,
FARAHI 2 %00, Bio-Rad HLIKAIEAT SDS-PAGE
HL YK I 4% 28 PVDF 5%, TBST P ¥4 15 min, 5% B i
A5 2 h, W B — BT IR 4 CIFEF i, TBST
PEE 15 minx3 UK, M B U IREH 1 h, TBST %t
% 15 minX3 X, ECL. Western Blotting Substrate A
oG, B R .
1.8 = Lm B E HA A

20 M AL, PBS BE ¢ 3 UK, L 2 mL —20°C %
750 mlL/L £ i o R 2 D 2 B A0 B, —20°C [T i
Lh, B0 LB, PBS Pe Uk I HL 85 , A Rnase A
S E 37 °C 30 min, JIIA 400 wL PR 4 CikEG 07
7 1 h, BECKMAN J7it U2 A% 488nm A EAR I .
1.9 SitESH

HUHE R 1 SPSS Statistics 22 3K 1F#E17 40312
3T TR LR R D7 A 36, T BORER
M FEA ¢ K555, A2 47 53 7K FH Log—rank (Mantel -
Cox ) test &2 Gehan—Breslow—Wilcoxon test, £ % 7K
#Ea=0.05,

2 % X

2.1 SPAGH &l B0 il P 5 AR e 20 B 4 K 15 5E
SPAGS MANMIA 223 S48 11, S 5 YRR
ITE LB AR IR G (PR R R . S R ITB L
£+ %} SPAG5 mRNA 1 siRNA J551) , 316 siRNA F] ]
BT AR R o B e 2 ) SR s 20 Lk SKOV3 T, 847
521 R 18 SKOV3 Ff SPAGS 25 A ik (K 1A) .
MTT 32 3% 25 8 d o I 41 B3 07, 22 1) 4 i A= < it
2k, Wl LLE R4 SPAGS J5 SKOV3 2 Jifg A= K 32 F)
A F0 A, DA 2 S, V9 2L 400 i ) 4B 7% 1 AR 1k
B itFmE X (D2t =6.57 P =0.0002,D3 ¢ = 5.58
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P =0.0005,D4 ¢=7.75 P <0.0001,D5:=1225P <
0.0001,D6 ¢ = 11.42 P < 0.0001,D7 t = 11.83 P <
0.0001) . £&3f 8 d #5385 , X HR4H 40 ffg 7% 71 52
SKOV3 T I8 41 41 Jifd /Y 2.25 £i5 (D8 ¢ = 9.41 P <

0.0001; 81 1B) o it =X 240 Ji A3 3547 40 i Jis 39 A
SKOV3 1E #f % T SPAGS Ji7 G2/M 11 41 it M\ X} B 21
) 17.85%3% i %] SPAGS T P 4H 1 32.29% , 4l i %
AT B A G2/M BABE (| 1C) .
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8- SiSPAGS
SPAGS 8 -
é‘ =& siNC
= -
-2 6
g
GAPDH 47
SiNC SiSPAGS 2 -
A 0 T T T 1 3
0 2 4 6 8
t/d
840
700 GO0/G1 47.569%
560 S 34.59% 100
G2/M 17.85%
420 z
7 80
280
ié 148 g gi 60
Z .00 32 64 96 128160192224256 < W coM
3 300 E
250 = ms
GO/G1 30.46% 3 Y et
200 S 37.26% 4y -
150 G2/M 32.29% | = 20
i 2]
100 J
50 W i\ 0
0 y w N siNC siSPAGS C
0 32 64 96 128 160 192224256

DNA Content

A': Lipofectamine RNAi Max transient transfected siSPAG5 (siRNA targeted SPAG5 mRNA ) to SKOV3 and Western Blot showed SPAGS5 pro-

tein expression down-regulated significantly. B: SKOV3 transient knockdown SPAGS5 cell viability was detected by MTT Assay for 8 days. SPAGS

down expression inhibited cell growth significantly from the second day. n = 5. C: SKOV3 transient knockdown SPAGS cell cycle was detected by
flow cytometry. SPAGS knockdown in SKOV3 cell led to obvious G2/M arrest. n = 1
B 1 DP SRR LA SKOV3 Hrik B SPAGS 1 il 48 i 53 R TH

Fig.1 Transient knockdown of SPAGS in ovarian adenocarcinoma cell SKOV3 inhibited cell mitosis and proliferation

22 MEBRINREHEEERLZMBEAR
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YR AN LR iR B 3 0 2002-2014
AR DA B AR HGSC 8 110 4], P i R R T
1 B AL Y7 (neoadjuvant chemotherapy, NACT) i
H 130, BAE G HNERTT A TR EL

UK Ik 968 A0 M e K R S B B AR YT A AR IR A
NACT J& 17 H [l Aol g 4 sk KR, Ak g7 Ty 263
FTCCEAZEE+RHD % . DIt st
WEER L5, BTN )l 245 38 1445, REAR IS
22 % F 85 % FIAERR 51.77 % R AR RY 50 %
HArFIco 11834 186, 11 A& 16 41, T 31
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Table 1 Correlation between SPAGS protein expression and clinical features in ovarian high grade serous carcinoma

patients
Clinical feature SPAGS - X P
Low/n (%) High/N (%)
NACT No 49 44.5 48 43.6
Yes 4 3.6 9 8.2 1.09 0.24
Age <50 25 227 31 28.2
>50 28 25.5 26 23.6 0.32 0.57
Histology grade 2 10 9.2 14 12.8
3 43 39.4 42 38.5 0.29 0.49
FIGO stage [.n 12 11..0 21 19.3
I, v 40 36.7 36 33.0 1.83 0.15
Lymph node Negative 40 36.4 37 33.6
Positive 13 11.8 20 18.2 1.00 0.30
Distant metastasis Negative 48 43.6 50 45.5
Positive 5 45 7 6.4 0.03 0.76

n =110

patients first treated with operation

R2 FRMEMESRAN R EEREEE SPAGS RIEKF EIGKFBEIERAIX R

Table 2 Correlation between SPAGS protein expression and clinical features in ovarian high grade serous carcinoma

SPAGS

NACT(-)
A: THC staining of SPAGS in Ovarian HGSC patients’ tumor tissues showed elevated SPAGS protein expression after NACT. NACT (+) n = 13, NACT

NACT(+)

SKOV3

SKOV3 + Taxol

{JP Clinical feature Low/n (%) High!/N (%) X P
Age <50 24 24.7 27 27.8
> 50 25 25.8 21 21.6 0.26 0.54
Histology grade 2 9 9.4 14 14.6
3 40 41.7 33 344 1.15 0.24
FIGO stage .0 12 12.5 20 20.8
I, v 36 375 28 29.2 2.30 0.14
Lymph node Negative 39 40.2 33 34.0
Positive 10 10.3 15 15.5 0.98 0.13
Distant metastasis Negative 44 45.4 46 474
Positive 5 5.2 2 2.1 0.57 0.44
n=97
300 1 P=0.0198 207 P=0.0317
g | =
é 200 %
2 g
= 100 4 &
7
0 - A B

(=) n=97. B: SPAG5 mRNA expression was elevated after Taxol treatment compared to negative control in Ovarian adenocarcinoma cell SKOV3. n = 2.

B2 LHEAFTFEINEEMMEF SPAGS RIEFAS

Fig.2 SPAGS expression in EOC cells elevated after Taxol treatment
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A: Survival analysis of all ovarian HGSC patients enrolled , SPAG5 low expression group had poorer PFS (Log—rank (Mantel-Cox) test P = 0.033,

Gehan—Breslow—Wilcoxon test P = 0.081, n =97). B: Survival analysis of early stage (FIGO 1, II ) ovarian HGSC patients enrolled, SPAG5 low expression
group had poorer PFS (Log-rank (Mantel-Cox) test P = 0.028 , Gehan—Breslow—Wilcoxon test P = 0.029, n = 32). C: Survival analysis of advanced stage
(FIGO I, IV) ovarian HGSC patients enrolled, PFS showed no difference between SPAG5 low and high expression group (Log—rank (Mantel-Cox) test P =
0.840, Gehan—Breslow—Wilcoxon test P = 0.962, n = 65). D: Survival analysis of all ovarian HGSC patients enrolled , SPAG5 low expression group had poor-
er OS, but showed no significant difference between SPAG5 low and high expression group (Log-rank (Mantel-Cox) test P = 0.242, Gehan—Breslow—Wilcox-
on test P = 0.551, n = 97). E: Survival analysis of early stage (FIGO |, Il ) ovarian HGSC patients enrolled, SPAG5 low expression group had poorer OS,
but showed no significant difference between SPAG5 low and high expression group (Log-rank (Mantel-Cox) test P = 0.224, Gehan—Breslow—Wilcoxon test
P =0.149, n = 32). F: Survival analysis of advanced stage (FIGO TI', IV) ovarian HGSC patients enrolled, OS showed no difference between SPAG5 low
and high expression group (Log-rank (Mantel-Cox) test P = 0.929 , Gehan—Breslow—Wilcoxon test P = 0.364, n = 65).

3 ERENACTHINEHGSC BEREZMEALATSPAGS EARIZKESRHAINE HGSC BEFFEHX
Fig.3 SPAGS expression in ovarian high grade serous carcinoma patients’ tumor tissues correlated with the prognosis of

early stage patients without NACT
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B THHAFARVIBRbRA (B 2A) o RANSZE A, B
EL BRI PR SKOV3 28 0.5 wmol/L 48 A2 B Ab #1
1 dJ& , qPCR K I 4 it o () SPAGS mRNA 3R k7K
S, KB AL B IS SKOV3 4 i T 4 SPAGS mRNA
FR R XTI 1.69 15 (1 = 5.48, P = 0.0317; &
2B),
24 MESRINERAEERLZMEAR
SPAGS RiZ/KEHIMEFEHEETGF

Xif i IRE 2H 21 SPAGS 2R A AT i 4 44k
Y B R SPAGS BB H i A4 51K

1007 wm sinc
BB SiSPAGS —

80 -
s P=0031  p_gou7
z60d4{ — —
3
E
S 40 4
=
o

20

0 -

OVCAR3 A2780 SKOV3

SPAGS knockdown in ovarian adenocarcinoma cells OVCAR3
A2780 and SKOV3 followed by 0.5 wmol/LL Taxol treatment, MTT Assay
showed cell viabilities were all increased after SPAG5 down-regulation in

these cell lines. n = 2.
B4 SPAGS{ FRiA PR P & ARy 40 M Xt S A2 Be R i
Fig.4 SPAGS low expression decreased drug—sensitivity

of ovarian adenocarcinoma cells to Taxol

FIRH . AHEER NACT AT BEXT g b S B 1 44t it
M R AR AR R R, ARSI R R R 1T NACT
BE A LUP SPAGS R B/KF- AT 70, 420
220 A AF IR )5 & B, SPAGS IR ik 24 H & Al e
ﬁ%ﬁ%ﬁzﬁ(ﬂogress Free Survival, PFS) % = 3
N B F 2, 2R A G L, Log-rank (Man-
tel-Cox ) test P = 0.033 (&I 3A), P & 1Y e
£ (Overall Survival, OS) LA [FFE A&, H2E 5+
BA g R L (E3D),

e R R (FIGO T, T 55k itk g
W (FIGO ML, IV 3250 B Jm vl L, e
W, SPAGS IR I 4L 1Y PFS WL AR T
15 ik 40, Log—rank (Mantel-Cox) test, P = 0.028,
Gehan— Breslow— Wilcoxon test, P = 0.029 (|4 3B) .
B AR E JR A 0 S8 b AL 1Y PFS TC 22
BICEI3 C) . BHIOS WA AL, B
IR 1 SPAGS IR R IK A 1 OS AR T i Rk
M, BRI 22 S A Geit2e i (B 3E) , 5 I [R] i)

P it S A B T e 5 (EI3F) .
2.5 MRATELBE SPAGSH P B &5 BR 72 40 B Ak X 4%
MR

T8 35 B NG YL % SPAGS mRNA 741 Y siR-
NA (siSPAGS) , 435I #E OVCAR3 . A2780 .SKOV3 =
A0 Ak P R R SPAGS 235, Rl s i % Bt L 51)
siRNA (siNC) E &7 BH 4 % B8, 7% G 5 4l i 28 0.5
wmol/L 2 A2 A0 1 1 o, MTT A6 000 41 it 1% 7 (b 33
J& OD490/4b FEHT OD490) o 4l I 7E #i % SPAGS %%
K XA EEAL PR HCPTRE ) 3 g, o Ov-
CAR3 siSPAGS J5 4fl L 411 il 2 M\ 77.1% F K& |
47.29%(t = 5.55,P = 0.031) , A2780 siSPAG5 Ji5 £ ity
IR 61.3% F 45 53.5%(t = 4.44,P = 0.047),
SKOV3 siSPAGS J& 4 At #1 #ill % M 32.6% T [ |
24.3% , 22 SE G FE L (1 = 3.13, P = 0.089;
Kl 4),

3 3 i

SPAGS t #R 2 24 Astrin (associated with astral
microtubule arrays assembled in vitro) , YE R —1 Y
RS G A, TEA 225 2450 E o 245 B v 4
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