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Biological role of SPAGS5 in the malignant proliferation of gastric cancer cells

PANG Yidan', LIU Ya', CHEN Siai', ZHANG Jinglei', ZENG Jin', PAN Yuanming’, AN Juan'
"Medical College, Qinghai University, Xining, 810001, China; ’Cancer Research Center, Beijing Chest Hospital, Capital Medical University,

Beijing, 101149, China

JEAEAET AR 3 KR WA
%’3 Z RN 5 RSB, B, KW

Abstract: Objective To analyze the expression of SPAGS5 in gastric cancer tissues and its regulatory roles in gastric cancer cell
growth. Methods TCGA analysis, immunohistochemistry, and immunofluorescence staining were used to analyze the
expression patterns of SPAG5 and MKi67 in gastric cancer and adjacent tissues. In gastric cancer AGS and MGC803 cells, the
effects of lentivirus-mediated SPAG5 knockdown on cell growth and apoptosis were evaluated using Celigo, MTT, clone
formation assays and flow cytometry. Results Proteinatlas and TCGA database analysis suggested that SPAG5 was highly
expressed in gastric cancer, and Kaplan-Meier analysis and GEPIA analysis showed high expressions of SPAG 5 in lung
adenocarcinoma, breast cancer, hepatocellular carcinoma, pancreatic carcinoma, cervical cancer and bladder carcinoma.
Immunohistochemistry revealed that SPAG5 was highly expressed in gastric cancer tissues (P<0.001), and immunofluorescence
colocalization analysis demonstrated a significant correlation between SPAG5 and MKI67 (R=0.393, P<0.001). RT-qPCR and
Western blotting showed that SPAG5 was highly expressed in MKN74, BGC823, MGC803, SGC7901 and AGS cells. In AGS and
MGC803 cells, SPAG5 knockdown significantly inhibited proliferation and promoted apoptosis. Conclusions The expressions
of SPAG5 and MKi67 are correlated in gastric cancer tissues, and SPAG5 knockdown inhibits the proliferation of gastric cancer
cells. SPAGS5 is associated with the prognosis of gastric cancer patients and may serve as a promising biomarker for gastric
cancer.

Keywords: SPAG5; gastric cancer; MKi67; cell proliferation

SR R R S A HE AL 5 2 R, 2
R BEE 2N

BB 2T bR s SRy e

B4 B, pEE2: . SRS R e B e NEFERAE AP 5(SPAGS) .

o AAWFFEHIHIIRAS
T H RN 25 5 AR, MEE 2 700 22 R ik gk
sE— 4G TCGA KU, WAL , e Y TR AR OGS

SAFEAFRIARURARZ — o ITAFRARIGHED 2 S HE A
RIKWE T R B T — L HA T B A B SCRIIR PR,

%5 H #7:2024-05-07

HLTE : [{K A RBIERE A (82260846) ; T 14 125 45 B1L= B F
BIH A (J2022015) 5 75 ¥ 4 BT H AO8T k 5 #4314 (2021-
QY-213)

Supported by National Natural Science Foundation of China (82260846).
YEE A JE—FF, Wit E-mail: 15546261023@163.com

BIEEE L WE, A2, W4 T, E-mail: anjuan@ghu.edu.cn;
oo, B 61, 01 A2 50 , E-mail: peter.f.pan@hsc.pku.edu.cn

SPAGS 1 S AR Hh B8k UE WA BUEE T, 7E 2 Fh
FehE i ik JF S B WA A R BB C, nE R
%ﬁﬂ*ﬁﬁ@i&lﬂfﬁ TG Az A AR 2 W) RS RE R ﬁﬁ’ﬁlﬂ
M BRI LI, SPAGS 1 B k" H
%?ﬁFT B AH, ALHIAT 5T & B, 4 15 Survivin /5
SPAGS5 ik L IRHKHS T Wnt/B-catenin {5 58 B UFETR
FORMEIE B ™ . {H SPAGS 7E 8 Ji Hh A A G A
FERHGEARIRAN L, 5 B AT 2 [R5 2R 1 AN B
AWFGEAE VAT B R W — 251 B e A

LUREA KARS NS 560 TIE SPAGS 7R 5 Joa 41 it



+ 1498 -

J South Med Univ, 2024, 44(8): 1497-1507

http://www.j-smu.com

PEHETHAIIEH] .

1 #RFnA %
1.1 Eit

LHAVREAS - AT V27 BT 5 o P e R b B
R B BB AL B P DR T 122 61 GCERACFI 50
BEESHE B R 2 ARWFIE At F I A e 2 B
RREZE A (RIS 2021-21)

40 . N B IR 40 (MKIN74, SGC7901 ., AGS.,
MGC803 . MKN45 GES.MGC803.BGC823)k Bt it
TR B IA IS T O

SR G 2E 117 (Ausbian) , DMEM(Corning)
okt (A= T A T AR (108 By A FR A FD) | Trizol (it
W KA Y ARABRAF]) ,PCRIRF] (Takara)idF] ,MTT
(Genview) , DMSO (i3 — fb 24 ) 44 BRA A )
MTT #: 3R #) £, Click-iT EAU #1325 £ (Thermo
Fisher Scientific) , GIEMSA (I [ A= ¥ AR A PR
A ), P8 TR 7] £ (eBioscience) o 12 9 7 i 4
shCtrl-psc3741, shSPAG5-LVpGCSIL-004PSC27089-1
(¥ BUBE R B R e A FRA FD ) o —Pi : Anti-
SPAG5(1:1000) ; fil Anti-Ki-67 (8D5), (1:200) ; Anti-
GAPDH (1:2000) , (Santa-Cruz) . —¥T : Anti-Rabbit
IgG(1:2000) , Anti-Mouse IgG(1:2000) (Santa-Cruz) .
ARG (A A RAEDHA B ABRAFD .

SRS (R B BT (Nikon) , A LARANARE; 5%
ORI A IR A , 28R (Molecular
Devices) , i 411X (Millipore Guava easyCyte HT),
Uiie i 72 % A (IKA) |, fk 27 & 6 iR & 4t (Vilber Bio
Imaging) .

12 %57k

1.2.1 A1z 8554 i id Proteinatlas U4 & 43 M7
SPAGS TEANMI N RE 7 , LA e Z e rh Rk G ol IF
H F ] TCGA %¢ #% /& (The Cancer Genome Atlas,
https://www.cancer.gov/) T %5 5 Ji = 18 1t JE PR P 45
i (HTSeq-Count) Fllli PRE AR , Hki 22 51 408 151 5
T UM 211 ) 1E 5 9855 41 21U mRNA Fkgidis . #
FH KM -plot 54 X JCERBE R SPAGS R IR TE R rh
HATHUS AT P E AR 2 . FRATA AT 7Rk M
3 GEPIA 2 XF SPAGS 47 HilJ5 A A7 A AT VA, A= A7 %K
P 5 B AR A AE 1 (OS) |, fi ] Log-rank £ % , i 2
Kaplan-Meier 2E 77 [Tl & P74l SPAGS 7£ 8 % h i
e

1.2.2 @iy WAL 7E 60 CajRAS it
730 min, ZH4W A BT AR B LA L A
FK A FE D HL = K% 0.01 mol/L Frist iR i 2%
VS (pH6.0) W I FE R ZH W T 20 min, 10% 1ML

5 (TBS Be 1) & H 30 min; 1% & 35 7% ; FH PBS #hik 3
W, 5 minik . FEEIR T, INAZ$0, EHEIFF 60 min;
ZPr30 min, DAB Y, SRR F Y MK E R,
Jetayi b

123 R ER KR A ALY A S F1k
b, PBS Myt 2 ¥k, 5 min/ik . $LJFMER , PBS ik 3
K, 5 min/k o TN 5% (A3 , 2 R4 30 min. JEN
—PU, FIREF 1 he PBSHPE3 R, S min/AR. T NZEE
TP RO ERME 1 he PBS WYL 3K, 5 min/ik .
DAPL L5 i A 55 V), 444 10 min, PBS ik 2
W2 minfAR. B MEFHEOEIIRE BB TUEE
1.2.4 Zoma T4 mae B aE 1758 N g
W, T BUF 5] : ATGCAACTGGATTATACAA, i
AGS FIMGC803 41 #1718 M B B Y , X 45 AE 1]
) AGS, MGC803 £ Jfd i FH Jif & 11 i1 4k J =B 2 b
T 10 cn IR FR I, 1 AN 2 1A 60%~70% it E
T, ZJRE0 I UEANM ., CsCZE B RR B B0k
alifbi BRI, BTN R, TR T-80°C. il & IR
YRR, 7 21 0° LAY IR FEHERD T 6 FLAR , XTHRR X H Y
PR R H VARG 72 h T BEE FoOemiss, wigg
S0 R AL SCRIR B 80% LA L

1.2.5 Celigo#= MTT % fe. 34 78 52 36 fdi FH G 40 L3
DMEM, Jifi, 76 37 “CHY 5% CO, K534 rh 5 3% AGS 4
J AT MGC803 4Hjify..

fiiFH Celigo Kl s A5 B RS 4R %k 5, NI 43
BT A A AR o B Ah %o A 3 A 45 S 56 4 4
LB AL | 56 4 b 27 T B A BRI, 1185 AR AR
21 it A A PR P il B AN L 23 AR T 96 FLAR (Al AR
BsEE N 2000 AL) o B3 EZ L KR FRAR A 100 pLAL,
A R T T AR AR LI A 4B H — 3, 37 °C 5%
CO, Kr oA 9% s WA 25 2 RIFUR , 5K Celigo
DA 1k, 3 22 ke 2 A S ds 38 4 3% % analysis
settings A Hi A S, WERf M 50 AR s FLOP Y
ek A G A AR s MBI T e T L 2
5 d RS R .

FFAE T RPR A Y 25 S S 2H A BRI AL fS 56
SR R AR, I T ARE AR g
TRE HAR AN B (249 2000/9L) , 440 3~5 H 4 AR
BT B AR R (AR 5 d, U4 S 5K 96 FLAR) -
Gi—Hilr)E RN S8 U0 TR 76 AR N ER
LI B ANIAR B AR SRR P R 3R . AR
JE 55 2 RIFAG 5552 2B RT 4 h A 20 pL 5 mg/mL [
MTT FHLH, 4 hJ5 582 FH5E 00, TR BN E LR
JEE A e FR BRI 100 WL DMSO 1 FH B 0k, %
Dk 2~5 min, BEFRY 490/570 nm K ODE, $idjs
geitobr.



http://www.j-smu.com

J South Med Univ, 2024, 44(8): 1497-1507

+ 1499 -

1.2.6 5B 3% 62 & PCR & B4k H 47 A9 AGS I
MGC803 il i 17 & RNA $2HL, Trizol L HEHL, 8 4
R RNAWREEFI S & . i ] TAKARA 255
& AR A AL B S RNA S5 57 1 cDNA , it &

®1 5MFIMER
Tab.1 Primer sequences for RT-qPCR

R IVAAZ 20 pLHHE TAKARA SaH H5 et . i fe s
MRAE LB BEE AR i 3R E LA 34U EY R
R, NG, FIRTR TS F= A AR R Y 48, MRl b i
RHZRFIT . A2 AT AR P AR ek (R 1)

Gene Upstream primer sequences Downstream primer sequences Length (bp)
GAPDH TGACTTCAACAGCGACACCCA CACCCTGTTGCTGTAGCCAAA 121
SPAGS5 TTGAGGCCCGTTTAGATACCA GCTTTCCTTGGAGCAATGTAGTT 227

1.2.7 @ Repikk AEEAY AGS FIMGCS803 4l
P52 MR AR AT 20 B B T ER IR IR e L A
10%SDS-PAGE & A THLTK . % f5id% 51| PVDF i
LA PO E Pk B BRI, 7EPBS Hhkk
5 YURE RS . 1V BIO-RAD EUZ Ak 44t
HUTENR S 4y i T2 B . (i image JiE(T
T

1.2.8 thoP3gah 520 BRI KNI AE 52 4
REFREL, BRG] 5 P20 B, S TR R A
96 L, 1000/4L, AT 200 pL. [Fl—kEFescl: K3 d
ZJa e BALIMMTT, %5 (5 mg/mL L PBS 20 pL),
UKL 4 h, 7 LW . BALHN 150 pL DMSO, 4k %
10 min, 45 S 7RG 2 J5 , Ho e, 7R e /]
A F 02 £ AL (570 nm K ) L 45 5 DR A s
SREFR] DhAAR R G E A AN A K th 4. MTT A
MR £ Click-iT EQU AR &0 T-HE8R €, 20ean
FHESCRS IUfeE FH AR A AR S AT A, R AR A BT A 7
B, L SNSRI TE I

1.2.9 FALET R E I AT KR #5505
AN M e T AL, 5 b R ST B il AN iR, T
B T oL IR b A& LI A HE AP 0 400~1000/1L
CRAE A AE R e ), ALl 3 E AL 1%
FERPGF AR T35 778 h AR S5 57 31 14 d B R 24K
FAATE R R A EOR T 50 Ry ok, ik AERE 3 d E TR
WO AR . SEERZ k26 W ABe X 4t
SEREEA ARG PBS VEAANA 1 K . AEFLAINA 1 mL 4%
SIS HE | []5E 41 30~60 min ,PBS VRN 17K,
FLAN AT 4 TE 2% Bt GIEMSA Z4 3 500 wL, 4 41 fitg
10~20 min, ddH,0 PEAAMIEER , i, ZhAEH LA R
# T

1.2.10 Annexin V-APC 3 # 3% 7 X 40 2w fe A =
shRNA 185 128 AGS F1MGC803 41 fitt) , 1577 5 d,
AR PRI WO  TTE , PBS TE R 1 VUG B S AR
AR SGHA TAR M RS Y (B A, 4% T A IR
UL TSR . A AUE O T A A ek

24X Millipore Guava easyCyte HT [ LG
LA T

12,11 Stk SRAPRAT SPSS 20.0 Fik /it
17500 o BRI B bR i 22 R0R o S RORER
Spearman Kz K AT HLHRS . A4 2 (A1) 22 S ik ¢ A 56
FEA R R 7 2250 B itk A7 LU EL , P<0.05 S 22 RAA St T2
B,

2 H#R
2.1 A A TCGA #4565 2% A SPAGS #4 &k
Protein atlas #(#5 % 73 BT & B SPAGS 7E 21 M % I
AR 4345 (B 1A) , TCGA B e % ¥ SPAGS 7E
B P = 3535 (E 1B) , Protein atlas B3 2 /3 H7 i/ H:
TEZ I Rk (K110 .
2.2 4] A KM-plot & GEPIA £ ¥ % 547 SPAGS #) %k
FIFH KM-plot 5 % F1 GEPIA %542 1% & ¥1 SPAG5
FEMtRRE FUNE R PR e S B e T e R
ik S BEAAAHEE2),
2.3 SPAGS £ R B4R ¥ hy ik
SPAGS JEK ZEAN L () i v 2k, 76 B i e 21
girhE gk, 9 B, 7T SPAGS B IA /K5 Fdt 122
25 Bl U ECHE 1) R R 0 B AR A A G AT
Kaplan-Meier A= fF 4k R , 5 SPAGS FHVE g 8 4
HHEL , SPAGS [ i i B L BE 4 (P=0.001) . It
AN, LA M R SPAGS Fé kS MVATENS B 2k 7 15
JRRZ M —4 TR AR 122 61 5 98 S s 4 4 b i
S PELH AL SZH T 2 0 SPAGS Y5145 MKi67 2 [ 47
TS HIAR S (K13 3 2)
2.4 SPAG5 5 MKi67 &k 48 % o #7
i3 TCGA B A THIOCHE 53 M A B, SPAGS 5
MKi67 ¥J7E B Rk, O H - i 3ah B A
(R=0.393,P<0.01), i#F—2 it el b 508 K 2 K
M & IAE B K SR 480 SPAGS IR A
MKi67 Z[AIFE7E 3 A CHE(R=0.504,P<0.01) , fefiE
POCILRAIE 3 1 3GE B MG (1 4,383).



+ 1500 -

J South Med Univ, 2024, 44(8): 1497-1507

http://www.j-smu.com

A Extracellutar space
Plasma membrane

D - &
Endoplasmic
reticulum
Y o

Peroxisome Cytosol

STAD

SPAGS
w e
1 1
*w&l&f{ :
o
SPAGS (T)

SPAG5 (N)

(num(T)=408; num (N)=211)

B 1 SPAGS RiZEKXHEWE B ST

l.l. I35

Compartment Confidence
cytoskeleton 5
nucleus 3
mitochondrion 2
cytosol 2
peroxisome 1
endoplasmicreticulum 1
READ ESCA COAO PAAD

~

5

~

0

2.0

Fig.1 Bioinformatic analysis of SPAG5 expression patterns. A:Proteinatlas database analysis showing
SPAGS5 distribution in both the cell nucleus and cytoplasm. B: TCGA database analysis showing
significantly higher expression of SPAGS5 in gastric cancer than in normal tissues (*P<0.05). C:

Proteinatlas database analysis showing SPAG5 expressions in gastric, rectal adenocarcinoma,

esophageal, colon adenocarcinoma, and pancreatic cancer.
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patient survival (*P<0.05).
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Fig.3 Immunohistochemistry for SPAGS5 in gastric and adjacent tissues and survival analysis of SPAG5 expression.

A: Immunohistochemistry for detecting expression of SPAG5 in gastric cancer and adjacent tissues (Original

magnification: x100). a: Normal gastric mucosal tissue Negative b: Normal gastric mucosal tissue Positive c: Gastric

cancer tissue Negative d: Gastric cancer tissue Positive. B-D: Kaplan-Meier survival analysis of gastric cancer

patients with high and low SPAG5 expression using Log-rank test and Breslow test.
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Tab.2-1 Expression of SPAG5 in gastric cancer and adjacent

tissues
SPAGS5 expression [n (%)]
Type Cases
High Low
Nomal 50 11 (22.0) 39 (78.0)
0.01
Tumor 122 95 (78.0) 27 (22.0)

Fz2-2 MKi67EBERESHRARHRIE

Tab.2-2 Expression of MKi67 in gastric cancer and adjacent

tissues
MKi67 expression [1 (%)]
Type Cases
High Low
Nomal 50 27 (54.0) 23 (46.0)
0.01
Tumor 122 75 (61.5) 47 (38.5)
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Fig.4 Expression of SPAG5 and MKi67 in gastric cancer and adjacent tissues. A: Expression levels of SPAG5 and MKi67 in gastric

cancer tissues and their correlation (*P<0.01). B: Immunohistochemical analysis of SPAG5 and MKi67 expressions in gastric cancer and

adjacent tissues. C: Immunofluorescence staining and laser confocal microscopy showing expressions of SPAG5 and MKi67 in gastric

cancer and adjacent tissues (blue fluorescence is DAPI, red fluorescence SPAG5 and green fluorescence MKi67; x100).

*R3 ERIGKREEZBSM SPAGS 5 MKi67 T BEARAPHIFRIAHERXE

Tab.3 Analysis of the correlation between SPAG5 and MKi67 expressions in gastric cancer tissues

Nomal-SPAGS5 expression

Tumor-SPAGS5 expression

Characteristics Characteristics

Low High Low High
Nomal-MKi67"#" 17 10 Tumor-MKi67™ 6 109
Nomal-MKi67"! 22 1 Tumor-MKi6 7" 27 30
P 0.006 P <0.01
Pearson's R 0.393 Pearson's R 0.504
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Fig.5 SPAG5 expression in gastric cancer cell lines.
A: RT-qPCR detection of the expression of SPAG5
gene in gastric cancer cell lines with GAPDH as
the internal reference (***P<0.01 vs GAPDH). B:
Western blotting for detecting SPAG5 expression
in 7 gastric cancer cell lines with GAPDH as the

s internal reference.
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Fig. 6 Interference of SPAG5 in gastric cancer cell lines AGS and MGC803. A:
Fluorescent microscopy of lentivirus-infected cells at 72 h showing an infection
efficiency above 80% and normal cell morphology. B: qRT-PCR for detecting SPAG5
mRNA in the infected cells (**P<0.01). C: Western blotting for detecting SPAG5 protein
expression in AGS and MGC803 cells after lentivirus infection.
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Fig.7 Lentivirus-mediated SPAG5 interference inhibits proliferation of AGS and MGC803 cells. A, B:
Celigo assay and MTT assays showing inhibition of proliferation of AGS and MGC-803 cells 3 days
after lentivirus infection in the experimental group was significantly inhibited. C: Number of clones
formed by AGS and MGC-803 cells with SPAG5 knockdown (x100). ***P<0.001.
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Fig.8 SPAGS interference promotes apoptosis in AGS and MGC803 cells. A, B: Scatter plot of flow cytometry after SPAG5
interference in AGS cells and MGCB803 cells. C, D: Apoptosis rates in AGS cells and MGC803 cells 5 days after SPAG5 interference

(**+P<0.001).
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