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Role of SPC2S5 in the regulation of proliferation, invasion, and
apoptosis of breast cancer cells via the p53 signaling pathway
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Abstract

Background and Aims: Spindle pole component 25 (SPC25), a core subunit of the NDC80 complex, is

aberrantly overexpressed in various malignancies; however, its role and underlying mechanism in breast
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cancer remain unclear. This study aimed to investigate whether SPC25 regulates proliferation, migration,
invasion, and apoptosis of breast cancer cells through the p53 signaling pathway.

Methods: A stable SPC25-silenced MCF-7 breast cancer cell line was established using lentivirus-
mediated shRNA. The expression levels of SPC25 and p53 pathway-related proteins (p53, p21, and
BAX) were examined by qRT-PCR and Western blotting. Cell proliferation, migration, and invasion
were assessed using colony formation, wound-healing, and Transwell assays, respectively. Apoptosis was
analyzed by flow cytometry. A nude mouse xenograft model was established to evaluate tumor growth in

vivo, and the expression of p53 pathway proteins in tumor tissues was detected. A p53 inhibitor (PFT-a)

Results: SPC25 silencing significantly inhibited the proliferation, migration, and invasion of MCF-7
cells and promoted apoptosis (all P<0.05). The expression levels of p53, p21, and BAX were markedly
upregulated following SPC25 knockdown (all P<0.05). Treatment with the p53 inhibitor PFT-areversed
the inhibitory effects of SPC25 silencing on cell proliferation, migration, invasion, and apoptosis,
accompanied by decreased expression of p53, p21, and BAX (all P<0.05). In vivo, SPC25 silencing
significantly reduced tumor volume and weight in nude mice and increased the expression of p53

pathway-related proteins in tumor tissues, whereas PFT- o administration attenuated these effects

Conclusion: SPC25 promotes breast cancer cell proliferation, migration, and invasion and inhibits

apoptosis by modulating the p53 signaling pathway. These findings suggest that SPC25 may serve as a

2398
was applied to further verify the mechanism.
(all P<0.05).
potential therapeutic target for breast cancer.
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FLR I 2 Lk e DL S IR, 2020 4F 4
BB R 1 29 2 230 T3 01, T AT R RE RO R Y
11.79%" o K4 B B Ak BF 78 ML AL 69 K g, 2
FU R R B e 58 BORs i i #1300 7 LA

2040 4F

RE 5 10 1 41 19 p53 38 5 52 T oo 240 B A 8 0 L 1T A% M
REF Y A7, VIR 3L i T 58 SR )T
ST S8 %

M A2 W & H 80 (nuclear division cycle 80, 1

NDC80) &5 W& — Fl R <7 Y S I DU SR ARPT, B A
M A 22 3 2 3ok B b ST R E B A 2R — T R
& Mk B, T RE R A AT 52 W 4 i 2RO e
TR W HIEY . G5 R R A S A A 125 (spindle
pole body component 25, SPC25) J&#4 i NDC80 & &
Yiig AR Az —, R RO R 2 R A
PR pS3E—F MG N T, EESSZ
TP 248 Ji 2 B B 5 B I T, S AR 2 R A
MudE s, W DNAMEA, 400 A 0 R A, A T
AT, Chen 510G WY, SPC25 16 P h i Rk, M
A 38 2o 00 ) p53 i g R A T A0 L B G A L AT
BiRZB%E IR, HAT, SPC25 7 7L R o L & kg
T 5 YA Y pS3 T R i R O R e TC T S ARG o
T, AWFITE R IR FL IR 40 i b SPC25 = 1R
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1.1 SEIewRl
1.1.1 FBX A 548%  TRIzol I T 3 [H Invitrogen
AN E (585 15596018) ;5 DMEM 35 3% 3 (18 =
C11995500BT) . Ji 2 I3l (9255 10099141C) M
HE-BEZREAW (100x ) (575 15140122) 1
F 3£ [ Thermo Fisher 23 7] ; TaKaRa ¢ 5% PCR 57 £
TB Green Premix Ex Taq™ II ( %8 5 RR820A) Ao
TaKaRa S % 5% i 7] £ PrimeScript™ RT reagent Kit i
F & (985 RRO37A) T H A TaKaRa 28 H] . AT
A SPC25 —Hi (%5 ab121395) . ¥ A p53 — i
(ab131442) . AT A p21 —Hi (525 ab109199) .
P A BAX —Ht (175 ab32503) . it A GAPDH —¥t
1845 ab8245) | R AT 4 b ) i bR i 1 1L SR B R
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Gk, % :SPC25 A ps3 E F @B MBI B A . BRRAAT WHLH R 2399

IgG (535 ab6721) 0 [{ Je [E Abcam 24 W) . 4 Y
PR T DU ) & I T 26 ] MedChemExpress A= 9B
s Al (585 HY-K1071) o pS3 4l 7] PFT-« (425
S1816-5 mg) W T i3 = KAEYRHE AR A A
shRNA-SPC25 . shRNA-NC I F b i % 9L 3 4 B2 2 B}
RN . % 6E & PCRIL (185 ABI7500) I
T E ABI A A . Transwell /NE (175 3422) K4
ML RE IR L (1845 430167) W4 F 35 & 7 A |l . i
A (ELx800) W T° 3% [ Bio-Rad 24 w) o ¥t =X 4 Y
1 ( NovoCyte Quanteon ) e F 26 L HEA A F
1.1.2 E®AARA 6~8 AR SPF 2 BALB/C-nu/nu
R B 24 L, W V0T 3 5 S 50 sh A RR TR
EAR A= VFIES . SCXK (P1) 2022-0004],
R 18~20 g ML A4 4l, Bdl6 H. AR5
i R AR S sh W AR A B B S ik (fR
g5 . QHU-KY-202408152) .

1.2 SKWHE

1.2.1 ey AR s NI 40 i & MCF-7 14
T b WU R B 2= B AT BRA R, MCF-7 20 i
AT 10% 52 M5 & 1% B9 100 x HHE-#HER
A W) DMEM (= b5 85 95 SE A7 B 5%, A % 3R 48
HSEE N 37 C, 5% CO,. ZIE [ Pl A
DRl = 2 B A PR ) A7 1 o i J % R 32 B
UL BR SPC25 () MCF-7 4l it & (Lv-shRNA-SPC25 41 )
Ko HCBH PR 40 B &2 (Lv-shRNA-NC 41 ) ; 53 B
B Lv-shRNA-SPC25 41 () 40 JfL , 8 8% 3% 2 fom A
20 pmol/L ¥ p53 #P il 5| (PFT-o) 124 h /E K
Lv-shRNA-SPC25+PFT-a 41 ; A B YL () MCF-7 41l ig &
YE Rz xR (MCF-7-WT 4) .

1.2.2 qRT-PCR  qRT-PCR £ ] 41 ff mRNA 3 ik /K
o WCAEARE, A Y 1 x B R % b YT 1 A0 M
23, B0 J5 (800 r/min, 5 min) 14 B 40 M UTVE
K FH TRIzol 2 BUAH Jf &4 RNA . 335 %% 5 4 i cDNA K
qRT-PCR 119 25 B8 77 ¥ A s AR 3R 2 2% 350 & 1 1
Fo BIREAREIANEAA ., R 22 kA
FEPRAR X F ki, SPC25 51 F 4 K . IE ] 5-AGT
ACG GAC ACC TCC TGT CAG-3'; JZ [f] 5-TCT CAA
CCA TTC GTT CTT CTT CC-3'. GAPDH 5| ¥ 55 W .
iE ] 5'-AGA AGG CTG GGG CTC ATT TG-3'; [ If]
5'-AGG GGC CAT CCA CAG TCT TC-3',
1.2.3 P F R P v B S0 R 5T 4 i 3 5
55 00 o 20 L PR RO, LA 1 000/4L 1Y % BE
R R 6 LA . dRERIEFR 2 8 . MBI H B

HRORT UL B 20 e e i, ROERE IR . FER IR,
U x B2 2% vh W 2R PR A0 M 2 Ik o JH 4% 2 ]
FH P [ %2 30 min, Giemsa 4%V % & 40 il 30 min, i
KL PWIE T, RIGER FWEIFLE>10 1
21 A e B TR B

1.2.4 X5 RPYRSCRARTEMMTEB G .
F marker 2 7€ 6 fLAR T 5 A1 b R B2k, K2 BEfR
0.5~1 em %I 17, HEZERE L. 45 40 M 4270 T 6 FL AR
o, RRAN N A K B O 90% B, il A 200 pL B8
WA S T A MOF I, WA d R PR
T R AE A2 AT RR, WDR S 1 x B R 22
PRI VR AE I 3 U, R BT A R] BRI BT O
SRG e TG LT 8% FR S Ak 22 5 5% 24 b BB A
HEE 5% O h R 24 h 48 Jf R0 TAT 48 Jf A A% 0 o
1.2.5 Transwell 52 % Transwell 52 56 #8 5% 40 Jifl 1= 22
1500 o #F Transwell /N2 |- 3 T 5E i Matrigel 38 5t i
i, KA EREFRmE R h, E/F
Transwell /N2 F & (B 2x107mL) . /NE T
T A L R SR AL, Ak SE 8 5% 24 h S R AR
AN R EREIETE R LA, Giemsa 44
HEATY A, BT WA N . HA RO
1.2.6 AR @miaR FEREFHFE, HWE N1 x BER
MW VR A ML 2 K, PR AR AT YE . 1) 40 T v
HANA T mL 70% LB, KANMEMRHEL, 7E4 CTF
SE AN A . P TR Y 1 x B TR S8 R Uk AN e
2K, PRERANMRUTIE o H% BT £ U B A5 L P g
O, REAAIMEE S PO A 0.5 mL PLY i, %
REBMMUIIE, 37 CHOLPET 30 min, AWK
20 A AE 38 & DK 488 nm AR KGN 21 €1 56 S, I AR
JEHLEH B O o Gl A Flowjo HCPF 23 B 4 9 123
1.2.7 Western blot  Western blot ¥ 11l 4 Jitd 2% fip J8d 2H
ZUE M FRIK R, ] RIPA 2L W3R IR B E 1,
BCA 7 I 7 85 11 vk B o 76 H Uk S 9 L AL o
NGB B EAFES, 84T SDS-PAGE L7k . HLIK G
V8 UG B PVDF B I, %% IS FH 5% 1) AR 5
¥y (FHPBST %) H i E 1 h, FPBSTUERE 3K,
B 10 min, £4 CHHE —Pd K. S&REH
PBST YEME 3¢k, 4K 10 min, P HIEMEF 1 h,
PBST UEME 3 ¥k, %K 10 min, 7EBE B b4k &%
RS R O A AT o
1.2.8 A KT mB BOTEAKM MM, H
1 x BEIR 22 v IR TE VRIS . B 40 M 1 x B IR 2% P
ik, R A MRS AR AR BRI TP e A . RS AR Y A
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ML 2% 10°4/ 5, BAERF b 0.1 em®, FE4H
SR MCF-7-WT 40 (6 ) . Lv-shRNA-NC 4
(6 H) Ml Lv-shRNA-SPC25 41 (12 H ). X H T
Lv-shRNA-SPC25 2 Jd (1) /)N B BE LI 6 H, 7 M #8
RIS 3 K PEAT I I vE B PRT-o0 (IR T 1 x B IR 2%
M), B2 dES IR, FEHR R 2.2 me/kg, H
AP /I B s T S S i Y 1 x BREPR ZE ph i . MR
PRI A . bR R RO 2 e i KK AR a R R
AL, HEAR N V=ab¥2, P Faila . 28 d
Jo WL ETAL FEAR B, Bk H 8 2 LAY o i
1.3 SGitFaiE

B ge 1R F SPSS 20.0 W Fl GraphPad Prism7.0 it

0.6
P<0.05

iz P<0.05
X
o] T
z
<
z
S 0.2- T
&
B

0.0 T T T

B R Qjﬁi
A B “A—“ <pC
N‘C‘Y Lq—SbY\ L‘I'S “A

A
E1 &4RSPC25KIRIEA
Figure 1 Expression of SPC25 in different cell groups

expression detected by Western blot

2.2 FBAFLAREMAAMILIERE

5 MCF-7-WT 41 fil Lv-shRNA-NC 4 [t # ,
Lv-shRNA-SPC25 41 i) 24t Jfd 5 b T2 il B0t v /> (3
P<0.05) ; MCF-7-WT £ 5 Lv-shRNA-NC £ 119 40 itg 52
B e 8 TC I i 22 5% (P>0.05) ; Lv-shRNA-SPC25+
PEFT- o 2 19 248 Bl 5 B 1 808K Lv-shRNA-SPC25 41 W]
WA (P<0.05), H 5 MCF-7-WT #1 £ g 2 =7
(P>0.05) (52).
2.3 HHILREMRIEBEN

5 MCF-7-WT 41 #il Lv-shRNA-NC 41 %5, Lv-
shRNA-SPC25 41 11 41 Jfl iF % % B & o 2> (3 P<
0.05) ; MCF-7-WT #H 5 Lv-shRNA-NC 2H # 48 it i 7%
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BAFHEAT o BAE R BE + bR e (2 5) R
2 21 1) 52 56 X0 LBk B IN 3R 05 22 70, Tukey
K g 1T 2k — 2L P LA . P<0.05 9 22 5 A Gt it

2 # B

2.1 ERLEKN

5 MCF-7-WT 41 [t %, Lv-shRNA-SPC25 2H 24 Jifs
1 SPC25 mRNA S & 1 3R A K-F 4 BT W RE AR (3
P<0.05) , Tfi Lv-shRNA-NC £ 41 il f) SPC25 mRNA &
HEERIRKCETLTH B A (P>0.05) (K1),

4
WTA RN A-NCA RN ASPC25 il

MCF-T

SPC25

GAPDH

0.6
P<0.05
MHII P<0.05
)
Road T T
=
z
{1
&g 0.2
O
& o
0.0 T T T
B oY 25@&
LR AN opC
N\CX‘ \)\1—5“7‘“ a8 XA

A: qRT-PCR K SPC25 mRNA Fik; B: Western blot 4l SPC25 £ [ 3Rk
A: SPC25 mRNA expression detected by qRT-PCR; B: SPC25 protein

R 25 (P>0.05); Ly-shRNA-SPC25+PFT-o 41
f) 20 it 1T 7% FR % Lv-shRNA-SPC25 41 B W 14 m (P<
0.05), H 5 MCF-7-WT 40 & B & 2 % (P>0.05)
(K3),
2.4 HEZIIREMEER

5 MCF-7-WT 4 fil Lv-shRNA-NC #1 M %8, Lv-
shRNA-SPC25 41 1 21 Jfd 12 28 1> £ W b ol /b (3% P
0.05) ; MCF-7-WT #H 5 Lv-shRNA-NC 41 1) 21 Jift 12
EABIW 25 (P0.05); Lv-shRNA-SPC25+
PET- o 41 (1) 41 i 42 28 1 U8 Lv-shRNA-SPC25 21 ] &
Wi (P<0.05), H'S5MCF-7-WTZ4H LW B 2% (P>
0.05) ([¥4),
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Lv-shRNA-SPC25+
MCF-7-WT £ Lv-shRNA-NC £ Lv-shRNA-SPC25 41 PFT-a 2

B2 ZBRacePER AL SR LA & H FL AR 4R A Y S SE A

Figure 2 Colony formation assay showing the proliferative ability of breast cancer cells in different groups

Lv-shRNA-SPC25+
MCF-7-WT 21 Lv-shRNA-NC 4 Lv-shRNA-SPC25 4 PFT-a 2

SOp.m e p A B
l§l3 izIJFJ-EAttiﬁ%ZH?LH%r*HHﬁE'J

Figure 3 Wound-healing assay showing the migratory ability of breast cancer cells in different groups

Lv-shRNA-SPC25+
MCF-7-WT 4] Lv-shRNA-NC 2 Lyv- thNA SPC25 Qﬂ PFT-a 2

- Tre;nswell+3\Al:l:’+?fﬁéﬁ?|.}i7‘§rfﬂiﬂﬂﬁ’]&§

Figure 4 Transwell assay showing the invasive ability of breast cancer cells in different groups

25 FHAIBEAMATER %% (P>0.05); Lv-shRNA-SPC25+PFT- o 41 1 4l

5 MCF-7-WT 41 1 Lv-shRNA-NC 1 [t # , Lv- J P8 T % 4% Lv-shRNA-SPC25 2H B i B&AIE (P<0.05) ,
shRNA-SPC25 20 1) 4fi Jfd 4 72 26 B i 38 - ( P<0.05) ; HE5MCF-7-WTAH L 27 (P>0.05) (K5),
MCF-7-WT 4 5 Lv-shRNA-NC 4 (%) 40 it 8 1= % J¢ B
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MCF-7-WT 4 Lv-shRNA-NC 4

Lv-shRNA-SPC25 4

P<0.05 P<0.05
— o

Lv-shRNA-SPC25+
PFT-a 2

B5 mAmA&aAF REARETE

Figure 5 Apoptosis rates of breast cancer cells detected by flow cytometry in different groups

2.6 HAFLIREMA SPC25 K p53i@EEHEXER
Fix
5 MCF-7-WT 4 F1 Lv-shRNA-NC 4 H #, Lv-
shRNA-SPC25 41 i) SPC25 & 1 % ik & W W B 1%,
p53. p21 Al BAX 2 (1 R w8 m (3 <
0.05); MCF-7-WT 2H 55 Lv-shRNA-NC 2H i %% %5 11

4 1 SPC25
Qq'i% p—ﬁc’ NS W ps3
P N
¥ A AT AW - mop21
W X A x M BAX

FTIRH LW W 2F (¥ P005); 5 Lv-shRNA-
SPC25 2 [ #, Lv-shRNA-SPC25+PFT-« £ SPC25 Y
FIkBFILWE 2SR (P>0.05), Hp53. p21 #il BAX
B H RSV R (3 P<0.05), H'5 MCF-7-
WTAHTCH B 225 (3 P>0.05) (E6).

Pe0.05 P<0.05

<0.

P<0.05 1 P<0.05 P<0.05
— o

P<0.05 P<0.05 £<0.05 P<0.05,
£<0.05 P<0.05,

6 Western blot # il & 28 4Rl SPC25 X p53 @R A X EH W RIE
Figure 6 Expression of SPC2S5 and p53 pathway-related proteins in breast cancer cells detected by Western blot

2.7 HHEFRMBERINRE

5 ¥ A MCF-7-WT 1 Lv-shRNA-NC i #f 5L %2,
4 HH Lv-shRNA-SPC25 #R B4 Jib 983 14X RN 5T 3 1 W]
B (5 P<0.05) ; 1 MCF-7-WT 5 # i Lv-
shRNA-NC #f BU% B 1 o8 (4 B2 R0 ot o G B B 25 57
(# P>0.05) ; 158 H Lv-shRNA-SPC25 fit # Bl L %5,
Lv-shRNA-SPC25+PFT- o 7 51 B9 ## BB 1 0 Bk 8 1
FURD & 34 B0 B 8% K (39 P<0.05), H 5%
MCF-7-WT By #f BP9 Jo 1 @ 22 % (1 P>0.05)
(K7) (£1).
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Figure 7  Representative images of nude mice and

xenograft tumors in different groups
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Table 1 Comparison of tumor volume and weight among
different xenograft groups (n=6, x + s)

2051 JiE AT (mm®) i B e (g)
MCF-7-WT F 841 712.45+51.2 1.02+0.11
Lv-shRNA-NC B E 41 723.36+38.27" 0.97+0.03"
Lv-shRNA-SPC25 At 2H 286.67+31.88 0.54+0.06
Lyv-shRNA-SPC25+PFT-o

695.97+32.56% 0.98+0.06

TS

:1) 5 MCF-7-WT B At 21 L 45, P<0.05;2) 15 Lv-shRNA-SPC25
AL LLEL, P<0.05

Note: 1) P<0.05 vs. MCF-7-WT transplantation group; 2) P<0.05 vs.
Lv-shRNA-SPC25 transplantation group

2.8 FREPMEHLR H p53BEHERARIE
5 ¥ H MCF-7-WT 1 Lv-shRNA-NC 4 8 B L 32,

F& #H Lv-shRNA-SPC25 114 #1 B8 41 40 p53. p21
T BAX B3k B B I (¥ P<0.05) ;5 #4H MCF-7-

WT 5 B M Lv-shRNA-NC B9 #f U 15 19 b 93 41 21
p53. p21 MIBAX My RIE T W 257 (B P>0.05);
5 %% # Lv-shRNA-SPC25 11 #ft f b # , Lv-shRNA-
SPC25 F% A M PFT- o 14 565 4R B I8 2H 4L pS3 . p2d
I BAX 1Y R W W BEAL (1 P<0.05), H 54
MCF-7-WT 19 #f B P98 JC W] | 22 % (1 P>0.05)
(E8).

] M p353
p21
E}. BAX P<0.05 P<0.05
2 1.0 P<0.05 P<0.05 P<0.05 [P<0.05 P<0.05
R P<0.05 P<0.05
= [
z iy T T - T
ﬁ 0.5
wo - W
0.0
qﬁ% B a8 ot% Qﬁ% e“% RIS % d't% Y
TURIA CXQ ‘2“ ?\@ SV 1% g *qi
\ﬂs\\ «gﬁ \) F ﬂ%? “\C N\ g}s 5
W ﬁ A% \\Y‘ﬁb \,. o ﬁ
N W W

B8 HMHRBRMEAAPSI. p21 FIBAXEBRIZIFR
Figure 8 Expression of pS3, p21, and BAX in xenograft tumor tissues detected by Western blot

LR AR K OR s 7 L M e Tk L it B
BARFARIGIT L AT LD R R

H i,
(I AIE Z — o
7 U T EL IR B R, SRR K —E oy
BEBEIARRW . Wi, 5530008t b
14 5% B ML ) R 3G 7 H0 5 B B B L. SPC25 2
— M2 546 20— TR AR AR RN 97 B R A A ST

VER AR BT, gy AR 7 BN TE A, 40 B R iy
1ot A% AN FR Ik W] RE T BURRE . T 22 R AE i B
vl 2 AR U SPC2S [ W Rk TE £ Rl
i AR R B, HIXSEZE IR R ], SPC25 A
L . Yang EOIFRB, ENFE T SPC2smFRE, H
{1 23R 1Y SPC25 SR AE A A G o SPC25 8 1 i i
2 3% E I R A0 R A% SR R T 4 B A 20 A SR R
SPC25 ik 23K 5 B DNA #5405 A& A= 3G, AT i
T DNA-PK/Akt/Notchl {5 5 18 #% , #F i 48 &= 17 12 #F
21 JifL T I 5 G G B SE I (SOX2 Fil NANOG) 1Y

Fik, FEMME S, WA T SPC2SHY LRI, R
FR SPC25 1) Jii Ji 240 38 56 B A i, SPC25 ()T i 38
I 3G S B A G/M B 40 B Y 4y B T R GG
200 B 1 T 4 L T S5 30 G/ B DS S 1 4 R 40 e
i, SPC25 i 1E Jili 98 200 M A AR e A . Rl
M, S5IEW AL ML, SPC25 16 7L R i 41 41 |
P, %Y SPC25 mRNA K- 53 IRE B Z 1 &2
RAE IR A A A s SPC25 F ik 5w W FL IR g
BHERBE G TR FERAFY . T8 kE
FERI SR A s SPC25 AR it L i 4 M 3 ;B
Mo T W, SPC25 5 40 it JE 301 75 . DNA 5 45
B DL K FL 1 40 B 3G 58 A7 G . 5 BE AR BiF 5% 45
AL, ASHF 58 25 S o, 8 ad U0 Bk L AR i 40 e o
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