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Expression of SMC1A in breast cancer and its effect on apoptosis of breast cancer cells
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[Abstract] Objective: To investigate the expression of structural maintenance of chromosome 1A (SMC1A) in breast cancer, analyze
its correlation with clinical pathologic features, and explore its influence on apoptosis of breast cancer cells. Methods: The study first
analyzed the expression differences of SMC1A mRNA in breast cancer and healthy breast tissues and their prognostic significance
using The Cancer Genome Atlas (TCGA) database. It then involved collecting tumor and adjacent non-tumor tissue samples from 48
breast cancer patients who underwent surgical resection at the First Affiliated Hospital of Nanjing Medical University from January to
December 2023. Real -time quantitative polymerase chain reaction (RT-qPCR) and immunohistochemistry (THC) were performed to
analyze SMCI1A expression and evaluate its correlation with clinical pathologic traits. Additionally, by downregulating SMC1A
expression in the MCF -7 breast cancer cell line, apoptosis - related protein changes were recorded. Results: Analysis of TCGA
transcriptomic sequencing data revealed that SMC1A mRNA expression was significantly higher in breast cancer tissues compared to
normal breast tissues, and was closely orrelated with poorer cancer prognosis. Clinical sample validation confirmed that SMC1A
expression levels were significantly elevated in breast cancer tissues compared to adjacent tissues and were correlated with TNM stage ,
lymph node metastasis, and pathological differentiation. Downregulation of SMC1A via siRNA1 in MCF -7 cells notably increased

Cleaved - caspase -3, Cleaved - caspase-9, and Bax levels, while decreased Bcl2 levels. Conclusion: SMCIA is highly expressed in
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breast cancer tissues, correlating with disease progression and pathological differentiation. Early mechanistic investigations indicate

that reducing SMC1A expression may promote apoptosis in breast cancer cells, suggesting its regulatory role could be critical in

miligating breast cancer progression.
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AR, A BROHT R L g I 1 08 AR 3 5 L
SR AE T, SR O Ry oM R R L ) AR i R
" BARTFAREBA T &R T T AR E i
TR S AR AT A T R 24 B i PR 2 FH 9 R
37— S BV 22 B 3 4TS T i 25 P T 52 3 5 00
BRI I ARG, X L R R I A e S 8R4
FETZH o L R PR e s B8 A L O A 3R 1
PE IR PR R EAEIR . DRI, VR ON B R L IR 1
R, R0 S 1) 7 T KB R 7, BLROR I
() AP bs B AIIE TT BE N O B TiE B A 2
KEEM)E X

e i AR 4 1) 4E FF 55 1 1A (structural mainte-
nance of chromosomes 1A, SMC1A) J& 41 g P4 %t 5% &
H 2 SRR CBE A T 70, T2 Thae R 4E 4 R A
FaEME, 25 DNA 450512 SR 40 M 0 T 45 R B AR )
FET. DMEREFE R, SMC1A 7B « 57 51 i
FLIEE RN 25 B e 55 22 P PE R rh Rk, IF Rl RE
RT3 PR P R AR R R SR, T SMCTA 7R,
i e v 1) AR F B LR ORI T A AR . R
B TR AEE B B AR KRR 4, B ER
% SMC1A 78 FL I vh i 258 S Im R = 30, IR0
R LA FU e R n] BRI AR T AL, 12— 8
BTG R SRR bR SR SR R S .

1 MRINTTE

1.1 %

W4 2023 4 1—12 H B st R R R 58 — B g
= Bt 48 151 7L M 28 5 AR T BR 1) e 2L 43 e 55 2L 27
A B IR KL B BB 2 R 5 41 200 B
W v A, HORFT RS2 T T s v o7
ot o 0 38 o P, A 88 (56.36+7.46) % ([
35~73 %) AR ER B 42 (2.67+0.75) em (FE ] 1.8~
5.5 em) s AR FE A PR 24k 30 B, R B A4k
18 451 ; FLARIE 73 &Y : Luminal A % 18 4], Luminal B %Y
15 ], HER2 i A7 13 41, =R &4 2 451 ; TNM %3
W T+ 1030 28 41, A 2091 WhEE S5 45675 23451, A
I FU 48 e B = AR 325 TR 2 it (/R BE5-: 2024-SR-

[J Nanjing Med Univ, 2025,45(02): 245-252]

7520, NHIR G A J ok R R A R i [
.
12 Fik

G 9% H AL e BRI & (O N B AE A D
DMEM %5 7% (WISENT A ), JI1 % KD ;s RAPL W
PAGE F 18 (LI () Bl TRk e i) 12X 71 &5 & BCA 1
& CE R RAEMHEARA PR A7) ; PrimeSeript RT 1
7 & RNA $2 B0t 77 &« F Ak 2 kO ol ) &S
SYBR qPCR Master Mix i) & Crd 500 MERE A 7)) 5
SMCIA siRNA X HE siRNA 2 RNA Fit 5% 4437 ¢ I-
W DUIE AR A BR A A s SRR SMC1A HL A
GAPDH $i & Bel-2 $iif4 | Bax $it 4 | Caspase-3 $it ik
% Caspase-9 P4 CELIX Proteintech 24 7)) 5 41 e —
i (Abcam 4 7], 2 [ED . A Luminal A %Y | JIif g 41
L & MCF-7C Liig Rt B4 e
1.2.1  £913 &5 8547

M e E 3 R 45 B 3 (The Cancer Genome Atlas,
TCGA)D #2757 e 2H 2R RN IE 3 LR 2L 21
e I e B RH DR R B R B4R S >R FH R4.0.1 B A
o3 M FLIR S 41 2 Fh SMC 1A & [K () mRNA ik & %
e M5 T AH M .
1.22 miaiEf A4t 4

MCF-7 4 LR FH 5 109% i 2 L35 F1 1% 75 55 55
PRI DMEM 55573, B T 37 °C.5%CO, 15 i 1
FRA IR, M AR KRG 2 80% I A% FH i g v 1k
FEALARE AR . HEHE RNA Fit 3% 4415 8 45 43 il 4
XF R sIRNASMC1A siRNA % 4% MCF-7 411 . %%
6 h 5 e IE B IR, ARG 77 24 hEl 48 h 42 H4H
il RNA B8 1 5 7 8 Ja SR A S T e se i . H 141
JdG e s i) siRNA 751 L3 1.
1.2.3 S8 A< 2R A B4 R K (real-time quan-
titative polymerase chain reaction, RT - qPCR) #& ]
SMCIA.Bax.Bcl-2. Caspase-3 % Caspase-9 89 & ik

U AR 1 8 4 2RV 5% 21 21 %% 100 mg, 8K
& B e SMC1A siRNA J X i} siRNA 48 h J5 )
MCF-7 40, 513 EE , TRIzol V132 HUE RNA, K
PrimeSeript RT i 7] &K RNA ¥ 4% 5% 4 ¢DNA, %



55 45 55 2 1Y) T, K, ARWTRE, 55 SMC 1A FEFLRRIE A KoxT 7L e A0 MR 1 R s L) .

202542 H B R ERPR R (A AR ERD 5 2025, 45(2): 245-252 © 247
#1 siRNAFF)
Table 1 Sequences of siRNA
siRNA Forward(5'—3") Reverse(5'—3")
Control siRNA UUCUCCGAACGUGUCACGU ACGUGACACGUUCGGAGAA
SMC1A siRNA1 GGAGGUUCUUCUGAGUACA UGUACUCAGAAGAACCUCC

SMCI1A siRNA2
SMCI1A siRNA3

GCCGGGACUGUAUUCAGUAUA
UAGGAGGUUCUUCUGAGUACA

UAUACUGAAUACAGUCCCGGC
UGUACUCAGAAGAACCUCCUA
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Table 2 Primer sequences

Gene Forward(5'—3") Reverse(5'—3")
GAPDH GGACCTGACCTGCCGTCTAG GTAGCCCAGGATGCCCTTGA
SMCI1A AACCTGCGGGTAAAGACCCT GGCAAAGGTACGGTCCTCAG
Bel-2 GGTGGGGTCATGTGTGTGG CGGTTCAGGTACTCAGTCATCC
Bax CCCGAGAGGTCTTTTTCCGAG CCAGCCCATGATGGTTCTGAT
Caspase-3 GAAATTGTGGAATTGATGCGTGA CTACAACGATCCCCTCTGAAAAA

Caspase-9

CTCAGACCAGAGATTCGCAAAC

GCATTTCCCCTCAAACTCTCAA
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s Characteristies HR  Lower 95%CI Upper 95%C1 P
%’ 3. . e Male 0.513 0.071 w— 3.722 0.509
:;‘3 So @ Age_at_index 1.036 1.022 1.050 <0.001
S 71 Ajcc_pathoiogic_stageStage [ 1.859 1.003 3.446 0.049
Z 6- e Ajcc_pathoiogic_stageStage 1 3.111 1.401 [t 0.908 0.005
E 5. Ajcc_pathoiogic_stageStage IV 11.038 4.527 26912 <0.001
-2 %Y Ajce_pathoiogic_nN1 1.332 0.832 ™ 2.133 0.233
g 4 ° Ajce_pathoiogic_nN2 1.324 0.618 2.840 0.470
$ 34 ' Ajce_pathoiogic_nN3 1.348 0.602 3.016 0.468
Normal  Turmor Ajec_pathoiogic_nNX 3533 1321 |~ 9.448 0.012
(n=112)  (n=1093) SMC1A 1.257 1.017 p 1.554 0.035
1 Hazard ratios

A: The differential expression of SMC1A gene in breast cancer tissues and normal breast tissues analyzed by TCGA database. B: The correlation be-

tween the expression of SMC1A and breast cancer prognosis analyzed by Cox regression. P < 0.001.
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A: Detection of the expression level of SMCIA in cancer tissues and adjacent normal tissues by RT-qPCR. B, C: Detection of SMCIA expression in

breast cancer tissues and para-tumor tissues by IHC. The left scale bar: 100 um; the right scale bar: 50 pm. ™"P < 0.001(n=48).
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Figure 2 Expression of SMCI1A in breast cancer tissues and adjacent normal tissues
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Table 3 Relationship between SMC1A expression in breast cancer tissues and clinicopathological features of patients

[n(%)]
Clinicopathological parameter n Positive Negative P
Age 0.738
<60 years 29 25(86.2) 4(13.8)
=60 years 19 17(89.5) 2(10.5)
Maximum diameter of tumors 0.827
<2.5 cm 26 23(88.5) 3(11.5)
=2.5cm 22 19(86.4) 3(13.6)
Histological grading 0.043
Low-moderate differentiation 30 24(80.0) 6(20.0)
High differentiation 18 18(100.00 0
Molecular types 0.857
Lumina A 18 15(83.3) 3(16.7)
Lumina B 15 13(86.7) 2(13.3)
Overexpression of HER-2 13 12092.3) 1(7.71
Three negative 2 2(100.0) 00
Stage of TNM 0.027
Stage /11 28 22(78.6) 6(21.4)
Stage I 20 20(100.0) 0(0
Lymph node metastasis 0.012
Existent 23 23(100.0) 0(0
Non-existent 25 19(76.0) 6(24.0)
A 154 B 154 c 10 seofk
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A: Statistical analysis of SMCIA expression in breast cancer tissues of TNM stages. B: Statistical analysis of SMC1A expression in breast cancer tis-

sues of N stages. C: Statistical analysis of SMC1A expression in breast cancer tissues of different pathological grades. "P < 0.01, P < 0.001.
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Figure 3 Correlation between SMC1A expression and clinical characteristics of breast cancer patients
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BL: Black control group; NC: Negative control group; Sil: SMCIA siRNAT;Si2: SMCIA siRNA2; Si3: SMC1A siRNA3. A: Detection of SMC1A ex-
pression levels in MCF-7 and normal MCF-10A by Western blot. B: The effects of SMC1A siRNAs on the expression of SMC1A detected by Western

blot. C: The effect of SMCIA knockdown on the expression of Bel-2, Bax, Cleaved-caspase-3 and Cleaved-caspase-9 detected by Western blot. Com-

pared to the NC group, P < 0.05, P < 0.001(n=3).
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Figure 4 Effect of SMC1A knockdown on apoptosis of MCF-7 cells
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