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The RNA binding protein RBMS3 inhibits breast cancer proliferation by stabilizing p21
mRNA

DAI Xinyuan', XIA Tian', ZHU Lei’, XI Peiwen', WU Jing', DING Qiang', SHI Liang"

'Breast Center, the First Affiliated Hospital of Nanjing Medical University, Nanjing 210029; *Department of Breast
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[Abstract] Objective: To investigate the role and molecular mechanism of RNA binding motif single stranded interacting protein 3
(RBMS3) in the proliferation of breast cancer and its molecular mechanism by regulating the stability of cyclin-dependent kinase
inhibitor 1A (CDKNIA, p21) at the post-transcriptional level. Methods: Colony formation and 5 -ethynyl -2’ - deoxyuridine (EdU)
incorporation assays were used to evaluate cell proliferation ability in wvitro. Flow cytometry was applied to analyze cell cycle
distribution and apoptosis rate. Xenograft tumor model in nude mice was established to observe the effect of RBMS3 on tumor growth in
vivo. The correlation between RBMS3 and p21 expression was detected by Western blot, quantitative reverse transcription polymerase
chain reaction, and immunohistochemistry. Furthermore, an actinomycin D assay was performed to verify the effect of RBMS3 on p21
mRNA stability. RNA immunoprecipitation assay, dual-luciferase reporter assay, and rescue experiment were conducted to confirm the
direct binding and functional interaction between RBMS3 and p21. Results: Overexpression of RBMS3 inhibited the proliferation of
breast cancer cells and the growth of xenograft tumors in nude mice, induced GO/G1 phase cell cycle arrest, and promoted apoptosis.
Conversely, knockdown of RBMS3 promoted breast cancer cell proliferation. Furthermore, RBMS3 expression was significantly
positively correlated with p21. RBMS3 directly bound to AU-rich elements (ARE) in the 3’ untranslated region (3'-UTR) of p21
mRNA and enhanced the stability of p21 transcripts. Knockdown of p21 reversed the inhibition in breast cancer cell proliferation

induced by RBMS3 overexpression. Conclusion: RBMS3 upregulates p21 expression by directly binding to the ARE in the 3'-UTR of
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p21 and enhancing its mRNA stability, thereby inhibiting the proliferation of breast cancer cells. These findings suggest that RBMS3

may serve as a potential therapeutic target for breast cancer.
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A-=D: Colony formation assay was performed to evaluate the colony-forming ability of SUM-1315 and MDA-MB-231 cells after overexpression (A,
B)or knockdown of RBMS3(C, D) (n=3). E-H: EdU incorporation assay was used to detect cell proliferation after overexpression (E, F)or knockdown
of RBMS3 (G, H) (scale bar=200 pm) (n=3). I-K: In the SUM-1315 xenograft tumor model in nude mice, tumor volume was dynamically monitored in
the RBMS3 overexpression group and the control group. Tumors were dissected, photographed, and weighed at the experimental endpoint (21 days after
cell inoculation) (n=6). "P < 0.01 and ""P < 0.001.
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Figure 1 RBMS3 inhibited the proliferation of breast cancer cells
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A=D: Flow cytometry was used to analyze the cell cycle distribution in SUM-1315(A, B)and MDA-MB-231(C, D) cells after RBMS3 overexpres-

sion or in the control group. E-=H: Apoptosis rate was detected by flow cytometry in SUM-1315(E, F)and MDA-MB-231(G, H) cells overexpressing

RBMS3(Q2+0Q4; Q2 represents late apoptotic cells, Q4 represents early apoptotic cells; total apoptosis rate=percentage of Q2+Q4 cells). P < 0.01 and

P <0.001(n=3).
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Figure 2 Overexpression of RBMS3 promoted cell cycle arrest and apoptosis in breast cancer cells
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A: Bubble plot of GO functional enrichment analysis based on differentially expressed genes of RBMS3. B: Scatter plot analyzing the correlation be-
tween RBMS3 and p21 mRNA expression in breast cancer tissues from the TIMER database. C: Scatter plot showing the relative mRNA expression
levels of RBMS3 and p21 in 34 paired breast cancer tissues (two-tailed Spearman correlation analysis, R*=0.407, P < 0.000 1). D, E: mRNA expression
levels of p21 in SUM-1315 and MDA-MB-231 cells after overexpression(D) or knockdown of RBMS3(E). Relative RNA expression was calculated us-
ing the 27**“ method and normalized to B-actin. F-K: Protein expression levels of p21 and grayscale analysis after overexpression (F=H) or knockdown
(I-K) of RBMS3 in the two cell lines. L: Immunohistochemical staining of RBMS3, p21, and Ki-67 in xenograft tumor tissues from the SUM-1315 over-
expression group(SUM-1315-RBMS3) and the control group(SUM-1315-NC) (scale bar: 50 pm). 'P < 0.05, "P < 0.01, and P < 0.001(n=3).
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Figure 3 RBMS3 upregulated p21 expression in breast cancer cells
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Figure 4 RBMS3 enhanced p21 mRNA stability by directly binding to its 3'-UTR



HASHE 11

* 1544 Moa BB K% E kR 2025411 H
A SUM-1315-NC B MDA-MB-231-NC C SUM-1315 b i 15
g.; SUM-1315-RBMS3 i MDA-MB-231-RBMS3 Control Si-p21 =2 o
225 * =20 D s T
i * 2 3z 3
£20 15 — RS ®\ O ® =205
215 7 g
10 S10 - i e E
8 05 — £0.5 .
= =] N AN (P
T? Control ~ Si-p21 %j Control  Si-p21 $\)%\%’/‘) <
= = N
E MDA-MB-231 3 G SUM-1315 H SUM-1315-NC
Control  Si-p21 32 Control Si-p21 SUM-1315-RBMS3
S i3 ' P g2 =
oo @ 4 y HE
o =
A~ 1<)
< 50
N, 0
$Q> af Control  Si-p21
A =
=)
I MDA-MB-231 J MDA-MB-231-NC
Control Si-n21 MDA-MB-231-RBMS3 K
g = ’ 150 Hoechst Merge
= sk —_
2 ER I, g
£ 50 <
— el
S z
-0
oel Control ~ Si-p21 =
= E
2 S
i &
=
| A
I o=
! Hoechst EdU Merge iy
Sl
: --- s
E &
o
(&) [z
S
z —
>
: 7
o ]
: :
—| = ~=
Sl
2o | . \ N .
=) ~ SUM-1315-NC ~ m™mMDA-MB-231-NC
= Q é SUM-1315-RBMS3 & = MDA-MB-231-RBMS3
=z ELL e T80 s
IS s S —
240 k=
S g g
n = 20 5
= = =
= ° Control  Si-p21 < Control  Si-p21
) k] 3
~ 21 [==1
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Figure 5 Knockdown of p21 reversed the RBMS3 overexpression-induced inhibition of proliferation and growth in breast

cancer cells
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