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[ Abstract ] Background and purpose: Exogenous bone morphogenetic protein 9 (BMP9) inhibits the malignant progression
of human breast cancer, but its expression is often abnormally low in breast cancer. In this study, we intended to explore the
expression and role of epigenetically-modified histone lysine-specific demethylase 4A (KDM4A) in breast cancer, and to investigate
the relationship between KDM4A and BMP9 and its possible regulatory mechanism. Methods: The expression of KDM4A in
breast cancer and its relationship with BMP9 were analyzed by bioinformatics and verified by real-time fluorescence quantitative
polymerase chain reaction (RTFQ-PCR) and Western blot. Chromatin immunoprecipitation (ChIP) verified the regulatory role of
KDMA4A on BMP9, and RNA stability experiments and CHX protein stability experiments verified the effect of KDM4A in BMP9
expression. Exogenous recombinant MDA-MB-231 cells transfected with KDM4A small interfering RNA (siKDM4A) or infected
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with siBMP9 adenovirus (Ad-siBMP9) were constructed using RNA interference technology and adenoviruses knocking down
BMP9, and the migratory and invasive abilities of the cells were detected by scratch healing assay and transwell assay, respectively.
Results: Bioinformatics analysis showed that the expression of KDM4A was significantly higher in breast cancer than in normal
tissues, and there was a negative correlation between the expression of KDM4A and that of BMP9 in breast cancer; RTFQ-PCR
and Western blot showed that KDM4A was highly expressed in different breast cancer cell lines, and the knockdown of KDM4A
significantly up-regulated BMP9. ChIP experiment confirmed that KDM4A could be significantly enriched in the promoter region
of BMP9 gene, reducing its histone lysine 36 position instead of position 4 methyl status, thus silencing the expression of BMP9.
RNA stability assay and CHX protein stability assay confirmed that KDM4A had no significant effect on the mRNA of BMP9, but
could affect its protein degradation. After knocking down KDM4A, the migration and invasion abilities of breast cancer cells MDA-
MB-231 were significantly inhibited, and this effect could be partially reversed by knocking down BMP9. Conclusion: KDM4A is
highly expressed in breast cancer and breast cancer cell MDA-MB-231, and can silence its expression by down-regulating the level

of histone methylation in the promoter region of the BMP9 gene, as well as affecting the stability of BMP9 at the protein level rather

than at the level of mRNA, and promoting the migration and invasion of breast cancer.
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Tab.1 Sequences of siRNA and RTFQ-PCR primer

Primer Sequence (5'—3")

SIRNA negative F: UUCUCCGAACGUGUCACGUTT

control R: ACGUGACACGUUCGGAGAATT

F: CCGAGUUUGUCUUGAAAUATT

siKDM4A

R: UAUUUCAAGACAAACUCGGTT

F: CGTCCAACATTGTGCGGAG
BMP9Y

R: GACAGGAGACATAGAGTCGGAG

F: CCTCACTGCGCTGTCTGTAT
KDMA44

R: CCAGTCGAAGTGAAGCACAT

F: CAGCGACACCCACTCCTC
GAPDH

R: TGAGGTCCACCACCCTGT

F: Forward; R: Reverse.
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Fig. 1 KDMA4A highly expressed in breast cancer

A, B: High expression of KDMA4A in breast cancer; C: Expression of KDM4A in different stages of breast cancer; D: The expression of KDM4A in
breast cancer cells were detected by RTFQ-PCR; E: The expression of KDM4A in breast cancer cells was detected by Western blot. *: P<<0.05, tumor

vs normal; ***: P<<0.001, compared with MCF-10A.
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Fig. 2 The expression of KDM4A is negatively correlated with BMP9

A-C: The expression of KDM4A and BMP9 in HNSC, KIRC and BRCA; D: Knocking down KDM4A significantly increased the mRNA expression
of BMP9 in MDA-MB-231; E: Knocking down KDM4A significantly increased the protein expression of BMP9 in MDA-MB-231. ***: P<<(0.001,

compared with NC group. NC: Normal control.
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Fig.3 KDM4A downregulatd histone methylation status

A: Knocking down KDM4A upregulates H3K36 and H3K4 methylation levels; B: ChIP detection of H3K36me3 and H3K4me3 enrichment in the
BMP9 promoter region in MDA-MB-231 cells. ***: P<(0.001, compared with NC group. NC: Normal control; ns: No significance.
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Fig. 4 The effect of KDM4A on BMP9 mRNA and protein levels

A: The effect of KDM4A on BMP9 mRNA level; B: The effect of KDM4A on BMP9 protein level.

2.6 EIRKDM4AIMGIZLREMATER RERE
fE

YR fr & Mtranswel I 2256 45 W B /s, B
RKDM4AFH 5 F X} B4 ] DL 35 PR KM D A -

MB-23 1408 1 KR & % L k2 28 B 40 g

B, HaX AR Al g IKBMP RS 4 i % (&
5A~5B) . R4 428, KDM4AR LIAE it
FLIR R AR e =%, HX AR AT I BMP9
) R B T R 43 300 B, UK DMAA AT 38 i T
BMPOfi i FLAR I i i



182 s,

5 KDWABIT M EBNPYfR i I AR ABREMDA-NB-23 1 NI I A0R 2R

MDA-MB-231

siKDM4A

Oh

24 h

48 h

MDA-MB-231

siKDM4A+siBMP9

siKDM4A

migration

invasion

siKDM4A+siBMP9

MDA-MB-231
*kk . NC

N —_— O siKDM4A
3 - [ sikDM4A+siBMP9
= 0.4 3 3k sk
)
g r
S
Q
<
= 02}
3
B

24 h 48 h
MDA-MB-231
250 BmNC
O sikDM4A

L 2001 Kk [ siKDM4A +siBMP9
E
o 150
o
3
=] 100
=3
Z

50F

0
migration invasion

E5 TEKKDM4AIMHIZLERE MM AT B FE 2

Fig.5 Silencing of KDM4A inhibited the migration and invasion of breast cancer cells

A: The migration ability of MDA-MB-231 was detected by wound healing test; B: The migration and invasion ability of MDA-MB-231 was detected
by transwell assay. ***: P<<0.001, compared with NC group. NC: Normal control.
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