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View from specialist: It is creative, and of certain scientific and educational value.

[Abstract] Objective: To investigate the effects of NSD2 knockdown on gene expression profile and the chemosensitivity to
paclitaxel (PTX) in triple negative breast cancer (TNBC) cells. Methods: Lentviral SARNA vector was used to mediate NSD2
gene knockdown in MDA-MB-231 cells. Gene expression microarrays were used to screen for differentially expressed genes and
cluster analysis, GO and KEGG enrichment analysis were performed. Realtime PCR and Western blot were used to determine the
amount of NSD2 mRNA and protein expression. Upon the treatment of PTX, the morphology of apoptotic cells was observed by
Hoechst staining, and the apoptosis rate was assessed by Annexin V-FITC/PI staining. Western blot analysis was performed to
detect the protein expression levels of differential genes associated with programmed cell death pathway. TIMER2.0, UALCAN,
and Kaplan-Meier Plotter databases were used to analyze the expression of NSD2 and differential genes associated with pro-
grammed cell death pathway in breast cancer, TNBC, and normal breast tissues, as well as their prognostic value in TNBC pa-
tients who had received chemotherapy. Results: A total of 483 differentially expressed genes were screened by microarray, includ-
ing 324 up-regulated genes and 159 down-regulated genes (P<C0.01). GO and KEGG enrichment analysis showed that differential-
ly expressed genes were significantly involved in programmed cell death signaling pathways such as apoptosis and necroptosis (P<C
0.05). Knockdown of NSD2 significantly increased the apoptosis rate of MDA-MB-231 cells upon PTX treatment, and the expres-
sion levels of proteins related to programmed cell death, including TNFSF10, TNFRSF10B, FAS, CASP1, and Cleaved
PARP1, were also significantly enhanced (P<C0.05). Compared to normal breast tissues, the expression levels of NSD2 and
PARP1 in breast cancer and TNBC were significantly up-regulated, while the expression levels of TNFSF10, FAS and CASP1
were significantly down-regulated (P<C0.001). Among TNBC patients who had received chemotherapy, the relapse-free survival
rate of patients with high NSD2 expression was lower than that of patients with low expression, whereas patients with high expres-
sion of TNFRSF10B, FAS, or CASP1 had a better prognosis than those with low expression (P<C0.05). Conclusion: Knock-
down of NSD2 changes the gene expression profile of TNBC cells and increases the chemosensitivity to PTX by inducing pro-
grammed death, providing a novel insight into the molecular targets of chemotherapy resistance in TNBC.
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Fig 2 Knockdown of NSD2 changed the gene expression profile of MDA -MB-231 cells
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Tab 1 Significantly differentially upregulated genes after knockdown of NSD2 in MDA-MB-231 cells (top 20)

Gene symbol Gene title [FC| P FDR
HSPA7 heat shock protein family A (Hsp70) member 7 7.45 941E—15 3.37E—11
HSPAG6 heat shock protein family A (Hsp70) member 6 5.34 4.21E—14 1.18E—10
CH25H cholesterol 25-hydroxylase 3.57 7.38E—15 2.95E—11
CXCL10 chemokine (C-X-C motif) ligand 10 3.36 2.72E—10 9.64E—08

EGRI1 early growth response 1 3.32 1.28E—08 1.58E—06
MALZ2 mal, T-cell differentiation protein 2 (gene/pseudogene) 3.26 2.31E—11 1.59E—08
CAPNS calpain 8 3.01 7.3TE—07 3.09E—05
IFIT2 interferon induced protein with tetratricopeptide repeats 2 2.90 3.49E—15 2.29E—11
UCA1 urothelial cancer associated 1 (non-protein coding) 2.76 7.50E—12 7.91E—09
OASL 2'-5"-oligoadenylate synthetase-like 2.75 2.03E—15 1.90E—11
RSAD2 radical S-adenosyl methionine domain containing 2 2.66 1.30E—11 1.14E—08
IFIT1 interferon induced protein with tetratricopeptide repeats 1 2.63 8.39E—14 1.96E—10
RAB17 RAB17, member RAS oncogene family 2.63 8.11E—08 6.06E—06
NCF2 neutrophil cytosolic factor 2 2.52 4.00E—11 2.28E—08
RAB37 RAB37, member RAS oncogene family 2.52 1.38E—11 1.18E—08
ELF3 E74-like factor 3 (ets domain transcription factor, epithelial-specific) 2.45 3.17E—10 1.06E—07
HSPAIA heat shock protein family A (Hsp70) member 1A 2.45 5.33E—12 5.99E—09
HSPAIB heat shock protein family A (Hsp70) member 1B 2.45 5.33E—12 5.99E—09
ATF3 activating transcription factor 3 241 1.91E—09 3.96E—07
IFIH1 interferon induced, with helicase C domain 1 2.40 1.13E—12 1.48E—09

#2 MDA-MB-231 iR NSD2IE B & TR ESER (H & 8120)
Tab 2 Significantly differentially downregulated genes after knockdown of NSD2 in MDA-MB-231 cells (top 20)

Gene symbol Gene title [FCl P FDR
GNPDA 1 glucosamine-6-phosphate deaminase 1 2.63 3.05E—13 5.46E—10
AMDIP3 adenosylmethionine decarboxylase 1 pseudogene 3 2.52 3.60E—11 2.10E—08

SGMS2 sphingomyelin synthase 2 2.48 7.53E—11 3.59E—08
ISCA1 iron-sulfur cluster assembly 1 2.46 8.48E—14 1.96E—10
KDM3A lysine (K)-specific demethylase 3A 2.45 1.78E—11 1.41E—08
HOMERI homer scaffolding protein 1 2.22 5.76E—09 9.08E—07
ATP2B1 ATPase, Ca”" transporting, plasma membrane 1 2.19 1.28E—11 1.14E—08
SERPINBY serpin peptidase inhibitor, clade B (ovalbumin), member 9 2.17 3.48E—11 2.10E—08
SCYL2 SCY 1-like, kinase-like 2 2.09 1.70E—11 1.40E—08
AMDI1 adenosylmethionine decarboxylase 1 2.00 1.53E—10 6.45E—08
TMX4 thioredoxin-related transmembrane protein 4 1.99 3.60E—10 1.18E—07
XK X-linked Kx blood group 1.97 3.38E—09 6.08E—07
RRP15 ribosomal RNA processing 15 homolog 1.93 2.69E—09 5.00E—07
GAL galanin/ GMAP prepropeptide 1.93 1.00E—07 7.12E—06
LCLATI lysocardiolipin acyltransferase 1 1.90 4.45E—11 2.40E—08
HGSNAT heparan-alpha-glucosaminide N-acetyltransferase 1.88 5.30E—09 8.63E—07
LIN9 lin"9 DREAM MuvB core complex component 1.87 7.27TE—09 1.04E—06
AEBP2 AE binding protein 2 1.86 4.22E—08 3.70E—06
PMEPAI prostate transmembrane protein, androgen induced 1 1.85 3.98E—10 1.28E—07

C7orf60 chromosome 7 open reading frame 60 1.83 1.20E—09 2.75E—07
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Fig 3 GO functional enrichment analysis of differentially expressed genes
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Tab3 KEGG signaling pathway enrichment analysis of differentially expressed genes after knockdown of NSD2in MDA-MB-231 cells

1D Description Gene ratio P Count
hsa04060 Cytokine-cytokine receptor interaction 17/206 3.57TE—03 17
hsa04217 Necroptosis 14/206 1.34E—04 14
hsa04621 NOD-like receptor signaling pathway 14/206 5.14E—04 14
hsa04010 MAPK signaling pathway 14/206 3.550E—02 14
hsa04668 TNF signaling pathway 11/206 2.74E—04 11
hsa05130 Pathogenic Escherichia coli infection 10/206 4.89E—02 10
hsa05133 Pertussis 9/206 2.44E—04 9
hsa04064 NF-kappa B signaling pathway 9/206 241E—03 9
hsa04926 Relaxin signaling pathway 9/206 9.88E—03 9
hsa04210 Apoptosis 9/206 1.37TE—02 9
hsa04141 Protein processing in endoplasmic reticulum 9/206 4.98E—02 9
hsa04933 AGE-RAGE signaling pathway in diabetic complications 8/206 6.67E—03 8
hsa05142 Chagas disease 8/206 7.45E—03 8
hsa04620 Toll-like receptor signaling pathway 8/206 8.40E—03 8
hsa04728 Dopaminergic synapse 8/206 3.12E—02 8
hsa00500 Starch and sucrose metabolism 7/206 5.02E—05 7
hsa05134 Legionellosis 7/206 9.68E—04 7
hsa04623 Cytosolic DNA-sensing pathway 7/206 1.76E—03 7
hsa04970 Salivary secretion 7/206 1.45E—02 7
hsa04061 Viral protein interaction with cytokine and cytokine receptor 7/206 2.15E—02 7
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Fig4 Knockdown of NSD2 increased the chemosensitivity to paclitaxel in MDA -MB-231 cells
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Tab 4 Significantly expressed genes associated with programmed cell death after knockdown of NSD2in MDA-MB-231 cells

Gene symbol Gene title [FCl P
TNFSF10 tumor necrosis factor superfamily member 10 2.33 2.16E—11
TNFSF15 tumor necrosis factor superfamily member 15 1.99 2.35E—06
TNFSF9 tumor necrosis factor superfamily member 9 1.73 2.37TE—08

FAS Fas cell surface death receptor 1.67 2.98E—07
CASP1 caspase 1 1.66 1.93E—07
TNFAIP3 TNF alpha induced protein 3 1.65 2.52E—07
CASP4 caspase 4 1.61 9.72E—08
TNFRSF9 tumor necrosis factor receptor superfamily member 9 1.59 1.47E—06
TNFRSF10B tumor necrosis factor receptor superfamily member 10b 1.56 9.13E—07
TRAF1 TNF receptor associated factor 1 1.51 3.00E—06
THRIL TNF and HNRNPL related immunoregulatory long non-coding RNA 1.50 4.17E—05
PARPI Poly (ADP-ribose) polymerase 1 1.68 2.08E—08
TNFSF10 .” —34KDa 4m
—48KDa S e B ShNSD2#1
Eas .“ —37KDa EShNSD2A2
KKk
*kk *
5 *kk

CASP1 | s -‘ —45KDa
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Protein level relative to Tubulin
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X v v
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‘P<C0.05, " P<20.01,"P<0.001
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Fig5 Effects of NSD2 knockdown on the expression of programmed cell death related proteins upon paclitaxel treatment
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Fig 6 Expression and prognostic value of NSD2 and differential genes related to programmed cell death in breast cancer
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