B R KRR 2021 4F 6 H 45 42 £ 55 6 1) http: //www.ajsmmu.cn
Academic Journal of Second Military Medical University, Jun. 2021, Vol. 42, No. 6 o 585

DOI:10.16781/j.0258-879x.2021.06.0585 . % % .

PEME =S| =AM FL ARIE 20 Re B A BRI B SRR TR R KRB B Y
EEFEDMH

BEAESLS, 3L AS, FE, AN K, TRk, £33, b R, WHL, Al
WREEERY (B EERY) FERESBEDIE 550 TV, [ 200433

EE] a6 FAHEYRE RS0 Byl 5 2 o6k N = B30 5 5 40 i 28 40 i J5 300 BEL 95 (0 78 FH AL
Fik  FIFIREINE Z A = I EFL IR 41 2 MDA-MB-468 ZHfi 48, 72 h, $134 1C,,, W41 M A4 Hr 40
JAHHAS G, YEHL 0.8 umol/L FE4H%ET 25 Ab B 48 h 1) MDA-MB-468 21 FlA 1124 40 301 Xof BE AT R4 7265 S 4h il s, )
Bl 2 ik i U85, (4 DESeq2 1.16.1 FA#E17 22 S 3B B R 40, JE AT 3L DRI AS PR RN s A 5L M 5 B R 21 R
S FIRE BT MRS w AR 43T, FH STRING T HFA 78 1 Bk BAE FH 4 4387 S AutoDock 1.5.6 #4347 43t
PETHIN, £ B FEONEEZE T 1 MDA-MB-468 Zififl 48 . 72 h 1% I1Cs, 43514 2.733 1 0.866 pwmol/L, FL i =40 MIA 247
RPENEE R T 48 h A A Gy/M PRI . BEANEE = T 105 2Lk i 1 764 D22 RRINEERE, FZE T NF-«B
514 TNF-o0 38 B4 A1 P53 8BS, GEMy A7 (GNG7) . GEMy I 11 (GNGII) . C-X-C KJF b ek
8 (CXCLS) . JRHERIFUEE 2 (ADCY2 ) Z5HLIN ] fE L Ml 25 2 A FHRL N 48 Al SEA1T i . NS 2 5 DNA 3 1.
NSRBIk E A 1 [ 208 4 A B LA 5 (PSMB5 ) FI& A SET Z5A3e, 7 AY4H 45 14 2 ik F L 7%
fili (SETD7) | A#UFMEE & RAMEAER . & FBHEEEA SWBERILNTIRE, Hilid 5 DNA- N
fiti 1 259 1) DNA 43 F45G kDT yE st @] 5E i 5 ZEE F k7 15 25 11 PSMBS £l SETD7 454 521 GNG7
GNGII . CXCLS. ADCY2 255 PR 3357k, M 8 NF-xB /51 TNF-o il & F1 P53 58 1%, 52 B i 40
KA Gy/M B, RAPUIEIER .

[RBIR ] BENER; WSRO, —FIMEZUNE; 2005 IR

[FESHZES] R737.9; R979.1 [aktREmE] A [XEHS] 0258-879X(2021)06-0585-11

Bioinformatics analysis of gene expression profile and key pathways of loongmycin-induced cell cycle arrest in
triple-negative breast cancer

XUE Jia-xingA, KONG Jie”, LU Xiao-ling, SUN Xiao, YU Hao-bing, LIANG Zhen-zhen, XU Yao, DENG Bo-wen, JIAO Bing-hua*
Department of Biochemistry and Molecular Biology, College of Basic Medical Sciences, Naval Medical University (Second
Military Medical University), Shanghai 200433, China

[ Abstract ] Objective To analyze the mechanism of loongmycin-induced cell cycle arrest in triple-negative breast
cancer cell line by bioinformatics. Methods The triple-negative breast cancer cell line, MDA-MB-468, was treated with
loongmycin for 48 and 72 h. The half inhibition concentration (ICs,) was calculated and the cell cycle was analyzed by flow
cytometry. The MDA-MB-468 cells treated with 0.8 pmol/L loongmycin for 48 h and the control cells without drug treatment
were selected for transcriptome sequencing. After the data were filtered by quality control, the differential gene expression
was analyzed using DESeq2 1.16.1 software. Gene Ontology and Kyoto Encyclopedia of Genes and Genomes functional
analyses and gene set enrichment analysis were performed. The protein-protein interaction network was analyzed by STRING
and the docking prediction was performed using AutoDock 1.5.6 software. Results The IC, values of MDA-MB-468 cells
intervened by loongmycin for 48 and 72 h were 2.733 and 0.866 pmol/L, respectively. The results of flow cytometry showed
that loongmycin arrested MDA-MB-468 cell line in G,/M phase after intervening for 48 h. A total of 1 764 differentially
expressed genes were screened after intervention with loongmycin. The differentially expressed genes were mainly located in
nuclear factor kappa B (NF-kB)-mediated tumor necrosis factor alpha (TNF-o) pathway and P53 pathway. G protein subunit
gamma 7 (GNG7), G protein subunit gamma 11 (GNG1I), C-X-C motif chemokine ligand 8 (CXCLS), adenylate cyclase
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2 (ADCY?2) and other genes may be the key nodes in the gene network of drug action. Loongmycin and DNA molecules,

topoisomerase, gene expression regulator (proteasome 20S subunit beta 5 [PSMB5 ] and SET domain containing histone

lysine methyltransferase 7 [ SETD7] ) had good combination and interaction functions. Conclusion Loongmycin has

similar functions to rebeccamycin; it exerts anti-tumor activity by binding with DNA molecules in DNA-topoisomerase [

complex; and it can also affect the expression of GNG7, GNG11, CXCL8, ADCY?2 and other genes by binding gene expression

regulatory proteins PSMB5 and SETD7, and eventually up-regulate NF-kB-mediated TNF-a pathway and P53 pathway,

leading to G,/M arrest in breast cancer cells, which plays an anti-tumor role.

[ Key words | loongmycin; rebeccamycin analogs; triple-negative breast neoplasms; cell cycle arrest
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Fig1 Structures of rebeccamycin (A) and loongmycin (B)
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Fig2 Effect of loongmycin on activity and cell cycle of human triple-negative breast cancer cell line MDA-MB-468 cells
A: Cell counting kit 8 assay results revealed that the cytotoxic activity showed a concentration dependent manner after 48 and 72
h of loongmycin treatment; B: Flow cytometry results revealed that loongmycin arrested MDA-MB-468 cells in G,/M phase, with
significant difference at 0.8 pmol/L (P<<0.05). n=3, x*s.
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Fig3 Differentially expressed genes of human triple-negative breast cancer cell line MDA-MB-468 cells

in loongmycin group compared with control group

A: Compared with the control group, there were 737 up-regulated genes and 1 027 down-regulated genes in the loongmycin group

(the vertical dashed lines indicate log,|[FC|=—1 or 1, and horizontal dashed line indicates P,;;=0.05); B: Heat map and clustering of

differentially expressed genes showed that the sample clustering conformed to the experimental design, and the differences between

groups are greater than the differences within the groups (_1, 2 and _3 represent different samples). P,q: P value adjusted for multiple

testing using Benjamini-Hochberg to estimate the false discovery rate; FC: Fold change.
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A: Down-regulated genes; B: Up-regulated genes. P,4: P value adjusted for multiple testing using Benjamini-Hochberg to estimate

the false discovery rate; GTPase: Guanosine triphosphatase; GABA: Gamma-aminobutyric acid; MHC: Major histocompatibility

complex; CXCR: C-X-C motif chemokine receptor.
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Fig5 KEGG enrichment analysis of differentially expressed genes

A: Down-regulated genes; B: Up-regulated genes. KEGG: Kyoto Encyclopedia of Genes and Genomes; P,;: P value adjusted for

multiple testing using Benjamini-Hochberg to estimate the false discovery rate; COA: Coenzyme A; GABA: Gamma-aminobutyric

acid; RAP1: Ras-related protein 1; TRP: Transient receptor potential; PI3K: Phosphatidylinositol 3-kinase; Akt: Protein kinase B;

ECM: Extracellular matrix; JAK: Janus kinase; STAT: Signal transducers and activators of transcription; TNF: Tumor necrosis factor;

IL-17: Interleukin 17.
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B 6 ZERRTIEEE GSEAHR
Fig 6 GSEA results of differentially expressed genes

A: Enrichment plot of hall mark TNF-a signaling via NF-kB; B: Enrichment plot of hall mark P53 pathway; C: Enrichment plot of

PSMBS target genes; D: Enrichment plot of SETD7 target genes. GSEA: Gene set enrichment analysis; TNF-o: Tumor necrosis factor

alpha; NF-xB: Nuclear factor kappa B; PSMBS5: Proteasome 20S subunit beta 5; SETD7: SET domain containing 7 histone lysine

methyltransferase.
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Fig 7 Rigid molecular docking of loongmycin or rebeccamycin with DNA, PSMBS5 and SETD7

PSMB5 - X

PSMBS: Proteasome 20S subunit beta 5; SETD7: SET domain containing 7 histone lysine methyltransferase.
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