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Anti-breast cancer mechanism of transcriptome analysis of ebracteolatain A
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Abstract: Objective To research the mechanism of ebracteolatain A against breast cancer cells, screening the genes with significant
changes using second-generation sequencing, and explore the anti-breast cancer mechanism of action of ebracteolatain A at the
transcriptomics level. Methods The acetyl phloroglucinol compound ebracteolatain A was extracted from Euphorbia ebracteolata,
interferencing with MCF7 cells (luminal A type of breast cancer cells) to observe differential gene expression between the interfered
cells and normal cells. High-throughput transcriptome sequencing and data analysis were performed on three groups of control groups
and three experimental groups using Illumina Hi-Seq sequencing technology. Results A total of 123 656 848, 123 974 262 available
reads were obtained in the control group and experimental group, respectively, the reads on the reference genome were 119 762 214,
119 881 622, respectively, accounting for 96.85% and 96.69% of the total; Two groups of transcriptome controls were available: the
total number of differential genes was 1 695, of which 770 were up-regulated, 925 were down-regulated, and 3 874 genes were clearly
annotated. Bio-enrichment analysis was carried out by using Gene Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes
(KEGG). GO analysis found that these 3 874 genes mainly involved in biological processes (1 270), cell composition (1 322) and
molecular function (1 282), 45 subcategories of three major categories, including cell growth and development, signaling protein

activity, membrane and regulation of gene expression. KEGG analysis revealed that the differentially expressed genes involved 263
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signaling pathways; The main metabolic pathways were: PI3K-Akt signaling pathway, MAPK signaling pathway, carbohydrate

metabolism, myocardial system and cellular reproductive system and etc. Conclusion The results showed that 1 695 differential genes

were screened and identified by Illumina Hi-Seq sequencing technology, and the relationship between the genes of ebracteolatain A and

MCF7 cells was further understood, which provided some theoretical cornerstones for breast cancer treatment.

Key words: ebracteolatain A; breast cancer; RNASeq; transcriptome; functional gene; metabolic pathway; [llumina Hi-Seq
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Table 2 Evaluation of transcriptome sequencing data

FEA FHUERH A reads IEHT S BREEE  JVk/5 A reads I J5 EUIEEL  reads UNZE /%  BIEUUNE% kS GC F /%

XTHE 139145182 21 008 909 801 123 656 848 18 632 072 837 88.87 88.68 51.33
SERY 139426050 21051017 061 123 974 262 18 679 920 240 88.91 88.73 52.17
=3 HRBABIEN Mapping ZERG 1T
Table 3 Mapping statistics of transcriptome sequencing data
HEA NS R e T IR S5 i ik K R AR 2 /% 5 THE S B HeHE R 32/ %
Xt 3 894 634 119 762 214 96.85 110 464 860 89.33
S5 4092 640 119 881 622 96.69 110 358 595 89.01
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Fig. 3 Genomic structure analysis
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it 0 327 64 i . e
extracellular matrix organization mE——————
positive regulation of gene expression EEEE—————— protein binding EEG—
negative regulation of cell proliferation p—— growth factor activity Q.
positive regulation of apoptotic process IEEE——— protein heterodimerization activity [EE——
protein hemodimerization activity p—

positive regulation of transcript from RNA polymerase II promoter I
positive regulation of reactive oxygen species metabolic process IR NA polymerase II core promoter proximal region sequence-specific DNA binding
s transcription factor activity involved in postivie regulation of transcription
MAP kinase tyrosine/serine/threonine phosphatase activity =

cytokine activity INEG_-—
extracellular matrix binding p—u—

response to organic cyclic compound
cellular response to lipopolysaccharide I—

activation of signaling protein activity involved in unfolded protein respone -

endoplasmic reticulum unfold protein response

positive regulation of smooth muscle cell proliferation —————— DNA binding, bending
inflammatory response |IEEE—— cytokine receptor activity |—u
response to drug IEEE—_—_—_— virus receptor activity N
) . aNgIOGENCsIs Imm— myosin light chain kinase activity |

multicellular organismal development I—— “lop . .
g alkaline phosphatase activity
M5y 0 3.6 12 identical protein binding —u
enzyme binding I

Cytoplasm p—
cell surface I
extracellular space p——
cytosol p—
axon p—
plasma membrane m————
cytoskeleton p—
focal adhesion p———m
extracellular vesicular exosome p—
basolateral plasma membrane m—
basement membrane m—
golgi membrane —
integral component of plasma membrane —
respiratory chain m——
extracellular region m——

9 GO MEEER 7 KE
Fig. 9 Classification map of GO functional annotation



<1012 3T

Chinese Traditional and Herbal Drugs

ES1% F48 202052 A

HE A SERIAE G IR, FEAMAT . 4AMER T
RSN A] SRR ORI 4 M
gy fE MF 7336, WEMEERPAEARESE .
ARKEFES). EEFUE ZRAENE . EE R
TRATEME . RNA RBAE 1 #0008 31 b X 387
HIRs Pt DNA 255 g2 550 IR
T \MAP BB IR/ 22 2R/ 7 2 B RIS PR 55
3.6 IhEEEHIEMEIE

GO ZIRMIEXR R KR B BN 2 R 2L N F 4
(1) GO term M HJZH R FR . MR RIE Dy 2% 573 A
GO BEMME RIEIBALE R IT, 7 X EE
TRAR, MEETHE DR ok .
R4 DA _E B2 M) GO, GO HIJZ IREEM, AHE
IR F 22 S FE R GO-analysis H 35 25 14 GO-term
(P<<0.01) WU REEATDIREMIZ /34T, HET)
REVTZ I 2% o (8] 10 D 2 25 1M Dy RE A 1 2 0R TE 5K &
Bl ARSI GO 3 KZEH ) MF gene term H i %
PEIE BT OIS S, N I A OC R A
KL GO-term —if@rr, FTHER R, TEER)
AFERFE AT EAECT RS DL AN B S

FREEZ MR R, FEARE: AHEKR. K
TR ORI TS . A7 T 2T B A R A B
()38 2 T] AR AR S 1Y) = AT TN AR
37 ESBREEERAXRESN

1 03B ) pathway term, #E(T/E 5 1@ B HH
R Z N LA, A8 B8 T 3 [R) T e R P 2 R 4 o
SR KA 11,
3.8 EEEEOM

TEAYMERN, AR DRAH B AT 1 A 7
UiRe, IR 0 M R R 2 e RIA R N 2
51 EEAAREIE R ANE 57K FiEE. KEGG
A K pathway 1) FEZAILHHE . Pathway W EMEE
T LA KEGG pathway A AL, B AR T LRSS,
R 22 e B DRUAE O T T R B ) B R I 3 AR )
pathway . 18I 2 3L R RIA 1) KEGG ThREIEREI 45
R, G322 RIBEERILW K 263 MG T # %

75 FEP KEGG &4 EUA K2 KEGG #4E7)
Mras R EREA R R TR, fEE 12 #, KEGG &
FEFEE AL E S HE K (rich factor). FDR Fl'&E £ 3
I % R AN Bk . P rich factor $5 7%

i rcoptrffoaing oty nogativ reguition o fiston, DA tompated posiive regutation offJffon spoptotcprocess
oo rocoptofffffnaing patnuay nogative roguiation of RNA polymara8iransacriptionsl preintation complex L
=
S T—
fesk / B S (SRR S—
SRR J— <
......... N W conscipfffom o oo aqun
5
,,,,, woriffecess
=
B oo 4
i A\ L | reguiates - o9
o 3 P — prance . S —— .
mr - : s i -
uuuuuu - o : g seom
o e > toll-ike mm.nan..g pathway ', roguiation M.:u: ovocess
st vom
RPN - N y
sosve g It rttrsson S — PR S—
Y >
s = PR I —— \e
...... st ot co ot O ——
e postve eiaion uscecol et OPTORI " Sp— N PSS S—
o8 depencdnt ot fffvor iratn o
yose-dns onaig pthay O TR So—
R T—
gmm i endoplasmic reticul m.mm ponse
(RPN S— -
respono ffffsve s g il
resvonfffocs
. F » / a8 s
. PO ——
oo e SR
7 B e stes efa
" rsponsa oo | ’
\ (R WA—
ol - S J—
(RN S——
/
U T—
s "
xtston fon srce PRS-~ m——
nagatvarguistionof eapffnsseF 4appa8 signaing ' poste resofcsrar csc a
N
posiuve eguisft ct migraon reguision [ffogenesis
R W— Y !
......
o e s - ST H——
! o ; \ :
™ - ol :
S i)
Y
¥ e et sTar s ookine mecsffffpratng sy
\
afffe
SRR p—
s [ prerstn ol

2k BRI AR R, AORRIZEFR R EE B, SORRZERDEEE TH (P<0.0D)

The label on the line represents the form of targeted regulation, red indicates that the function of the gene is significantly up-regulated, green indicates a

significant down regulation of the gene’s function (P < 0.01)

& 10

EEMREENBRRIHME X R

Fig. 10 Hierarchical tree diagram of significant function



)

Chinese Traditional and Herbal Drugs

HS1E F4a4H 202002 H * 1013 -

s
*
proases
@ 2
% A
S — b e
—
e iy veo s
Crohe @fosere
ot o vt co g ot g s
'R
" N
e - :
D R W—
\ | T e <
e eon @y |\ e ot ) by eviosprsmd aso
sypaonti coBpyapan i e ot s G by o N -
ok fcep s , Mocintype 0GB bearne:
pcr o
b -
onges st @ panirhrins) oyt @G
P s
”
R— —— Vi el Bt sngasion
i
O —" P
Rhourorncs e Ve i
ronyhs s lyts tgootor
- st acotem
» ¥
K P
— - ores@iaaisn
: .
Pyaijgfpesuoien P —
Praximal tubule n.a...m reclamation /
<, al .
bota Al fegsbolism aty sd s st

A RIZE TR E LW, SORE N, SRR T

Red represents the significant up-regulation of the signaling pathway, green represents down-regulation, and arrow represents the direction of targeted

regulation

1 BEFMHE

SRR KR ML

Fig. 11 Network diagram of significant signaling pathway relationship

top 20 of pathway enrichment

TNF signaling pathway -
cytokine-cytokine receptor interaction -
pathways in cancer 4

NF-kappa B signaling pathway <
transcriptional misregulation in cancer §
NOD-like B signaling pathway -
small cell lung cancer 4

p53 signaling pathway 4
hematopoietic cell lineage -

MAPK signaling pathway 1
legionellosis -

rheumatoid arthritis -

PI3K-Akt signaling pathway -

axon guidance A

bladder cancer -

ECM-receptor interaction -

osteoclast differentiation 4

focal adhesion -

hypertrophic cardiomyopathy (HCM) -

Pathway

arginine and proline metabolism {

o ¥
_ ' * 10
® 20
@ 30
@40
.50

Pia

DWhAU

& 12

020 024

rich factor

0.16

FSEBEEMEERN N

Fig. 12 Significant enrichment analysis of signaling pathway

FRIEW I K AL F1% pathway 25 H FIZEREH 5
B ERE B L R A F1% pathway 2% H 1 3L K] &
LA . FDR 2t 2 E gt b2 51 P
&, FDR WJHUETERE Y [0, 1], BEEHLT 0, FIR
BT . Pk T E LR E 1 20 2% pathway 1
BT En . B 12 24 TNF {5 Sl 40/

T-A R T2 AR EAE . BERIEE . NF-«B 15
S A IR S I NOD FESZ ARG 5 I K
NN AR ARG . pS3 15 TIEES . G MmN R
MAPK {55 @8 ZERRIES . FXET 2 IE 8
PI3K-Akt 15 5@ MR TR, s,
ECM-ZURAHEAEH . Mg difstt. &7, BE



<1014 * 'S X

Chinese Traditional and Herbal Drugs 35 51 % 25 4 3] 202042 A

BLOAUE (HCMD S A 2 B AN 22 B AU 2%
4 g

RER I AR I R 5 250 2 1) (R AH LG & DA
KAERALE], o B aTva @ . SR8 S UL
SR PR G IR R FEARHIEFE Y, R
T T AP EOR g A 07, AHE T
FEH MRORE R A VR FL 4H A P B9 4 T
FASIEER S BRI R . i e SR A A R gk
ITIRBERZIR M, Tk 1 695 M EA BEM
7 () e R DR DA R e A T R R A 25 L R 4 A
TSNS SRIUVED o> B Ao i 2k i 2o 3
P2 LR AT S @k B EEEE, 2hER
W, B S RE s HALTAE 5@ B AH B R N 4%
Hh ] SRR A7 IR % 32 B MAPK {5 518 8% 5515
FIE K PI3K-Akt 1551 % . NF-«B {5 ‘51 % . TNF
BOTIEEg . p53 {5 T IEE. MHET, TP bixik
TR PR A L s A R T A G

22 4 JF 5 AL S 1B (mitogen-activated protein
kinases, MAPK) {5 518, & —HiFbIR5FINL/
INRAIRE WG, EN12— RV AR E
SEIEHA TG T WA A izte S, B4
BEVZAEIER, WIRAE. . ik R
MR AR ), e sk L UK B, MAPK
fE5 @S B, RESLIRAS, FLIER
T AR HER N, RN, SETsS
HIZMBESIEGE 5 380, MEASETEAE
A, XA BRI A A SR TR AR,
M5 5 FiA, 2 S5 A4S &1 A g i,
RS SE, ROS B N{E 4N pRE -2, B ARt
WIEE 3-BE (PI3Ks) EHEXES S40MEE . 77
Ao TN R e e 5 2 B A B T e ) U T
PI3K 3% M A N 5 2 R AR50 JE Ak
Akt I BEER AL 2 PP SO AT L S R S5 N U A
+, HEmIATT MR YIRE, Akt I R FEZ FIEAE
XTER R H AT B AT R DU TR . Akt 1@
o 1B il (IKKoD, 530 NF-«xB 115 kB
(IR AR, MITIAE NF-xB MR 5T AR T80 R34 T 1%
BT, R LRI DR TR A R D Akt
REZ2 BRI pS3 45& 8 MDM2 50 p53 HE L,
WBERRALIY) MDM2 AR S ps3 454, B4
p53 £ A BT SR 7E 30 i ps3 3
M5 MR RESETIERER, S 5400
WM R DNA 2P0, DA S 45 ]

PURIL, p53 15 5 Mg Fif, RUESRRA S,
U A p53 2 5HE B L, [[
B SET AR 5 AR AR R AR AR T = 75
PERAE S A T, IS TNF 324055,
AR S e sy 2 2 A AN AR A B 4 2R

RS, 72 HIROGERER A IR T FU w40 i )

P, AR RS R R AR iR

MBERF VI, XA T KA R A

3 TRVRAE fORSL T VSR, RN 1 7R A A

&k

[1] Feng R M, Zong Y N, Cao S M, et al. Current cancer
situation in China: Good or bad news from the 2018
Global Cancer Statistics? [J]. Null, 2019, 39(1): 22.

[2] Rivera-Franco M M, Leon-Rodriguez E. Delays in breast
cancer detection and treatment in developing countries
[J]. Breast Cancer Basic Clin Res, 2018, doi:
10.1177/1178223417752677.

31 FIHE, ¥ IE, Mook MMP-1 78 7L i # b i
ER® LR [J]. BIERIREEZR, 2018, 39(12):
125-129.

[4] A&, B XML, 5. S PR ADSEEIGARRA
HPHRDT [J]. ERMEIGIESAEE, 2018, 39(20): 2514-2517.

[5] Nazir S U, Kumar R, Singh A, et al. Breast cancer
invasion and progression by MMP-9 through Ets-1
transcription factor [J]. Gene, 2019, 716: 144013.

[6] Bray F, Ferlay J, Soerjomataram I, et al. Global cancer
statistics 2018: GLOBOCAN estimates of incidence and
mortality worldwide for 36 cancers in 185 countries [J].
CA: Cancer J Clin, 2018, 68(6): 394-424.

(71 & = FUBREALE T E RRATIRG AR RAE [1].
e IE 24 &, 2013, 23(8): 561-569.

[8] Bubnovskaya L, Kovelskaya A, Gumenyuk L, et al.
Disseminated tumor cells in bone marrow of gastric
cancer patients: Correlation with tumor hypoxia and
clinical relevance [J]. J Oncol, 2014, 2014: 582140.

[91 Nounou M I, ElAmrawy F, Ahmed N, et al. Breast
cancer: Conventional diagnosis and treatment modalities
and recent patents and technologies [J]. Breast Cancer:
Basic Clin Res, 2015, 9(Suppl 2): 17-34.

[10] 2 fh, ¥ & Z%7%. HER2 BHMEAIREIRTT 49
fih 2 Bk B 25 BL A BT — AREE [ 25 o (0],
b E IR R 25 22 44 78, 2014, 30(1): 48-51.

[11] BRhBEZ R 2 RE I (M), Ry RigRbAs
AR, 1977.

[12] 2 35, W00, K30k, 5 h2iREi s lin 545
BAERIBER (3], MAERFERZY, 2017, 10(8): 1027-1032.

[13] A& . HBRKSALERD MWL [D]. KEF: HMARK



)

Chinese Traditional and Herbal Drugs

HS1E F4a4H 202002 H * 1015

[15]

[16]

[19]

[21]

[23]

[24]

[25]

[26]

[27]

[28]

%, 2009.

NGER, B0, PR, ARSI (1]
R EFZG A&, 1999, 24(4): 34-35.

G, R, K&PHE. BRI B AT 5T
[3]. FE KR, 2003, 34(4): 87-89.

BREsE. AR H RO AE 25220 70 [D]. WFrd: LR
HER 25K, 2009.

P, o, EA, & ARKEER A Sl ke
WPE (0], 3 S FE BRI, 2018, 39(7): 765-769.
Tirosh I, Izar B, Prakadan S M, er al. Dissecting the
multicellular ecosystem of metastatic melanoma by
single-cell RNA-seq [J]. Science, 2016, 352(6282): 189-196.
Puram S V, Tirosh I, Parikh A S, et al. Single-cell
transcriptomic analysis of primary and metastatic tumor
ecosystems in head and neck cancer [J]. Cell, 2017,
171(7): 1611-1624.

Lambrechts D, Wauters E, Boeckx B, er al. Phenotype
the lung tumor
microenvironment [J]. Nat Med, 2018, 24(8): 1277-1289.
Zepp, J A, Zacharias W J, Frank D B, et al. Distinct

mesenchymal lineages and niches promote epithelial

molding of stromal cells in

self-renewal and myofibrogenesis in the lung [J]. Cell,
2017, 170(6): 1134-1148.

Boyle E I, Weng S, Gollub J, et al. GO: TermFinder-open
source software for accessing Gene Ontology information
and finding significantly enriched Gene Ontology terms
associated with a list of genes [J]. Bioinformatics, 2004,
20(18): 3710-3715.

Du J, Yuan Z, Ma Z, et al. KEGG-PATH: Kyoto
encyclopedia of genes and genomes-based pathway
analysis using a path analysis model [J]. Mo/ Biosystems,
2014, 10(9): 2441-2447.

Basu P, Cai T T, Das K, et al. Weighted false discovery
rate control in large-scale multiple testing [J]. J Am Stat
Assoc, 2018, 113(523): 1172-1183.

El Zaoui I, Bucher M, Rimoldi D, et al. Conjunctival
melanoma targeted therapy: MAPK and PI3K/mTOR
pathways inhibition [J]. Invest Ophthalmol Visual Sci,
2019, 60(7): 2764-2772.

Lecourieux D, Ranjeva R, Pugin A. Calcium in plant
defence-signalling pathways [J]. New Phytolt, 2006,
171(2): 249-269.

Li Z, Shi J, Hu D, et al. A polysaccharide found in
Dendrobium nobile Lindl stimulates calcium signaling
pathway and enhances tobacco defense against TMV [J].
Int J Biol Macromol, 2019, 137: 1286-1297.

Aksoy E, Saveanu L. The isoform selective roles of

PI3Ks in dendritic cell biology and function [J]. Front

[29]

[30]

[32]

[33]

[40]

Immunol, 2018, doi: 10.3389/fimmu.2018.02574.
Narayanankutty A. PI3K/Akt/mTOR pathway as a
therapeutic target for colorectal cancer: A review of
preclinical and clinical evidence [J]. Curr Drug Targets,
2019, doi: 10.2174/156800909789271521.

Noorolyai S, Shajari N, Baghbani E, et al. The relation
between PI3K/AKT signalling pathway and cancer [J].
Gene, 2019, doi: 10.1016/j.gene.2019.02.076.

Zeng C X, Fu S B, Feng W S, et al. TCF19 enhances cell
proliferation in hepatocellular carcinoma by activating the
ATK/FOXO1 signaling pathway [J]. Neoplasma, 2019,
66(1): 46-53.

Liu HY, Zhang Y Y, Zhu B L, et al. MiR-203a-3p
regulates the biological behaviors of ovarian cancer cells
through mediating the Akt/GSK-3[/Snail
pathway by targeting ATM [J]. J Ovar Res, 2019, doi:
10.1186/s13048-019-0532-2.

Hao Y, Liu J, Wang Z, et al. Piceatannol protects human

signaling

retinal pigment epithelial cells against hydrogen peroxide

induced oxidative stress and apoptosis through
modulating PI3K/Akt signaling pathway [J]. Nutrients,
2019, doi: 10.3390/nu11071515.

Hay J, Gilroy K, Huser C, et al. Collaboration of MYC
and RUNX2 in lymphoma simulates T-cell receptor
signaling and attenuates p53 pathway activity [J]. J Cell
Biochem, 2019, 120: 18332-18345.

Ma Z, Guo D, Wang Q, et al. Lgr5-mediated p53
through PDCDS
resistance in hepatocellular carcinoma [J]. Theranostics,
2019, 9(10): 2967-2983.

Gao Y, Yin H, Zhang Y, et al. Dexmedetomidine protects

Repression leads to doxorubicin

hippocampal neurons against hypoxia/reoxygenation-

induced apoptosis through activation HIF-1o/p53
signaling [J]. Life Sci, 2019, 232: 116611.

Yu J, Wang S, Zhang Y, et al. TRIM67 activates p53 to
suppress colorectal cancer initiation and progression [J].
Cancer Res, 2019, 79(16): 4086—4098.

Wang J, Wang C, Yu H, et al. Bacterial quorum sensing
signal IQS induces host cell apoptosis by targeting
POT1-p53 signalling pathway [J]. Cell Microbiol, 2019,
21(10): e13076.

Zhao W, Li H, Tang Y, et al. Fluorometric determination
of the p53 cancer gene using strand displacement
amplification on gold nanoparticles [J]. Mikrochim Acta,
2019, 186(8): 517.

Di Agostino S, Fontemaggi G, Strano S, ef al. Targeting
mutant p53 in cancer: The latest insights [J]. J Exper Clin

Cancer Res: CR, 2019, 38(1): 290.



