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WE: BH B THRDOREE (BDE-209) Xf/INRUE 80 KRR AR A/ . A OCIE R RAF S m B isgm . ik 40 K
W CSTBL/6 /1N RN BS AMI Bz R e/ BUE S0 U4 41, a7 /N BUE SU% 2 F R, BENL A3 0 & 70 i 4l
(500 mg/kg) . 4 (100 mg/kg) . MRFNEL (20 mg/kg) FINTIRAL (EKM), K FHMEE 972045 T4 R 40
BDE-209 8¢ FoKi . 21 dJGHUEZ PRAEREAHEY, SR e il i Sk 4 R 4307 B2 P AR 1 22 b B W, Rkt T
FENAEIE (GO) TIFEHERMGUARREN SHNA T REH (KEGG) FHEIMr; R STRING $idfs 7 w4728 A I AR A
T, IR SCHEIEIN 5 SR A SEHT U AE B PCR YA AE CHEFE N mRNA AL, SR SXHEAL. Rl Halt
ZHAHLE, BDE-209 1= 7 & 41/ BUS U8 B T AR T i R B (33 P<0.05) . $estdlilpas R mon, Sx i,
FAlEA 2 011N SERHE S L, 1 165 PR T IH; hiflm A 960 N 3EH 3k L, 357 M3 FR T IH; G
w1 537 MRS LE, 262 N FEFEIE R (3 P<0.05); GORIKEGG &4 RER, miflmdl 25 Rkt
HELEETAMEL ., NODFEZIRES M, PilmgleR AN TR FETAMEL ., MHE-F-4iHE-F2Z
RIA AR RS ARG 25 5 3R A B 2w AR THUR M b IR 23 . AMAFIEE M S0 S B 45 . X IR4IAE L,
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Effects of decabromodiphenyl ether on genes and signaling pathways related

to subcutaneous transplanted tumors of cervical cancer in mice
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Abstract: Objective To investigate the effects of decabromodiphenyl ether (BDE-209) on the size of subcutaneous
transplanted tumors, related genes and signaling pathways of cervical cancer in mice. Methods Forty female C57BL/6
mice were subcutaneously inoculated with mouse cervical carcinoma Ul4 cells in the lateral axilla to establish a mouse
subcutaneous transplanted tumor model. These mice were randomly divided into a high—dose group (500 mg/kg), a medi-
um—dose group (100 mg/kg), a low—dose group (20 mg/kg) and a control group (corn oil), and were exposed to BDE-
209 or corn oil by gavage. Subcutaneous transplanted tumor tissue was taken after 21 days of BDE-209 poisoning, and
the differentially expressed genes in the subcutaneous transplanted tumors of cervical cancer among the four groups

were analyzed by high—throughput transcriptome sequencing and were subjected to Gene Ontology (GO) annotations and
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Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway analysis. Protein—protein interactions (PPI) were analyzed
using the STRING database, and the mRNA expression of hub genes was determined by real-time fluorescence poly-
merase chain reaction. Results Compared with the control group, low—dose group and medium-dose group, the mass of
subcutaneous transplanted tumors in the high—dose group was decreased (all P<0.05). Transcriptome sequencing results
showed that compared with the control group, 2 011 genes were up-regulated and 1 165 genes were down-regulated in
the high—dose group; 960 genes were up-regulated and 357 genes were down-regulated in the medium—dose group; 537
genes were up-regulated and 262 genes were down-regulated in the low—dose group (all P<0.05). GO and KEGG analy-
sis showed that the differentially expressed genes in the high—dose group were mainly involved in cell chemotaxis and
NOD-like receptor signaling pathway; the differentially expressed genes in the medium-dose group were mainly involved
in cell chemotaxis and cytokine—cytokine receptor interactions; and the differentially expressed genes in the medium—
dose group were mainly involved in processing and presentation of antigens, and the signaling pathways of the comple-
ment and coagulation cascades. Compared with the control group, the mRNA expression of TLR2, MMP9, IL-6, Fos,
and TNF was up-regulated in the high—dose group (all P<0.05). Conclusion High—dose BDE-209 may affect Toll-like
receptors, NOD-like receptors, and other immune and inflammatory-related signaling pathways and cancer-related genes,
leading to a decrease in the mass of subcutaneous transplanted cervical cancer tumors in mice.
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AR Y, PRI B T AR B9 BDE-209, X
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1.1 LB HKA

W 2HE (3E[E Thermo Fisher 23F]) 5 Zfus:
748 (32 Thermo Fisher 23H]); 535 HUA R 2O
ML (#5815 Eppendorf 2AH]); #SHEIL (52E Son-
ics AW]); M (3EE Thermo AH]); SLHfE
PCR ¥ (5[ Applied Biosystems 22 ) ), RNA $#2Ht
HAE (e XEEWHARGRAF]); b
& . RT-PCR il & (HA TaKaRa 2AH]); a4k
M . BERRERZE s (PBS) . JREZ IR . mpEsE
TSR AEME G R/AE R RIEW (EEEN YR
AIRATRD; TR, 4k 98% 1) BDE-209 (H

E B e AR AR 4% ZRHEE (L
HiatEYRH A,
1.2 Z¥akssd

NV TR UL4 bk, WASEEM (L)
YR B EBRA R, Ul4 400 DMEM (=8
SERRFRI (F 10% MRS 1% B8 E4AERR
VW), T 37 C. 5%CO.. 95% HFAXT I Y 20 it 15
FeB SR, 40 HEME SPF 9% C57BL/6 /MR, 4~6 JE
W%, KT 14~16 g, HAFTIRERIREIYSLE T
PEAE, SRS AT IE . SYXK () 2023-
0004, S50 Fr /N BUE N PR 3R 1 JE, R SRR N
20~26 °C, MXHEEE N 40% ~70%, KRB KW KE
25 12 ho AT IE 1 Hr 8 R R KA S50 sh e B
Fosmigdy (IACUC-20230321-41)
1.3 Fik
1.3.1  /NEUE S0 B2 N B AT AR R A 3T

BOECAE KT U4 20080, BRI 1L 20 5 57
B, AR K E BN, AN N 1x107
AmLo B H/NRIE RS 0.5 mL 40 B, ff/
BRI 0 2 R AR B iR A T I K AR AR, 1240 3 WA,
5 mL JCTR S s A ECELBE BUE K, AR BER K IR AR 4
MU BE Ry 2x107/mL. 2R R, /INRATII s M
BT RS, TR Ul4 40HE0K 0.1 mL,
BN /N RV SRR B SRR, FERD 5 d R AT
Fb BRI M, AR R A ST )
1.3.2 SR 2H S Ab 3R

TERR I/ NI A 4 2. RHIRA (EAKm) .
rAliEEge (500 mg/kg) . PRI (100 mg/kg) FIK
FEH (20 mg/kg) . A/ DNRIEEE 10 g REWEH 4



< 274 - G EE 2R 202443 H 25 36 555 3 1Y)

China Prev Med J, Mar. 2024, Vol. 36, No.3

F 0.1 mL F KM BDE-209, L5 21 d, 256
G, NEBHEDL ST, FHIRFL5Y 73 2 B S
B2 AR, FREJFICS . A4 3 HUNRUE
TR AR A R T TR s Iy, HeR /N R
TR 4% ZRPEERE, #H1T HE Jef;
7P A E RIS ¥ 2 -80 CukAE, HTE
BN
1.3.3 i s s 20 P 43

HI U AR BOERH AR A7 PR W3 B s 2H I
JelRss, AU4GE RNA SISk . SO N EAL
M B B B A5 N2 25 BE IR 20 L S5 AR 15 B
AT, I EAE S P AE L 1P (hitps://magic.novo-
gene.com) 58, K] DEGseq2 A, BOE BIME A :
Padj<0.05, llogFClI=0.5, ik 457 & 2H 5 XJ B 4 /)N
BB SRR BT R AR A AU 25 S R AR R . R
clusterProfiler 1 X} 25 57 5 [ 48 i A7 J A (K 18
(Gene Ontology, GO) PJREH: R AN GTHIHE A 5 A Z4H
HA2T (Kyoto Encyclopedia of Genes and Genomes,
KEGG) ®HE51HT.
1.3.4 25 FUAHEAR 2648t K S BHRE PR i ik

K STRING %4 )% (http://string—db.org ) AR

SR A EAE M2 (protein—protein interac-

tion, PPL), T fifpdik Al [A) 2 A5 A 7EAH B ] B H % 1)
PRI . SRH] degree Bk HEER A HEA T 10
I CEEIE (Hub genes) o
1.3.5  SCHESREINYGIIE

SR A G R R 3 S, 9 A4 R
YA L RNA $2 B0 & 52 B0 BUE S0 B2 T 7
HRAZUE RNA, Jesgly DNA . R SERF 2
FE i PCR 2 CHERL ] mRNA 7E4 4 /N T 7%
ML YR, B bl P45 Ry ) S, 974
Ak WAEVE 95 °C, 30s; PCR fR¥F, 95 CARHE,
5s, BAKIRE 60 °C, 34's, 40 KHAH . FAFEGE
3, LA GAPDH JNZ, DL 2793158 mRNA Y
XTIk, SR Primer 5 PTG, Fr
Aol By TRARA G, 519751
=1,
1.4 Gitor

K SPSS 21.0 G530, A i BRI IE
BRI R brE R (wxs) IA, IR
RIBRPR R T 25001, P BRI Tukey #5560
AN RN TE 285 53 A 1 5% AT L ZCR Y o s Bl B (v
(Qr) 1 Hd, dHE Bk Kruskal-Wallis H K556
5 K AE @=0.05.

x1 BEHGIYFY)
Table 1 Sequence of primers for real-time fluorescence

quantitative PCR reaction

FEH S1Fsl (57 =37 )
TLR2 F: TCCCAGATGCITCGTTGTTCCC
R: AGTGGTTGTCGCCTGCTCC
HSP90AAL F: ATCACGAAGCATAACGACGATGAG
R: TAACCTTTGTTCCACGACCCATTG
HSP90AB1 F: TGGCTGAGGACAAGGAGAACTAC
R: GAGAGGCGGCGTCGGITAG
Fos F: CGTCTTCCTTTGTCTTCACCTACC
R: GCTGCIGCTGCCCTTTCG
TNF F: CACGCTCTTCTGTCTACTGAACTTC
R: CTTGGTGGTTTGTGTGAGTGTGAGG
1L-6 F: ACTTCCATCCAGTTGCCTTCTTGG
R: AGGTCTGTTGGGAGTGGTATCCTC
MMP9 F: CCTGTGTGTTCCCGTTCATCTTTG
R: TTATCCTGGTCATAGTTGGCTGTGG
HCK F: CAAGAGTGAAGAAGGCAGCAAGC
R: CTCAGGTCTCGGTGGATGTAGTTC
CDK1 F: CGAGGTAGTGACGCTGTGGTAC
R: TCTCTGAGTCCCGTGGAAAAG
GAPDH F: ACATCAAGAAGGTGGTGAAGC
R: AAGGTGGAAGAGTCGGAGTTG
2 & R

21 THRE THAMBENEIENERE

40 HUNBURZ FHERD U4 4RMEW 5 d )5, ]
PRI P B, 22 HE Y UES2 R (R 01k i
i, WERENEE 100%, SCERIE/NRIRE . i BhIE
H,OXTHRA 1 HUNRUR B2 T RS AR B v AT,
A /N AR DL S RE R AMARAE . X BRAL . K5
A v A R R 2N U R R R R T M
(Qx) 4% %/ 022 (0.14) . 0.19 (021) . 0.20
(0.14) . 0.10 (0.60) g, ZRAZKIT¥E X (H=
10.309, P=0.016), Wi tLE R, SXFHRA . K
WA, AL, R AN R T RS A R T
BT (3 P<0.05),

2.2 EHEE T MG AL TN AT
221 ZRRIRFLHTHBEL,

& PIREAS 22 ST R 5 A 5 e S AL A B (A A G
PR, SXTRAMELL, ®mAEAA 3176 M EFE
I, Hod 2 011 ANIEEEER B, 1165 43
AT, hRIEAA 1317 MESFRBEA, H
H 960 MNEERIF IR iR, 357 MR FEIE M K5
WA 799 NEFRBEN, Hrp 537 AN JEFE RS
A, 262 MEEKHFRINTIE (3 P<0.05).
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GO TWREERLE R /R, SXTAMEL, mila
2H 25 SRR N EEUE AR T AL . TR RAE
N RAEMAE G, PRl a2 R Rk LN &
BUE AT ANMEA . AR AN AR | SZ AR T R
A IR A 22 S R B IR B AR TR G kb
MR, MHC EEE A R I8 5 57006 2 5%
KEGG & HEnrai e an, SXTRAML, &SflE
2R FIR RN R T -4 A 1
ZARMEAER . NOD FEZIR(E S . Toll FE3Z 14
{5530 B F1 PI3BK-Akt {555 iK%, hHEHES
FEIRFEN E A T U 40 M N 7 52 PR AR LA
FH . Z0MOELR 4> T F0 PPAR {5 530 PR 45, RHI B4
255N BB L T AMAFIGE M 2K . 40z
B o745
2.3 X4EARRLRLER

R R A HE AT 10 Y C R . Fos.

HSP90AA1. TNF. RACGAP1. CDK1. HSP90ABI .
MYC, IL-6. YES1 F1 TLR2; Fh#HEAHHEZET 10 1Y
POk et . TGFB1. CSFLR. YESI. CPSI,
HSP90AA1, MMP2. KNG1. Fos. CDHI F1 MMP9;
50 2 HE 4 T 10 A CEEBE Y . CTSS. NCF2,
HSP90AA1. TYROBP, NCF4, YESI, HCK. ACACA .
ITAGX #1 CSFIR,
2.4 XHEHA B mRNA Rk 4R

X RALA H, K57 & 4] HSP9OAB1, CDKI1 .,
HCK, "4 40 TLR2, CDKI, IL-6, HCK, Fos Fl
BRI TLR2. MMP9, IL-6. Fos, DIJ2#% 52
TNF ) mRNA F£iA¥) FiE; S5GFEAML, &l
i 20 HSP9OAA1, HSP9OABI A1 CDK1 f) mRNA &
RETNM; SR e, &fE4 HSPI0ABL
F1 CDK1 ) mRNA FA¥TFIH (P<0.05), L)L FIEH
mRNA FHXTFRI5 i A8 A5 5 S 2 PP 45 SR B A — B
W2 2,

xR 2 BUHCHEEFM mRNA AR
Table 2 Relative mRNA expression of hub genes in each group

AL YRR jisnlErei: | Lalie| el FIHAE P{E
HSP90AA1 1.05+0.39 1.50+0.82 1.19+0.76 0.39+0.31% 3.572 0.032
HSP90AB1 1.0120.11 3.32+1.917 2.47+1.51 0.48+0.45%% 6.698 0.003
TLR2 1.24+0.74 2.56+1.30 4.40+2.55"Y 4.40£1.19% 5.644 0.006
CDK1 1.02+0.20 2.53+0.71% 2.06+0.99" 0.91+0.32%% 9.331 <0.001
MMP9 1.01 (0.14) 038 (1.32) 134 (2.21) 354 (1.54) © 8.382 0.039
1L-6 1.77 (1.68) 291 (5.11) 12.02 (10.90) @ 555 (4.61) 7 10.264 0.016
HCK 0.93 (0.35) 8.75 (5.53) @ 10.07 (3.71) @ 1.82 (5.62) 11.713 0.008
Fos 1.00 (0.19) 1.68  (0.66) 235 (1.88) 7 298 (1.79) © 10.147 0.017
TNF 0.76 (1.44) 8.41 (18.16) @ 9.56 (12.11) @ 4.17 (11.07) @ 14.749 0.002

4:: HSP9OAA1, HSP9OABI. TLR2F1CDKI mRNA AHXJF ik E R B bR 2 (xks) ik, A1) LSRR Iy 22500 [F51 HAb gL
[ mRNA AR ek R A R A BORID A 8RB (M (Qr) ] ik, 2] FLER H Kruskal-Wallis HASE . V3R 50 B4 LA P<0.05; 3RS

{RFIE2H L4 P<0.05; “FR 5l E4 i P<0.05,

SCEAE R BN, EFE BDE-209 RS, /MR
EHUE R N I N 2 T ANER G BDE-
209, KRR BT R/ NVRE U AL, SHAMAE SRS
B, ATRES T A BN A L
RIE— 7 (700 3 L N AR B % ks 7 FR itk
HEMAHEFT 500 mg/kg ) BDE-209 #5571 ] fg
X/ — R R B ST RN, IR B T
R it TR

GO YIfeiER: . KEGG & A, SXIEA
I, #REA 2R RAENFEEET 2N 0B L
RAEACF S, Hrh NOD FEAZ RS S AH

IR e A R DG RRIR T ), I NOD 23 g 1)
RO Toll REAZ RS EAZ AR, FESE R ME R
Mo PR CEAE R, RS OL R Toll FE3Z1A 2 {2 ik
e A A e ki, AELTED X R A5 SR s 2
WOR AT GRS, FTRALARXT e (it 32 12 AEA
s, mREA/NRE T R T TR, TR
BDE-209 X i S A& AE AH AT 538 B 0, 52
Fe T AR S e OSSR A K S B
HSPOO J2 45 Fi o e & FE i A2 k7], HSP9O 2
NS R IEEMER . HCK TERE4NE AT B ik
CLANAE AR A AR R ik, S HCK A] 420 il s 41
M AR Y SR BN, SXTIRAH L, R
) HSPOOAB1, HCK 25k R ik L, (H &7
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TR BT, PR BRI B S
TR A ARV, (EAHERR A e sok iy ]
fE. It UE CEE L] mRNA Fik45 5 & 3 BDE-
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F LA TG — 2P ik

25 R, Al BDE-209 A] BERIEL Toll K57
T NOD A2 4 55 G 28 e 9 i AH A7 -5 38 i A %
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