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Abstract; Glioblastoma (GBM) is the most common malignant brain tumor which has high recurrence and mortal-
ity rate. Cyclooxygenase 2 (COX2) is not expressed under normal physiological conditions, but the continuously
high expression of COX2 is common in various malignant tumors and precancerous states. COX2 is involved in
many tumors’ physiological activities, such as angiogenesis, immunosuppression, migration invasion, and chemo-
therapy resistance. As primary carcinogen, the research about dioxin on glioblastoma occurrence and development
is very limited. This study is aimed to investigate the effect and mechanism of dioxin on the expression of COX2
gene and its subsequent effects on glioblastoma. We investigated the effect of dioxin on COX2 gene expression in
glioblastoma U87 cells and the role of aryl hydrocarbon receptor (AhR). Through in vitro cell experiments, the
most toxic dioxin, 2,3,7,8-dibenzo-p-dioxin (TCDD), was used as a representative pollutant to explore whether
dioxin can change the expression of COX2 gene through the classical AhR pathway in U87 cell. Finally, transcrip-
tome sequencing was used to further explore the biological role of COX2 in U87 cells after TCDD treatment. The
experimental results showed that TCDD could upregulate the expression of COX2 gene in U87 cells in an AhR-de-
pendent manner and had significant time-dependent and dose-dependent effects. The results of transcriptome analy-
sis showed that TCDD exposure significantly altered cell adhesion, extracellular stimulation detection, and mem-
brane transport pathways in U87 cells, and COX2 perhaps participate in the change of U87 by affecting lipid for-
mation and maintaining inflammatory response. Through further interaction analysis, we found that COX2 gene
was associated with IL1B and CYP2EI. This study supplements the possible mechanism and influence of TCDD
upregulating COX2 expression in U87 cells, and provides more details for future researches on the cancer promo-
ting effect of dioxins.

Keywords: dioxin (TCDD); glioblastoma (U87 cell); cyclooxygenase 2 (COX2); transcriptome analysis; aryl hy-
drocarbon receptor (AhR)

Ji& BBk 441 it 928 (glioblastoma, GBM) g % 4 7 i
o AR IR Y o RN TR A PR 1Y) 70% |, A
T DL A P B R GBML e YR T ik 5 i
YA 28 T B I SO 4 L, A8 5 J i R R R TR
PR EVAEAEIIC 16 ~21 A~ AP HobrifEiayy F B
— M ALFE T AR VIR AR AR TT , SR 100 BT GBM (19 7%
B, ok o F ARV R 2w at, S8 U a F
BOICHAAE, GBM ME L FMET R EEA T, 3
A T 2(cyclooxygenase 2, COX2)REMEALAE A DU 4
fi% (arachidonic acid, AA)¥E AL A7) Bif 2 (prostaglan-
din, PG), A% 3L K Ky PTGS2, COX2 TEIF # A= 33
FMFTILTARA  HEASNE 2P E
W, 25 RAE J N -8 1155 T B 8] 7E i A e 5
YUMLAFIG DM S LAY RS Rk 1Y COX2
LT RO R M IR i GBM® B
FECO e BUERET 45 IS 518 2 Mo AR BT B,
A B S i SERARZE A AR T HRPTAEE

F5 I % I (aryl hydrocarbon receptor, AhR )i
IR T TRER AL A AR R S AR e
ARBE O LA RN SR 55 B AN Re AR rh i &
KEZMMA AN, ZRERDIEARMIE RS AR 45

A5 Bets B3 FIRLL CYPIAI F1 CYPIBI Rt
(1) PA50 Mg SCIE , -5 W i 22 R I e s Rk gk i
HHURLS M AEFIThEEZETL, AhR 25 COX2 Kik
JE¥E B A ZFP R rh R SE  {H ARR 5 COX2 2 [
) RAEEAYL . 16 GBM 1, COX2 Rtk
A NATFI AR 2 E2(PGE2)fE #F e v AhR PP
BFIFRIE LR, R S bR e g et IR
R AN IR T, ARR 3807 3,37 - Bk HHE GE 3,
3’ -diindolylmethane, DIM)fig 2 [ fik COX2/PGE2 &
TR B 230 e A b 1 1) 7 o 2 A ek % 9 A
R EFLARJE H , ARR TG B AR T 40 B R T A
#E F1(B-cell lymphoma 2, BCL2),COX2 I 4fl i b
A 1 SRY & % 5t [H ¥ 4 (SRY-box transcription
factor 4, SOX4) Y FKIEIKF-, FF L L HEIG I 1 e
TR PS3 ERIA (R e A L R T AE IR N A S
65 v YT B ) 7L B e A e

KA WFFE A T A5 R P9 S0 SE B0 B — 1
Y25 PR ) A R RN R AR R A
ST O AR — e B I 238 n L 78 500 24 %
P AR ZE N P A B A G IR o et e, T
IRRLZE N oA i 28 2R e 08 78 B Al v B, g



55 4 1) SLRE SE - TCDD X JE 5k 240 MR Hh R 405 Tl 2 5 D SRR (952 e R A 1 24 243

B ELAE DA P o3 U6 R B8 0 B R TAE, 2E T 5 R A
ZRGKRE W MUK ZESL, (R ) R Ak
JPY ) CRERRIG e A A i, Rk,
ACREWD 42 fih R 24 B A 22 22 fib e 245 5 )L 36 i g
He 2 [ AFEAE I, 2.3,7 8- 4 ) -p- (23,7 8-
tetrachlorodibenzo-p-dioxin, TCDD) % #& 43 5 8L 14K
M2 RS L E %, B TCDD Al It AhR B
SN W RGN DI RESE Y, 5 B HESh PP 4 R 50
R 22 T8 DA RS T 20 B A B A A AT R
W 2 ML AE AR FHFE A5 AhR 78 GBM Fhk 3k JF
Wi Jiz o e 2 1 R B v AR A INBY L 7E GBM
PN P 4 K IR 2 iR (kynurenine, Kyn) BE i i 3 7%
AR FETTAE e 15 58 A 45 e g 1 4 i 1 1 1 LA
FARHESPEID ] AL 1, (0 2R -2,3 - U 4 il
(tryptophan-2,3-dioxygenase, TDO) I AhR 177 3 [A
185 GBM HEEE R AR A AR A X, =
WEHCRELL AhR A48 10 77 205 COX2 1 ZFpe 4t
HR IS, QAT e 4 ™ 5 N R A AP 3 i T
AR LA S N il 4 B F ZRE A A S
GBM &4 K Jé Z A1 i) & R AT Rt — AR ST
AR B FEPR ST ZWE S e 1538 0 5 e 5T B4
JasRs U8T Aufifirh COX2 my i ik imi 4l E i ed 2 Jié .
M ARAIN A S92 56, DL M i ) R 2,3,7,8-
TCDD AR5 e, B — W& 95 YL ) g 45 38
2 M) AhR G A UST A h SR T i cox2
LD R A 1 1 A2 A 38 i sk D I i — 20 g
COX2 7£ TCDD # % J5 U87 #fi Jitl v 25 JJj 1) A= B i
A ABFRA BT X ZREYAE GBM & &
AR AL E A AT, B AhR 783X —ad #2
VEFFZ R A0 T W D se B N, OF A 4 i o
Peg AR DG T it — 26 2225 S LA AR iy
BT 2 R BT R 25 ) R R Sy

1 ##57 % (Materials and methods)
1.1 frgk

N 5B 41 988 40 L 2R UST7 I A v ] B 2= R
SRR AR Ly . DMEM 85353 025% JERE 75
HRAEGER AN A Gibeo 287 ; L
W (dimethyl sulfoxide, DMSO; £li i 99.9% )y H Sig-
ma A ,2,3,7,8- 2K Ff-p- W (2,3,7,8-tetrachlo-
rodibenzo-p-dioxin, TCDD; 4li £ 99.9% )4 H Wel-
lington A A, #¢ % it PCR Y (4485694, Life,
USA),PCR {%(T100TM, BIO-RAD, USA),

1.2 ks st

fifi H DMEM %5 [ 315 72 55 1R A 10% i 2R I3 |
100 U-mL™"' HEZEM 100 wg-mL ™ A4S ZHCH N
SRS R UST A, 2 PR AN i 435 R 7E 5%
CO, MuARJE R 37 CHHIREE TR, 4l
K2 80% ~90% W, 1# FH 0.25% 1 i il 1 1k , %
1:3 /248,
1.3 AhR T4 RNA &4

Tt RNA % YL 5256 42 B RNAIMAX Transfec-
tion Reagent(Invitrogen) Ut B 47, B i Fh 5x
10° AN IA T 6 FLAR P, 5597 24 h )5, FR AN 35 6
FLARIETET 80% Hf A THE Y e il 5 il R s, S il
HITE L% Opti-MEM 1% 33 4 43 1 #i 1 1] Lipo-
fectamine RNAIMAX F1 AhR siRNA , 2 J&5 W ¥ {4 %
11 BB BEIR A 2395 . 1RG5 BRI % IR
B 5 min J7,6 FLAAGEEFLINA 250 wL T3k, £
L4 RNA & #8 50 pmol, B3 3255 HilF & 24
h G AT 22505, IEUSEIHT TR 4T T4t RNA (1T
PLRCRAEA A, A H AR R B ik K F A
TR, AT siRNA FEFIINZE 1 s,

%1 AhR siRNA FE7l

Table 1 The sequence of AhR siRNA
N F3 RNA J751
Gene siRNA sequence

Bt FR(NC) 5’ -UUCUCCGAACGUGUCACCUTT-3’
Negative control (NC) 5’ -ACGUGACACGUUCGGAGAATT-3’
5’ - AGGGAAAGAUGGAUCAAUATT-3’

5’ -UAUUGAUCCAUCUUUCCCUTT-3’

AhR

1.4 & RNA #HU5 cDNA & i

RNA 2 HUR H 46 fb 7% , GeneJETRNA ( Ther-
mo) 2l Ak iR 7 £ bk T H2 BN L 9 B RNA. Rever-
tiAid First Strand cDNA Synthesis(Thermo )izt 7 &5 #%
FHT A7 % 5 525, {fi A NanoDrop 2000/2000¢
A3 GG EE ARG I HE U RNA BT B Fk B . 2 5
FHICTR KA e A 4 L L 84S RNA 224 2 000 ng
i) RNA %, TG4 cDNA 4, B EiRA) 11
wL FiBEJ5 1Y) RNA ¥ .0.5 L Oligo(dT)18 #i1 0.5
wL Random Primer, it il BARF N 12 pL A9 Mix1 ,
8 HAE PCR 1Y 65 °CHN#A 5 min J5 B, 5 ) BERE 5
Hfim A 4 pL Reaction Buffer (5 x),2 nL dNTP
Mix .1 pL RI #l 1 pL RT, & i€ R 21 J5 BRI A
PCR ¥, #e 40 R R P A7 ) % 5% . 25 CIEE S
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min,42 Cfil# 1 h,70 CHIF S min,4 CHERE, -30
C VKA1 cDNA B
1.5 SEmFZEOGE R PCR K H An kA ik =

% RNA 4 cDNA J5, 2965 & PCR 525
HT# ARR . CYPIAI .CYPIBI | PTGS2 (7335
i, qPCR U IEER 544 .95 Cin#k 2 min, 95
CHRIE 15 5,60 C T 20 s iB & ,72 CHEfH 20 s, A5
PEERIE 40 Yk, AP AR 27 Hyk I T
BT, SCH R GAPDH 363K 5 | Mk & HINS
B AR E 3 S PATRE AL, LRSI
YIIP 55 F GenBank 3 711 Primer-BLAST 3
AT, IS B HT A 5 3 E - T 51
BUE, BORTE 0.9 ~ 1.1 Z [0, TSI WmA T4AY
BHEA A AL A B, BAR P L3R 2,
1.6 HesEdl iy b

TCDD 4bFH US7 40l 48 h Ji , M HE 156 8H 1 i i
GeneJETRNA (Thermo)2li{k 71 & #2 HUS mRNA 78
BSTESE R M M4l 5, 8 5L mRNA Bl A1 7 24 B 29
200 bp MY B, 6 RNA % 5% sl UEE DNA, 38 i
Ilumina NovaSeq 6000 M7= () DNA 7= [¥51
R TR 2 SRR 2Z2 8] (1) 22 57 3R 3k FE [ (differ-
ent expressed genes, DEGs), M4l 55 7 7 U 132 B ) i
SEARTT R B A e AR W Rk K, FC>1.5. P
<0.05 [ 3 ¥ E LA DEGs, fii il DAVID ¥ &
(https://david.nciferf.gov/home. jsp) ¥t i 1% H (1Y) DEGs
#E1T KEGG 1 GO & /¥, 4 ir 4 R v P<0.05
B3 B N o BA W PR, 1] Origin 2021
(Northampton, MA, USA) #1574 &, ffi i STRING
11.5 7E£6F A (https://cn.string-db.org/) #E47 4 1 AH H.
YER53HT o

*2 5IMF7
Table 2 Primer sequence
IEIA 451
Gene Primer sequences
(F) 5’ - ATGACCCCTTCATTGACC-3’
GAPDH
(R) 5’ -GAAGATGGTGATGGGATTTC-3’
P (F) 5° -CTGAAGTCAACCTCACCAGAAAAAT-3’
AhR
(R) 5’ -AAAAACAGTGACTTGTACAGCATAATGA-3’
coxz (F) 5’ -GCTAGACAGCGTAAACTGCG-3’
(PTGS2) (R) 5’ -CATCATCAGACCAGGCACCA-3’
(F) 5’ -GGCCGGTACGTTCTCCAAATC-3’
CYPIBI
(R) 5’ -AACGTCATGAGTGCCGTGTGT-3’
(F) 5 -GGGTTGACCCATAGCTTCTG-3’
CYPIAI

(R) 5’ -TCCTGGAGACCTTCCGACAC-3’

1.7 BdEgit 5040

S 45 AL BOHE i1t 5 43 Al i GraphPad
prism(v.7, La Jolla, CA, USA)4R{FHEAT | Ui 25 5 A
SFEME AR AER (n=3) IR, BRI S SRR E 3 K
AT, e R R 2 OW R 5 22 43 BT (ANO-
VA)#l Bonferroni #6455 #4748 1464 . P<0.05 #ik
FEA G X, FIR P<0.05,* * iy P<001,
* %% °fp P<0.001 ,

2 458 (Results)
2.1 TCDD 55 U87 4iffiih cox2 ik 1M

H5E, 89T T TCDD 1E U87 4ufigh*t coxz %
PRI 38 1) 5% i) S B (] ) 42 8000 56 &R, 7E U8T
10" mol-L™" TCDD 4b3 24 h i COX2 N ik
KA TR AR, R A KT & 2 6 £, b HE
48 h J7 , COX2 (NFRIR TGN Z 40 Z45(1& 1(a)), B
B TCDD 55 COX2 3L Zik i/ H 2 A i)
M)A PE ;107 ~ 10 mol- L™ TCDD 4t ¥ U87 4
Ji1 48 h J5 , COX2 JEH Fik & fifi 5 TCDD ¥ & 7t
T, B W S 8 0] AR 8, 7E 107" mol - L™
TCDD 43 J5 , U87 v cOX2 k& Fil 2 15/
i BA G L (E (b)),
2.2 AR fF5iEEEAF T TCDD X} COX2 3%
K EEVE

437 T 107 mol-L™' TCDD 4b38 US7 4 i),
12 24 48 h 4k US7 Zufifirh AR FEPKIFN AhR i85 T
lif CYPIAI ,CYPIBI 3N RIXEM, 75 UST i,
AhR BYFIKEAE TCDD Ak B J5 AS [ B[] 5 40w A7
RRARAE R K A B AR R (B 2(2)), T CYPIAL 5
CYPIBI Wik & 3 W] G 5208 I &, 7
TCDD At ¥f 24 h J5, CYPIBI 4 & 10 {5 £ 4,
CYPIAI IR B K W 29 50 %5, H 2 4>
B Fe ik B X B TCDD Ab B i) %iE K 35 22 T
(Fl2(b)F12(c)), TERFIMSE TCDD AL T, U87
Jfirh CYPIAI 5 CYPIBI W 3Fik¥ 3% i, H
CYPIAI b 58I M & T CYPIBI, 5 107"
mol-L™' TCDD 4t ¥ U87 4ilji)5, CYPIAI L1 3
fsfidy A %E CYPIBI %t TCDD H 8% i mig )7 55 65
= (E 2(d)),

it — 5T AR il B FE TCDD X COX2 3
PR ek i sh 9 VE A, 8 F ARR siRNA 4b P U7 4
e, W5 ARR 3 [F 3% ik U B J5 , TCDD X AAR,
CYPIAI .CYPIBI I COX2(PTGS2)H:H ) & ik 52
M, FEAEI T 107 mol-L™' #1110 mol-L™" TCDD
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WIS ARR Rl CYPIAL [Fiks , 45 F Rl
AhR siRNA LB AR JEPR RIS, AR BEFI K3k
L 50% (K 3(a)), [, 5 NC 204 L, AR 3
PR M) TCDD X CYPIAI fF ik EiAEH
£ ABR UK K IE 0], JEHIZTE 107 mol - L™
TCDD # & %1 T th 60 f5FEAKE 20 £i5 (& 3 (b)),
AR UUERJG , COX2 (33K 50 2 A W] 1 A2 Ak

5r (a)
i 4 _ElControl - iy
X3 £ 10 mol-L-' TCDD
RBE
zx3 o
mZ ©
T
% fl R >k o
Q% E
xS E
SO%
0

12h 24h 48 h

{HZ , TCDD X} COX2 &1k L i1EH 22 ) B M
il (3 (c)), 7E NC 414 TCDD 4h ¥ 3 L T
COX2 335, fH7E AR siRNA Zb34H b | B4R TC-
DD AbFRJS , COX2 FihAUREA 1y, I A 3% 25
5o [FEF, 5 NC 448 [k, AhR siRNA A4b B 2
107" mol-L™" 11 10~ mol-L™" TCDD fif§ CcOX2 %
PR R 223K 53 KA 2 A5 R0 4 A5, Y i 2

51 ()
3%
RBE
o< 2
=z 2
Trs
= E 8
o=
X g
(@)

TCDD £ /(mol- L)
TCDD concentration/(mol-L™" )

El1 TCDD %5 US7 4ifrh COX2 3Rik iR iE] Fn 5l & 3 kL
¥ :(a) 10~ mol-L™" TCDD b3 U87 4Affl 12 24 48 h J§ COX2 (PTGS2)ZE35 AL B I [E] 50 5 (b) 107" ~ 107 mol-L™!
TCDD 4b3 US7 #iifil 48 h J§ COX2 (PTGS2)F ik AR M5 AN 5 5 X FRALAH LE , * P<0.05,* * * P<0.001 ,

Fig. 1

The dose effect and time effect of TCDD inducing COX2 expression in U87 cells

Note: (a) Time effect of COX2 (PTGS2) expression in U87 cells treated with 1078 mol-L™' TCDD for 12, 24 and 48 h; (b) Dose effect
of COX2 (PTGS2) expression after 107> ~107 mol-L™! TCDD treatment of U87 cells for 48 h; compared with the control,
* indicatess P<0.05, and * * * indicates P<0.001.

L5r (d) 3 Control
_ Il 10 mol-L-! TCDD
53 £
. 5
« 58 10f
Rz 2
7 E 9
ZEEXN
] 05F
= o -
< < g
(=]
00— Z4h 28 h
120 F (¢) 3 Control Sk
Il 10°* mol-L' TCDD
28 60} sk
ﬁﬂﬁ g sk sk -
sz 1 mm
= =) 2__
£E3
kL I
& Al E -
D~
SFol-
0
12h 24 h 48 h

151 (b) 3 Control -
- M 10~ mol-L"' TCDD
i
K2 e ok
®< 8 10
ZZE
EEeg ke
== 3
SSE ST
>~
il
0
12h 24 h 48 h
80r (d Control
@ T 3102 mol-L~' TCDD
) e 10" mol-L-! TCDD
i £ 60 10" mol-L-' TCDD
«3 § B10° mol-L"' TCDD
Kez 10 mol-L"' TCDD
<o 40+
EZ2% 57
m =]
f=]
5 b=
0

CYPIAI

CYPIBI

E2 TCDD %Xt U7 A+ AhR 15 SiBBAHE B
1 :(a).(b).(c) 107 mol-L~! TCDD Ab¥§ U87 4jifd 12 24 48 h J5 AAR (a).CYPIBI (b)Hl CYPIAI (c)RY7ZEAL B ;(d) 75 UST 4ilffir,
1072 ~107® mol-L™' TCDD #b¥ 48 h J& AhR FHFtREILE CYPIAI F1 CYPIBI WIFAAEAAE L, SRR A L, * * * P<0.001
Fig. 2 The activation of AhR pathway in U87 cells
Note: (a), (b), (c) The expression change of AAR (a), CYPIBI (b) and CYPIAI (c) in U87 cells after 10~ mol-L™' TCDD treatment
for 12, 24, 48 h; (d) The expression of CYPIAI and CYPIBI in U87 cells after 1072 ~107% mol-L™' TCDD treatment for 48 h;
compared with the control, * * * indicates P<0.001.
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- 80 _ Control
151 @ g Control DB ® s B 109 mol- L TCDD
3 = 10" moll L' TCDD Ix 2 ¢ . — e o
I\H T>) jé fiiiia M [0°mol-L' TCDD —ﬁ 2 %‘ 60_ 10~ mol-L-' TCDD
#2288 oL i Ko
B X 2 5
z = e 40 1
ﬂp‘?m% K ok 22 20 ° .
Z & N 05 =< <=
Exg S E 10 =
0.0 0
NC AhR siRNA NC AhR siRNA
Hit
g r #it# CControl
-3 (¢) * 210" mol-L' TCDD
=T 1 10~ mol-L-' TCDD
HeEg 6f
Kz
SESIE=
]
o] g 2}
SESH-
=]
0 -
NC AhR siRNA

3 AhR siRNA 4bIE U87 4Af1f5 AhR .CYPIAI F1 COX2 (PTGS2) BIZ4LiER
#:(a).(b) AhR siRNA T4¢/5 US7 4L K 107 mol-L™" #1 10~ mol-L™" TCDD 4b#J5 , AAR (a)Fll CYPIAI (b)HIZER I 5
(c) 107 mol-L™' #1107'° mol-L™! TCDD 43l U7 4ififi)5 COX2 (PTGS2)F ik By7e Ak ; * /s 5 4F M2 A1 b AT B 54" P<0.05 .
#% P<0.01 ¥ ** P<0.001), #5785 NC 4IHH H AR B & (## P<O.01 ### P<0.001 ##H## P<0.0001),
Fig. 3 Changes of AR, CYPIAI, COX2 (PTGS2) after treatment of U87 cells with AhR siRNA
Note: (a), (b) The expression of AhR (a) and CYPIAI (b) in U87 cells after 107" mol-L™' and 10~ mol-L™" TCDD treatment;

(c) Changes in the expression of COX2 (PTGS2) in U87 cells treated with 10~ mol-L™" and 107!° mol-L™' TCDD; * indicates significant

changes compared to the control group (* P<0.05,* * P<0.01, *** P<0.001), while # indicates significant changes
compared to the NC group (## P<0.01, ### P<0.001, #### P<0.0001) ,

2.3 TCDD ##8)5 U87 4l iy LR ikl &k Ak
2.3.1 TCDD ZE#% ek As U7 41 i) 41 ita 2k Bt An
[ 32 1 )

Ht—HARIT COX2 Fik T B W48 L,
PEPE T TCDD 4bHE U87 4ififl )5 COX2 F&[H Fik Tt
e ELAT R E A B/ N 107" mol- L™ TCDD 1K
TR TE 58 UST 4 48 h JR AT T 4% -4l 4y
Br. HL7 vk 1 824 4~ DEGs (fold change>1.5, P
<0.05), Horp 56 L yASE R 187 4, N RIZEH 637 14,
B T A S KL AN 4() iR, ZJa Xt
ikt Y DEGs ¥E4T T KEGG Fi1 GO 30 #T, 45 5
Kl 4 fis, KEGG i i & 48 43 A i 7s , TCDD 4b 3
Jei , A0 TR, 40 6 75k R R 928 HH 5 3 I B A R
0 240 e 18] A B AR FHAE S B, A NF-«B i %
WS (E 4(b)); GO AW Tife bk ERM b 5
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