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NP 235 58 T3R8 R S 5 245 R D cive RN As 25 5 3R 36 3% , 9F 47 RT-PCR %0 3F . FH miRanda 3048 PETTI cireRNA-miRNA 1 10] 25
A K F il 1d miRanda v5  TargetScan .miBase Z{ 3 2 TN #EIL ] | Cytoscape ZX A FG E circRNA-miRNA-mRNA J&#% (2%, 4553
cireRNA S 45 2R o, 5 UST A0 LU 4%, UBT/TR Al A 313425 54 e 124 1 CRIB Y cireRNAs (P<0.05) , Horfr 1454 1 3%
LA, 168 4B T i s RT-qPCR B k45 3 50t 7 85 SARAT . miRNA #0725 0 25 5 i 7, OGS 18 A PR R RNAhsa_cireRNA_
009054, hsa_circRNA_104338 (n=3,1=12.09.9.52, P=0.007.0.011) L)} F ¥ hsa_ circRNA_016459,hsa_circRNA_101975 (n=3,
1=13.86.7.75, P=0.005.0.016) ] 5 hsa-miR-33a-5p , hsa-miR-15b-3p DA X hsa-miR-193b-5p, hsa-miR-23a-5p A5 22> miRN As # [7]
254 e cire RNA-miRNA-mRNA V5 0 2% 4045 4 4~ S8 cireRNAs, 20 1 5 miRNAs, L& 278 4 X mRNAs, 28 cir-
CRINA 7 o 141 228 Jis¢ o T3 20 L e g i 245 40 Ji v 5 5 338, hsa_circRNA_009054 , hsa_circRNA_104338 L A hsa_ circRNA_016459,
hsa_circRNA_101975 25 55 cireRNA 7] GE3# 17 circRNA-miRNA-mRNA {145 0 28 2 55 ki #2812 [ 9o 2258 B el e 1 ik 25 11 2
KGR MM, I HUE MR cireRNA 2253 33K15; circRNA-miRNA-mRNA J84% [ 4%

Construction of circRNA-miRNA-mRNA regulatory network in glioma
with temozolomide resistance
7ZHU Lin
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Changsha, Hunan 421001, China.

Abstract: Objective To screen the differential expression profile of Circular RNA (circRNA) in brain glioma temozolomide-resis-
tant cell line U87/TR and parental cell line U87, and to construct a key Circular RNA (circRNA) - microRNA (miRNA) - messenger
RNA(mRNA) regulatory network.Methods From January to June 2020, circRNAs chip was used to detect the differential expression
profile of circRNAs in glioma-resistant temozolomide cells and verified by RT-PCR. miRanda database was used to predict the cir-
cRNA-miRNA target binding relationship. miRanda v5, TargetScan, and miBase databases were used to predict the target genes. Cyto-
scape software was used to construct the circRNA-miRNA-mRNA regulatory network. Results The results of circRNA microarray
showed that U87/TR cells had 313 significantly differentially expressed circRNAs compared with U87 cells (P<0.05), of which 145
were significantly up-regulated and 168 were significantly down-regulated, RT-PCR verification results were consistent with the results
of the chip. The prediction results of miRNA target sites showed that the key up-regulation of hsa_circRNA_009054, hsa_circRNA_
104338 (n=3, =12.09, 9.52, P=0.007, 0.011) and down-regulation of hsa_circRNA_016459, hsa_circRNA_101975 (n=3, 1=13.86,
7.75, P=0.005, 0.016) can target multiple miRNAs such as hsa-miR-33a-5p, hsa-miR-15b-3phsa-miR-193b-5p and hsa-miR-23a-5p,
the key circRNA-miRNA-mRNA regulatory network included 4 key circRNAs, 20 key miRNAs, and 278 key mRNAs. Conclusion
circRNA is abnormally expressed in temozolomide-resistant cells of cerebral glioma. Key circRNAs such as hsa_circRNA_009054,
hsa_circRNA_104338 and hsa_circRNA_016459, hsa_circRNA_101975 and other key circRNAs may participate in the drug resis-
tance process of temozolomide in brain glioma through the circRNA-miRNA-mRNA regulatory network.
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mRNA regulatory network
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DAL TT 2 0 28 I R VR 97 1 R ik, o
TR B (Temozolomide, TMZ ) 78 o Jie JiJed , JnHL 2
P22 5 B BE 2 R (WHO IV ) VAT FBUSE T s,
HUI R AR T ARG & A5, KRR 1 i i g 1)
AAERRS L TR S B R I DR AT I b 28 g 98
1) —LATT 259 . (ABES FH 25 R e K, Lo
VUG IRTT A NI N AR 2 B 5 i e, 77 A
BLIMR 1 25 ( Temozolomide Resistance, TR)™ . H:ifit
25 HLTRI A 5 A WA

IR RNA (Circular RNA, circRNA ) & —25 5 Al
B P YR A 2 65 RNA (noncoding RNA, ncRNA) , H
FEAE 2 37 R0 57 s LA DA 20 45 1 AN i 42, R cir-
cRNA R 32 118 N DI (1 52 ), ZEAR ) Rk e
S BT AR BIR 2 W A AR S, LA T
YGRS cireRNA 1] 38 i3 ZFhig 12 K
VR R AR H BT 5k T 2 12 FLRU D RNA
(microRNA, miRNA) #2345 H , circRNA 3 i miR-
NA 3 45 50 4 PR 5 88 miRNA 254, i miRNA & fi
ol H R AR T RE , JE TR miRNA R UL A 1
FIRACE, HRETHEZE RN, cireRNA ZEE /)N
Y M Bt 2 B R LR TR B R A 2 R b
9o v S 23k, 1 HL IR RNA (cireRNA) -f#/)y RNA
(miRNA)- {51f RNA (mRNA) J#EM K025 T £
Pl ) A R TR, LA AR T 24 A A
. fHH AT cireRNA L1 & circRNA-miRNA-mRNA i
3225 D) 284 70 1 ot 28 T 9 A S WAk e A R 2

DRI, ARAIE 5 AN i Ao 42 s i o e e i i 245
YR UST/TR LA K HR A L ik UST Ay 40 AR A
18 12 A cireRNA GBS F HE&H: circRNAs £ iA i 2%
S IR w1 A O 2k 6 8 cireRNAs, JF 71 I circRNA-
miRNA-mRNA i 45 [ & | o #F — 20 & A B 5T cir-
cRINA 7 i P 22 e Jo 96 A2 S e iz it 245 v 7 V) B H:
Gy FALHIR AR . AR A (5 B A P 2k
IRV FOMOCEKR
1 #R5H*®
11 EZERPREKF G 28 o0 5 e e e T
24 UST/TR 4 bk LA e FLoR A UST 2 M Ak e 35 T I
TR LA W LA PR B] (BLAS BW124577) . RP-
MI-1640 5557 i 4= 035 5 & B [ 3¢ [E GIB-
CO 7~ ] . RNeasy Mini Kit 14 H 2[5 Qiagen 2 Al ,
RT-PCR A0 £ 551 [ 2 [E Sigma A F] o circRNA IS
F A 5 4 2g i I ILE IR A RS
1.2 Ak
1.2.1  circRNA X% 7 4 & 3 ¥ 547 H RNeasy
Mini Kit(Qiagen, Hilden , 72 [ ) 4 B #if 28 i ST 98
B it 25 UST/TR 4l i ik L K HLSE AR UST 41 Jif

FRE RNA(n=3). fdi f] NanoDrop ND-1000 & fb. 44~
FEA S RNA R St 1 8 0GR 51 2 58 2 AR OR 26
[ Arraystar 23 7 b5 07 2 #5479 . B RNA H
Rnase R {H L PABR 226 RNA IF & R RNA, 2R
J& 4w AR ERAR RNA &7 3 1 5% 5% 985 cRNA
(Arraystar # 2% RNA pRiC R85 & ; Arraystar) o 5ic
#J cDNA (complementary DNA) #2415 3¢ [# Arraystar
NUEEFRIE RNA i&s B 2.0 B Arraystar Human cir-
cRNA Array V2 (8x15K, Arraystar) 2258 . i F 4§
IR BUR A RRAS 11.0.1.1) 3434 35 B [ 471
EIZ . i R A Limma 400 T 307 5505 — 1k
a2 A B . 38 5 K E (Voleano Plot) i3 €
YE T WL Z [0 F3K cireRNA 2 R A7 G it 222 X,
A A U S E T AR 2 ] 2 S AR A
i) cireRNA . #E4T T )2 IR, LW os # i 22 [8] 7]
X Y cireRNA ik

122 RT-PCRY% K £ RGO cireRNAU F 43
B & R vh 22 5 R IR A HOR AR S R 1Y 44 cir-
cRNAs T RT-PCR 737, 7341 b Y cireRNAs: A
# Jk  RNAhsa_circRNA_009054, hsa_circRNA_
104338 ; FII T ¥ Y circRNAs: hsa_circRNA_016459,
hsa_circRNA_101975, it — 20 B 41E 85 7oA 0 45 2R 74
Al EEPE S A AE Primer Premier 5.0 511519 (%
1). LA U87 #1 UST/TR Zi il 5 RNA 2 pg Al , 7E
Frii%% 55, UL GAPDH AE N N2 IR 4 IR & 48
VEFEAT PCR BRI, 55144 :95 °C 30 5395 °C 55,60 C
31 s, P71 40 M EH . DL 2% IR cireRNA [R5k
K-, SR A 3

®1 51t

519 JrH(5'-3")
hsa_cireRNA_  IE[1]  5'-GGGAGAGCCTTTCCTCCAACA-3'

009054 I 5'-CAGGTCAGAGAGCTTCAAACTCG-3'
hsa_circRNA_  1E[H]  5'-CACTCAGGCACCTTCCACCAACC-3’

016459 JZ1i 5'-GGATTTATGAGGAATCCAAGATGA-3'
hsa_circRNA_  1E[]  5'-GATTTGGGAAGTTCCTTCTTCTTT-3’

104338 I 5'-ACTGTTATTACAACCATAGTGGCG-3'
hsa_circRNA_  1E[]  5'-CATTCTTTCCAGCCCCTGGAG-3’
101975 I 5'-CCTCACTTCATCCACAGGCTCCTC-3'
1EM  5'-ATCTTGGCATCGGAAATGGAACCA-3’
K 5'-TTGATGAACTAGGTGGACTTCT-3’

GAPDH

123 A %1E &5 o4 i8] Miranda v5 £045
(http : //www.ebi.ac.uk/enright-srv/ microcosiTi/htdocs/
targets/v5) Tl circRNA-miRNA 25 & & R VA M 45 &
7 25 miRNA #UE P FU ) 4% /4 : miRanda v5 (http://
www. ebi. ac. uk/enright-srv/microcosiTi/htdo/targets/

v5) , TargetScan (http://www. targetscan. org) Fl mi-
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Base (http://pictar.bio.nyu.edu) . circRNA- miRNA-
mRNA 1 5 [ 2% i 15 Cytoscape ¥ {F # 17 1] # 1k
(Version 3.6.1:http: //cytoscape.org/) o

1.3 it ik N SPSS 18.0 #E 17 4 it 24 4
Mr, WL 40 0 18] 4% cireRN As 7K - 22 5343 8 2% FH B X
FEA K5, P<0.05 h 22 A Gt v Lo

2 R

2.1 circRNA ZRRIEE  cireRNA S s 4
FRUEACAb BN GE i 12400 B, G5 R R, 5 3R AR UST 4l
AR AH EL L 7E UST/TR 4 B bk v, e % th 313 4~ 22
A Giitef i L FRIK Y cireRNAs, H P49 4% 1454
B 5 [ I AY cireRNA F1 168 ~H i F 8 A% circRNA ,
J ) ST Ao 2 TG SR R AR Bt 2 A G cireRNA 22
SRIBWE . BRRESHE SR T B LAY
T BT 1047 cireRNAs, #2,350H T 2 3% 1
T HABYET 1007 circRNAs TE4HME . -

22 RT-PCREIESHZER N 17— RS cir-
cRNA U BYHERAPE , FRATTHE cire RNA IS 43 B 45 2R
22 IR AT BT S AE I 5 1) 4 1 KB cireRNAs
17 RT-PCR 43 #fr 3 iE ( T 94 circRNAs 45 24~) , RT-
PCR 25 W7, A1 L A8 T UBT 4 ifd , hsa_circRNA_
009054 Fil hsa_circRNA_104338 7F US7/TR 4 st i
Bk (n=3,1=12.09.9.52, P=0.007 .0.011) , hsa_

circRNA_016459 Fll hsa_circRNA_ 101975 £ U87/TR
240 L h B AR 3% 35 (n=3, 1=13.86.,7.75, P=0.005,
0.016) , Mi H. RT-qPCR %5 2 5 cireRNA J&5 J1 45 R AH
fF(3R4) UEEL T cireRNA U IOUERRE . T4 8
T hsa_circRNA_009054, hsa_circRNA_104338 ( |-
& ) LI X hsa_ circRNA_016459, hsa_circRNA_
101975 (T 18 ) 4 At 238 J52 J5 96 A2 2 A i 245 4 O 1Y)
Ff circRNAs.,

2.3 circRNA-miRNA B#EMZWHE  [Ff, &
138 2 miRanda v5 Z5H5 42 X 58 5 19 OB circRNAs
PEAT miRNA SEAL G F . miRNA $EA7 i T 25
78, hsa_circRNA_009054 , hsa_circRNA_104338 L)
M hsa_circRNA_016459, hsa_circRNA_101975 ¥4 7]
524 miRNAs #L17 2545, hsa_circRNA_009054 HF
%4 B AL 7 B9 miRNA 4351 A + hsa-miR-33a-5p, hsa-
miR- 4685-5p, hsa-miR-6855-5p, hsa-miR-2467-5p,
hsa-miR- 4446-3p; hsa_circRNA_ 009054 i 44 #ij 1.
A7 ) miRNA 43 54 : hsa-miR-15b-3p , hsa-miR-550a-
5p, hsa-miR-509-5p, hsa-miR- 1224-3p, hsa-miR-
758-5p; hsa_circRNA_ 009054 HE44 §ij 1457 i) miRNA
43 3 M : hsa-miR- 193b-5p, hsa- miR-134-5p, hsa-
miR-4439, hsa- miR-6820-5p, hsa-miR-5190; hsa_cir-
cRNA_ 009054 HE % §i £ {3 ) miRNA 53] 2 : hsa-

F2  7FUST/TR 41K 402 R AR UST Al ik LM BT 10457 circRNAs

et FRIR RNA 4475 Pt WEEE T KR RER R EWGE
ASCRP3009681 hsa_circRNA_009054 0.039487895 5.1966654 up circBase chr5 exonic MCC
ASCRP3003995 hsa_circRNA_104338 0.041765932 4.8959357 up circBase chr7 exonic CREBS
ASCRP3003768 hsa_circRNA_102591 0.029692166 4.751842 up circBase chrl9 exonic CPT1C
ASCRP3009130 hsa_circRNA_100623 0.040588555 4.6514512 up circBase chrl0 exonic UsP54
ASCRP3008463 hsa_circRNA_014754 0.001357811 4.2492768 up circBase chrl exonic 1QGAP3
ASCRP3007323 hsa_circRNA_406087 0.048353647 4.0480231 up 25070500 chr20 exonic DZANKI1
ASCRP3013550 hsa_circRNA_086684 0.022030608 3.8465087 up circBase chr9 exonic UBAP2
ASCRP3000538 hsa_circRNA_030431 0.0231521 3.746358 up circBase chrl3 exonic TBC1D4
ASCRP3012888 hsa_circRNA_405653 0.041688897 3.543198 up 25070500 chrl8 exonic TWSG1
ASCRP3007037 hsa_circRNA_043598 0.005301978 3.2279019 up circBase chrl7 exonic KRT19

F3 (L USTITR AN bRe 5 B AR UST AKIER F IR0 1037 cireRNAS

B SRR RNA 4375 Pl WU MY kB REil kR EHaf
ASCRP3008818 hsa_circRNA_016459 0.03868517 6.0878824 down circBase chrl exonic KCNK2
ASCRP3004852 hsa_circRNA_101975 0.04720491 5.3786841 down circBase chrl7 exonic CNTROB
ASCRP3009247 hsa_circRNA_104878 0.042063512 5.0305424 down circBase chr9 exonic PTBP3
ASCRP3004034 hsa_circRNA_006920 0.049990105 4.8249757 down circBase chrs antisense BC028670
ASCRP3010063 hsa_circRNA_016519 0.009744714 4.7227411 down circBase chrl exonic MARK1
ASCRP3012326 hsa_circRNA_072303 0.046095048 4.5209778 down circBase chrs exonic LIFR
ASCRP3002582 hsa_circRNA_020959 0.009435365 4.3207788 down circBase chrll exonic HBG1
ASCRP3012948 hsa_circRNA_102233 0.042738184 4.0205147 down circBase chrl7 exonic ASPSCR1
ASCRP3008663 hsa_circRNA_014239 0.005541416 3.9173733 down circBase chrl exonic S100A16
ASCRP3010734 hsa_circRNA_103480 0.042003583 3.7089403 down circBase chr3 exonic ARMCS
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R4 RT-PCRIETELE RS cireRNA K 48 % e
MR RNA 44k

circRNAIS 455 RT-qPCR 4553

hsa_circRNA_009054 5.1966654 12.75+2.11
hsa_circRNA_104338 4.884856 10.5+3.02
hsa_circRNA_016459 -6.0878824 -15.45+2.08
hsa_circRNA_101975 -5.378684 -16.8+1.21

miR-23a-5p, hsa-miR-423-5p, hsa-miR-875-3p, hsa-
miR-877-3p, hsa-miR- 30b-3p. il i 4= W {5 H. 2% 4%
Br, FAT#E — 2 B T hsa_cireRNA_ 009054,
hsa_circRNA_104338 DA A hsa_circRNA_016459,
hsa_circRNA_101975 5 H: A1 44 £ — o7 A 2 [6] miR-
NA (%) B AR G5 G 47 55 (49 58 « hsa-miR-33a-5p, hsa-
miR-15b-3p LA f& hsa-miR- 193b-5p, hsa-miR-23a-
5p), W 1, % %E T hsa-miR-33a-5p, hsa-miR-
15b-3p LA M hsa-miR-193b-5p , hsa-miR-23a-5p 4 >
23 I o 96 A B M JH T 245 R OC 1) 5C B miRNAs , A4
A I R R A e T 245 R G Y cireRNA-miR-
NA P 2%

2.4  circRNA-miRNA-mRNAs 8 = W £ i ¥ &
3 — 2L F 4738 33 miRanda v5 . TargetScan ,miBase B
i 2R A miRN As. #4713 PR F , F38 8 Cyto-
scape B4 X circRNA-miRNA-mRNA 1# #% % 4% £ 17
FIARAL 3T o DT AG) S 17 ol 220 GG T e R 2 e P T
245 A0 Y circRNA-miRNA-mRNAs 18 45 9 2% , 3 1]
B cire RNA-miRNA-mRNAs P11 4%, 45 4 4
S circRNAs, 20 > e 8 miRNAs, DK 278 4~ 4

hsa_circRNA_ 008054 vs. hsa-miR-33a-5p

mRNAs, X268 circRNAs, miRNAs, A & mRNAs
T A D 28 EARAE 52 M) P 28 150 o 96 R B A Jg it 2
3 it

G A 25 2 T 9 2 e R e T 245 4% 2 I DR E% 55 fie
P S m AR . HETREIEIA R, DNA & Z Al
il , 4 O°- FF 35 19 8 04 - DN A- T KL 55 B4 il (MGMT)
DNA 457014 &2 (mismatch repair, MMR) , B 3LV 51
& (base excision repair, BER) ; Il 88 il P4 35 5 88 4
Jfl [ 15 5 p53 .EGFR \PI3K/AKT . JAK2/STAT3 %455
T [ A S RO 5 0. AR SRS RNA R T e S
ik A4 225 G o 96 2 e s g ik 245 A O, (L ELAARRHIL ] 1
KA AR, H A RS RNA P84 5 i df 28
5 6 R e A ik 247 P A P ke A7 1) A

circRNAs iR 2 RNA 258 , T H AR N /Y
FikE R PE RNA B 105 A B BFge R,
circRNA 1) 51 235 5 RPN 5 b 0 2 A 4 e
BIAH S, 1M circRNA-miRNA-mRNA #1455 [ 2% i K
Ji g Bt 5 A B g ) R AR /N R v, A
5% 26 W' | hsa_cire_0087862 W] i i # [i] miR-
1253/ RAB3D il 75 3F /Iy 4t i Jifi g v 4 9 356 A AR
H, circ_FGFR1 7] 38 151 miR-381-3p PEBEAEAE /N GH
JIi S 200 R %) 0 JRE LA B PD-1 T 25 . A FLARIRE A BT
% & B Hsa cire_0091074 A] 3@ 1 microR-
NA-1297 {i¢ i#F = B ¥ ZL B 98 40 At 1Y 2F i€ | cire-AB-
CB10 AJ il 33 Let-7a-5p/DUSP7 BhAE 1 FL I 9 114 4542
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B2, 768, A HGEFR ", circRNA_100876
AL ] miR-136 |18 MIEN 1 ()26 15145 5 98 Y
4 58 R EE B BE 1, cire_CCDC66 I i i3 miR-618/
BCL2 fli {2 1 5 96 () VR 24 0 3 BEAF 58 3% B cir-
¢RNA DA M circRNA-miRNA-mRNA R4S 5T
Z PR ) A kR DA T 25 A ikt A . B E
A1 circRNA L circRNA-miRNA-mRNA 1845 W 28 4
I T 228 T3 9 2 e A e v oA DL SR 5

TEFRATOE TR, FRATHE BT Ak ot 28 ¢ o 9
B TR 245 UST/TR 21 M Ak LA B I 2% A UST 4 iy ik
A B AR TR S i 3 i cire RNA GBS B0 %€ L cir-
cRNAs FI83 , 450 K BUW 20 il ik =2 (B A7 7E 313 4>
ZRA G FE L FERIRN circRNAs, H 4§15 145
B Y cireRNA F1168 4~ B 2 T 1/ 19 cir-
cRNA, 15 HH fii Pt 25 158 I 38 2 e na e it 25 11 B 4 cir-
cRNA FIRACAE , Ay i 15 56 5 cireRNAs, AT TR T
W22 AR = P cireRNA #5947 PR-PCR B3 IE,
HZE L 500 R AAF , FRAT38 i miRNA B0, DL 48
FLH T, A T circRNA-miRNA-mRNA 7 # ¥
2% X 4> AL 45 hsa_circRNA_009054, hsa_circRNA_
104338 FlI hsa_circRNA_016459, hsa_circRNA_
101975 4 4~ 5 4E circRNAs, hsa-miR-33a-5p, hsa-
miR-15b-3p LA ) hsa-miR-193b-5p, hsa-miR- 23a-5p
2520 4~ K4t miRNAs, LA & THOC2, TP53, STATSB,
RORC 55 5 g3 & A= A e %% ) AH OC 278 /> G
mRNAs, X285 circRNAs, miRNAs, Pl & mRNAs
AT R I D 286 AR FH S5 0 A4 28 e T 8 R Bk
i} 245 2 A% o 5 H FE AW 5T A7) 2 BB UE B cir-
cRINAs Xof fii A4 28 J2 o0 968 455 S A iz ot 245 1) e 22 R T
FE ROk, AT ALK 7 UST/TR 4Nt ok 5 Y ¢ ik
circRNA i3 3k fF P iokE , 837 33 ik 5 T4k cir-
cRNA ZH Mo | 425 circRNA X US7/TR 40 o ¥k 4F
YI#AT B, B cireRNA R i A4 2K B miR-
NA-mRNA {45 ™ 28 S H AL

g5 LTIk FRAT A B AR T Bk e T 245 A
KB g cireRNA-miRNA-mRNA 845 [ 2% , i A
WF9E cire RNA T i 4 25 J5¢ Jo 968 25 S g it 245 v () 4
FH By HLR AL 1 S50 AR A i D) Bl
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