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[ Abstract] Objective To investigate the differential expression profile of circular RNA (circRNA) in high
glucose-cultured human retinal vascular endothelial cells (HRVECs). Methods HRVECs were divided into high
glucose group,normal control group and hypertonic control group,and were cultured in 25 mmol/L glucose medium,
5.5 mmol/L glucose medium and 19. 5 mmol/L mannitol+5. 5 mmol/L glucose medium for 24 hours accordingly. The
differentially expressed circRNA molecules between high glucose group and normal control group were screened by
circRNA microarray analysis. The expression of the most significant differentially expressed circRNAs in different
groups was verified by real-time quantitative PCR. The possible microRNA ( miRNA) targets were analyzed through
the Circular RNA Interactome database.  Results It was found that 448 circRNAs were differentially expressed
(FC=1.5 or FC<0.67,P<0.05) in high glucose-cultured HRVECs, among which 182 were up-regulated and 266
were down-regulated. The top 3 significantly up-regulated circRNAs were hsa_circ_0002938, hsa_circ _0008036, and
hsa_circ_0001946,and the top 3 significantly down-regulated circRNAs were hsa_circ_0035277 ,hsa_circ_0008344, and
hsa_circ_0001874. Compared with normal control group and hypertonic control group,the relative expressions of top 3
up-regulated circRNAs were significantly enhanced and the relative expressions of top 3 down-regulated circRNAs were
significantly reduced in high glucose group,showing statistically significant differences (all at P<0.05). No significant
difference was found in the differentially expressed circRNAs between normal control group and hypertonic control group
(all at P>0.05). Conclusions CircRNAs are differentially expressed in high glucose-cultured HRVECs, and the

differentially expressed circRNAs may be involved in the regulatory mechanism of diabetic retinopathy.
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[ cireRNA R F S 528 8 it PCR #EAT 30 , 4347 3L
A HE AR miRNA 43,k DR (2 7 fl A 97 42 4 37 1
WA

1 HR5H %

1.1 #K
1.1.1  Zifk ¥ HRVECs Il T Y17 52 s 48 30 A=

PR RA A .

1.1.2 FERH L% DMEM KK (5.5 mmol/L)
Figr 3k (36 [H HyClone 24w ) 5 JBé 25 H B | g 4 1 1%
(fetal bovine serum, FBS) . & - # H ZR & W ( £
Gibeo A7) s H #& Bl ) ( B n b TAH MR A
Trizol 13 ( 3¢ [ Ambion 24 &) ; 308 e 5l F) & (S
ABclonal /A ] ) ; circRNA 2 KB B (32 [E Arraystar 2
#) ) ; SuperRed GelRed #% W8 Yt Kl ( £ Biosearch
Technologies 2\ ] ) ; 7% & & 1 PCR i 7| Genious 2X
SYBR Green Fast qPCR (3% [E ABclonal /A #]) , K &
OHLCEBOR B P AR A AR A R A F ) 5 CO, 40 i B
FeAf S 96 E i PCR AL (36 [E Thermo A H] ) 5
DYY-6C HIHy Jk AL (AL AN — A=W FHEA R A #A)
Nanodrop #0673 366 BE 3 ( 3€ [& Thermo 24 7] ) ; 55 4b
IrEIGEE T (b R SRR AT R R ) 5 B AR X
CEBrh R PRI R A D) .

1.2 J7i

1.2.1 HRVECs 3557 Jer 41408 HRVECs Al &%
PRF %L 10% FBS T3 4 25 RIE A W 100 U/ml (7
i FRLAL) B DMEM IR 85 57 3%, 78 37 °C . CO, (KR 5>
BS%utai CO, B FR A vh JE SR 0 A6 0, 3 2~ 3 d i
W1 K. FRAnfA: K 2 80% @l A FF 4 i ik 47 A% AR
For IR AR H N B AN T 5. 5 mmol/ L ) % B 45
FrAEP IR, m B X AT 19,5 mmol/L H &5 B
PA B 5.5 mmol/L 4 %) Wl 5 77 2% vp 55 5% , o Wl 20 40 T
25 mmol/L A4 B IR HE h 1 9% o £ 4L A ¥ 7E 37 C
A M tE R B SRAT TP G IR 24 he SEERR ST A 3 IR,

1.2.2  circRNA 5 B &0 20 iE P circRNA 235 K %
SEELIR e B IE R T HE ZH v B 4 2 i R T A T TR
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S RNA, IS A3 60 BE 11 I 5 A% TR 1) 20 J3E e
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500 wgo I FE R ko i R 0 AT 728 M ShORR W B P YK
Rl RNA 2l 57 f s 8 v, il b B A= ) AR A R
25 W) 2R ] cireRNA GBS 5 V2.0 FE77 60, 4 1 5 % B 41
A A 41l 2 19 & RNA J] RNase R 4b B, fifi Jf]
Arraystar Super RNA Labeling i& 7| &, ¥ ¥ & & i
cDNA JE 796 hRIC . SR Ml Nanodrop 5l 52 56 AR 12
ROR TERRUE S AF T A 10 4 1 SR 1 R vy 2 3 36 TR 4
R HEAT 22 28, R ] GenePix 40008 Jt5 J 49 4 A 4 4l
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a1t B 0f 7 3 7= P 41 & junction site, 4% H Y
circRNA W 2R G1W 7 5 W 3% 1, 5149 i & I8 8 A= 9
RGN A AR, UL GAPDH N2, Y4B IE % X
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&RNA, FEZEAT € 0 e 515 5] cDNA, SEIN 5t 5E
PCR #4751 W9 4% . Jorp A9 3 DR IE 1) RS2 5] 51 )
£ 1 pl,cDNA 2 ul, RNase-free water 21 pl, qRT-PCR
B 25 wl, 350 wl K2 B & K IR G Wi 2 )5 45 I
15 pl 2 96 fLARk Y 3 DR AL, .05 & T qPCR X
HB TR T . SR SO E B PCR OB 2 (.95 C 1l
A5k 3 min;95 CAEYE 5 5,60 C il kK K IE A 34 s, 3 40
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&1 PCRYFHEIMWFT
Table 1 PCR primer sequences

H i3 A SIMFHI(5-37)
hsa_circ_0002938 1E ] : AGCTGTTTCTCTGAGTCCTG
JZ 1] : CAGGTGGATCAACTGTGATG
hsa_cire_0008036 1E 3] : AAGGACGGCTCTATCAGCAT
JZ 1] : GCAGATCGTCCAAGAATCTC
hsa_cire_0001946 IE ] : TTGGAAGACCTTGACACAGG
JZ 1] : CAGTGTGCTGATCTTCTGAC
hsa_circ_0035277 IE 3] : CATCTGGACACTCCAATGAC
& 1] : ACTGTGGCACTGCCAACTCA
hsa_cire_0008344 1E [A] : TCAGCTCCAGGAACCATCAT
1] : CTGTACTGCACTGGTCATTG
hsa_cire_0001874 IE ] : TTGGCTCTCCTGCTGTGC
1] : GGTCATCCACAATCAGCCCA
GAPDH EJi] : CTTCATTGACCTCAACTACATGG

JZ 1] : CTCGCTCCTGGAAGATGGTGAT

U s PCR - 38 £ 4 3 I 107 ; GAPDH : B IR H il I 20 16
Note; PCR; polymerase chain reaction; GAPDH glyceraldehyde-3-phosphate

dehydrogenase

1.2.4  miRNA %5 & 7 8 900 5@ g %3 E

Circinteractome ( https://circinteractome. nia. nih. gov/
index. html) {4545 &5 BB, 0 6 > 22 R 3Rk
BFH Y cireRNA 73071 7 Al BEAE A miRNA $E 5o
1.3 geitsorik
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K. P<0.05 i A gt Lo

2 #R

2.1 %33k circRNA 1%

LR L Hy 448 > 22 57 K IK Y cireRNA, Hir 182 A4
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0002938 . hsa_circ _ 0008036 , hsa _circ _ 0001946 _ hsa _
circ_0087862 , hsa _ circ _0071935 _ hsa _ circ _ 0000665 .
hsa_ circ_0073748 . hsa_circ_0000740  hsa_circ_0008697
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Figure 1  Volcano graph of differentially expressed circRNAs
between high glucose group and normal control group(n=3)

The vertical lines corresponded to 0. 67 and 1.5 fold change, while the
horizontal line marked P value was 0. 05. The red dots represented up-

regulated circRNAs, and the blue dots represented down-regulated

circRNAs  FC:fold change
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1 hsa _circ _ 0056550 (3 2);10 M H B E MW
circRNA 43514 hsa_circ_0035277 . hsa_circ_0008344 .

* 2 HEFHET 10 %% i circRNA
Table 2 Top 10 up-regulated circRNAs

hsa _ circ _ 0001874 , hsa _ circ _ 0082326, hsa _ circ _ HH 2 S5 P1H Yo kg5

0000858 . hsa _ circ_ 0092367 , hsa _circ _ 0000598  hsa _ ~ 'a-cire-0002938  2.739 751 2 0.0318292 chr2
hsa_circ_0008036  2.606 675 9 0.040 271 3 chr2

circ_0049271 . hsa_ circ_0000253 Fl1 hsa_circ _0044837 hsa_cire_0001946 2 554 833 5 0.003 108 2 chrX
(#£3), hsa_circ_0087862  2.554 786 6 0.003 164 5 chr9
2.2 %% circRNA E‘Jiﬁﬂkﬁ’%ﬁ'ﬁﬁiﬁ PCR Eﬁiﬁ hsa_circ_0071935 2.554 537 2 0.017 673 2 chr5

. . hsa_cire_0000665  2.484 067 8 0.010 291 4 chr16

WML R B B AR AL 3 Rk B hsa_cire_0073748 ~ 2.481 503 4 0. 000 425 4 chrs

i circRNA( hsa_circ_0002938 . hsa_circ_0008036 Al hsa_cire_0000740  2.439 942 4 0. 043 060 9 chrl7
hsa_circ_0001946) %u 3 /I\%:zﬁﬁg‘l;‘ﬁ CirCRNA( hsa_ hsa_circ_0008697 2.369 068 3 0.031 4155 chr5
hsa_cire_0056550  2.346 626 1 0.005 412 1 chr2

circ_0035277 .hsa_circ_0008344 A1 hsa_circ_0001874)
PR Rk i SR LA, Z R WA ST E L (F =
7.571.41.274 .5.249 83.106,11.011.6.593, 3 P<

T (RAFEAS ¢ 4050

Note : ( Paired sample ¢-test)

circRNA ; 3£k RNA
circRNA ; circular RNA

xR 3 HEFE®T 10 B3R 3E T8 circRNA

0.05) 5 I X HEZHL 15 /3 16 X AL 7 2% cireRNA A1 X Table 3 Top 10 down-regulated circRNAs
%ﬁittﬁ %%ﬂ%%i‘l’%f)((ig P>0. OS);’%I_E HH 2% S {8 P e o 4 2
WA H M =B A B A B, BB P hsa _cire _ hsa_circ_0035277 0.209 494 7 0.486 667 8 chrl5
0002938 .hsa_circ_0008036 Fl hsa_circ_0001946 #fxf ~ fwo-cire 0008344 0.252 6120 0.507 082 2 chr9
e e o . ’ hsa_circ_0001874 0.257 731 7 0.325 160 8 chr9
RIBEWE T hsa_cire_0035277 (hsa_cire_0008344 hsa_circ_0082326 0.258 952 1 0.516 543 1 chr7
F hsa_circ_0001874 fHX} LA E B FH F M, 25 HE hsa_circ_0000858 0.283 102 2 0.553 271 4 chrl8
Biil22 % Y (¥ P<0.05) (£ 4) . hsa_circ_0092367 0.299 648 2 0.617 343 6 chrls
hsa_cire_0000598 0.322 714 1 0.394 815 1 chrls
3t/ ST . ; 5 _circ_
2.3 FIr2E5ARIE cireRNA (L Y B hsa_cire_0049271 0.360 884 5 0.382 945 1 chr19
iCE R VSR N U S B o5 e R ] hsa_cire_0000253 0.387 327 3 0.609 878 7 chrl0
A% B 2 ik cireRNA [ 5 A 5 0T B8 A B /& F 80 hsa_cire_0044837 0.397 269 9 0. 562 405 6 chrl7
miRNA W (FEXFAEA ¢ K38 ) cireRNA 3Rk RNA

Note : ( Paired sample t-test)  circRNA ;circular RNA

R4 BSHAMBERRIE circRNA B RIZELE (xs)

Table 4 Comparison of the relative expression of differently expressed circRNAs among different groups (xzs)

2H 5 FEA T hsa_cire_0002938 hsa_circ_0008036 hsa_circ_0001946 hsa_circ_0035277 hsa_circ_0008344 hsa_circ_0001874
EHXTERH 3 1. 000 1. 000 1. 000 1. 000 1. 000 1. 000
HBXEA 3 1. 10420. 053 1.01120. 117 0.964+0. 113 1.04320. 030 1..099£0. 066 1.041£0. 108
[ 3 3.380+0. 845" 1.989+0. 099" 1.353+0. 117" 0.559+0. 045 0.52420. 166" 0. 696=0. 070"
F 4 7.571 41.274 5.249 83. 106 11.011 6.593

P 0.023 <0.01 0. 048 <0.01 0. 01 0.031

5 X HRALAT H L P<0. 053 5 88 X IRALMTEL P P<0. 05 (IR 07 22 4347, LSD-1 43 3%)  cireRNA: 34k RNA

Note ;: Compared with normal control group,”P<0. 05;compared with hypertonic control gruup,])P<O. 05 (One-way ANOVA,LSD-¢ test) circRNA ; circular

RNA
x5 #HHERFL circRNA §58 miRNA 7l
Table 5 Target miRNA prediction of some differentially expressed circRNAs
FEH miRNA1 miRNA2 miRNA3 miRNA4 miRNAS

hsa_circ_0002938
hsa_circ_0008036
hsa_circ_0001946
hsa_circ_0035277
hsa_circ_0008344
hsa_circ_0001874

hsa-miR-486-3p
hsa-miR-4778-3p
hsa-miR-7-5p
hsa-miR-224-5p
hsa-miR-514a-5p
hsa-miR-661

hsa-miR-18a-5p
hsa-miR-4659b-3p
hsa-miR-3529-5p
hsa-miR-616-3p
hsa-miR-433-3p
hsa-miR-662

hsa-miR-18b-5p
hsa-miR-6499-3p
hsa-miR-8056
hsa-miR-520g-5p
hsa-miR-148b-5p
hsa-miR-593-5p

hsa-miR-541-3p
hsa-miR-1227-3p
hsa-miR-1246
hsa-miR-576-3p
hsa-miR-382-5p
hsa-miR-107

hsa-miR-557
hsa-miR-4776-3p
hsa-miR-139-3p
hsa-miR-708-3p
hsa-miR-450b-3p
hsa-miR-103a-3p

7F :circRNA 7Rk RNA ; miRNA ; fif /)y RNA

Note ; circRNA ; circular RNA ;miRNA : micro RNA
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Zhang %X e 3 4 1R N 2 (1 BRI R Y
PR I 2H 2k B 529 A 22 57 R GA Y cireRNA, I 91E 52
has_circRNA _0005015 43 ¥ 7] fE€ 5 miR-519d-3p 25 &
RV M4SN B A ML D) RE . cireRNA circHIPK3 411 4]
miRNA-30a-3p 5, FEIME N KA KEF C.Wnt2
T il 37 {4 4 (frizzled class receptor 4, FZD4) 33k 14
T, AT 51 A6 P B2 40 M 43 2 ot A7 oh RE e L AE Bk
A SR LR, circRNA-ZNF609 3% 3k W] & |- 3, 7]
5N EME miR-615-5p 254, M il miR-615-5p 1% %, 14
i HRVECs % ) iR ) R OB BE D ™ o ISt
TE DR A5 R AR B B2 10 338 AR b AR B v i 05 7%
FIRT N i JU LA PN B 200 e, e e e I e O 22 5
23K circRNA ,JEZE circRNA 3 1 8 [i] miRNA 7837
251 4 A R i I A A R R P A kT Lin
S0 JE 40 D A AE R cireRNA-cPWWP2A HE 47 ff
I8, KB AT 5 miRST79 4545, Bosi i PR 3l ) R TR Y
PR 5535 T 1 00 o AEL I , A BIF 5 TP R B 5 X S8 A X
DR BFFEARF] Y 22 57 38 cireRNA 43, HoAT BB 5 i A
HKAFAFAEZE A K

AWFFE o XF e a3 B T R ALIE B 97 HRVECs
f) circRNA ik, & BH 448 4~ 22 5 3K circRNA . 3
if SISO 2 5 PCR X H b R A2k B FH W 6 4
circRNA J3F AT 30 , 45 8 500 far il 245 5L — 3%,
FWE A B A B R B AT SRR, P hsa _cire _
0001946 15 A< PREZH Hij 391 %) 38 4= 1 DR R 3 il 3 o 22
52K cireRNA ShFAH— 507

T 5 hsa _circ 0001946 £ %5 58 45 & J1 (4 #2
miRNA £ 45 hsa-miR-7-5p | hsa-miR-3529-5p , hsa-miR-
8056, hsa-miR-1246 . hsa-miR-139-3p, H H hsa-miR-7-
Sp TEm BRSS9 KEEIE 4 14/ A% 1= RNA fg 2L
16 (ncRNA small nucleolar RNA host gene 16 ,SNHG16)
454l SNHG16 7 1 40 R -1 52 MAH G A 1
FGE B R ZARIEY 1 385 1 N TR 1 RNA 355 40 199
PRI PAY i 200 B ) i R B 40 ) P9 S 200 s 26 s hsa
miR-1246 7£ N B 20 40 ML AT A 09 S0 Wb 1k rp 3258 W 3 1
], TR R B ET A4 A0 ) P R A0 e A A A A I A A
B o hsa-miR-1246 36 2 5 fig 2 W S P9 B 40 0 %%
JE SR AT T hsa-miR-139-3p W) A 5 3oF 4 3% 90
1 pS3.p21 Fl pl6, 5 5 F S I KA F kB

miR-486-3p J& hsa_circ_0002938 Fi il it # miRNA
ST Z— CEARIE BoR %0y 723k B, a)
il DR /)N B 480 A0 B8 L A RE A T AR £ R AR

A Miller 40 fifg i A2 miR-224-5p J& hsa_ circ _
0035277 Fil i) 48 miRNA 73 52 — , G HF 5L R, 1%
Sy F I REIE AL NLRP3 Gl j% 2 5 2 BUME O 8 & 1 15
DXJEAE S RE ™ o pT AT DL, 3 4 T 3 £ 36 43 miRNA
25 DR i i v i A I 8 AR E S5 L 5
PN B A0 G A I RS A T T ILRE 0 LA B I A N B AR
K321k, 78 DROREAEME A9 37 A= i 48 T8 il 7
DA B A0 L ) R AR 2 Az b e — o B, 3K
fITHEM hsa_circ_0001946 % 2% F ik circRNA 1] fE il
b 5 A S miRNA 455, 5 BO0 R 58 P K 20 1 2 fig s
fig, M52 0 DR B & A2 F Kk Je B 75 i — 25 i 5%
WESE

8 BT IR, ARWT SRS T A B 9F HRVECs 1Y
cricRNA 22 S £ 38 i, JF 5 E T H  hsa _ cire _
0002938 .hsa _circ _ 0008036 hsa _circ _ 0001946 _ hsa _
circ_0035277 .hsa_circ_0008344 F hsa_circ_0001874
X 6 KB R BE fY cireRNA 23 5, F000 H 7T fiE
HIHE miRNA 4 1, iX 26 circRNA 7] €38 17 miRNA &
5 DR W RAFIE . AWFFE N circRNA 7E DR A ()
BB FEHR AL 18 YK , (HIX 2 cireRNA 73 F-1E DR
b AR v R BRI 0 68 DL R BRI AR I PIL AT A
— L5,
FBMR A MEH B AT R 75 vh 58
g R E R R A A AR B b R ) TR A BR S R X
AR S5 1 5 B
EERBMAER T W IO B R T i RS
FERL BT R B AR 5 UK R SRR e B B &

5% Lk
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