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[ Abstract] Objective To investigate the effect of circadian thythm changes on the expression of retinoic
acid-related orphan receptors (RORs) and the RORs agonist SR1078 on corneal epithelial wound repair. Methods
A total of 228 SPF C57BL/6 female mice aged 68 weeks old were selected, and 180 mice were divided into the
normal circadian rhythm group,full-day group,full-night group, 12-hour reversed circadian rhythm group and 3-week
reversed circadian rhythm group, with 36 mice in each group. The remaining 48 mice were randomly divided into
phosphate buffered saline (PBS) control group and SR1078 group by random number table method, with 24 mice in
each group. According to grouping,the mice were placed in a light box where the light (light intensity of 300 Ix) and
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dark time could be controlled. The light time of the normal circadian rhythm group, the PBS control group and the
SR1078 group in the light box was from 7;00 to 19:00, and the dark time was from 19;00 to 7.00 the next day.
According to the Zeitgeber Time method , the starting time of light at 7:00 was recorded as ZT0,and the time of closing
light at 19.:00 was recorded as ZT12. Real-time fluorescence quantitative polymerase chain reaction was used to detect
the relative expression levels of RORa and RORy mRNA at ZT1,ZT5,72T9,2T13,7ZT17,ZT21 in the five groups. In
the PBS control group and SR1078 group,a golf-like knife was used to establish the mouse corneal epithelial injury
model,and the model eyes were administered with drugs once every 6 hours according to the grouping. The corneal
epithelial defect area was measured with Adobe Photoshop CC2019 software, and the corneal epithelial defect rate was
calculated and compared between the two groups. The correlation between the relative expression levels of RORa and
RORy mRNA in mice corneal epithelium of the five groups and corneal epithelial defect rate in the PBS control group
and SR1078 group was analyzed. The corneal epithelium repair was observed by whole cornea spreading and
immunofluorescence staining,and the number of corneal epithelial dividing cells in the PBS control group and the
SR1078 group was calculated and compared. The use and care of animals complied with the ARVO statement. This
study protocol was approved by the Laboratory Animal Ethics Committee of Jinan University ( No. JN-A-2002-01).

Results Compared with the normal circadian rhythm group,the relative expression levels of RORa/RORy mRNA in
the full-day group, full-night group, 12-hour reversed cirdian rhythym group and 3-week reversed cirdian rhythym
group showed an overall decreasing trend. There was a statistically significant difference in the corneal epithelial defect
rate between the PBS control group and the SR1078 group at different time points after modeling ( F__ = 74.01,

group

P<0.001;F,, . =5171.48,P<0.001). Twelve hours after modeling, the corneal epithelial defect rate in the SR1078
group was significantly lower than that in the PBS control group, and the difference was statistically significant
(P<0.05). The relative expression levels of RORa and RORy mRNA in corneal tissue was moderately positively
correlated with the corneal epithelial defect rate in mice (r=0.614,0. 537 ;both at P<0.01) ;The regression equation
of the straight line between the relative expression level of RORa mRNA and the change in corneal epithelial defect
rate was Y = 33. 153X -43.052 ( F=20.58,P<0.001),and the linear regression equation between the relative
expression level of RORy mRNA and the change of corneal epithelial defect rate was Y=2.764X-1.364
(F=13.11,P<0.001). There was a significant overall difference in the number of corneal epithelial dividing cells at
various time points following modeling between the PBS control group and the SR1078 group (F = 160.55,

P<0.001;F,  =83.57,P<0.001).The number of dividing cells in the SR1078 group was significanll; l:,ss than that
in the PBS control group at 24,30, and 36 hours following modeling, and the differences were statistically significant
(all at P<0.05). Conclusions Circadian rhythm changes reduce the expression of RORa and RORy mRNA in
the mouse cornea. SR1078 can promote the expression of RORa and RORy mRNA in corneal epithelium to decrease
the number of mouse corneal epithelial dividing cells, and inhibit the repair after corneal trauma.

[Key words] Cornea; Circadian thythm; Wound healing; SR1078; Clock gene

Fund program: National Natural Science Foundation of China (81770962, 81700808) ; The Medical Science
and Technology Research Fund of Guangdong Grant ( A2020318)

DOI:10. 3760/ cma. j. cn115989-20201117-00778

- 119 -

1R R 240 i S AN T SR 0 O OR R B M E SR1078 fEfS 5 L RORa/y, 32 % RORa 1 RORy RNA

B RS, A B b R A0 SR T AR B%A‘iﬁiﬁlﬂﬁi
Be R 25 09 A, 51 A B L B it o I 003 e 1
HR—ANERNER, I%ﬂhﬁﬁﬂlﬁlﬁﬁjﬁxr&fb
F18 fih i 7 | X A A 200 DA ) S 4 ) B L A9 L O B A
13 XA IRFE L 2L, I P B A AR E SR T R, 1 5 18
20 iE O A IR T A B R AH K AL AZ A (retinoic
acid-related orphan receptors, RORs) i RORa \RORB #I
RORy 3 >l b 21 80, 70 AT A 42 B 45 AR AL, 7 A2 B
AT OB R A 2L L AE AR L e S g R G 1 4
A B P R P Iy R S (. ROR JEINB% sk oAy
A, H/h B RORa R % i, 2 40 L A= 9 b 5 Y
Bmall WyR$ 51 BB HN SR ML R E
B, /N EL Bk =2 RORo/RORy 0] g & B&AIK Cryl . Bmall |
Rev-Erba Fl1 Per2 25 i} 3L A HEMED' . RORs B sh

K5 1L, fe fif RORa/RORy 5 H #Y2E KA 8 1 |
B ROR ¥ 4% JC 14 ( ROR response element, RORE) 4%
& @J‘iﬁ RORa/RORy H ByJEH iy 35" . B R T

A i T RV AT B 5 R ) A8 A 15 A T SR Y PN A TR AL
‘FF'J,,\EFETT“XTHHZFE’J%@@E&ﬁfiﬁﬁgm%ﬂﬁﬁ‘ﬁﬁﬁ/
SEEIRER , L6 2SS A0 ML T Bl (AR 20 1 40 i A R
20 B A AF ) B 5 Ak b A M R B ) A T A 4 R
LR o BRSBTS TR B0 B A5 1 T A I b R i A
2203 308 22 R AR W] R BRI S A E R 18 52 Y RE
ST AR T A R DNA RGN AR | 2 k1A
SEA N A L I TE A 5 A 3 P SRR DR A0 £ R TS )
2 VR A T L BT R BRAS  H T A E F E
AR KR A R Thﬁﬂﬁﬁjﬁfﬁﬁ’”ﬂ“m B
R HRT BT BT AR R IR A RE 5 5 K B



. 120 - SIS IR B 2L Ak 2022 4F 2 H S 40 555 2 ] Chin ] Exp Ophthalmol , February 2022, Vol. 40, No. 2

YO JE A 5 PN A 2 3k 2R ek s R B 2 1
WEHE 2 B, VF 29000 10 & A 5 B TR 98 78 w3 458 R 3R
B A 7Y ek A8 5 U MT 5 RORa/RORYy 7 £
SR i o P R i e 45 22 R AH 2 b S Gk L H
il % T RORa/RORy WY AH A 5T 32 5 3R 46 T 4% Fl
W B 3k EL 40 % B RO BF 55, T RORa/RORy X
£ M55 ) 1Y AH DG AT 58 48 b o A BIFSE AU AR F SR1078 %)
AR b BB S0 Bl g s, LR 6] B T TR
RORa/RORy ik &8 1Y 3 & 284k & SR1078 1EFH T
TR 5 18 52 3 0y 2 UL B o3 2L B 0 B S B Ak,
SR1078 X 1 I | Bz 40 M B 45 18 52 1% 9 455 B I 52 ) [
BT S AT 1 SE AR o

1 HREF®

1.1

L1.1 SLsahyy S SPF (@ e JC IR P b 6~ 8
il CSTBL/6 /R 222 H (I T AR R 5L 5 sh )
Hl) ISR T (24£2) °C SPF )W) b b, 4 5 i 7
A B R, AT A% G 38 E AL 5 IR B 5T
Ph2s il 9 ARVO 75 B, 28 B B K 24 S0 00 3l 0 16 38 22
B34 A% AL UE (4305 IN-A-2002-01)

1.1.2  FEH M fUgs SR1078(1246525-60-9) ( £
MedChemExpress 2 @) ) 5 # B £k 2% ' & ( phosphate
buffered saline, PBS) (J™ JH Jii & A= W) B HCA R A H] ) 5
RNAsimple £ RNA $2 BORL] & (b5t RARE A RHECAT
BRA W) s AR 73 % 10% Triton-X100 7K A S 9206
ZH 417 B & B (bovine serum albumin, BSA) (7
MY BORA R T 547, 6- Pk -2-I KL 1| W
(4’ ,6-diamidino-2-phenylindole , DAPT) Y4 i ( 2 =
KA Y1k 7 2 7] ) ; ReverTra Ace qPCR RT iR 7] & .
SYBR Green Master Mix ( H 74X Bio-Toyobo /A ] ) ; 5| #)
(3 [E Thermo Fisher 23 7)) . SEM %<6 E & PCR Y
B PCR AL (3£ [ Bio-Rad A ] ) 5 & /K KAEJ) (£ H
Accutome 24 7)) 3 SZ61 & X R B | IE & 90 BB
( HA Olympus 22 #]) o

1.2 J7ik

1.2.1 /NEUMA KT MR8/ BUR 3R % 2 00
MRS AN A , R T BB AL B SR 206 180 H/N B0 A i
WHREFH . 25H . 2RAH EREFE 12h 4 BK
MR 3 A 40, A 2H 36 L AR e s i T USR], R B
BLE K 48 HL/)N LA IR A 45 B 43y SR1078 4 A
PBS XJHRAH , B340 24 H o &4/ B AR 28 Tl 45
i R (Ol R B 300 1x) K BRI I [ A 55 FEAR v,
HUB A R IE H 4 PBS X BR 4L R SR1078 445 H 4

3% 22 Ot B[R] kg 7:00 ~ 19 00, 3% S 24 1% i) (5] Ky
19:00~ K H 7:00; % 8 {5] 12 h 41 % 55 H i [A)
M 5 5 7 B (8] 3 A 26 S i/ o IR A X [ R i £
12 h 2 (B %E 3 i ; & B 4 N iESE 24 h B HCRE ;&
WU F i SE 24 h BRIEDIRZS . SR1078 4 F1 PBS X} i# 4]
TR R R E R B 0 h 43 5 ok
SR1078 ¥ Al PBS 43f 6 h filll 1 3k, Fi: B i )5
48 h, M4 Zeitgeber Time T1mf i, LLIT 4R O BRI 7]
7:00 324 ZT0, DL 5GP 6 BT[] 19:00 228 ZT12,
1.2.2  SZib9¢ @ & PCR ¥ 5E /A i+ RORa I
RORy mRNA ik R SHMERL F 2006 A [FOE T i
T /N R AL BE , B 20 A B[R] (2T ZT5 (ZT9 (ZT13 |
ZT17 ZT21) AREC 3 H/N R, WUIR 25 45 £ R 2% 1) 52 4 A
B, & H] RNAsimple fi RNA #2 Bt #) & 32 B s
RNA ,jifi s+ ReverTra Ace qPCR RT i 57| & & il cDNA,
SRR FR N 30 pl, AR 33 C 20 min, 96 C
7 min,3 C 3 min, B T-20 CI&#E% H . %A SYBR
Green Master Mix 7F Applied Biosystems 7900HT =L [}
PCR & 4t h # 17 & & PCR, 73 %l LA/ Bl RORa il
RORy 8| %), RORa iE 171 B ¥ )5 % Jy 5° -TCAGCA
GAGCAATGCCACCTAC-3’ , K [A 5| ¥ 54} 5’ -TGGA
CATCCGACCAAACTTGAC-3" ;RORy iF [ 5] ¥ )5 51| Ky
5" -CAAGTCATCTGGCATCCACTACGG-3" , L[4 5| ¥ J§
51 57 -GCGGCTGGTTCGGTCAATGG-3; L GAPDH
W %, GAPDH IE [n 5] ¥ J¥ %] & 5°-GAAGGAC
ACTGAGCAAGAG-3" | X [7 8| ¥ ¥ 51K 5’ -TGCAGCG
AACTTTATTGATG-3" . #HH 3 7 % H:95 C 510 s,
60 C 15 5,72 C 15 s, R 27 318 & 4K 5] Bt
[i] i RORa 1 RORy mRNA FHXF ik & .

1.2.3 MM -0 s SRR g, PBS X R
ZH A SR1078 2H & ¥EHL 3 HU/NEL, 2 BSCHR (13 ] iy
J5 %, /N BRI I P9 I 33 It 4 B 109 K £ S (0. 05 ~
0.1 ml) #4742 B RRIFE, 76 &) & T E AR 0.2 em [ 55
bR /N BUSUHR £ 5 b gl X 38R, R A i 2R SR T ML
PEFIBRARIC XA A R b o R H BT 43 2 2% 9
B IR VT AL A B b R e T AR 3RS B2 (0 h)
46,58 4 h & J§ Adobe Photoshop CC2019 #k {4 il
S R e AR, B R A A B A TR
PO 2 A2 /N RO TS B e R S B R Bl o =
T A5 S B () A b B R 5 T A/ S FS O b A A a5
X 100% , #EHS 0 h £ 5 F e Befii 5 100%
1.2.4 SN R B e 58 e 8 1 W58 A it b 2
R ML oy 245 oo TS 12,18 .24 30,36 ,42
F1 48 h SR FH SUHE NG 74 4L S8 PBS Xf BE 41 Fi1 SR1078



SIS IR B L Ak 2022 4F 2 HEE 40 4555 2 ] Chin ] Exp Ophthalmol , February 2022, Vol. 40, No. 2 . 121 -

/A 3 E JE OB AR Bk, R B 43 Bk 2% HH IV
W [E 5 40~ 60 min, 7E PBS o B £ £ B2 1) 56 % A
P FHR B R 3 3% 4 6 A B b R B T PBS i vk
3, E R 5 min, BT F 45 2% BSA % 200 ml
srdst A 15 min, IR 7 R4 f B E R 43 o v Je i %
) 4 A3, AR b R T b S R BT R R LT
& DAPL [ 3 7 7], 3 B35 3% A, 4 C IR A7 .
IEE YO0 WG T WA AN I B 3 2440 i, DAPT 4L (5,
2 e P 240 O S W 8, A A O R R A 2 A R
e B Y A S R T B R T, 2R 0 L S IR
1.2.5 /NERARBEITIX B bR or i ot 5 AR 4 S
AR L1410 07 B0k M IR AT 43 DX (I 1), DA JEE 2% 3 £
I rp g R TSR 5 A X, 7R S A X1 A IR R ks i
8 R rh Je g A AR ] 2 S5 AH B H AR 2R, 9Ok
S ARUBE R R LR ) AR 2 RN ) AR 43 ] 4 AT 9 A
H b5 P0IBT 17 W ER FE 301 08 4G 4 24 40 i B 16 A= KT
FEAH L , 25 0T 43 24 4t Jf =2 AR A 58 3 R BB 1Y) 4 24 2
%5, % PBS %f & 2 F1 SR1078 2H /)N B ff JiEE | Jz 43 24
A0 B AT R

Bl AESRABITESETERE

Figure 1 Schematic diagram of corneal zoning
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®1 FAFRFERESNRAEFP RORa mRNA 3§ RIEELE (xs)

Table 1 Comparison of the relative expression level of RORa mRNA in mouse
cornea at various time points among different groups (xz=s)
ASA] I [] £ RORoe mRNA A X} 4 34 1
2051 B AR dit
ZT1 ZT5 ZT9 ZT13 ZT17 77121
BT IR 4 6 2.43+0.08 2.63%0.28 7.40+1.27 4.40+1.04 4.67+1.31 2.83+0.97
Bl 6 0.66+0.02  0.34£0.45" 2.35£0.59" 0.69+0.07" 1.07£0.28" 2.11+0.82
sl 6 2.19+0.12 1.12+0. 18" 1.43+0.18" 0.93+0.25" 3.33+0.99  2.97+0.60
BREE 12h 4 6 1.59£0.55  2.24+0.35  3.73£0.21" 2.19+£0.23" 2.37£0.55" 1.71x0.14
BT R 3 R 4l 6 0.96£0.19  1.05+0.24  0.22+0.21" 0.91+0.49" 1.09£0.01" 0.13x0.03"

Vi F g = 143,28, P<0.001; Fyyy =30. 11,P<0.001. 54 [ B ] 28 5 15 H 1E 3% 41 L8, *P<0. 05

(IR FE I 225041, Tukey K0 82)  ROR - 4 BB AR G UL Z 1A
Note; 143.28,P<0.001; F,, . =30.11,P<0.001. Compared with the normal circadian rhythm

group — HE AT
group at corresponding time points,“P < 0. 05 ( Two-way ANOVA, Tukey test) ROR: retinoic acid-related

orphan receptor

®2 FHATFRESNRRAESR RORy mRNA 1834 Fi5 8 L8 (x+s)

Table 2 Comparison of the relative expression level of RORy mRNA in mouse
cornea at various time points among different groups (xxs)
15 Bedcn AN TR ] £ RORy mRNA AH X 3 ik ik

7ZT1 ZT5 7T9 7ZT13 ZT17 7121
BREHER 6 15.97+1.88 7.22+1.03 10.04+1.38 21.23+3.21 29.60+2.82 23.71+0.53
&l 6 13.91+1.82  4.52+0.97  8.59+1.34 10.47+5.21" 13.11£2.12" 2.11x0.56"
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group — 5 £ time
group at corresponding time points,“P<0.05 (Two-way ANOVA , Tukey test) ROR:retinoic acid-related

orphan receptor

PBS X} 4]
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& 2 PBS xtHEZA750 SR1078 HiE#E 5 %Hjlﬂjﬁﬁﬂﬁxj'c?%ﬁﬁf

Fi 3 1 A% ) i 8] 9
FEAC,2 AL/ A RSO R G B B W 4D GBS 12 h SR1078 41/ R A 9Ot R
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SR1078 : #1788 52 1A AH S L2 A 8 30 541

Figure 2 Comparison of corneal fluorescein staining area at various time points between the PBS

PBS: # B2 £k 22 vh 5

control group and SR1078 group The corneal fluorescein staining area was gradually shrunk in the two
groups over time. The corneal fluorescein staining area was smaller in the SR1078 group compared with the
PBS control group at 12 hours after modeling. The corneas were clear at 48 hours after modeling in both

groups PBS:phosphate buffered saline ;SR1078;retinoic acid receptor-related orphans receptor agonist
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Table 3 Comparison of corneal epithelial defect rate at different time points

3 itig

_ 3% 2 B, RORa/ROR 0
between PBS control group and SR1078 group (x+s, %) B3¢ % 91 « Y Hy
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group 5 8 time

“P<0.05 (Two-way ANOVA ,LSD-t test) PBS:phosphate buffered saline; SR1078: retinoic acid receptor- j’ﬁ ETJ' /f'g % §|J %}1 5‘5 Y E &
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Figure 3  Association analysis of relative expression of RORa, RORy mRNA and corneal ﬁiu%ﬂ%iﬁﬁ 2253\5'1 ':F' EI/JE'&
o N E=x

epithelial defect rate( Pearson linear correlation analysis, unary linear regression analysis, n = 36)

A:RORa mRNA expression and corneal epithelial defect rate was positively correlated (r = 0.614, H {i/ﬁ ’pﬁ s T’E {l)]u 1}!3;] ﬁ ETJ‘ @:I] % Iﬁ E"]
P<0.01) ,and the contribution of RORa mRNA expression to corneal epithelial defect rate was 38% ROROL/ROR’\/ m‘ ﬁb T ¥ ':F' E/J
=4 — 3

(R*=0.377) B:RORy mRNA expression was positively correlated with corneal epithelial defect rate R o .
(r=0.537,P<0.01) ,and the contribution of RORy mRNA expression to corneal epithelial defect rate Z: IEJ ETJ‘ IEﬂ 7[,? T’IE % It %‘:Z ljj , J'JF IEN

was 29% (R2 =0.289) ROR:retinoic acid-related orphan receptor E ﬂ] E]/‘J i% ﬁ % m‘ ﬁlé % ﬂ’( i-"‘: Eﬁ Hﬁ

JED 3 705 b 0 3R A, B T A 2
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Figure 4 Comparison of the number of mouse corneal epithelial %,ﬁlﬂ?nluiTETﬁEﬁﬁﬂ 12 h 2ﬂ %ﬂgﬁf,ﬁjﬁfﬂj 3 }E‘]
mitotic cells between the PBS control group and SR1078 group at 36 HNF ERZE IS EITHRIE, RIS/ N R ER T RS IEY
hours after corneal trauma ( DAPI x40, bar =25 um)  The normal

cells (red arrow) were round or oval,and the mitotic cell ( white arrow) /J\ ﬁjﬁé ,filJ Hj‘ /J\ ﬁﬁ ﬁ EF‘ ROROL/ROR’Y mRNA %

was dumbbell-like. The number of mitotic cells was less in the SR1078 LE Iﬁ] )FEHE I}%{E&i‘% , H ]}@ E]vj‘ IETJ E’JL&}% ﬁflﬁ_‘ii@ Eyg T

group compared with the PBS control group A:PBS control group

B.SR1078 group A58 % B, RORa/RORy Xt F ML S 7% 7 3 ) 1 4
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Table 4 Comparison of the number of mitotic cells at various time points

between the two groups (x=s,pcs/cornea)
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PBS : phosphate buffered saline ; SR1078 : retinoic acid
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