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[ Abstract] Objective To investigate the expressions of serum cytokines in patients with autoimmune

retinopathy (AIR) ,and their association with disease diagnosis as well as clinical features. Methods A prospective
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case-control study was conducted. A total of 90 eyes of 45 AIR patients were consecutively collected in Beijing Tongren
Hospital from September 2018 to December 2023. Additionally, age-matched 43 controls (86 eyes) were enrolled,
consisting of 21 patients (42 eyes) with retinitis pigmentosa as a disease control group and 22 healthy subjects (44
eyes) as a normal control group. The main clinical outcome measures included best-corrected visual acuity (BCVA) ,
mean deviation (MD) of visual field, central retinal thickness and the maximal response amplitude and implicit time
of full-field electroretinography (ff-ERG). A total of 21 serum cytokines were detected by Luminex multiple cytokines
assay or ELISA. Differences in serum cytokine concentrations of among groups, the correlation between cytokine levels
and clinical outcomes,and the contribution of cytokines to the diagnosis of AIR were analyzed. This study adhered to
the Declaration of Helsinki. The study protocol was approved by the Ethics Committee of Beijing Tongren Hospital
(No. TRECKY2018-048) . Written informed consent was obtained from each subject. ~Results In AIR patients, the
expression levels of Thl-type cytokines or receptors (including interferon-y[ IFN-vy ] ,interleukin [ IL]-8,C-X-C motif
chemokine ligand [ CXCL ]9, and CXCL10) and Th17-type cytokines (including IL-17 and IL-6) were elevated.
There were statistically significant overall differences in pro-inflammatory cytokines/chemokines ( 1L-6, IL-8,
CXCL10,IL-10,IFN-v,IL-17,C-X3-C motif chemokine ligand 1 [ CX3CL]1,CXCL9) among the three groups (H=
10. 823,10. 816,9. 633,10. 103, 23. 670, 16. 493, 9. 050, 9. 253; all P<0.05). Compared with the disease control
group and the healthy control group,the IFN-vy level was significantly increased in the AIR group ( both P=0.001).
Compared with the healthy control group, the serum levels of IL-6,1L-8, CXCL10,IL-10,1L-17,and CXCL9 in the
AIR group were significantly elevated (all P<0.05). The serum level of CX3CL1 was significantly higher in the AIR
group than in the disease control group (P=0.039). The serum level of IFN-y was significantly higher in the AIR
group than in the healthy control and disease control groups,but no association with AIR diagnosis was found (OR=
1.402,95%CI:0.710~-2. 870, P= 0. 245). Multilevel mixed-effects regression modeling analysis showed that the
serum levels of IL-8 and CXCL9 in AIR patients were positively correlated with LogMAR BCVA (B=0.028,P=
0.033;8=0.023,P=0.003). The C-C motif chemokine ligand 11 level was positively correlated with implicit time of
ERG a-wave (8=13.950,P<0.001). The tumor necrosis factor-a level was positively correlated with MD value of
visual field (8=6.310,P=0.002). Granulocyte-macrophage colony-stimulating factor was negatively correlated with
the amplitude of ERG a-wave and granulocyte colony-stimulating factor was negatively correlated with ERG b-wave
amplitude (B= -152.700, P< 0.001; g= —-14.790, P = 0.003 ). Conclusions  Serum Thl and Thl7-type
cytokines/chemokines may be involved in the pathogenesis of AIR and are related to disease severity.
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AN R BEAT AR AL B AR . (1) F £ IE WL ) (best
i P B A ) sz
/N T e e O LogMAR #L J i 47 52 3t 70 #r o
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R A I B TR 46 C-C 3k e I 1 A 2
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% A, % W Bt 52 56 ( enzyme-linked immunosorbent assay,

corrected visual acuity, BCVA)
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WFFE ALK BCVA=0. 1 [ H % (62.2% ,56/90) 17
P AG A, H UL AL B e At SR AL 1) O PR 2 o5 A
R 1Y) 67.9% (38/56) , WLEF -3 MD fi 5 17.0+10. 1,
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Figure 1 Multi-modal imaging features of patients with AIR A

Thinning of retinal blood vessels, disorder of retinal pigment epithelium, or
pale color of the optic disc by fundus photography B: Hyper-
autofluorescence ring ( arrows ) surrounding the macula by fundus
autofluorescence ~ C: Loss of outer retinal segments including outer
limiting membrane , ellipsoid zone and the outer nuclear layer on SD-OCT

image
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1 FSHEHNBEMABMAFKELLE(M(Q,,0,),pg/ml]
Table 1 Comparison of serum cytokine levels among three groups [M(Q,,0,) ,pg/ml]

45 1% IL-6 IL-8 CXCL10 IL-10 IFN-y IL-17

AIR 41 45 0.63(0.00,5.09) 3.01(1.91,6.38) 15.10(8.47,28.31)  0.40(0.09,0.58)  18.16(6.80,22.16)  21.20(5.71,60.05)
PN IRA 21 0.10(0.00,0.57) 2.61(2.16,2.71) 10.23(6.98,17.12)  0.33(0.18,0.46)  0.00(0.00,0.00)" 2.43(1.03,4.88)
fEFEXT B4 22 0.00(0.00,0.00)" 1.48(0.79,2.23)" 8.72(8.48,9.38)"  0.00(0.00,0.00)*  0.00(0.00,0.00)* 1.11(0.94,1.86)"
H 10. 823 10. 816 9.633 10. 103 23.670 16. 493

P 0.024 0.025 0.036 0.021 0.001 0. 009

4151 il %% CX3CLI CXCL9 IL-1p TNF-a CCL2 CCL3

ATR 41 45 192.96(102.96,832.33)  82.44(76.73,112.75) 1.53(0.45,2.79) 0.66(0.03,1.49)  69.42(41.79,142.52) 17.01(10.94,51.21)
FRA A 21 107.33(66.01,157.56)"  80.26(78.15,98.00) 1.18(0.32,2.04) 0.62(0.03,1.15)  69.30(51.34,100.09) 19.60(0.00,31.19)
fEEXTHRAL 22 252.25(136.23,1 756.23) 70.98(77.24,78.26)" 1.31(0.62,1.98) 0.00(0.00,0.44)  39.78(32.51,60.22)  0.00(0.00,18.40)
H 9.050 9.253 0. 496 7.522 8.672 8.713

Py 0.039 0.037 0.855 0.109 0.070 0. 070

417 R CCL4 CCL5 CCLI1 G-CSF GM-CSF VEGF

ATR 41 45 31.00(15.44,54.43) 58.32(18.40,95.54) 39.30(25.63,63.14)  3.07(0.24,5.61)  2.00(1.08,2.31)  84.56(36.55,264.77)
B AL 21 17.13(19.27,29.18) 93.00(27.63,118.12)  40.18(21.25,67.11)  3.68(2.08,7.61) 1.69(1.21,1.78)  115.28(68.35,208.08)
fEFEATHRAL 22 14.37(17.22,34.56) 79.18(49.22,123.33)  27.02(18.01,32.19)  0.48(0.15,2.12) 1.98(0.84,2.99)  110.37(65.32,159.02)
Hfl 5.030 6. 804 7.540 5.199 4.520 4.871

P 0.297 0.191 0.113 0.269 0.498 0.479

5 AIR HAH L, " P<0. 05( Kruskal-Wallis H #; 5 , Wilcoxon £ 1 )

AIR : [ B e VA0 I 15855 72 5 LL - 1 400 il A 3 ; CXCL: C-X-C JE 7 AL R 7 ic

A IFN-y:y T Z s CX3CL1: C-X3-C B J7 B b P 7 BCAA 13 TNF-ac: iR R FE R 7 o3 CCL: C-C & )3 1k I L 446 5 G-CSF b 41 Jifg 42 % 3 K 5 GM -

CSF : L 240 i — 155 s 240 M0 42 7 098 P9 5 5 VEGE i 48 P Bz A I TR

Note; Compared with AIR group,*P<0.05 ( Kruskal-Wallis H test, Wilcoxon test)

AIR : autoimmune retinopathy; IL: interleukin ; CXCL: C-X-C motif

chemokine ligand ; IFN-v : interferon-y ; CX3CL1 ; C-X3-C motif chemokine ligand 1; TNF-a :tumor necrosis factor-a ; CCL: C-C motif chemokine ligand ; G-CSF ;

granulocyte colony-stimulating factor; GM-CSF : granulocyte-macrophage colony-stimulating factor; VEGF ; vascular endothelium growth factor
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PE 53 A
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1ML¥E TL-8 il CXCL9 K ik /K5 LogMAR BCVA &
EAH % (B=0.028, P=0.033;8=0.023, P=0.003) ;
CCL11 K3k /K5 ERG a ¥ R 1 B 4 52 0E A ¢
(B=13.950,P<0.001) ; TNF-a 3 i /K F- 5 ¥ B MD
5 F A (B=6.310,P=0.002) ; GM-CSF 5 ERG a
I . G-CSF 5 ERG b J & & ¥y £ i 41 X (B=
-152.700,P<0.001;8=-14.790,P=0.003) , 4 4il i
K5 CRT ¥ o] B ARG (¥ P>0.05)

3 itig

124 g 1k, ATR B A LA 5 A B DR e 32 Wi
By A G P i o SRS ARA [ A7 1E BN 2 8O
Aot ELH I 75 T4 B0 sl A o BUROE AN SE T3
AR B Z I UEE 4878, BR T ARA, AT B A7
P AN F7E AIR BURBLEH KR . ABFFTEs R
R AE AIR B L35, 401 P 5/ A P 5 TFN-y |
IL-61L-8 IL-10 IL-17 ,CXCL9 Fl CXCL10 # jk 7K *F- %5

fat e AN W) & ot o, 3R I F TNF-a, IL-8, CXCL9,
CCL11 . G-CSF il GM-CSF 2 3k /K 3 5 i ) fE 3% 1k %
IR O, 8755 10T 240 M R 75 5 05 18 & A R & e v
FEE AR, T REME R AIR (9 55 — A bR i
Detrick 25" %f 18 fi] npAIR H % 1M1 35 #E47 IL-1B
IL-6 . GM-CSF .TFN-y ,CXCL9 #I TL-10 ¥l , 45 5 & /R
B IL-6 Al CXCLI 1 33K /K V-8 1E & N B 7+ &,
PLRIX 2 Rl R 46 AIR B9 SUR HLE B & VR R .
A ST R 45 BN [FER AIR B3 EFT T 21 Fh i
/A0 7 iR, o T VAL Hs W M, BR T £
FRX B BN T 5 ATR I PR AR AE 52 28 Y %5 00 X ]
4L(RP B 3) . ABFIEES R EBw, 5 HE AL,
AIR B I3 Thl BYURRAE: 240 g [ - IFN-y Th1 #1#4
fEL B F CXCL9 f1 CXCL10, L) J% 1L-8 K TL-10 357K
VR ET S, EREIE Detrick 2 By B 5T 45
o —H0 AR 2 AT &K B AIR W TFN-y & TL-10
AKFIRBT W T . AFAE 25 5 0 TR AT B 5 R A R R
N E B GRE PR R B2 R R S TP SRS T ik
ARG o 185 —IHF 5 o, Heckenlively 25 F i
SR FIBUARTE PR S 3 ATR A8 35 bk €8 40 U 5% b 3
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B IFN-y J IL-10 ik BE ARk, &K 3L AIR J 3% IFN-y Ft
1, 1 1L-10 5 1E %k B8 2 K 57 40 24 8 B AR . A BF 5%
NN IR S PR B PE AIR R E AL 6.7% (3/
45) K EB4Y N a-enolase ik (5 88.89% ) Fl/ 5 CA-
LA (5 46. 67% ) BHPE R B3, B OAR [F $T 4K 7 &
I B 40 ™ AR AS [ 40 i B AT R R A5 RN — 30 R
Ko BEARIMTE ARA B AA7E 5 4 i [+ Rk 1) X R ik
A3 AR AR T ATR B35 A0 A il 5> 4%
2 7 A A [ o 285 4 R vk B 2 S 1 T RE R TS AR
Ko WA, R4 TL-10 & —Fh 47 28 4 ffd -, {3 1L-10
TH iR 2R T UL 8 A5 A H A g8 M R R
Z AW S R R AR AL 3 Y A0 i T AR ATR 2
W AT A, (H R 3 M3 P Th 40 i 1/ a4k 1
FORME T BoR 5 BEEIG R FEIEAH G, #2878 Thl 7Y
a3 N FE ATR (955 o0 72 o & 4% B BEAE .

AWFFEH, AIR K MG TL-17 7K 5 fg E xf B
AR LW TR o TL-17 S Hy Th17 20 i 20 i ) R AE 1
MR 7. KREBFFE R, Th17 40 &% 1L-17 5 £ Fh
B B S VR AR A 45 15 2 R A 1Y R AR A ORI R E R
SV A 1 TL-17 HA 38 KA 3 T 40
BT RE , I AR E 2 R0 5 Th17 4040 £k 8 45 K 3500 1)
AEAH OC B 4 i I 7 4R, J5 & 46 TL-6 1L-10 | 1L-22
IL-23 i TNF-o 5§, Jf 55 3% 26 [5] - 3 [6] £ ] 3 58 5
RO, A HE I A A5 . AW TS RUESE B
IL-17 4, AIR £ 3 1035 i 1L-6 & 1IL-10 /K3t B & It
i, H TNF-o 355 AIR S35 9030 fe 0 40 M6 3R
Th17 %Y G52 f i 7T fig 4 e Thl Y 40 5 f i 4t
[ /e ATR ZUm pL i v & #84E H

ARG ESN T AIR B I35 40 1 7 335
5 BCVA HVF ff-ERG 1 CRT 4§ 3 B Ilfi I 4 fiF 2 7]
My eI, 45 S g R IL-8 fil CXCL9 . CCL11,GM-CSF
G-CSF LA} TNF-a 7K V- F i 43 51 5 8 J1 F B VERG
B AZ A LA S HVEF SEAR i 3 4 56, 15 CRT [ R Bk
FEAN I A5 A S Derick %5 BFSTIESE T1-6
TE npAIR H HA 0w 1E H1 H 5 95 ™ H R B (T
ERG JZ i 32 45 LW 43 9) A7 42 2K . T Deaner %7
fd ] TL-6 HLARXT 8 i A 5 BE ZEAE 7K I () npAIR &
HIATIRYT , OCT 45 5L 7R B BE /K b s 42 I s B0 A [
PRl 43R . SR, A BESE ATR BRI o I oK & B
IL-6 55 fr W11 PR 45 b5 (245 ERG [ #1 CRT) Z [i]
FEFE B35 ORI, AT RE 5 9 A REAS 5 R/ OULER FE A5, T
ERG 2 Z 805 B AR TR AH 56 o % A [ o 1o B AE
S ATR 1) i 51 2% 46 br T BE b CRT B8 R SRR, 76 J5 22 4F
FE K R A SR AR A o

A B FAFTE— & J BRPE, B T AIR 2 5 W,
SR B B B T SR i 0B B, (B AR AR
U5 Rk — 2097 K, IF 18 I o R B, R S A I R R
ZEAR AR, A0 A AR, LRI R R R 25 R . R
AN AR A U AE R W] AIR SB35 x5 B I
TH AN A 7 Rk i Z IR AR W E 25 &, B R A
fIEAH G

i LARHE ST 45 R R W] ATR &% i b Thl
Th17 BA0f A 5~/ A R 7 2 35 T i, 9 5 50 ™
R RE 5 DA OGB4 4t B IR~ 76 ATR & HIL ] v i) 4
A fe it — L BESE
R SR (o e N e (L ErRUIEN
EERBKAR XS 50 R I e 3CRE ;W M. 2 563
TE I8 SO B S s sk A0 U B R BT Luminex A6 05 B
KT 1R -2 5 8RS BT 5 A SRS L ATRJB 3 350 40 i PR AR5 A0 AG: 0 s PR 9
W AR B R4
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SEUEE 55, R H N A TS AR LR 55 7 A 2 s XU R g
R M (& TA) 1 W 52 2, OCHI A0 o) JEE o PR A, A DL R 38 G
fl 5k 56 IR BT SE & & AL R LR LA BB L LL Bk A% 5, I
FLXS O S S TR, R 5 T G oK L e L R € RO BEAE R L S R
(B 1B) , BUHR AL 5 B 1] (electroretinogram , ERG ) K A1 R 5| H
& 75 SR M BRI, s AT SE RGN, LG9 A HE 48, 1 2%
BB AL, IF 33 0HiE i MR BR MR A3 A X HR fE L %ok O B 5 1
WAL BTGB AN RE R R BERH SR L 5 (181 1C) LR
ERG MR KB (I 2) o SGiE A B 01 4 TR 3, IR IS A A R UL
SN RAT ERG Kt AR R A5 IS, TIARK L o PR ILAT Ak
PRI, BRAT S 2 A BRI W) 2o WOAR S e S AL BE A1 )
IMAEAS , 24 1 2L R 44 DNA $2 5, 5% J IlluminaNextSeq 500 ]
-5 X ek M Bk R HEAT A 850 B ik B 1y Ah fi 7 #E
Fr o Bud o3 B P ], 25 BR AR BT B 10 A, AR AR AR T Y B
et AR S ORI B 1 SR R £ A A B R SR AT I R A
i Ve A 2 20X B 15 B 00 5 BT R AR S R4 DO S SRR R
I o R0 728 S5 A7 s 7 PN 2 TR 22 S5 0040 PP (HGMID) ) e B A%
12 22 25 PR BOHE 2 (dbSNP) (T A B: R 20 (1000 Genomes ) $i4fg F4 il
L TR 20 % 5 I R (gnom AD ) S5 EAT 25 1A) , 278 A28 56 R 4 AR
77 GRCh37/hgl9, # & 3¢ [ BE % 8t % % 5 3k /4 % % &
(American College of Medical Genetics and Genomics, ACMG ) 2015
AP S A1 11 Ak PR 78 S Ak 2 B R R A P R AT e M . AR

DB AHT L B0 A% E O A8 507 o X AT B B0 A7 i
AT Sanger Jll 7+ 175t i PCR IiE K R L4 B 4347
LR F KB SPATA7 JE[H (NM_018418) 11y 2 I~ 5 A%
S 1S A F A TC AR S5 e 1195C>T (p. Q399X) il 5~9 5
SAETFMEEALES, R ACMG #5/ ,c. 1195C>T (p. Q399X)
T AR S AT RE S RO R T e 2k, B T AR A IR 00 BUR M E
i (PVS1) ;3% 78 K76 gnomAD F T A K K] 21 %5 50905 e v 1 oK Bk
SR TR IR B ANBESR I P A 2y (=), AR AR 5 g F o
SR EU MRS (PM2) 5 3835 I DR 3R R B 55 o g e 5 T 88—
AL A il 19 B R, AF & Leber %8 K P B 1B ( Leber congenital
amaurosis , LCA) , J& T S FFBUW PR IESE (PP4) , & 58 & B ik 43 Hr
SR AE AR 5, % R 5 A B O BORE PE AR F (PVST+
PM2+PP4) . M5 ACMG #5585 ,% 5~9 S4B FEE T H A
gnomAD FI T A Kk H 41 55 5006 e o 389 oK i W it , 76 0E 5 B
AR 5, J& T A O M UE i (PM2) 3248 5 4% A B M st
B0, 59 —BURER RAFE(T S M EWEFARE A
A BT P AEEOR IR (PM3) ;28 35 I K 3R B s K M 8 v
JEE S T B — st AR LAl A B0, AF & LCA, J8 T 3 35 B0 M ik
i (PP4) R R UE 43 H7 O BRI PE AR &, 5 6% 4% 5 900 25 A
FE R IR I R WS S (PVS1+PM2+PP4) . ik 2 A28 7
RAE HGMD 4578 S 804 FE WO SR, A Hi A2 55 (1& 3,4),
SPATA7 ZER B 51 IR R BIW) A ,#f112  LCA BI(LCA3)





