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[ Abstract)
offspring to interphotoreceptor retinoid-binding protein ( IRBP )-induced experimental autoimmune uveitis ( EAU ).
Methods

EAU were used to screen immune-associated differentially expressed genes in the eyes of the exposed offspring. Gene

Objective To investigate the effect of embryonic inflammatory exposure on the response of mouse

RNA transcriptome sequencing data from eyeballs of C57BL/6] mouse offspring born to mothers with active

fragments overlapping in the two datasets were screened using Gene Ontology ( GO) and Kyoto Encyclopedia of Genes and
Genomes ( KEGG ) enrichment analyses to identify biological pathways associated with the gene fragments. Hub genes were
identified from these intersecting genes by protein-protein interaction network analysis. EAU models of maternal uveitis were
established by immunization with IRBP, ., and expression levels of the pivotal genes in the offspring exposed to
inflammation by maternal uveitis were examined by fluorescence quantitative polymerase chain reaction. EAU severity, T
lymphocyte proliferation, and serum cytokines were detected to investigate the immune effect in offspring from mothers with
an active inflammation response to IRBP induction. Results  Microarray analysis identified 72 immune-related
differentially expressed genes in exposed samples compared with the findings in control samples. These genes were mainly
enriched in Toll-like receptor signaling, mitogen-activated protein kinase signaling, and B cell receptor signaling pathways.
Protein-protein interaction network interaction analysis screened out four hub genes, Psmc5, Psmc3, Psmd4, and PsmdS8,
and mRNA levels of these four genes were increased in the adult offspring from mothers with active uveitis compared with
the findings in healthy offspring. In addition, the group induced with 150 g IRBP showed an increase in the severity of
clinical and pathological outcomes in offspring with EAU affected by active inflammation, compared with the healthy
offspring group(P = 0.0087, P = 0.0410). Meanwhile, T cell proliferation in the offspring was enhanced during the
inflammatory activity stage and secretion of the inflammatory cytokines interleukin (IL)-17 and IL-6 was increased (P =
0.0450, P = 0.0300). Conclusions Psmc5, Psmc3, Psmd4, and Psmd8 may be important genes exacerbating uveitis
in offspring of mothers with active uveitis, associated with increased T cell proliferation and production of IL-17 and IL-6.

[ Keywords ] experimental autoimmune uveitis; embryonic inflammatory exposure; offspring; pivotal gene;

inflammation severity
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AR A A, B ED, XCH AR SR A RS

(Keeler, e [&) , bR ( Crystal , ) | BFIK Sy 45
AL ( Bio-Tek , [ ) , ¢ Y6 & i PCR ¥ ( Bio-Rad,
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B, DRI E R 22 155 1 K, ABFSEEEAR EAU
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JAREEA EAU R AE T 2 710/ BRI B R/
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(EG) FIEERE TIR41(CG) , TAC EAU BRI 5286
i3, EIREG F1CG 463 R,
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1.2.3 T #kEL 40 e 58 5256
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NS BUN =) A S SF S = S LB N e sl E
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®1 PCREIY

Table 1 Primers used for gPCR
SIF5I(5°-3")

Primer sequence(5’-3")

F:ACACTCCAGCTGGGTCACCGGGTGTAAATC

EIE 2

Primer name

Cel-miR-39-3p R:CTCAACTGGTGTCGTGGAGTCGGCAA
TTCAGTTGAGCAAGCTGA
Panes F:GGTGCCAGACTCAACCTACGA
sme R:CAAACAGCTCCCTCACCATTC
Pane3 F.CCTGCCGTACCTTGTCTCCA
sme R:GCATCCACCAACCCAATCACT
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F:CCTCAATCTCCTCTTCCTGCTAT
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Note. A. Differentially expressed genes. Red. Up-regulated genes. Green. Down-regulated genes. B. Intersection of differentially expressed genes and

immune-related genes. DEGs. Differentially expressed genes. IRGs. Immune-related genes.

Figure 1 Volcano map of differentially expressed genes as well as DEGs and IRGs intersecting genes in the offspring of parental EAU
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Figure 2 Enrichment of differentially expressed genes in the offspring of parental EAU
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Figure 3 PPI of differentially expressed genes in the offspring of parental EAU
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B. Expression of IL-6 in serum of maternal EAU. Compared with HG, P < 0.05. (The same in the following figures)

Figure 4 Clinical manifestations (n = 6) and serum expression of IL-6 in maternal EAU (n = 3)
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Figure 6 Inflammation response of offspring mice immunized with 150 pg IRBP

0.49=CG 150 7 =CG
-EG HiH = —EG
4 g ——
Aa 0.31 h: |L1
g = 1 "o
= g isiaid ® é
2502 T 12 é 1007 ns
= o L —
(S g
© 0.1+ ZE
Z3
E 2 501
0.0- bl
0 10 20 £
el /(ng/mL) £
Concentration/(pg/mL) O
VL5 CG HILE, ™ P < 0.001, " P < 0.0001. R L6 TNF-o
7 HPE 150 pg IRBP FA/NEAY T AAEHEFE (n = 3) B 8 HBE 150 pg IRBP P/ RULTE A R
Note. Compared with CG, *P < 0.001, P < 0.0001. AR T35 (n = 3)
Figure 7 T-cells proliferation of offspring mice Figure 8 Expression of inflammatory cytokines in

immunized with 150 pg IRBP(n = 3) serum of 150 pg IRBP(n = 3)



ot [ S2I E AR 2024 4F 3 H 45 32 555 3 8] Acta Lab Anim Sei Sin, March 2024, Vol. 32, No. 3 305

FIL-6 (1 7= A, AT 3G Jin X 5 48 EAU ™ & M1

2R
3 i

FEAMEFE B, FIH R 18 5 XSS/ AGE EAU
CSTBL/6J /N F A% RNA #5 5% 418008 i 47T IR A H2
§if il 5E GO KEGG LUK PPT M4 ARSI, i i 1
2 5 28 A 2 IR AR S AR 4 S XA A
Psme5 Psme3 \Psmd4 \PsmdS8, 7] i i 835 Toll ##
ZARME S MAPK {5 558 # L Sz B 41 M 32 A4 M5
SO IR KA A AR SO AR WS
VRS S 2 A R e RO A2 CSTBL/6) /N B
R IFEI . R R X 4 S BERTE 52 BEAC
7 IR A 52 W 18 2 E 1 sl 3 AN BL(Z2G) v B R
ik, A, 5 CG /NERAHEE, 150 pg IRBP, 0 755
RS2 REAS EAU 5200 1 98 5 15 381 EG /) B 49 15
RN R R

55 Je T HGE T T 45 A AW IR Rk
JEARGRPESS 27 d Y I3 ARG I 3] 2 5 5 A A g g
REZMF 8K 4E K JE X 41 3 ] Psme5 |, Psme3
Psmd4 Psmd8 9 5 3 L, X 4 DREH— H 20
ZoIRATIEE (B JR D BRAE | JILZE 4 M B R
REACAE A K BT 45 ) BRAE (B i s 5L
g 5 ) SR O TE B R, T AR AT R B,
Psme5 1 Psme3 8 P4 PR3 i 7 AR A8 1A 3 5
T 40 T 4T3 2% (interferon, IFN) 15 5 1% 518 J%
TEAR 11 BE AR AH OC B B & 4E 25 & 1iE ( proteasome-
associated autoinflammatory syndrome, PRAAS ) %
R M2 kB R AR R AL A T R AR A
A AR, PsmeS 7] LAYE Y 2 Fpisds 45 b % -
[F) 76 B A | R SR 5 2 S W 45 PsmeS 3655 CD8”
T 20T B 4 A Y AP 52 7R OC, 7T DA L e 4
FEL R A A0 3 — TG T AR I A DGk
T PSP (age-related macular degeneration, AMD) i)
WF5E & B, 5 il 45 1 S AR B AR R 23 U Y9 Hsp9o
5 Psmd4 F1 Psmd8 A EAEH], LLJE T AMD i Jié i
FEP AU S R I FE AR, Psmd4 Jl 3 JR A% 2 1
FF N F «B Ml [+ o (NF-kappa-B inhibitor
alpha , IkB-a ) FET{E 1L B A% N T kappa #2851
¥ (nuclear factor-kappa B,NF-«kB) , LA 40 i 5%
% Psmd8 R 198 2 (B T AR
5, FES5ER 0 DNA &l B AR A RS
YR, WESE R B, Psmd8 (1433 2% 3k W] G 35 4 i O

SRR TR RER LY AR
Z TR —ECCT B R R TR AR IS 3k RAE Y
TR/ B TE R DO 7 D 38T T R R R
P2 - A0 48K VBB 3 A s v S RG89 i)
DA B A RE S T 2 A

EAU J&—F T 20 J A5 09 % ol 2 400 1) g
YA, UG AZ 2R A ML) F B R )W, Th17
FEA T H B M A R ) R BB E T 408, 5
H H Th17 40 7= A 5 5 K 7 TL-17 Blh o 2 20w
PERYSEHE . BFSEIEM , IRBP (4 353 AY BIOR I /)N
Bl EAU #0223 LA Th17 40 A K HE 4 00 200 Jfa 1R
F IL-17 2 E R e S AAE . JF H BIOR L B3
AN AR AT BRI AT T 40 AT TL-17 0= A B s
1R EAU B9 I8k AR SCEE RS 150 pg iR
AN BRI Y T 2k B TL-17 20 M R 1 7K 7 T 85
XAZ AT I 45 R — 27, YL Th17 40 7 ik
I RV R R 2 B TR, FE T RE P S i T F
FRNR B A R P AR T1-6 J2—Fl i B w4
FRURT T 20 A 7= A 1 2 550 A i R 7, BiA R B 4
IR AE B A B R R B AR
1L-6 7£ /£ FRAH O T /K- AE AL, (B FE R otk 20 BE AR
| 1 ZE LG R DG 1 7 28 65 4R | 28 IR O R A %
S I], TL-6 F7KSF- 8 3 3 m > i A S e R AR
EAU RN 150 g s PN RIR N #R & 8L T
TL-6 A 70 4 n, B 1-6 25 T AR 5 1k 2
/N BRE R A A T R R B X — R IR R
SEfE LR L

L5 L FTIR S 55 BUE 4 R AR e i -4 4
REL KRR LN 4 DX AL FE K Psme5 , Psme3 |
Psmd4  Psmd8 i 520 | 32 BEAS IS Bl 1 A AF 2 8% 1
TN, FECFAC/DN B BB 5 5 N A
R AR, I, Psme5 ., Psme3 ., Psmd4 .
Psmd8 77 B2 T 00 46 265 FE 2% 1 vl R e P IRV 22,
PRI A B 2 B 9 % T A ) 5 i P2 AL B IR 4R

£ % X #(References)

[ 1] YANG P, ZHONG Z, DU L, et al. Prevalence and clinical
features of systemic diseases in Chinese patients with uveitis [ J].
Br J Ophthalmol, 2021, 105(1) . 75-82.

[ 2] JULIAN K, TERRADA C, QUARTIER P, et al. Uveitis related
to juvenile idiopathic arthritis ; familial cases and possible genetic
implication in the pathogenesis [ J]. Ocul Immunol Inflamm,
2010, 18(3) . 172-177.

[3] DUSEK J, URBANOVA I, STEJSKAL J, et al

Tubulointerstitial nephritis and uveitis syndrome in a mother and

her son [J]. Pediatr Nephrol, 2008, 23(11) : 2091-2093.



306

[ S IR S 2 F AR 2024 4E 3 A 55 32 555 3 M Acta Lab Anim Sci Sin, March 2024, Vol. 32, No. 3

[ 4] SIISKONEN M, HIRN I, PESALA R, et al. Prevalence, proliferation and metastasis of colorectal cancer by activating
incidence and epidemiology of childhood uveitis [ J]. Acta epithelial-mesenchymal transition signaling and modulating
Ophthalmol, 2021, 99(2) : e160-e163. immune infiltrating cells [ J]. Front Cell Dev Biol, 2021,

[ 5] HANYV X, PATEL S, JONES H F, et al. Maternal immune 9. 657917.
activation and neuroinflammation in human neurodevelopmental [12] XING C, LIU X F, ZHANG C F, et al. Hsp90-associated DNA
disorders [ J]. Nat Rev Neurol, 2021, 17(9) : 564-579. replication  checkpoint  protein  and  proteasome-subunit

[6] LIUJ, YIN G, HU K, et al. Parental uveitis causes elevated components are involved in the age-related macular degeneration
hair loss in offspring of C57BL/6J mice [ J]. Exp Eye Res, [J]. Chin Med J, 2021, 134(19) . 2322-2332.

2022, 219. 109056. [13] LIX, LI X, HU Y, et al. PSMD8 can serve as potential

[ 7] YIN G, ZENG W, HU K, et al. Parental uveitis influences biomarker and therapeutic target of the PSMD family in ovarian
offspring with an increased susceptibility to the experimental cancer: based on bioinformatics analysis and in wvitro validation
autoimmune uveitis [ J]. Front Immunol, 2020, 11; 1053. [J]. BMC Cancer, 2023, 23(1): 573.

[ 8] CASPI R R. Experimental autoimmune uveoretinitis in the rat [14] LIN P. Targeting interleukin-6 for noninfectious uveitis [ J].
and mouse [ J]. Curr Protoc Immunol, 2003, 15 1-20. Clin Ophthalmol, 2015, 9. 1697-1702.

[ 9] PAPENDORF J J, EBSTEIN F, ALEHASHEMI S, et al. [15] NISHIMOTO N, KISHIMOTO T. Interleukin 6: from bench to
Identification of eight novel proteasome variants in five unrelated bedside [ J]. Nat Clin Pract Rheumatol, 2006, 2(11): 619
cases of proteasome-associated autoinflammatory syndromes -626.

(PRAAS) [J]. Front Immunol, 2023, 14: 1190104 [16] TAKEUCHI M, KARASAWA Y, HARIMOTO K, et al.

[10] EBSTEIN F, KURY S, MOST V, et al. PSMC3 proteasome Analysis of Th cell-related cytokine production in behget disease
subunit variants are associated with neurodevelopmental delay and patients with uveitis before and after infliximab treatment [ J].
type I interferon production [ J]. Sci Transl Med, 2023, 15 Ocul Immunol Inflamm, 2017, 25(1) ; 52-61.

(698) : eabo3189.
[11] HE Z, YANG X, HUANG L, et al. PSMC5 promotes [WFmEH] 2023-11-28
(HPEZEIHYFR)2024 FEITRE
CHE SE s 2R ) t b E SR S 2 2 5 o [ R AR B B A SE IR S 5 T I A 4 A e
FARTY (AT S 552k 8 R SRE MG S R 5 IER T e 5 S50 sh W 5 sh i S5 AH DG i AR

TRRA I SR, BORORRS PR SE Bl il 58 SO 2k Wi T GBS BE A AT AR A BT

LA

TR WFFEIR2E FIBE SRR .

BB G Al BRoe 25 BRR M) IR B SERAL R TR A TR G

RIA = KRG Bk A4

TR THr: A T, K 16 JFA, 140 50, AR MR, 41 50 oG, 447 12 301, & 600 st MR %A
2-748,
T35 3 RAT R v B A SRAT B R wl ALtk K el S A7

K-, 11220201040003764
AR Sk 2FK . P ESLR s Y &

THEE T TR TS T A A st bk SR RS FAT 2 R bl R SR e 4 1



