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WE HE FIAHZHEEE, RETHEIFIEE R TR AIE (pSS) v & 45 B B FH 1 5% Bt 4 28 SR k4
FIFET: (ICD) [N, 53k MIEHNFAHIEE (GEO) H3kHL pSS &3 (131 ) HFxE (29 fi) 1k
PR 1% 15 (GSEB6795), #4 H: 5 CLAN Y ICD A% 0o JE K 4R K pSS AHCHE sl MU 2E , e s b B [ . 32 A CIBERSORT
SR REA B G AR TRFAE s 454 40 i% CDST AN BEM) B S48l (GSE93683) H#EAT RIAWIE. &
Jei, USHE 10 ] pSS B I 4 AT IR S AR SR AN I FE A, @it RT-qPCR X S B S DA HE AT 5 56 36 10F
R Lkt 7 A ICD ZERRIEFER S pSS IR MR EHEF (CASPL) . XEKHEEH P3 (FOXP3) .
THE v (UIFNG) . BEFEMLIE T 88 (MYD88) . Toll FE%24k 7 (TLR7) . DExD/H #xiZJieh 58 (DDX58)
RT3 SHIERE C 4B 1 AFIHLD J. % RIES T ER, pSS EIRA L h¥Idh B 45 SR LL
BRI, R NK 400 % MO LSRR LL il &A% (P<0.05) . CD8* T 407 4 St HBIE R W, IFIHL 7&
it 78 CD8* T 4 b %345 B3 7HE (P<0.05) . RT-qPCR 26 1F & 7~, DDX58. IFIH1, CASP1 7E pSS
A& I 20 P R iR 2H 2 3Rk 1 R (3 P<0.05), IENG 77240 J&] I HH 3328 T 1 78 & i o 3R IA PRI (P<0.05) o
g2 AutFud I EYE B SRS A W ik, IRiIEHUESE T DDX58, IFIHL, CASP1. IFNG /2 pSS
FCHEIK ICD MIGIERR, AR NBEAR pSS RIS 288 BEATL A S4T30 A {0k e B 2
RG] JFRMETIREEAIE:; S RGNSt SN iiRiE; CD8 T UM #E; DDX58; IFIHI; CASPI;
IFNG
FE3ES R593.22
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Immunogenic cell death-related key gene screening and validation in primary sjogren’s
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Abstract Objective To systematically screen and validate key immunogenic cell death (ICD)-related genes that play
important roles in primary sjogren’s syndrome (pSS) using multi-omics data. Methods Gene expression profiles of
pSS patients and healthy controls (GSE66795, 131pSS patients/29 healthy controls) were obtained from the Gene
Expression Omnibus (GEO) database. Candidate genes were selected by intersecting these profiles with known ICD
core gene sets and pSS-related targets. The CIBERSORT algorithm was used to analyze immune cell infiltration
characteristics. Validation of gene expression was performed using transcriptomic data from sorted CD8* T cell
subsets (GSE93683). Finally, labial gland tissues and peripheral blood samples from 10 pSS patients and 4 healthy
controls were collected, and key genes were experimentally validated by reverse transcription quantitative
polymerase chain reaction (RT-qPCR). Results Seven intersecting genes from the ICD-differentially expressed
genes (DEGs)-pSS intersection were identified [caspase 1 (CASPI), forkhead box P3 (FOXP3), interferon-gamma
(IFNG), myeloid differentiation primary response 88 (MYDSS), toll-like receptor 7 (TLR7), DExD/H-box helicase
58 (DDX58), and interferon induced helicase C domain 1 (/F/H1)]. Immune infiltration analysis showed that in pSS
labial gland tissues, the proportions of naive B cells and dendritic cells significantly increased, while the proportions
of resting NK cells and M0 macrophages decreased (P<0.05). Transcriptomic data of CD8*T cell subsets indicated
that JFIHI expression was significantly elevated in central memory CD8*T cells (P<0.05). RT-qPCR experimental
validation revealed that DDX58, IFIHI, and CASP1 were significantly upregulated in both peripheral blood
leukocytes and labial gland tissues of pSS patients (all P<0.05), whereas IFFNG expression increased in peripheral
blood but decreased in labial gland tissues (P<0.05). Conclusion This study identified and confirmed DDX58,
IFIHI, CASPI, and IFNG as key ICD-related genes in pSS through a combination of bioinformatics and
experimental validation, providing new candidate targets for further understanding the immunopathological
mechanisms of pSS.
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JF RN T 45 & fE (primary sjogren's syndrome, pSS) J&—Ff LAk ELAT IR 1 41 43 WA R AHFAE I R Gtk B &
GPEVEITG o FORTNLHIE A, ¥ Jeidtt 5 Rk . PRERMR « S8 R 50 Ik G e 25 i 4 2 AN FAT 02,
IR R B, % FEIEAMAET. (immunogenic cell death, ICD) {EJy—F4F ik fE F1E iAo IE R,
TR M NG 5 RAME B B R B h AT e R FEMTRAE R o ICD 3 7% rhORE TR I 45 493 AH 5% 43 7 B =X

(damage-associated molecular patterns, DAMPs) T UE LR £ 40, BEiM 5 SRt T A el g
b, BSYURRFS R S ER ICD FF A RREE ¢ H S HUR-DAMPs- TR ” IERBIFFEE, K50 pSS MR
K P FR AR JAE ) 42 B B 5 S e . SR, HATSCT ICD %0 Jr T1E pSS o BLEE e P i) R 4L ik 5 56
UERF AT OB, M= 5T 2 H 2880 5 SRR IR A 45 5 10 AT o AHIEAL B 7E RGIRL IFIRE pSS ok
(¥) ICD AHOGEERR, IR AAENT ICD 7E pSS o2 BEAIL I Hh 1 VE FH SR AL S0 A H AN TS 7E VR 7 80 45
1 S 75
1.1pSS Z 7 RIEH: FH ik

AHIE T AT 2 DR 3R B SRR T NCBI-GEO ¥ 2. R8N GSE66795, 7 131 5 pSS & K& 29 #
fe HEXS HE R 40 A MFE AR . BB 4R 2L T GPL10558 V65, REMERSE, DIBRARVCHELE: R HREr s 45 2 MRE
N [F] — DN, NGRS AR B R Rk & . R R 4.3.0 JF limma f%F GSE66795 ##a it AT 2 7 &
BT . TR EARIE N : P<0.05 H|Logs FC[> 1.5, il K Ll B 5 4, R4 Ak 22 S 08 5 TR () i A 2 2 i 5 1k
1.2 ICD fHRE R R R

W R GRS ZRITAESCRRE ), LGN 55 AN ICD AHRAZ O FER, GG CASPI. FOXP3 ., IFNG . TLR7 . DDX358 .
IFIHI &, M T JR228 00T
1.3 pSS FIR L R

3T GeneCards (https://www.genecards.org) 55 DisGeNET Chttps://disgenet.cn) ¥4/ 4, LL“Primary Sjogren’s
syndrome” SRR R HHE G 1380 /> pSS MIHE S FL N, MY IE IR 4E
1.4 EFEZENT

FIF EVenn 7E28 T B (http://www.ehbio.com/test/venn/) 2 7 RKIEFEK . ICD K5 pSS i 4 s5 1



ZRFRE, RNEEERERE, ERNESHRE R
1.5 43i% CD8' T IR BSR4

GEO ##a4E GSE93683 (% 6 il pSS ¥ 5 6 AR ) HT4rik CD8T MM AF LR, Wk
CD45RO~ memory. central memory- effector memory % naive CD8*T AUV HE. X ik I K7 2% LA o 1 3Rk
HKFREATELEL, K Mann-Whitney U K30 WPAGALIR) 22 5, W& ME/KF8y P<0.05.
1.6 SEWHE
1.6.1 HFANR

AW TN T 2R 24 K2 58 I JE B B 10 9] pSS i 5 4 A IS IR 21 pSS 2T & 2016 4
ACR/EULAR 743 bnife, fe et HETE [ 5 4 s S IR TR, 5 3 AN A ARAE R iRk o i 259 . Hi
Bt R A B B S RGP AR L S RIS P A SRR A SE S I . AN T R AR
P F P 24 K 2 5 PR I ot IS 2 A0 B R A 4 o i (PR 5 KY20240101) , BT 2R & £ S 50T RTY
BT RS R,
1.6.2 RT-qPCR HiF

FEA S RNA $2HCR A TriQuick Reagent (LI ZEERL AR AR, T5: R1100) , Wi
f# [} Evo M-MLV RT Mix Kit (¥ R}, AG11728) , qPCR KH] PerfectStart® Green qPCR SuperMix (b5t 4=
SEMARAF, 785 AQ602) . HIMIFHIH Hilgd TA . SMEIM A 5. BUHEPiEt i, 24405
ZRUAC TR S5 5 A0 AL A 53 25 BRORT S ARE UL, 4% LU N L0 0 20, TR 2 J5 UK B F# B 10~15 min, 4 °C.
2000 r/min 0> 5 min, F_EIEWHR; DO MR E S, 4 °C. 2000 r/min 2.0 5 min, 3 EJEW: H PBS
ek 17k (4 °C. 2 000 r/min Z5.0r 5 min) , FF B, BCEEAARYTE, —80 CCIRAFEH]. BIRALILLHE.
B IR SR A T ARG % 280 °CIRfF. RNA 5 sk: ANl s RAagRs, %
TriQuick {7715 B P HEEUE RNA, Mk J5, i Evo M-MLV RT Kit #HTi#65¢, [ NA R 5P 1ERIR
FIUE I FHEE . qPCR #6:3l: {# 7] ABI QuantStudio 1 G HEATHM, LA B-actin ANZ, K 22T Lt AT
Rika,
L7 Givhipab s

BT B0 43 MR A R 4.3.0 55 GraphPad Prism 9.5.1 B 58 . P 4HIH] LK ] Mann-Whitney U K56,
P<0.05 NZEFAH G E L.
2. %553
2.1 SMA M 40 BRI HE R i

FET GEO i 2 GSE66795 $#la s, Xf pSS i 54 HEXT IR (¥ 41 ) M 5k PR Rk i AT LU A BT o L0



i 2 601 NZEFRFRIAFRA (differentially expressed genes, DEGs) , A1 1200 NFEEZRIA L, 1401 N

RFRIETH (B .

Bl 1 pSS B&F 5RARSNE MERAZRM T
Fig.1 Differential transcriptomic analysis of peripheral blood between pSS patients and healthy controls
A: Clustered heatmap of DEGs; each row represents a gene, and each column represents a sample; colors from blue to
red indicate expression levels from low to high (Z-score normalized); B: Volcano plot of DEGs; gray dots represent
genes with no significant difference; red dots represent significantly upregulated genes (Log.FC>1.5, P<0.05); blue

dots represent significantly downregulated genes (Log.FC<-1.5, P<0.05).

2.2ICD. DEGs 5 pSS Ji#8 s 32 400
¥ ICD O HEREE . pSS ZFRIAEEF (DEGs) 15 pSS Bl AHOCHE s BRI AL AT 22 8o, FRERR
TEBZEMES KR, SRER, ZFHNLEILAE 74 “ICD-DEGs-pSS” %0, 435 R &
(Caspase-1, CASP1) . X kHEZ 9 P3 (fork head box P3, FOXP3) . T-#%& vy (Interferon-gamma, IFNG) . f##
FE4r 4L 7 88 (myeloid differentiation primary response, 88MYD88) . Toll #£5Z24& 7 (Toll-like receptor 7, TLR7) .
DExXD/H %12 ig i 58 (DEXD/H-box helicase 58, DDX58) il & 1/ T fift lie g C 45 #4938 1 Cinterferon induced with

helicase C domain 1, IFIH1) , FIAEKIAE pSS iR KA FiF (K 2) .



B2 ICD. DEGs 5 pSS BJm#t AL 1T
Fig.2 Intersection analysis of ICD, DEGs, and pSS disease targets

2.3 SR IE ST

K Fi CIBERSORT HE%T pSS i3 51 FEXS HEUPE A AT S e 4R IR 40 H7 . 45 R 7R, pSS B s 4
AR R (3D o BRI, ¥Ih B 4 (,=2.26, P=0.0115) S5 IR (=4.52, P<0.000 1)
Lol 2 e, TS NK 48/ (/=2.29, P=0.0233) 5 MO0 B EREAIA (=2.19, P=0.014 8) LUl 23 FEMK.
EIREE TR pSS B AFE RIEROIA BT .

B3 pSS BE SRR CB LR IERHME LB



Fig.3 Comparison of immune cell infiltration characteristics between pSS patients and healthy controls
A: Stacked bar chart showing the relative proportions of 22 immune cell types in each sample; B: Heatmap comparing
the relative proportions of 22 immune cell types between the two groups; C: Box plots comparing the relative
proportions of 22 immune cell subsets between the two groups; data were presented as median and interquartile range;

data were presented as median and interquartile range; *P<0.05; **P<0.01; ***P<0.001 vs Control group.

2.4 CD8'T UM WHE A%

BT 4rik CDST 40V FER 5 S 4 40 dl (GSE93683) #HTRIAKEE R, 7E central memory CDS8*T 41 il
H, CASP1 RIA/KFE T FEXTIE (U=4.00, P=0.026) ; {E effector memory CD&'T 4Hfi+, FOXP3 KA
(U=4.00, P=0.026) ; IM7E naive CD8T ZHffl & CD45RO-memory CD8T 4Hfidrfr, ik Ik Kl ik 2 R TG

HEE Y (P>0.05) (K4 .

Bl 4 Bl REEEE RN RS pSS BEF CD8' T 4 WA+ HFRIEKF
Fig. 4 Expression levels of core candidate genes in different CD8" T cell subsets between healthy controls and

pSS patients



*P<0.05 vs Control group.

2.5 RT-qPCR H%HF45 2

RT-qPCR A& 25 F 5w, 7E4M A L A 4, pSS 41 CASP1(U=4.00, P=0.023) . DDX58(U=0.00, P=0.002)
K IFIHI (U=4.00, P=0.023) } IFNG (U=4.00, P=0.023) [{3&ik /K155 2w T I8 . £ EIRA 4,
pSS 41 CASPI (U=4.00, P=0.044) . DDX58 (U=0.00, P=0.004) K IFIHI ( U=0.00, P=0.004) Fi&/KF &

EE T HEXNRA, IFNG RiE/KPEEZBRTEFRESEA (U=4.00, P=0.044) (K5 .

5 pSS (n=10) 5 HC (n=4) #OEF mRNA KIRELE

Fig.5 Comparison of mMRNA expression of core genes between pSS (n=10) and control group (n=4)

A-D: The expression of the four genes in peripheral blood leukocytes; E-H: The expression in labial salivary gland
tissues; data were presented as median and interquartile range; intergroup comparisons were performed using the

Mann-Whitney U test; *P<0.05; **P<0.01 vs Control group.
3.k

BT FE L A 2 H S SRR RAE, RSUHEIFRIE T pSS 5 ICD HVIMHKRIIER . 2 Hr4s R E

7N, DDX58. IFIHI. CASP1 & IFNG 1t pSS B 4MNA L5 R A 23 b i) 0A8 S B 0028, 78 HAE pSS i



H R AT e R EEAEF o AEFFAOORA] T E R ICD MDA IER, AR —BHRER pSS 1 “H &L
JR-DAMPs— T4 R 7 IS T 701 210 (1 52504

DDX58 A wig i) RIG-1 (4EH R D LA IFIHT RIS MDAS CGREEIE R S ]
5) , ZHBPNCER MR 2R . EBUIIR TR RNA R IR SR 5 rh e e/ O, AR Je 4t SR
SR, ZHAESNE I JE R 3 2E B, $R7R pSS FR AT BEAT A S A% IR I it ) S RS . 1Y
A T STING 5 T 1 AP IR =4, BEME 28O0 B & B RE I, X 5 5 IFNG 1E4H
M RIS GAI &, R B ST IRRE S I RREIE T e 2 pSS RAMERIM HZIKZ)H R . S8,
ERERIRZ, IFNG fEJEIRA L b RIL M N, XA Re S R G OR e b S Ut o 200 ST A1 22
S B SVR R R ALEIAT OC, BARNLHMEAS 3 PR

CASPI E RN HRE/METEA R AT 40 F, 72 ICD I A2 B2 5 gasdermin D V) & A/ F-1B(IL-1B).
FIA-18 (IL-18) S5 48 P51 1 VB i3 4. AR T rh CASPI 15 pSS B MR 23 B3 mfkik, $m
RAE/MAEERALE pSS [ ICD F K Jr L L5475 b il e 1 s - FORETRU) DAMPs, T #2 %8k 82 H B1 (high
mobility group box 1, HMGB1) . —§FRIZ T’ (adenosine triphosphate, ATP) Z&u]#E— iS4 2 # 41,
TR “ A~ ICD- i Ak ™ (EBPEEIRI>10), DO R AR pSS MRAEME R S 7] R Gu kB G R R
HURIHR B 75 AL o

GPERIE T 45 R R pSS IBIRA L I B 4S5 SR L T, R REURR RS B 41
AR TERE NK 405 MO B L) T R, AT RE S T e AR R SRS AL . (AR
e, Tk CD8'T U AERI AL S M KB, CASPI {E central memory CDS*T #iiJfii i i3 2% i ik, 2
NZIEHF AT RETE pSS Hlid #AE /MBS 5 B 5 % N MR S0 R, X RIUCAELR CD8'T 4
MIfE pSS HHMER R TH LR . 455k FACFIRIL, DDX58. CASPI J IFIHI 1E4= 8 K R4l
TRk — St L, ATRETE pSS A & KR FE B R cp AR WMEIVE T IFNG TE MRS R 41 2Rk
ZES, NIHRRHAE R G G 0E 5 R i e 2 4 Th T e LA AT RE o X285y 15 40 2 10 ¥ 20 3k [ 38 7
T pSS G HRHLHI M Ak

AW IR AE B2 Ge U AT e SR B0 IF B SR T AR 45 45 (1 22 J2 U 72 SR, A R0 7
G — 7P R IBR M OGBRE R . X R B IR B - SRR IR BORF AU, A B TE S AR T s R A
GURESIERRITRE . ST, I TCAAEAE — B MR E: 58, RT-qPCR BAEM AR AR, KRFY K
FEARE— ARSI AR e Ve S IR RAR G s Lok, B 7000 B 56 R 0 2 T R, g A a1 T e S
CHnFERRIR . T RIE%) WE_ EIRFENAE ICD K pSS EL (I ELEAE T thah, WF 04 A e s 2 bl
FERFETFAMNA M, REEE T BIRALIE, (AARFML AFERZRHRI B RIS TR i — ST



g b, AREFFCRBIHIGUE T DDX58. IFIHI. CASP1 J% IFNG £ pSS i<t ICD M<K, R
DDX358/RIG-1 5 IFIHI/MDAS 413 FIR IR BRIE RS il Gl i ¢ F RGBS, 5 CASPI MHIGH) RAE/MAIEER
RS 5P R. IFNG fE4 55 RHEIENA—EE, ME T pSS & M2 M Atk . AR 7 R
— I R IR S IGRBAS b, BIRG LRI AR ICD % T TR RS 5 VA8 A A4 i B AL, I
PR IAE pSS ST B AL )iy 7 v (1 SV )
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