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Abstract

Objective: To identify ferroptosis-related characteristic genes in depression using bioinformatics ap-
proaches and validate them through in vivo experiments, thereby exploring the role and potential
value of ferroptosis in depression. Methods: Based on the microarray dataset GSE20388 from the
NCBI GEO database, differential expression analysis was performed using the R package “limma”
with thresholds of P < 0.05 and |log2FC| > 0.1 to obtain differentially expressed genes (DEGs). These
DEGs were intersected with ferroptosis-related genes retrieved from the FerrDb database to identify
ferroptosis-associated DEGs. Weighted gene co-expression network analysis (WGCNA) was applied
to GSE20388 to identify modules most correlated with depression. The least absolute shrinkage and
selection operator (LASSO) regression and protein-protein interaction (PPI) network analyses were
then used to further screen for hub genes, followed by functional enrichment analysis of these genes.
Finally, a depression-like mouse model was established using the chronic unpredictable mild stress
(CUMS) protocol. Hippocampal tissues were collected, and mRNA expression levels of the hub genes
were validated by quantitative real-time PCR (RT-qPCR). Results: Three hub genes—0TUB1, GOT1,
and CYLD—were identified. GO enrichment analysis indicated their involvement in cellular metabo-
lism, amino acid metabolism, and protein ubiquitination/deubiquitination. KEGG enrichment anal-
ysis revealed significant associations with amino acid metabolism, carbon metabolism, and the TNF
signaling pathway. Immune infiltration analysis demonstrated that regulatory T cells and immature
dendritic cells were significantly upregulated, whereas monocytes were significantly downregulated
in the depression model (P < 0.001). RT-qPCR results showed that CYLD and GOT1 were significantly
upregulated, while GPX4 and OTUB1 were significantly downregulated in the depression model. Ad-
ditionally, malondialdehyde (MDA) levels were significantly elevated in depressed mice compared
with controls. Conclusion: CYLD, GOT1, and OTUB1 are key hub genes linking depression and ferrop-
tosis, highlighting their potential therapeutic value in depression.
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1. 518

FAISIIE A% — P WL PR LD RS 86 D) RE Ry 2 BEURFAE (RORS #oi , 2 T ST Bl A B 2 1) 2 AT
W2 H AT RGO AE I FEE RN 2 — (1], R LA AR A Fo s 7K g, (HIH R %
(40 IR A B LR 0 o e 4 B B, 3 M AR 8 MR LR A R I R SEZ B b ) ER PR, R ) 2 AE B2 I
A R I R AN AGYRT T TOT I, A S BRI R MAR NEMIERECR 2], L)L, FEEA
YIE BERRRE, RN K 2 WA bR S5t TR 7 Im), RS REMREWE R AT, H
A RE S S BIIG R S . R, RIS PR 28 IR0 HH AT BOm ML I RFIE R DR, T4 2 i A2
JPROR, HAAAEHE HEM RN A .

BRAE T — Mo R AR T 3, ANET AR E . TS A ge st T 5, BRAE TR DAk
)& RURI T B i B A% O R E (3] B IRBRAET, 2R SR A R UIAHC, SR J LA Bk i
AR, ©H5MERFLIREEMG. W WMER PRKIGER LT SR AE[3] [4]. —LUHf
FUSTRIN, TEFPECRES A (i 2 3 R I T R DTRR I R, R IX SEB RE R R 1 5 HARE 22 1]
FIREAEAE— KR, (B2 H Al M2 # 1R H I 4518

T YO AE AP RGP EZER, DI TER FUIACE S A2 R TR B I S, 3R
ATTHEDN R SE TR BEAEFIARAE B8 BE AR BEAL A P O HE B B E T . DRk, AHE S BAE @ AEME Bt T
W, I AR T S ERAE T A G RRIE SR R, Il S VAR g AT IR E . AR FT H bR 2 A
HISE 2 WA b AR YT 38 S SR SV A BT B

NSEL LR HAs, BATRH T Z7FREIER(DEGs) /381 INAE R 3R IE M 25 43 BT (Weighted Gene
Co-Expression Network Analysis, WGCNA). /N 5 i #2551 (Bl 915 (Least Absolute Shrinkage
and Selection Operator, LASSO). & i - & H 5t #H H.1F H M 2% 53 11 (Protein-Protein Interaction Network
Analysis, PPI)FI'E 820 55 2 oy M 715 o ), EZNPDSEEs, FRATMEE 118 1A w] 1l W42 FE R CUMS)
753 AR /AN BB, FRHGR S 2H A, JEad S 98t 2 & PCR (Quantitative Real-Time PCR, RT-qgPCR)
FEARNT A A M5 5507 128 H 119 QB i [R i /K P AT SR B B0

AU FedE 7R T BRAE T AESARRE VAR, AT 9 AAISRE (012 W MG T 32 (68T RO 400 A A A
[FIESS VRO IICRE Jog 2 AR B2 () B, AR — DR R S AR I PR Hh (R A 58 B2 5 Al

2. BMREREE
2.1. BiRWSR S E

AW FAE Rk H % FAM AT B A0 (NCBI) 2 [H 34 25 & 2085 i (GEO) H 10s 1 £l 4
GSE20388, FIH R 15 H [ “GEOquery” £ T # 5 4R FRIBH FE . BRI 22 1] 6% Wk hifF(FRL)
KA 17 B 957 BrRe iR (FSL) K BRI 4R AR . B4l “limma” AT S E Shaktk, JF
W% GEO $AE I3 R SCA R PR ET 1D F 40 A R R R 7 5 (] 1)

2.2. ERRERETHXEENGIE

M FerrDb #4 e rh 4B 5 28 T 5 B A % (Relevance Score > 1) K145 . 4 ] “limma” % GSE20388
Bl AT 22 B R IE M OFEARUE A P < 0.05, [log2FC| > 0.1), 75 H4MHIAE 2 5 3E K ((DEGs); Bl J5 K DEGs
SYFET R AR R A, 19812 R RA G T A G HE R (DE-FRGs). FIFH “pheatmap” 32 il #4&]
R R
2.3, MINEEILFTIAMLE T (WGCNA)

VR 5 FASRE i G & TR 2 AR SR OB TR BB, R “ WGCONA” WAL RIEMI 4% . 1 S AT HE
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AR IFBE B V) B H (cut height = 31) DL ERRBIFEFEA . i€ B A soft-thresholding power J&, THE AR
B I F AL R A T B AE R (TOM) . B ZhABTR SE R, JFa I s AU . e, 15
BEHCRHE 7] B 5 AR R B (AR DG, it th 5 R AV DIM Gk, Jf 5 DE-FRGs HUAC 5 LAIR 15 4% ik
O FEA

2.4. LASSO [E3ffiE <@ B H

Rt R RAZ O FE R, R “glmnet” 520 LASSO [BJH 0 #r. MLtz iR, HitEaq
FEA I RS VP73 (score = Yexpx B), e exp NIEFRIL KN, B NN RIENE R AL 0% 5 bk b
BAEBEAEY S B U BB IE T 2 A

2.5. EEST

KH “clusterProfiler” %} S L K #2347 Gene Ontology (GO)5 Kyoto Encyclopedia of Genes and
Genomes (KEGG)il & £ 0 HT. Tk RE BN P <0.05. Z0 A BT Hmm R R TR, T
W RS SIS T I E DR

2.6. PP1 ER EEMEIaE

DR T RS IR A R AH ELAE P OC &R, (5 B STRING HU e (v12.0) 44 2 £ 15t - £ 1 J5AH LA FH 4%
Bt )5 Cytoscape B (v3.9.0)EAT AL, RUAIVE /6 TR 42 oL 2 D 1Y e

2.7, RERIEDH

K “GSVA” AL T BRE A FE R 42 5 42 70 M1 (ssGSEA), ¥4l GSE20388 &-REA T 28 Fft 4 125 4 A fr)
AR FEEE . IR Rl A LR AT B R 7R, LI FIARIR S T S B oA 53 (AR AL R

2.8. EISKIR R 550

2.8.1. HHRERAE

ARSI RGN 5T R ALK 22 E B2 B se B0 e B A 2 HE(JR 5. YKD202405053), A% 81
(SEIRENYIE YRR o e SPF it CSTBL/6 /N 12 A, BEHLA AR IR 592020 (7% 6 H). 5258
YN RS2 I 21 K08 1 AN T T 4% B B (CUMS) AL B, 453 I BE LI N — SR, 9 B 3E 78 52 <
KL ORISR 12 MRy 2, SRR RRIBRI R AN > T 7 K WA IR R A 3R

2.8.2. {TAFRME

FEIE R R R A R, 43 i AT DU =307 2 98B JiE vk S8 (Forced Swimming Test, FST):
£ 23°C~25°C/KIR FkAT, Sl IE] 6 435, kMG 4 4 BP R LI A . B2 556 (Tail Suspension Test,
TST): /N FBHE A e B 6 4080, 105 4 /-8 (b E] . 1735556 (Open Field Test, OFT): fEICHE AL
T, EAHRE S o8, dRIESIERARS T X A

2.8.3. HEXYE
DRSS A5 /N SR HEAT 78 40 BRIEE, ST 4 BS54 2 T —80 C i A7 o

2.9. F=E(MDA)KFME

NV B AR, SR MDA eIl G ke i S22 MDA &, S5 AT WK AL oA
EN R AR ¢
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2.10. RT-qPCR WHE X BEERIX

i ] TRIzol A2 HUE RNA, ¥ cDNA J&, I qPCR il 4 HE K GPX4. OTUBI1. CYLD.
GOTI1 RIEKF. SEEHEH GoScript ¥k #4:5 GoTaq Master Mix ¥ 3k R, SI¥ERBW L 1 BT
TRo FIBELL 27T VLT

Table 1. Primer sequences for quantitative real-time PCR
% 1. EREE PCR 514955

B A MntizE (k] ik
GPX4 ATGAAAGTCCAGCCCAAGGG GCTAGAGATAGCACGGCAGG
GOT1 CTGGGGTTAGAGCCTGTTGG GGGCATCACTCCTGCAGAAT
CYLD ACGGAAGTGTCGGGATGTTC CCCCTACTTCTCTGGCTCCT
OTUBI1 GAGCAGCTAGGCATCCTCTG TGCAGATATGGCCCAAGCAA
GAPDH ACGGCAAATTCAACGGCACAG ACACCAGTAGACTCCACGACATAC

2.11. it

AWE B EF A HTEH R (vA3. )T, 17555250 508 73 R H GraphPad Prism 9.1. 1E25 7317 #4/s
DI + trdEZEFOR, PILRRAMOIREAR ¢ 5. ARMIES i E MERAGESEU L . St BT
PL P <0.05 NFtE -

Data Sources dentification of | WGCNA analysis
£ —> ocsc2sss e
Gene Expression Omnibus II' = === N II'
FerrDb . g
—. ___—>» Ferroptosis genes =
database prosis g
Network Functional Enrichment LASSO
ruction Analysis
' Qi < |
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Figure 1. Flowchart of the multistep screening and validation strategy
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3. &%
3.1. ERFIAGTE THXERWTFIE

A RIESH “limma” % GSE20388 Ha£E k4T 2 s/ tfr, LA IF] 16,289 /N2 b HE A
(DEGs) (¥ 2(A)). )5, 5 FerrDb %4 & ib CLiF B (IR IE T A DGR R AT S 56 0 AT, B3R5 500 2%
S FIBRIE T M LR K (DE-FRGs), NJEZ:0Hr245E 1 2t 2(B)).

3.2. MAREEILRIAMLE S HT(WGCNA)

FIFH “WGCNA” G i3 RIA M 4%, 15 Je ) B B RERE A S5 AT B o AH DG /BT R 24N i
IR B S A OE, 05 red B (IS R 8 r = 0.93, P = Te—17). grey60 fidi(r = 0.41, P = 0.01).
lightgreen & (r = 0.39, P = 0.02). salmon #ii(r = 0.64, P = 2e—05). darkgrey #tk(r = 0.47, P = 0.003) LA
J% saddlebrown FiHt(r = 0.46, P=0.004) (<] 3(A)). A FF LR FHCREEE IR AT 1605 MEEIER . H5 I
Hii& 500 4~ DE-FRGs 284, ik 64 AMEEAZOIEF(E 3(B)), FEaniX Ee 5L K ] RETEHARIE S5 8R4
T (B BA B REIEA .

3.3. LASSO [EV3ffiE <@ EH

KGR IR BRI N, SR B/ N4 5 iR B 5 (LASSO) [l RIS 64 A% 0o JE R 3E4T 43 #r
(B 4(A))e I TmIEH 11 AN OFE R : TUBAIB. PHGDH. CX3CL1. ALDH3A2. APOC1. UBE2N.
UCHL3. OTUB1. GABPB1. GOTI1 #! CYLD.
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Figure 2. Results of differential expression analysis. (A) The clustered heatmap shows differentially expressed genes (DEGs)
between the depression and healthy control groups. Upregulated and downregulated genes are colored in red and blue, respec-
tively, with the significance threshold set at an adjusted P < 0.05 and |[log2FC| > 0.1. (B) Venn diagram illustrating the overlap
between DEGs and ferroptosis-related genes. A total of 500 overlapping genes were identified as ferroptosis-associated DEGs.
(C) Protein-protein interaction (PPI) network of the 500 identified ferroptosis-associated DEGs

2. ERDIER. (A) RERRIEMEFMEREZ BERFTENEE(DEGs), FFEEERALE, TEEEE
TRER, REREIRERNEREGE P <0.05 F|log2FC|>0.1. (B) FEERRT DEGs ML THEEENZE,
#5500 MEEBEFR LT NS THEEMN DEGs. (C) XF 500 MEFERIKIL % DEGs #1T PPI ML 54
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Figure 3. Weighted gene co-expression network analysis (WGCNA) and candidate gene identification. (A) WGCNA results.
(a) Sample clustering dendrogram. (b) Gene clustering dendrogram based on topological overlap, with modules identified by
dynamic tree cutting and represented by different colors. (¢) Soft threshold selection and the corresponding scale-free topology
fit index and mean connectivity. The optimal soft threshold was chosen to maintain a scale-free network topology. (d) Heatmap
showing module-trait correlations, illustrating the associations between the identified gene modules and depression. Color
intensity indicates the strength and direction of the correlation. (B) Venn diagram displaying candidate core genes, with a total
of 64 overlapping genes identified as candidate target genes. (C) Protein-protein interaction (PPI) network analysis of the 64
candidate target genes

3. (A) IIREREHLREME THT(WGCNA). (a) HARELER. (b) BTHINEEBNERRLRMKE, BT
PHNEISRIR AN E B FRRAIER . (o) IRBMEEFEME N TARERIMAS I BRI T EEY, REsEREEI
RIFTAFERTN. () RAERRAERRSIEMERNEXMY, WRABMRAIMNEERRSHHMNEZ BHXEK, HER
BERRHEXMREERMGE. B) ERMEEZCERNFTEE, HEFY 64 MEBERERREBFERE. (C) 64
Mk BAREE ) PPI M4E 347

3.4. THREE RS

XF IR 11 AN REEE T GO 5 KEGG & 0 i AR R B ED R . GO /iR, IX LA B 3
HETUNEYRE: EAREZ £, RN, 555 SR RS SWAEES(E 4(0). KEGG
PR AT 7RI e B R B I . M EIR SR, LA S BRI, HIERAEDE K,
AR, TNF {5 5B JOREM DGR 4(D)), XEegE RIRRERIET M KL A G i ik i 4% 2 AR i
555 1E 8 S SMAER R AR R .
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BIK %

3.5. EAREEML PPN

YT 64 MEOFEE K E PP M4, KL OTUBI 5P T M4 bty BoRnHAEE A HAET A
B RN RER . 3E—2D0 LASSO Jfiif i) 11 NSRRI N\ STRING 4l FEAL G2 PPI 45, FH{8
Cytoscape (v3.9.0)A] ¥4k, iRHIH OTUBI. GOTI1. CYLD /&% rh i i i 5 v AR A L R (14 4(B))

A C
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Figure 4. LASSO analysis and functional enrichment of core genes. (A) LASSO analysis of core genes. (a) Path plot of LASSO
coefficients for key genes, illustrating the relationship between gene coefficients and the penalty parameter. (b) Cross-valida-
tion curve for LASSO regression, highlighting the optimal lambda value corresponding to the minimum partial likelihood
deviance. (B) Protein-protein interaction (PPI) network analysis of the 11 core genes. (C) Gene Ontology (GO) enrichment
analysis of core genes in the biological process (BP), cellular component (CC), and molecular function (MF) categories. (D)
Kyoto Encyclopedia of Genes and Genomes (KEGG) enrichment analysis of core genes

4.(A) #ZLERER LASSO 73#7.(a) XBEEE LASSO REAEREZE, HIAEE AR SSHZEMNXFR. (b) LASSO
EVIRRZRIGERLZ, REERSRIMRIMAREN R E lambda E. (B) 11 M&UERER PPI &S, (C)
BP. CC #1 MF 28389 GO E&51#7. (D) KEGG #LEEEEI

3.6. XBEEEFRIASHT
FT GSE20388 H#fi e, X =AMk H brdt R RIE B AT 00T, 4R ER: CYLD 72 MDD &
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[k B R # W T Healthy ZH(P < 0.01), GOT1 #E MDD R b (i) 54 & 5. 3 % T Healthy ZH(P < 0.001),
OTUBI 7£ MDD f AU 40 rp () 55 B 3 KT Healthy Z41(P < 0.001) (8] 5). $27RiX LLFE K 7] GELE MDD A
SRARBE AL rh 47 VA S R4 A

3.7. RERESH

K ssGSEA 53540 5 4 B WV BELE FEA o R S Dt AT A5 5. i 5 R B 72 MDD 41+,
WM T 400 (Tregs) o & LA, KA IR BLGDCs)Fik LA, BEAREFEHE THE 6). L
RZ YA Gt = X, $En MDD [ 98 OA B R AR 1535 208, T RES B AE T AH DG & R 1R SR IA AR L 5%
PIk %,

3.8. FHAPSCIRIEE
3.8.1. THFIEME

NIGAEFNERREAY, Ry CUMS BERY G TAT Al . SXFREZAR L, AR ZH /N 528 BH H i 78 P A
IT NS B3 S258(OFT) e B 8 BE B/ (P < 0.01), &SI (TST) A Lk [A] 2 35 (P < 0.05),
S B VK SEG(FST) H i LB ) 2 3 3 (P < 0.001), KB CUMS BEAUME Th, ST AR (5 7(B)).

3.8.2. qRT-PCR &iE

335 R qRT-PCR il B 2 (R 75 B A AP (1 3R IB 7K. S5 R 5 4EMME B % —%: CYLD
7£ MDD F B b () ik B B 2% = T Control ZH(P<0.01), GOT1 £ MDD % dh ) A 8 .35 %= T Control
#H(P <0.05), OTUBI £ MDD #5820 1 ) 3214 & & E K T Control ZH(P < 0.01), GPPX4 £ MDD &
[ 2235 B 2 KT Control ZH(P < 0.001) (& 7(A)~(C))o

3.8.3. MDA #:0j

FE S H 2 an i g B S8 AL 4 72 MDA (& &, 85 R BoR BB /) B 5k MDA Rk /K-
B ZE 5T Control (P < 0.05), %54 PCR 45%: MDD # Ak GPX4 Fik Fifl, $ERBAN R & 4k
BT,

X e BT R34 T OTUBL. GOT1 A1 CYLD 7EFARE R FE A o ) 78 E S 11
AT G ERIRMNIE FEAX LR TE 1 AH Ik R E AAIAE A ) B Dy B AR AL 1 IR Sy S5 kit
4. #ig

AR, RTHIACRE R EALE CA 1 2R R, SRMESBIRE . sHET M. R RS
JiTH, ABAEIRTT SRS LTS Z S mE R, UL R A A R R AR TSR IR R AR IE K
AU AR o, R8N ] 390 L4 P 7 B (CUMS ) FIAT /N BB R e Ak o 252 21 T (MDA /KT 2 3%
Thi, LA EAL A S ] GPX4 Fik T i, % T MDA {E A8 T EAL & =it br SR, LUK, GPX4
VERIZDPURIE TR ST RE, X L8]0 R B/ R A0 13X — MURe IR A2 P PR Al R AE 207 U n] REZE AR
SEM R AR Ry EE EE A, R, AR TAEME RS0, 63, MigitRiE 75
FPARAE 26 UIAH S R AU T OB IR, 4R FB AE ML S v T A
JIARIE 1 A — s DL A b 2R PP B M, O B AR AR AR R B T M AT T A R 5 SR (6], BRAET
(Ferroptosis) & — P& ES 1. LA TS A N RHIE I RR P A f gt 207 5, IR AR 2 W NTEZ
W RGUBIR TH R CEAE R [ 7], BRAETRIR A LB = AN R IREN: (1) 4HHE N S 2K 55 T s
() RS EMI R H R 3) PIEMRG TR, TTHE GPX4 i R3] [8].
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Figure 5. Expression levels of the three target genes were analyzed based on the GSE20388 dataset
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Figure 6. Boxplots illustrating the proportions of immune cells based on ssGSEA analysis
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Figure 7. In vivo experimental results. (A) Expression levels of the three target genes in the mouse hippocampus. (B) Results
of behavioral tests. (C) Expression levels of GPX4 and MDA in the mouse hippocampus
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4.1. CYLD

HATRIAIE—ILH 100 Fh iz ZE0, 28 63 MR IR 2272 RILEE(CYLD)Z&HHh—Fh[9]. CYLD
JE T2 ZHE TR ARE(USP) R IR &R (I X . LMEMRFFSIER], CYLD B4R VA5 Thaebshs ae 51 ki
Z IR, BT, BRI T ISR 10]. ARV, B ERFHER CYLD B
FEHN MTI9V HEURZ bk, HAS5 NSRBI RIS 11]. CYLD-M719V JE [ i ik i)/ SR H £
FE SARAAT NI I RAZIBE D R (120 BEAL, R — BRI A3, CYLD fE XM mRIA, &
EHESHEIEITA13]. 811, 2021 SN H, AR CYLD HEH M DhaeiEtE[14]. i
AT TS RAGH, EHVACRE /N B AL, AOORAE T IR U AR S, i H CYLD 5 R 305 & 9 5
Frim, [FB, AESPEGRESRRX—ME, AT NI G Ree ORI RIA G &R . 175
GRS, HiGZW RN, CYLD K15 B 41, T 4. MIRIMAIAS T 41 shhe 28
FHIE[15] [16]. MM LI IS BACUE TI1X— 5, 75 CYLD maRik HIARAH, 1T T 40 R0 ml
P ICRA A B 2 = 3R IA . 1X 4278 CYLD F] REid i sEmi Sy 4t Thae,  [R455 S AR E i B F2 . [H]
FE, CYLD S#ATHRARVIMR, IE, A& aH, CYLD T4l i@l Hippo/YAP {5 51%
SRR B IARIE T 17]. B E IR, SPATA2/CYLD i M3 ik 8 9 2k 2 19 | W, ki (e gk kst
CYLD &2 518 25/ M DRe, T HCE G546 1) S 2 (R sk 4 i P9 ks o 4841

MIMEZ, CYLD EN—F &z 2 0lE, R 2—FEiti. AT, BAR @50 40
JEL R T AU T IO A0 B, R n SR R oR B D e AE 1B A ik, B 1A T A e 1) ik K
HZE, WEMERGmRIE, Mot AR AT A EIAFERE N R S id, mRIEM CYLD
T Ik S SR A N R R BR AT T U, (R R AR RIE T, HET S RANARER . Rk CYLD R]REME Ny —F
TF-FRANECRE ARV TEHE o, BRVE RE A AR GEAE R o

4.2. GOT1

BRI - I CIREZ S 1 (GOT1) s 2 R AE A2 IRAT VRS SC I SR R . AEFRATI MM 45
R, GOTI & KEGG ME &SR Wi ot N, Araiiiilr, B 225 TaERNA S G, U
Lot JULREEIR . AR, FIMERMEERR L. FREARNEZARA VRN SHEER, H#H
APURMAER[18]. ARFTFAL, ERREIRA G AT IEH kI AR 4 (GPX-4) I ZE50RL, 11T GPX-4 52
FEYSCT R 1 BRI E R I, I SRRE DR AN S 2 T AN/ SR AR Bk SE T ) AUk E
[19]e FTUASRATIA Y, S~ R B AU RO TR 3R, (L RES A1 R M LA Bk AL T U o AT S8 AT,
GOT-1 {EEM IR AR R, AEIIAR /D B S hn A kil . HEBADREA 2 RKIEY, GOT-
1 3R KA A IE IR R N o RGN I U R AU 2R LA IV AIOAE A8 LA L A ez 201,
FATH T GOT-1 AR5 T — 1. ERZETTH, GOT-1 mEERIMAEA , 77 T 4AAEiR
AR E RN GOT1 Al e Q@A om Ju REAR R Th B, 3E M0 2 5 HIRIAE ) Se BEJ BEATL A o

4.3. OTUB1

ZRELS G EA 1 (OTUBDZKiZ &AM OTU ZH IR Lo 54 [21]. HATEIWT 5%, OTUBI ££
M2 RGP AEEIRRE KRB EM . BRAMNLEIZRATIRE, OTUBI thig—FiemitEr, HIEREK
SR SN EAAREIIMER, 7T LS 40 R PR A [22] . XS5 — MRS E 17> TR, AT s
ZooEE. AIIRE ZEBIR . ROS HYZINEE UM E KR 1205231, (A&, KT OTBUL BB FLEL e 78 1
Gl AR TOR I, 2t Mz s 2 LR DX OTUBL SRIARHE, 7 LASGE 24/ R R DIRE[24].
OTUBI #] LI T4 JAK/STAT {5 5l # (0 #esE, i HX P2 REAI L RAE25]. A#E NN,
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28 JRE U NAIE % OALE 2 —[26]. TSNS ABE B 12, BRAET s 2 B0 OTUBL KR
15, MRl OTUBL 2K, 2 FEIETIARE[27]. APTEAL, SLCTALL Z2ERIET: 1) CHk %
Kl-F, 1 OTUBI i X SLCTALL Z2iZ AL AMHIERFE T2 [28]-[30]. AMX A, ARFUERIE T S
1 GPX4 M MEREDIKH OTUBL Lz HAAEA[31]. OTUBL fEME& KRG H FINEIEH T RET ZE 5
Z IR UESE ESE . AT AR, AR AAE b7 00 245 SR & AR 2 /N BRI S i b it Rk &,
OTUBI #EE KL, FREMNHRESF, OTUBL AlGE2—1Nr “UfE iR " » EEFREEEA+, OTUBL Af
RERIEE IEH 272 BAVER], FasE SLCTALL K GPX4 fAWmistE, #EMiTHekser- ik A Mg, i
AR R, BEERIEN OTUBL M HUA R & T XHUEAE T AR 1E

4.4. MRBIRESAKKRE

AW FC RIS UE T HIARAE 5 BRAE T B UIAH DG I =N B BE ]l CYLD. GOT!1 #1 OTUBL, JFfxf Hi
TEDNREHEAT TR0, ABANAEAE— 2 R PR . BRATTR AR HE— PRV AT REM G AL OS5 d g, Rt —
BT TEIGE T, gk SRR 700K B8 G H R R AR HAICRE Hh 1 B A oy LI ANS S od i . RS, BT
T H AR, ARSI R RN IVE 7 LRI R BE T HI I 7 ZE, AR ANER T T ) 77 o s 56 2 4 57 [
RRAMBAETT R, {EESMsLIe, ATFERERARIX — S, AR A 55 1R S A .

5. &g

FERX TR L, BATE I AEYE B2 Wr 7 AR A SRR I0AIE, PR 1 BRIE T AR AE 2 18] A 7E
BRAR . XTI OE T =S IEEA R BSE T3 K. CYLD. GOT1 #1 OTUBIL, ‘EfTAIGE2 4
AEZ WA YT I OCBE#E AT, BRAET R BEARAWHIIE (K — gL . 2R, D9 RRAGWE FEAMI PR T4 it
T HTRIER AR

EE&WH
WS B REABE A L EEBE RN & 2 SR H , BIH %45 : 2024GLLH0045.
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