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PR, Gk B R . RSN . RIETER SR
SRy fE U SOD3FE Seis 4 et . H95E . Mk
SERRERAAE TR, 4, SOD3 WS LA B 5
IR 40 B (dendritic cells, DCs)R 2. BANMEIGHE . THNHE
WO ASG A 4 B T 2 (Th,) A4 B B T4H i 17
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A2 PR A1 S R B (extracellular regulated protein
kinases, ERK)FIRA G| 4% K 7kB(nuclear factor-
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T4 S EE S K T (signal transducer and activator of
transcription, STAT). 2 %)% 1k 8 H I EE (mitogen-
activated protein kinase, MAPK)%E 78 fiE {7 51 i LA SK
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DLE JE AR o0 i 2 5 G e kit 72, 40 g 32 00 S
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PEZ. Lees N Tidid HLAL 14  (interleukin, 1L)-23
W5 R P 2E 1 85 A A (wild-type, WT)FISOD3 %4k
(SOD3 ™ VNI e 4D, A BLSOD3™ /N B fik o
PZA M RNRIEE 2 . CD4” T4H MBS B Th, 40 i 2>
BN, INE T IL-235 500 [ Bk 2 E. /RS = SOD3
S5 R T E IIL-230 5 HOAR JE I RE SR A S (e 1).
PRI ST 98 5 LMR b 545 268 £ ELER Y
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SOD3 ™7 /)N L EEWT /N B 4 1 A 5905 5% 50 2k 0 45 7%
AR R T g P, IR P R R ) 22 e A B o 4
DR T P A AR £, e, SOD3™ /N BT rh iR 4R
BEIK F-a(tumor necrosis factor-o, TNF-a). FH/Z 1P
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SN, TIHTA A0 FIL-1RafI mRNAZKF A,
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FEIL-4, TL-SFNIL-13)7KF S hgn™Y, X i il e i
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T AU 45 9% A — P LAThy A 5 1) 4 9% I . AT g B
A5 R BB N SRR 1 98 50 1 IR . 7 SIZ 6 1 et A
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Tn e, R & B A O 3 B R S PR T B AR g R 1 4T i 4
%, ffﬁngiﬂéEﬂH@¥IL-10¥)aZ//'\[”]. X B SOD3LETH
575 Thy, SR 3 (1] 3k 85014 &5 B 98 E Jse )3 Hh A B R .

JEREME NI, TGz VR 45 W 98 A1 50 B R, A —
P A 1) 2 R 50, s B i DhRe, HEAEA 2 ek
TR AORE. 25 7KV I TR IR B AN 15 3 1 4 i R A Y
INRIESTSOD3, KIPRRAE(RE AR IEY5.
I H AN R B R RS B TE 10K J5 2 3 TRAK . i R
WESEGR /N, R R, & F G T
KRR G iR i A B ek A, s R B
7 R AT [ — b 1S 58 1 R R, B LS R R
T2, BREERSEEE. MEGELEIENR
T TR ) B L A 98 R Je 87 55 (Rl R AR O, 4R B YL IsEaE T
FRAT B (/N BRIE S SOD3, 1K Ja M &2 31 /)8 R H- Ja e ik
JERE . LB/, SO AR R R AR, xR
SOD3 R % I 3 P i e 35 1 .

SOD3I g Jak 55 i 38 2 0E, S fffili < . P2 PEPH %€
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Table 1 Correlation of SOD3 with autoimmune, inflammatory diseases, and cancer

eS| “Hk I R ILAE AL SOD34E 4" e N
A I8 I K AEEE SOD3 ik [17]
H &
FRIBME ST % WA 0. REE. M5+ SOD3i % [18]
T T ARG S+ SOD37 [19~21]
e " ST AW, TE. IRBREE IR & .
b M 5 R % R A i+ SOD3ii [22]
9 REME N o TR 45 9 7 RERE . I8V5. i, Him SOD31 [15]
R % ) 1R B —
SRR TR AT B | P B2 B 4 i BIGRIRERE . 43— SOD31 [23]
Jhia A |
COPD/JIifi*= fih il B 77 BhAKEIRIEE . IZ3hEE (0 SOD3% [24,25]
Jil e AN B ALTh e )
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B e dNMEIEEE . ER. AR SOD3% [36]
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SJL AT S b T 9 G =)
Sk SR kbR 20 e ILRRRE. (2l SOD3| [30]
F TR IGKRBY B SOD3| [32~34]

a) 1 RikTHE; | RIERRAG + RN — SRR AR

PERT I, 5 R 25 % % RN 25 24 1 B 1 B 5 B0 30
AEHEOR L il g R D) RE R . fESOD3Id Ik /N
A SODIMSA GG, /NS PEREAIS, il
B HE N, ZNAKEEANEESE N, SO IR R
B AR M AT B R AR, A, (R R
S5 Can ke 20 P - 5 A i B 75 B R . TFN-y. IL-
13, IL-17. IL-1B. IL-6+ & H 4Rt A B
T MM E -1, BV R & -2
TNF-00) (KIRETBORA , i Ak 7 KT AR 2,

IEAh, R 2878 S 8 SOD3 R A B I e it 45 48
W5 Z g% VIR, R, SOD3/F 412 A1t
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5P SOD3G b T 41t 8521 3B A T+ 85— o7 14 M s g
(C) e 3 WIS (G), BT 4 i 1 S IR R A 20 78
HZM(R213G), &SOD3MI &4 &kt WA
FEPRRAR. SOD3 gy 36 R AL 40 H AL S5 ¥ 465 6 ) 55
AR AT TP 0P 22850 N AT R
FIATHEPERTE TR L, SOD3g, 562 o 1 NFE 18P B 28
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FE I V)RR, 75 R 2 Pl A DSBR (R ).
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Je FR ot BT i BB R SOD3 R IA BB A 2%, SOD3
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I, A S PG 4R

SK IR IR 20 M R AR AR R B IR Ak
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KERRI, ZIRAAEER TR RSN RFME
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SOD3 & F KA i/ 75 FL IR R BN R 5k
MEEE TG A, REE RN T2 A AR
Lo R A AT K . ek A R LA
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E AR MERY. AF A B, SOD3TE R 54 e 41 iy
Z PR AR R T B NAR I PR, B S A RS
T2 L S Rk SOD3, e dii Al K218, MR R
BB OB H R PC-3 40 i (R SOD 3 B 3 54 3101 i
TG, ERAMANR, REHALS L ER,
SOD37E R 5l ffiE 4L 4 fr 2 ik b P% . a2, SOD3
FIREE MR E . KIEA PR, EE/EH
WIS A FFRABE (D).

2 SOD3kL5a7 A i e B I R RERk R % &

SOD35 M AERKAERKEE . ML
FEARSE, FRAETE £ RIPUaT A B Sy M 25 A X 1 £ 1)
G e kIR R I AR, 15 R YA U &
A A AR G SN, ARHLIE 25 A2 BONAR Ik
R IE P E. PSSR R R R . B
M5 4 i R bk EL 40 ST A 1) 7 A RN AR R0 BB D R A7
Th, 2 4 2 21 M S 2 7= A TFN -y, WAL B i sl B
I 0 L o996 S A 1 S B v R i PE Y,
FE 5 Ak 1) B W A = AR 2 95 IR OS A REHs 7 At 2%
A, ROSTETR AR NAZ J5 15 32 10 56 K G ) v 3
RIFHE B RBEMEMY, EERIAEE T T R
SN B e S OF S SR MABE . A
G ROSKT 18 3 2H 2 sk 4l B 4545, SOD3 % T1E RN —
PR, 4EFRFROSTEMR I NP, Hid &R
ik, RIMEH TR IEARIEDUE 3258 TROSH ik &
Ve (). 5—J7TH, A 55 IR Re % 4> W SOD3
PuiE FROSHIMEA. #iltn, ARk Hi(Fasciola hepatica)
3843 W B Y5 1 SOD3(FhSOD3) 1 1 15 5 4 125 N 25 Al
Ha g% ki . FhSOD3TE 2 My B I =i R I8, 75 FLAHEE- 73
WP RIS K ERFhSOD3E A . HEIFhSOD3/E
Al RELRY B AR G 2 1 e R R G £ HIROS,
AR T A A 2P B, KRR S (Strongyloi-
didae)Mff B (FIHEME- 734 B 1 20 Fp At R B0 K 1) R v
SOD3, % WISOD3 1] A 28 T HL7E 1 12y 2521,

5 T 550 FE R 5 M b R AT B B N K
Jig, BEFSMEHEH RSN, HEH RSN RS 23 KK E L
B, IFEA R, 5 hSoD3E A & o dup
BN BR B MRIFERE. B 5K RIEN B P RIE
I, AT RS 50 LT R B R OYEE TR
L AR, BARIIRE R LRI i — B R A
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Brar AL A, E 2 HISOD3 WA S PilE
FROSHIMER. JEMWELH LUK 6 (Histoplasma) & XL ]
FWH, EERICIELESE, ARG T L
P REE TS B, TR R 70 21 4 i 3 1 75 6 i g 240
FLIROSEER 14 1. LSV IR BERE (AR B 22 ) & 43 i
SOD3, H.rp—#or 4 & rEmE REERTH, @ N-A ity Fl
C-Rufif5 5451 SR AP AL, XE(F St
43 WA N 5 T B 41 M SR THI (1) SR BB, X AL SOD3 f
IR Z ANE M R R s SOD3 g /MR
RS AL S A A KA g R P R
Y. BRI, SOD3 3 A 25 23 it 2% T o 6 WW0e 248 oL £
WSELZAE, A1 PR JR A R U AR 7R v = A
IR B A. WA B & ISOD3, ARk
T BRI B e T 20855, T S R S B
a5 R R,

X BRI 5T 4 SRR B, — S R A R 5 (1 SOD 3 7E 9
R R B AFR I RIEEAR, KIEFHDUE EROS
(A F DL S B0 G 28 396 i

3 SOD3ZH R i T AL

TEA SR 0 B B A 1), F EA LR E &1k
(major histocompatibility complex, MHC)IT % H: 35l
73 FCDSOFICD867E4N M R HIFIA, BT A T4
SEHPUE, EENMERE T RIECEIER. TR,
43 B R B TP R B SOIR 4 i 3 5 SOD3 L RS FR S R
Jei, U G0 B ARAG 15 BE IR SR 40 R B, SOD3
I HHIMHC 11, CD8OMICDS6H) ik KA HIDC K,
21T ) ) T 200 L P B 3 T B .

HIGET4H M (naive T cell)7E 3RS 5 DL A& 4H 1 ]
TILFEE R R IR, R RIS,
TN RN T, 43 Wi R 7, 58 B PR i3
B AN S L R T, RAMSEIR R B, FHHICD3/
CD28IEU T MIH LIS 5, H5SOD33LR:F%, Xt
fEZHAR L, SOD3ZHAICD25" TR/ T40.4%, CD69" T
W/ 139.5%. Ui MSOD3iE T R iFCD4" T4 H %1
BOEAR SV RIEACENH] T CD4” TGS, 58
13 BrdU(5-bromodeoxyuridinc ) 2 i 48 5 £ I 52 56 i B
T SOD3MHITAN MG FE. Ak, 7ESOD3SLK 4 K& B,
IL-2, IL-4, IL-5, IL-6, IL-10, IL-10, IL-13, IFN-yFITNF-
aZETHH = 1 R TR ik K P!, SoD3it Al bl
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Figure 1 SOD3 facilitates immune clearance of invading pathogens. DCs recognize pathogens and present antigens to activate CD4" T cells.
Subsequently, Th; cells release IFN-y to facilitate macrophage activation which results in an increased production of ROS to eliminate pathogens.
When the pattern recognition receptor on phagocytes’ surface binds to the pathogen surface ligand, phagocytosis initiated. The pathogen engulfed to
the plasma membrane of phagocyte, leading to the formation of a phagosome enclosing the pathogen. The phagosome fuses with one or more
intracellular lysosomes, generating phagolysosomes that produce ROS and other components, ultimately resulting in pathogen clearance™*"**

{2 HETh 208 5L, (I Thy I Th, 206", T % E]
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VBRI AL . BITE B N IR, PR R
PEFUAIE AR LA 58 AR TR G N 2. o IgEN G %
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SRR E AR A 2% ik PRI SR AT A0 i B2 i o (R T E TR
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RN LI FE (R e R NS5 R —, LIRS %A
03 A5 B RV B A PR I ORI R BT SO, 75 2222 b
MM e TS S, RIERE R 25 Y
NOTBL BB BOWR R (BIEE . REE. AR
) A UM IR BUR T XL 4L A0
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Bl 2 SOD3X G4 i 151 . A: SOD3 FHCDA™ T4H M 2 11 i bR B I 15K P I BEARIL-2, TL-4, TL-655 41 g [
THRBKF, IIHITALRGS . 5t B SOD3MIHHMHIMHC 11, CDSORICDS 61 434 KAMHIDCHU, Ml lH:
0 TE0 ML s AN B C: FEPURIBOE S, 2RI B BAI R 22 [ 2T 5< B4 (CSR)IE A, e rp S R BR 8 1 B4 5 X p(Cp) Sk
BT NER, HF B LALCHAMNE T (WICy, CaMlCe)z — BN, CAARGUIRISRAL, Mt Ak P ik, SOD3i/D [ IgE[R 2K
FFR AL R IE, PREIIGES A D: SOD3IMHIBAUMIEE . #atk R FRIFIR(gE) >4

Figure 2 Regulatory effect of SOD3 on immune cells. Note: A: SOD3 downregulates the expression of surface activation markers on CD4™ T cells
and reduces the expression of cytokines such as IL-2, IL-4 and IL-6, thereby inhibiting T cell activation and proliferation; B: SOD3 inhibits DCs
maturation by suppressing the expression of MHC II, CD80 and CD86, thereby indirectly inhibiting T-cell activation and proliferation; C: after antigen
activation, stimulated B cells undergo class switch recombination (CSR), in which the constant region p (Cp) exon of immunoglobulin heavy chains is
deleted and replaced by one of several CH exons (eg., Cy, Ca and Ceg) to change the type of antibody produced, resulting in the generation of specific
antibodies. SOD3 reduces the expression of IgE isotype switch recombination genes, thereby limiting IgE class switching; D: SOD3 inhibits B cell
proliferation, chemokine secretion and antibody (IgE) secretion!' > 4547

MG ;R R BORESO A AR i ik D RLGURSEY), AR KA R(ROS. TNF. IL-
GREANMCARZATN . BN R EATR ) ARG 1 DGR B R =
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FVCAM-1HICAM-17E/E P (20 ([E3).

RMEMPI T TNF-a. IL-la. IL-6. ELWGELHH %
455 H2(macrophage inflammatory proteins-2, MIP-2)
FIMCP-1LL K 41 B b Bt 43 F-1(intercellular cell adhen-
sion molecule-1, ICAM-1)A1 I 41 B % B 71~ 1(vas-
cular cell adhesion molecule-1, VCAM-1)%5 4 fiEAH 5% [A]
THRRIK BB TP & A NF-«BS5 & 107 &, NF-«xBEid
WML R FIRIE, FEXT SRS 5 I RN H RS
O PN, R Ak 2 34 (c-Jun N-terminal kinase,
INK)MIAP- 1+ 7] DL4s i) P B2 4k R 7 F0 &k B 2+
ik,

SOD3 i IkBa A G /N, {2 HENF-«B I 411 51 7€ fir,
i T 45 5 DNA, NF-kBifi T F#50%. 1X 253K
SEA M A F-(TNF-a, IL-1a, IL-6)F1#atk -1 (MIP-2F1
MCP-1)[f) 350", SOD3 4 TLRA % 4E 5141
JEFR S, M-S ENF-«BFIE0E 32 2404, 4k {8
KA F(TNF-a. IFN-y. 464 K[ ¥ (trans-
forming growth factor, TGF)-B. IL-1B)ANIIZ#: 5407
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bk, SOD3iiE et T i 4% 5% K7 B g Ak, ki
p-JNKAlp-ERK 1/2 (1305 (U H 2 ERK B R 1L, FEL
TNF-a/1 3 [IMAPKAE 53 #% (13505 52 2401, 1L-1B,
IL-6, IL-8FITNF-a#ikig /! SOD3IE A I BLH

FIL-4/- S HITAK], JAK3HISTATOMS 5 0%, AR,
HifE kP, SOD3EL FIHLPSEFICD4OPLIAAN T
(¥1p38, INKFINF-kBisi% " (4).

DA FE 2R 0, SOD3M I i 5 15 5@ Byl b 4 1
YRR T AR T I FRIE,  FEHIH 9 RE 41 A i
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Figure 3 SOD3 inhibits inflammatory responses. Injury factors cause damage to the organism, and sentinel cells around the injured tissue recognise
the injury factors and produce inflammatory mediators. These inflammatory mediators activate the host’s vascular and leukocyte responses.
Vasodilation, accelerated blood flow and increased vascular permeability lead to plasma exudation, followed by a slowing of blood flow and leukocyte
exudation which, under the influence of chemokines, aggregates at the site of the injury to remove microorganisms and necrotic tissue. SOD3 inhibits
the migration and infiltration of inflammatory cells and reduces the secretion of pro-inflammatory factors in macrophages“&
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Figure 4 SOD3 inhibits the inflammatory signaling pathways. IL-4, LPS, CD40L and TNF-o bind to their respective receptors and activate
downstream signalling pathways such as NF-xB, JNK, p38, ERK and others. This initiates intracellular signalling cascades leading to increased the
secretion of inflammatory cytokines and chemokines, triggering inflammatory responses. SOD3 inhibits these signalling pathways through
mechanisms such as down-regulating phosphorylation to suppress the inflammatory response” ™ 047,381
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New insights into the immunoregulatory role of SOD3

LIU Tong'?, LI QiLong"’, LV KunYing"’, ZHANG YiWei"? & CHEN QiJun"*

1 College of Animal Science and Veterinary Medicine, Shenyang Agricultural University, Key Laboratory of Livestock Infectious Diseases,
Ministry of Education, Shenyang 110866, China;
2Key Laboratory of Ruminant Infectious Disease Prevention and Control (East), Ministry of Agriculture and Rural Afairs,
Shenyang 110866, China

Superoxide dismutase 3 (SOD3) is an antioxidant enzyme that acts outside of cells. Its primary function has been believed to convert
superoxide into hydrogen peroxide and oxygen. Recent studies indicated SOD3 also participates in sophisticated immune regulation
in diverse diseases. Host-derived SOD3 plays a direct role in modulation of immune processes, including oxidative stress, immune
cell maturation, proliferation, differentiation, and inflammation. Pathogens can also express SOD3 to evade host immune defense and
facilitate invasion by suppressing host cellular responses. SOD3 expression levels are linked to the progression of immune-related
diseases, making it a potential target for immunotherapy. This article thoroughly reviewed the research progress and current
knowledge in the immunomodulatory mystery of SOD3.

superoxide dismutase 3, immunomodulation, immune dysfunction, parasitosis
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