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Abstract Metals are essential components of all living beings. The progress of metalloimmunology has

been remarkable in recent years, in which the breadth and depth are being explored rapidly. Manganese is a prom-

ising member in the field of metalloimmunology. Increasing studies indicate that manganese (Mn*") plays an in-

dispensable role in the immune system with its actual immunomodulatory effects vastly underestimated. Available

research results show that manganese (Mn”") not only functions in nutritional immunity, but also in innate immunity

and so on. This review introduces manganese metalloimmunology in detail, analyses Mn?"-dependent immunomod-

ulation in multi-aspects, proposes a working model for Mn?* acting as a new member of DAMPs (danger-associated

molecular patterns), and discusses the future immunomodulatory application of Mn?".
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PR B8 IR BE (1) B A B T 0 8 R T8 SHP-1(SH2-
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ST TE B TR IS R TR BRSPS B IR Y
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containing 3) & AE/MA, Ff HAZIN GIEALE 2 PPt
P Jo AR AN [ 1R 35 52 P 51 S NLR P30 I - 3 A7
FE Y B P R B R B 1V T v R 8 N 2 Y R PR
GMP-AMP & i (cyclic GMP-AMP synthase, cGAS)
FOF$ 2 35 DA 1 (stimulator of interferon gene,
STING) 3% P, AT B 77 F HLAR IR HTDN AT 25 ) 2%
P, GETTRERERGTAEE. E—HE
BT, MIBE A& R T w8 c x5 hE KRG %R
il 244 45 NARHE— 3 T2 A8 B9 7 2 T 1926
SRR INIEB AP N B AR A 77 B R il B 4 AE
19505 RIUBH L, B2 20104E0F 70 N 5374 R L8
B TRt 45 A IS TollFE 3244 4(Toll-like receptor

4, TLR4), {ifd E i 2 8 T80 5% 1P 40 i XL 7 I B0 T
AU, 51 R U N RER R AT 25, 2 ARk
FENG PR _E 4532 B T 2 Fh s A0 1) e 970, il
R IR A IR e B b O T AR ) 52
Wi ) T4 ffd 3 SAIFN-y(interferon gamma){ie 3 fif 8
BB T B P, (AR AT & 8 55 1 12 MR
SRR A TR, R SERET ]
REAE A — o (0 e S e i6 9T B XSRS 1
Go e 4 TR I R IR R H R i3t T 428 e S R
A5 R, AR XA B Rk G| A\ B,

i 7C % (manganese, Mn)J& Tl &8 o &k, &
IR EERE TSR ICER, | 2 T R A
K. @MV, BFEAOEE. LI, Kk
PR 2555400 . ot R K2 LM 5T (Mn>) I
WA, FENE TR TEE TSR
A ARAMSELG BoR, ST LR S A S 1
MEETEEM P S, T HAE— L5251
HNERTZE5NAEYE R, 7 ae B AR
IRBEFRES I ThREN . WAEMIE A R,
B B RBE RS FAE A MR A E I AAEE D)
MECHR . —J70, W& BRAHUE, S TFaEhE
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A, IXRE, BT A G IR ] IR 2 7 AR
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FHIR #h 1 F Ak, ARG A R G L B
AUFEREL AR Y. T FRAT] S == R R T 5 U R
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JL P AR A B 4E R LR A S i . B AT S A
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[ ZIP8/14. 45 i 25 (145 55 11l 3 S B ki A &
AU RO 2 & A IERR R T,
i) A B AP R i ) O PN AR 2 G e Ik B b A DA
YR AN 2 e FoAth 43 B T AR . AR A A DL
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SPER I RE R o TEH IR N KL HBe i
TN 3%~5%, Foatt NG Ja R 73 4 40 4
Y, ZRENIEZEHT . WiE, faimid 3@,
S AL AAS o 4 PRI IR A S T A T R 4 % i ) A
BXT YR IR (A Re R AR D1 . BT
YR PR B R P2 DL OE AR S SR R
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10, XA ZnT10) KGRI 2 51 G AL R ) s R , &
FUYLTK 7 BEAT A 0 22 R AT M5 AR ST [ R A 104,
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HIRAZ N 2 B B MR Z 2551, SR FIRS
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liosis, AIS)SEJiiEA77E REL P o &= RS X T
T R G IIRE RIS MRIE 75 ZHEAT 2 BT AL .
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¥ (sodA). ppGpp#rfiE. PEPFRILEG FIPEPR (L I I
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pestis). irE A S K (Brucella abortus) FlJfii 98 55 Bk
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HCAN TR (1) 77 240 ) DL A7 A0 i R 7K1 IR o Sk e 67
LT & B . S1008 F SR a 51 75 1L 2 H (calpro-
tectin) 7 57 A% HAM I ERIR FE, AT PR 1l )5 s A= 42
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HRERI B R IR . A TR A /N B SY T
I E R, AR AE LS FAcER, I H A A
BRI Z e /) A2 453 5 98P, NRAMP1 (natural re-
sistance-associated macrophage protein 1, X #DMT-
2)B 1 ML Y B T 3R KT NRAMPIAE H
AR 240 R R M 4 L 55 22 b 40 T 0, RE K
e ia AR AA, R 1) I A PR S A R U
NRAMP ) RAL 238 AT 22 b A s SR 1) 2
JEAERY 2% B RTIR, 1 3 A IR AR A 4 ) SR B
WX B TG R R IT T 43, HORMOn TR R B R AR
e B REEN,



1724

- AURATHY - A -

3 EETERRARENESE

RN R G NARARTUR S5 AR N AR ARG 1)
WA, REMgE S A [F AR U 32 A4 (pat-
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terns, PAMPs), il Ul#FE & 1. AR 2 HEFR AL IR
WL 1) PRRs 3= 2204 Toll#: 5244 (Toll like receptor,
TLR). RIG-TFFf#HERESZ A (RIG-I-like helicase, RLH)+
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(cyclic dinucleotides, CDNs)ISERIAE /. SHIRBL,
B 251 RS A4S 20 B (1) cGAS-STINGI# 25 4k T+
LR, BRTH LT 40 5 P ) dsDNA (41 J5
DNABCDNAJH 75 ) i b R B, FL 2 {8 AR A A
B0 A8 71 B dsDNAZKF T WA s e bk,
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ing a CARD)2> 5 45 2 41 Hfu 41, 7 ASCH A1 s 14 [t
AR WIS B, AT T G T 40 i T ASCH A% 328 BA K
NLRP3 % JiE /N A 3 8% 0 1A% 3547 503 7 1 4k
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AT S5 =W L W SR BT AR R O
NLRP3 78 i /N 38 % (1) 55 2 HLdi AR . WFEER
B, A B IR0 NLRP3 JERE /A A8 T[] 4 Fip
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TS B TR IAEAE B VIR o B 40 55 1 4
HR 2% S IL-1PFI IL- 181 V) BIRIBE L, H 4 T
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FIrE 4 (2) R PE /M (inflammasome) 17544 (3)4H A
{5 T (apoptosis) i tt LA R FEHE K AL 4 ffl . EH T
B (1) 52 ARG T4k R e A it ) e B, e K e 4 i
008 T Be 8 BEL T s 5 1) S k1, SR LA Hh ot s E 4%
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FHPURE R g% S AN L HE 15 5 IFNsFIT 25 2k
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FUR 3 A SR BR W (BEERIRE T, M T
B8 (12 3 A0 M 0 T 1 AR Y, HAE @ A2 vl e
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2™ FI A e 20 B AR 8GN Go/G I BE 1 40 i 75
SR T, BAAERT S IR T o S 7 .
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(R A, DRI T 4 B P AU 2R Gt T 4l ) TR 6 23 AT
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Gradually decreased Mn?* concentration

N\

Production of
IFNs and ISGs

Fully charged
c¢GAS-STING pathway

El GETFRRAZENESKE

Fig.1 Mn?*" is a messenger of the innate immunity
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IR XA S AAE T e il 22K A i
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4 HEETREHEERIRA
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R R T HABeRBas RE 100, T2 540 E 1A
SYREA 10— LA ARG, B T T B
(IR LR T U 51 K (985 4 K MRIGE 82 7 AR
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BT PAMnO ARG, N ERAER AT 25N /80
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G B T2 A T IR B Bl 2 R A R A
P, BRI R B S Bt . X )
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J P R N NS R 2. 72 LA R
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