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[Abstract] Immune function is an important physiological function in the human body that plays a crucial role
in maintaining human health. Pyrethroid pesticides (PYRs) and their metabolites can have immunotoxic effects on
the body, increasing the risk of immune-related diseases. This review summarizes the effects of PYRs exposure on
the body’ s immune organs, immune cells, and immune molecules, as well as the immunotoxic mechanisms, and

provides a summary and outlook on the immunotoxicity caused by early—life PYRs exposure, offering new ideas and

recommendations for human studies on the immunotoxicity of PYRs exposure.

[ Key words] Pyrethrins; Pesticides; Immune function; Immunotoxicity

AR U AG TG 2 ARy 53k 1 2 rh 42 IR R AR BR
BB ER A BUAT AR Y UL HL A TR 2R A 2 (py-
rethroid pesticides, PYRs) B A &R, K7 . KN
R DA AR a2, Tz 0 T AR AE W B 45 3 A
GME TAE R BRI 3t 5 A AT e o B 3 AR
B 12 BT PYRs SHAC =4, e
REDIRE S AR EZ A )RR, TE4ERE A fd R

(WFim BHHI] 2024 -02-20

R HF EXREEMIEH . PYRs B850 = A fu g
BEPEC, TS BRI REAL T 7 e F-
LS . A SCE i X PYRs %2 88 % WL 90 05 2%
BRI G ST R E N A5 ) ) B
ML HEAT 2838, R A a3 PYRs B BRI BUA
BHREHEIAT B MER, I AZK PYRs 5%
1) G P38 5 B2 T 5 B AT 1) SELR AL

(B&mB] HE ARSI H (82160621); =B A RHELT - BT BERIR 27 0 SR IFFE I 15 L TR 4 5% Byt

H(202101AY070001-099)

[MEERT] FFkl(1980~), 55, W2 H A, B+, B EEEN, FRNFHAE LR SRR T TAE,

[ES{E&] 2=, E-mail: yanli20021965@21cn.com


mailto:yanli20021965@21cn.com
https://doi.org/10.12259/j.issn.2095-610X.S20240822
https://doi.org/10.12259/j.issn.2095-610X.S20240822
https://doi.org/10.12259/j.issn.2095-610X.S20240822

Fragl,

. AR HUAG TR AR 25 B 5 1) S e R PSR I ST 155

1 PYRsMRERZZHEESNE

1.1 PYRsXMREHREMEALNEESNHE

PYRs % &% 1] [ 1% 6 i A0 JGL 00 & & . 40 e
BORMAN TG 7, $Wd - REa0 A 22532, M
S LR A M AU S5 5 T RE
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PYRs #& &% AT 00 46l AL 1A% 1 40 60 240 A 1% 0 Bk
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PYRs % & 0] fd HLAARAE 58 41 i PR 7 0 il ¢
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PYRs W] i JE #0475 A& 4 b 983 38 38 A (tumor
necrosis factor, TNF)—a . H4AMISZ (Interleukin,
IL)-1B . IL-6. IL-8 I IL—12 2542 48 41 it K 17K
R HAL S F mRNA AR KTy 80 24 28320
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Fig.1 Schematic diagram of the mechanisms and signal transduction pathways of immune toxicity caused by PYRs exposure
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PYRs 58 ] B0 /D U U5 5 g Y
5 HUR N 3G PE & (reactive oxygen species, ROS) |
N ( malondialdehyde, MDA). — % Ab & (nitric
oxide, NO)SFEESNEFREPIKF- TS 1 207500
FEBEEP TR > FHTALBEE EREALS: 20 252
AL RLOL BEUS 175 T 3k AL W WA 8 5 )3 A 2
{Zli(pemxisome proliferative activated receptor, PPAR)
o, PPAR«y B TNF-o . JIg R G i A0 S B
PP IO S G 8 1 Lo [ mRNA R 35 K7 R,
DN A5 57 R s A8 B RS S RE AH G
AT
22 BFRERAT

B - AW v BUNR p53. RA AR 1
AR E A ( cysteinyl aspartate specific pro—
teinase, Caspase) -3, Caspase-9 ] mRNA 7K F}
&, Bel-2 mRNA /KEFEAK, T Caspase—8 mRNA

KA 254k, $78 PYRs Al s 2ok iR/ 319
NTEP T 3R AR 22 34 YRR A8 TR T 15 /)N B iR 200 i
FHG A0 B Caspase—3 161k, 5 Z0H fi 41 g i et
i B DNA A BE AR i 2 20 i 8 T Y R
A g LAV FE AR 1) 7 RS N K B ROS JKF-, 14
5% Caspase—3 Ti M, (2 i I B 4 L 0 T 385 hm, il
il FHBT AL N- 21 e 0 Fo 08 1 40 it B S
A PR A ALY AR TR F S IR 15 T Caspase-3 3%
T SO PR Tl R A AR Y
23 HERFEEE

KR T RS T TR 5 AR S A P 7 TNF
IL-1. IL-6 F1 IFN- vy 7K B H5% 5% F mRNA
FRAKF- B, PR AN 1L-4 A IL-10
19 7K - B Hodit 5% 7 mRNA ik K BB RE A,
B G T A 2L I A R AR I N K E B
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PYRs Z#% 0] 18133475 Ca2/45 £ (calmodulin,
CaM) {5 5 1% 38 0T T BCR AL A M T3, wT
i B AR AZ B F E2 A 26 B F 2( nuclear factor
erythroid—2—-related actor 2, Nrf2) 1 Ifil £ 2% /il 5 i —
1(heme oxygenase 1, HO-1) F KK . B toll
FE 37 K (toll-like receptor, TLR) / #% + -kB
(nuclear factor kappa B, NF-«k B) {5 51 Si& 8
TSR, B e 40 i S At s Fn i o
s, WL 1.

3.1 Ca*/CaM =S 1&E 5@k

Enan 55 U BFSE KRBT, HEPE/N U R T IRR
SBEAT AR Ca® WRBEHE R, Ca®™ 5 CaM 4545,
TEIK Ca2/CaM FFLTG CaM, 38 Wi I 1k 55 22 1
KR FATEAL T 40 A% R p, B0 Ca?/CaM K
SO A P TR O TV BRI S I, O o A 0
P 22 B2 W (caleineurin, CaN) [ 4E I 2 fe g
I T
3.2 Nrf2/HO-1 E 5 & Sl

Shi %05V BFFE R MY, IR EUAE R AT A AR
BRI Nef2 I HO-1 3K 7K1 7 A e R GE R
AR o T 22 B R AP A TT 45 25 1) ] il i TR B
S L USRI AR R Nef2 AT HO-1 B9
IR KV R U R A0 M AR 45, B s s i b
Nrf2/HO-1 15 5 3 % 1% PR R #E P . Bk
PET Ca AL . AT MO BE T2 55 2 Fh Ak 2, DA
T 968 20 T T A T S0P 2 240 L Pk
3.3 TLRINF-« BES&SER

PYRs % § 0] ff EHL AR A= 1) TLR—4 Al TLR-5
mRNA K3k K 4400, ¥ TLR/NF-« B {5 5 1%
g, TGS A AN il & Caspase—
3 T AR 2, R R AN F mRNA &
K ZKOF LIS RS AR R 7 CX3CL B i 34 g 20 280,
MDA FI NO A 23800, PrefbBHsEREAR, o5
PR T F mRNA ZKFREARS, =4
PEEERYARAE SN, 5 | S A R 3 A T 2

4 PYRs 54X &HREHM
KB P& B P2 (developmental immunotoxico—

logy, DIT) & T Bl 9 73 302 B, FE AT R TE
A ) R e R R R R G R T

YW Bk R AR, 223 PYRs 2
A S AW AW R I R A VR QeI B S A
REEN M T, AT HR L, fER
PEANML R 7K T, SRR B R it
KR AT BRI ] O LR YR P 257 R EN5E 16 K) H R
T BRSO me/kg AT 7 | kLK 1 it R AL 248 i 00,
D ARG . CD4* T 4 FN CD8* T 41
PO B A LR R, DP R RR 20 A 43 L
WY, JF HaX R B A A 5 15 d 52 e s
B9 PR EURAG R T RE LUK R M . pe
Uk 20 M G 5 68 01, I AE DP 41 B B B 52 ) g R
M. RREBDERSBE T RET
0.02 mg/(kg + d) o - HAH B TR R H TR
O EEFL AR R0, B T 0 RG22 58 TS A
BT, TR Y B D 20 A O T b A O B 3 R
P53, Puma, Bax., Apafl, Caspase-9 #l Caspase-3
1) mRNA 7K J — 446 A G B 19 mRNA 7K Al
NO My T, R WIS R AT RE 7E IR iR 10
Bt R R IR AR A I A PR T IR 5 R A
i, FREOERMERZE RSB, IR
JE5 6 2 21 KETE T 34.05 mg/kg F AW, M
SR HAE RAEANIEIN 7 1L-18, 1L-2, IFN-vy T}
., HYIM Nurrl EEHKEF S, 55 TNF-«
AL F Rantes THy, FEUSAE K BUE PR R AE
SN2, Neta 818 52 R WT, JiG LI I PYRs 2
K5 1L-10 B EB K2 HRAME, #RZ
PYRs % 5% I RE 4 = ARGy | I Wiy AR Bk 98
393 114 SE I XU

5 NG

PYRs 7] i i # 7§ Ca®/CaM . Nrf2/HO-1,
TLR/NF-k B 4545 5 1% 538 G AL i, =
HAAE S RGeS AR O A T3 I, JF X g
AE L RBEA RN S AR, AT S 2
RPEREE . AR EIARNAZ. BE . RE
KB R ORI, R VI RE R B O
FHHAGO S ANBERFIE W, 220l PYRs B85 2
i LEE P2 & O TR B9 1 R AR R A e Y
M2 191 PYRs % 58 % 11X 0% 50 05 2 B 52w iy A B
AR FRAEF I PY Rs 2525 AR R A ocHc )
JERTEE AR H 5 AR R . B,
B Aff A A L PYRs 5 88 X0 A S 22 T BE 1) 52
Xt — P58 PYRs 2 8% 19 A o s itk A H
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