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Abstract:

Perfluorooctanoic acid (PFOA) is a new type of persistent organic pollutant, and has
been highly concerned by researchers in recent years due to its features such as degradation-
resistance, high bioaccumulation, and long-distance environmental migration. PFOA can produce
toxic effects on the immune system. This paper reviewed the studied immune toxicities at home
and abroad of PFOA to mice, zebrafish, and monkeys, including the nonspecific immune function
of natural killer cells, specific immune function of humoral immunity and cellular immunity,
and immune factors of interleukin family, and the relationships of PFOA with ulcerative colitis,
childhood asthma, and infant immune related diseases. Furthermore, the possible mechanisms
of mitochondrial apoptosis and TNFa/NF-kB pathway were summarized. The complex immune
toxicities of PFOA due to species difference and the uncertainty of research data grant further
research to systematically understand its immune toxicities and related molecular mechanisms;
besides, it is of more practical significance in revealing the risk of PFOA to human beings by
simulating and studying the long-term and chronic human exposure level in real life.
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PFOASRIZEERTEMNERZ — FTENF WML
M EHECEMBES T oMM 102/ ts
Y1, B PFOA F397RE 735179 0.069 ng/g #10.296 ng /g0
IR EIKIE PFOATREEM AT AR KR, HEZ LK
AI9TE1E PFOA TS, W I NBEL PFOA 39K E
7946.88ng/L, EHTER N 58~1594.83ng/L, HEAAE
7918ng/L%, EEMFTERE, 49600 FEEAKAIX
/KR PFOA YR E B T 2E B FRIPEST XA KF
PFOA BIBRHI7K T (3.5ug/L) ¥,

PFOAMIRES M T ERINAEXNAREZERE.
RZEINEE. RERFHEMAMEXREERES .
B PFOA e B S MRS IR, B 2000 F 2674
HIMAB RIS IR B, SO R XT PFOA Y &
FHNEOTEEN SRR GEEHITEIR, HRNHR
MYBIRRIEES S,

1 XNRERE. REINEMRERFIIE M
1.1 XREJ[ENFIE
RERENENEENALSFTHREERE
EMNEMIEFMP T IR . PFOATESFIE. 5EHA
FELXHT, TEXRARMEERFALNF S0
AR E M, X B B BER RN/ Yang
% U 7E c57BL/6 /NERIR B HRARIN PFOA (BREZATREL
0.02%) , 7d EARILEAEFKARNE S K (RIERS
7983%H23%), BIFSRAL R ETEESE ; AR
AR ARRE 2500 5 N F% 85% #180%, FHAE B
R BEL LY 51 B4R, ARIBR AR 3R Ak #RRY cD4 A D8 (cD4*
CD8") DKL 2INPERIED ; PFOA IR BE S EANARAE
B R8T Go/G1HA, 1 SHA. G2 #AFN m ERR94RRa EL 51
BREIR/L, iNEIRIBRAMARIL AR P RABNER ; HFLER
5, MEEBMREE, WEMBREETESSIE
F10dRBIEE, BT S YIBS (AL IE (ER %
4 &4, PFOA [10F020mg/ (kg-d) ] 7 & BALB/c/N&
14df5, WIRERERE), BEREIRE A, BERH
ERAARIL %, B, ALFHmASE W,
EHBEERETR, RRMERENBRENLE™E
IR ESE, ARG R E115, LhiAHIIRTR,
HERLD. FRBENTHITRK, LhEREMBK,
IEHEFIARFN, RIAMEMES W ; BESHEARNA
RS2 TR, MR ARHRELHT, H3aE ™
WS &#HITRE, ERAI PFOAT] LIS AT
Mz SE , 1A EIRRY 5K, LRI AFI BRI 3K,

BB RPN EAEAER, TIEXY RIS
Kt Han & "2 FAPFOA RMIE T JEE AT AARR, 4
RKRPAMEE PFOATRERIE N, FFAREHBHED
ez %%,

AT, RO ISR IEMSMEMFRA, PFOAXT
B AR S ER RS, RABMEHIT0dH
PFOATLIEM SR, ERRAMELE. MRS
BERERERTEREFRT W ; WREHRHT
6 "B PFOAIZMEZ MR, RAIBEAE. MARFT R
BEMBEEHELRBEFHET ™, L2 T, PFOAXY
RERENREBIERRDYYF. REEIMFE.
LREHERZNFRMERER.
1.2 X RETHRERIFZ I

X TFPFOAXI RBINEEF MM XM EERE T
2000—2010F, XEAABHEE MRS, MIELEXT
PFOA RIS B IAERR NI SUABRT 3L
121 AEESERERIZINEE  PFOA BENS FREMIAIESS
FMRIBINEE, Brieger & T &AL, PFOABESEH
AR E PRI, RS2 HE (lipopolysaccharides,
LPS) FTi% SHIBFIBIAFEEF -a (tumor necrosis factor-a.,
TNF-a) 7K T B% 1 ; % PFOA K E 7E 1.2076.92 ng/mL
SEE, HXESWSFAIESHINFaI BT E-6
(interleukin-6, IL-6) FIRRHMUKF 21 HX ; = PFOA R
FEARTF 250ng/mLEY, BARGAMREERHIN TR,
122 HBEMERETE (1) FREE. BB,
SEMNRENERARRENETELR, RUWANBME
HRRAYEUE. B 1E5E. SRS, TEET
TUAT B4R SRS I IR A R 2 X AR S TN
B c57BL/6 /NERIEIT IR B 2 S PFOA (FREMAFREL A
0.02%) 10d, EF & iEFh ALL4HRE (human red blood
cells, HRBC) [&, 74 I == BT i, 3 45 52 7 AR A2 A S S Bk
E HIgM. 1gG1. 1gG2b 1 1gG3 F 3 M /K FIR1E, MmiB
3T HRBC Y 1gM # 1gG1 KK PR, BELTIEE
H (ConA) M LPSRIESE, BMEBAENE £HHK N
ZE| T %I B, 2 c57BL/6 BEME/NE A IRK R EE PFOA
15d [FIE&ATF 3.75mg/ (kg-d) ] B, E THHR 1gM FiiA
N % e B 2 B2 AR IEI S Y, tboh, PFOAE S
SN & & LM R, BALB/c/NEREKRKRE
PFOA [ 2 K F 18.7mg/ (kg-d)] 4d 5, M 7EH IgE
IKEHEIN, HEIERERR ", singh & U R &I
PFOA i i3 #%Z [Al F kB (nuclear factor kB, NF-kB). p38
158 5 FBES A caspase-1 FBES, 110 T AEK4HAE
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FMMmEPAEIRER, INET /R Ige BRI E S
HH8RRE, E] 7R TNF-a. IL6 FIBNZE-18
(interleukin-1B, IL-18) FR AR FHERRIE, BE
TH&EEM-2, BEI T KIS0 ERE4EIE INRY
B, REZESTEAMAMASHERERN. S1F
£ % DI FEZY T PFOA XY BALB/c /N FR I M iR B S 38 4
FERIFZME, 45 R 3RBH PFOA S B M/ )\ BR A 4 B 1k
SEMBIARRAE, 1IN T [IE K M E E E X R
KEb&R 9w, INEMME T -4 (interleukin-4, 1L-4) F+
=\ THZE -y (interferon-y, IFN-y) BEEPEE (P<0.05),
JERA PFOA 201 5 B8 PT N B i A Y pY A B8 28 iEe (2)
e, AREENERNFEZHETHEHEN
SRR R Mo PFOA B LUBIT BT T itk 2 41
FEEM I INEE, RAM - BREIEZEIENER
MTHEAEIEE, £RETR, £ ConAT LPSRIBE,
< B8 £H B% 4 D DNA FR R - AR I DR A2 EF I8 N 218
% ; i PFOA RN IRARY 2 [V BAER55, H LPSHAMZ L
b conA AR & 222, (B2 RE, ME14% cs57BL/6 /)N
RAEEREZOES ProA (30mg/ke) &, SRAMXTER
AFELL, INRRBRE A RIR & B N A R I HH BR
BERW,
1.3 XRERFHIFM

RREEAFERBRADENIADNGEIFLE
EEEFR, BRBRAGSHMASKZBBRKAMNA
o Son F @ @i IRk R E MM ICR/VE 21d, PFOA
(47.21 mg/kg) 52X A2 A #0 B9 AR -1 TNF-a.. IL-1B. IL-6
FEREERA c-myc RiAFS. Qazi F Y BB
R, PFOA [20mg/ (kg-d) ] EB Cc57BL/6 1 14/VER 10d,
0T R TNF-a FYFRIA, RIBT 1S 00T AS Z WEHRI
G TNF-a B9 RK. D1ERZE » 5K 7PE PFOA (0.05.
0.1. 0.5f1mg/L) 2B LB EAEF IL-1p. IL-4F0
7T % -21 (interleukin-21, 1L-21) BY mRNA B X 7k ¢
RERE, BARAEREBENEFEN mRNAZ K ERE
ER;, HRILpRAEMEF EIEMRIE & £
HETERNER ; BE7dGE, L4REBESIL-18
1A, 21 RIAEMHISIE M EFH ,MEBE 14d /5,
IL-4 FRAEREFIEE M EF, 1L-21 RIXAEREFI £ 18
MEME I EABTEIES, zhangE > #—F 1
UEZRBE Myd88/NF-«kB 1B % 2 I8 T PFOA S BT S & %
B A FE & F IL-1B. IL-4 A 1L-21 A S 3E BK 2B H 1gG. 1gZ
Migd D FENEERR,

L ERRZTRER, RE PFOAXT R THREMI R R 45

REAR—, ESHARIIRET, PFOASIIFIIER
MR FERR I, RERNAEAESE
Wnh¥mit. AREfE. REFENLELTREX.

2 5% EBxEmEXE

REZAARNBREENRIRS, RESHES
H—FSHRE. WE. IHFRBEXERNELE,
SRS R E— T AL BB REMIESR, Steenland
E BN 32254 BEEREARRLI, BT M
MAEFEEMIT Mk, RS 3R7K, EJE PFOA
AREE N, BN SRS A B RTINS
M, BREIMT PFOAR] LUE R BimMEm A, #8
SIEEXM, Ltt5h, PFOARBES ) LIBEE KA B IS
B D RA MR E XM, FeiFE ) AE T 3637
RERERRR) LSRG, A0 | ERHRRERSE) L
HAPFOA R E Z B LR, 18 Dong E P HAR LI,
Ehm) LEMERPFOARERES TER/LE, MA
H 1ge /K. BEER M RIRRE T A B ER M M SR AR PE S
FEASPFOAKE 2 IEHX, Okada F VIR T
A PFOARE SR ) LHRT SRAN R A5 Ik LUK B 5
IgE REZBINXR, ERELIMEBAPFOARERE
REb, ZBFwMIge RERK, MBEELNE,
BINEZE)L18TAIRKN, RLRIBAEPFOARES
HEyds 2. BEhMEBREEREMERT
FEREXME. BRZMRUEERFRYE, SEFEAE
I ABBERRENLARNERIZH. U ERER
B, MITRFEMRERETRPFOAS AERBHERE
WEENXARAER, BRZEMAFZLEHIX
F PFOABRE S RBHEXERZBIXRERE S FHE
IR

3 EEATRENE
3.1 SZRKET

SRR EREARATHNAREES SRR, &
XBEMHOBENEINMESEEILN. AREBER
AN A T B8 5% & Bl F (apoptotic protease activating
factor-1, APAF-1) T SHF MR LRI RN, HH
LRRBE SN T Ca? MBRAEME &I (reactive
oxygen species, ROS) A& N AN SHEIETH
FERIBFA R, Shabalina F B BHF5TZREA, PFOAT]
LLUES AFFEAR G2 (HepG2) K4 AT, BEFEEH
SMEEKRHIE X R LR BV IERRMARET 2
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HFROSEESE, BN &KELRKREBRBAMK,
FHIHT caspase-9 BUBE. N- 2B LR ERFN IR 10
FARIEF] LUR R ER B AR 1 caspase-9
yEAIAARET, 2RAA ROS 5 REMIERIAA T 1B Bl BE
257 PFOA S HBI M BB SE T, Kleszczynski 5 3 B
RERWIEA, ALEHREHCT116 MM R EE PFOAS
REMBAT, BBILNIAESBBRIVBUEFRNT
S8 ; AR A BT LR RIS IR B AIFERL, MmN
ARIE T, Yao F P FI ST KRB, PFOA b1 HepG2 4
/5, DNA S I5if5. DNA BERT AN Z E E X EF
SRFEIEM, FHEProaESNEESHIRA T
N ROS A1 f, Wk B% 1% % B % 31 PFOA b 32 HepG2
MEE3hfE, ARANE L ONAIRGITIEY - E
it €8 5 F (8-hydroxy-2 deoxyguanosine, 8-OHdG) Y
AR EIE M, PFOAMEEH &M BB 120 5, 45
RETHBMAR_E. ROSEELF, AMHEK
(glutathione, GSH) B2 T, AL 4 AT, £k
IR, PFOA AT LUBS IE SHAMMN AW SIHE ST,
BURARR T @R, FHim RN EThEE,
3.2 TNF-a/NF-kB @2

NF-kBTERBEE M. REMBEN K EMBEHI
AR RIESEBEER. NFkB O] LI ZME R BUE, W
REF. UL BEZHE. BHEARMTHE
R B, X LR R BT HOE kB W E F (inhibitor
of kappa B, IkB) HEE &W#H —F KIEEMA. TNF-a
MBENE (L) 1EAR K MBIEEF 7] LUSE NF-kB i@
B&o Corsini ¥ RAABHABMA RiZH NRARE
(human monocytic leukemia cells, THP-1) FRFH4HAEIE
BT T PFOA Y LPS 2 IR [EARE A FRERAIR MM, 45
RRP, MAPHRERY TNF-o BRIKERZ 2 7306, THP-1
ARV IL-8 RN B4 5 #H— 2 R/ TFHRNA
(small interfering RNA, siRNA) X i & 1k, ¥ B 1 58 &5
& = 1K (peroxisome proliferator activated receptors,
PPARa) 1T F L, &I LPS T A NF-kB I & B
(I-kB) RYPERRB ) 7 HNHY, JEER PFOA AJ LURIT fk
1 PPARoL I B& SE IR X AR A FRYIAE, MRl
IL-1B F0 TNF-o F5- 8 AJ 3@ 13 1 !l PPAR« 1 B 2U7E NF-«B
EEE ), pFOA MBS HEF LIV NR R & RBINE,
T PPARa Y BR/ N R FF AR L & 10 TR RIEIE S NF-kB
BOE, W PPARB R = ENHNH, #H S HAERR
KMBEAHT M, F Lt PPARa I NF-kB Z BN Z 22
PFOA BB R RERB R INNER Y,

4 RE

PFOAEA—MIFEIA MBS RY, TEM
RBERE. RRERERSFELHA. ZERT
MNEN B RS, ERTHEESMRARERD
THEN, HRESHENES, Rt RFRNRIR
R PFOA BB S REBX D FHFIRREKARSHE
Z—o m—FHH, WBMRFEEEHTE PFOABIIZHA
REEWR, BrProAEREBERT BN T KEIEMRE
R, FLCENH R ELIFE T PFOA BUKERIE 14
BEKE, WTFBRPFOAST ALNELXKEAER
TFRE o

SE W
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