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Abstract; The rapid growing of atmospheric pollution has been a significant issue in recent years. As the main
component of atmospheric particulates, the PM2.5 is responsible for the serious human health damage, which has
attracted great attention of world’ s researchers. The study of organism injury and the underlying mechanisms
caused by PM2.5 can provide theoretical basis for effective prevention and therapies of related diseases. This article
reviews the damages of PM2.5 to respiratory system, cardiovascular system, immune system and central nervous
system from the aspects of population epidemiology investigation, cell experiment and animal experiment. We fur-
ther summarize the molecular mechanisms regulating the organism injury including oxidative stress, inflammatory
response, immune disorder, DNA damage and genetic toxicity as well as signal pathway changes. Discussions on
the deficiency of current research and future research directions are developed for better understanding the health
risk of PM2.5.
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BIPI(PM2 5 Je KUK Y 0 T B A 2 — , S5
JE R A A B BB A N ) PM2.5 B [ B
J 5 B 1 N AR R 5 £ T 4 B A IO R T
RS AETESIORR, /INF 43 DU 3 sk =i o B 2 A Ifi
TG ER AT ) 18 HoAth 2 2188 5B, 0 4 B 45 R
AH—E M E OO RGP R G A
LR, N PM2.5 R 4, HEEUR o R 2 H L
PRI — Z2 50 S5y 3 [ 4 B, ELAAR A L T A 458 44k
L RAE SN P 7 Gt 2L st AL W 46 Ok R A
Sl O D AT JE N, PM2.S LRSI T
NEMAEAFIREE TR T S MU 16 3 A
SCHEETFBUA 1 SCHR PR PM2.5 AR KR %
A5 E I B AL SR AT T 2 R R &6, I iE— 2
T M HTAFSE P AR AR R, & BT ARk Hoor 74
Yy SR L BAF I 2 B RTE R GRS,
R, dE— R AR % PM2.5 i 0BL i, 27 58 %
FF5 A ML B A 2R, 0 B8 2 A SR 5 114 38 T 1) I
Hir,

1 PM2.5 §yRiE 5 =4 ( The source and
chemical composition of PM2.5)

PM25 BESE 1M EHAE d < 2.5 pm 1Y
[ 2 R S A UL, AR TR Y, PM2.5 HLA
KA/ HERTIAR TE VSR TN 5 #5312 T W) o
SERE R JF HHRER AU TR R i
BRI, TTOS R BRI J5 ARt B 3 7l ™ o
S

AR b DX RER 2548 LU A7) | 28 5% R SRR 0 L) B2 X
1B 55N AU 32 2ok FBORIR A BT 22 57
Xf PM2.5 BTRRFE RIS YL IR EEA LT 3 1> :(1)
A BRBHRIRGE , IR ATl AR IR US55 () Tl
P G) PRI Y™,

PM2.5 HYALSE 2 A S 2% , 32 HOR IR B Ty
3 RAR RN b sl N2 AR SR A A R R, —
MG LA 3 FlUsar: (1) KPR T /E N PM2.5
9 AR Loy, H A A S K AT LS 1
SO,” \NO,” . NH," #l CI'4%, /K& M 4 )& & 1 W
Mg®" Na'Hl Ca® 4 ; (2) & B0 J3T . 4 475 70 3R Bk (ele-
mental carbon, EC) 2 ¥ 5 #&(polycyclic aromatic hy-
drocarbons, PAHs) ., 5 #L## (organic carbon, OC)%¥;
G)YEHLITR BRI R AR P i i e A
e AHH s T ARG FERORI R RITR i A
FAR R TEHL IR A2 55

2 PM2.5 W15 E A ( The injury to the or-
ganism caused by PM2.5)
2.1 WRRG

WP TEAE S 5 A R A R 1] P, 02 PM2.5
fo B NI B e E B R ERAL, BT R B>
5 pm BRSO LT A e A SR Z 500 %E T
EREIRGE >S5 m B DR AURBORLY) AT A1 SR A
Ji , <25 wm BRSO L-F- 23 i A
AT TAE S5 4 0 ) fiE 06 25 4ok W W 3 5% I, 5 i fi 368
Ufe, H B AR EAT

VFZ A TR V8 A 7R 15 JeFe BB ey, b XL
FEIF I R SRR R0 1 A S X R 2 R
TS YL 2 34 L RE R e B0 1 &R %Y Liu
GO R IR, 2 R TR 1 PM OV B 5 1 B 2
4 Jili %< 9% (chronic obstructive pulmonary disease,
COPD) £ 2438 Jin A W D) T 1525 UIAH OC, HL K
i PM2.S W EEAEHE N 11 wg-m”,COPD &
FEA A X SR FE TR 11.6% ", Yang " HE4T
(1) — T BA A B 5% 25 SR R WY PM2.5 Wk i 5 3 10
pg-m” Bl AR R T RN 723% . A
MR PM2.5 5 EIFIRIE G avE B R M
W ity S5 50 ELA — o A DGR
2.2 DI RSE

Rl PM2.5 1 HIERAVE R, PM2.5 X0 I
RGN R K ECA] 43 B AR TR ] 4 A
PM2.5 H AT o3 T B 2 Ao il vt b R A,
MTTHEA ML 2R s PM2.5 W m] J LA B i S 5
F T R BN A2 R B i 48 s VR o, gk
ALV A 5 75 | A S I 38 AR 98 0 S 0, i ] 422 45
VERY, BRibZ Ah, PM2.5 55 fili N 32 AR ol i 48 Y
MEAENSTIA EMERS, MHEMERGE XL
B RANM RSN, B, PM2.5 7] G i T4t
B Mg RGN o meE 7, e LR E
YEHMAHE 20 T, 25 505 G i BoRc 9, 0 H 2
PM2.5 Il PMI0, 5 ] 5| 2 LR BE A | AR A O
I H B KR REIE A 5 — R B0 A B

ot K AT R I, K2 B H AR
PM2.5 ML ™ Az 1) S Ak L 8 S 98 1 I o 2 3 Jik
SRR RE AL A8 & TR AR TE B, S B0 IS R A
TELHIT . RN, A 23 5 th BOOR B R Y S5 3 Uk
i S HF PM2.5 8 sk By Jok ok A 5 A4 i 3 R A X0
I AR (CVD) R EAG A )2 15 B A A AR
#(mode of action, MoA), {H1% MoA ) A\ Atk
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W B — L AR
2.3 RIERG

G J%E R GENE BRI T G928 Ny 287 B B2 D) RE Y
HERYG,E R D) g 32 ZAR B K T B 5+
Yy, A5 58 BT AR SR A AR 1 S AR 5 | R 1 P 3
B g, PM2.5 RIVGE i 1 i ZR 48 DA i [ IR AL AAR
BIETIRE , S AR K-

i 156 3] 19 AH G SCRR K 22 LA B R 58
AP A - FE P RS IX 3 NI T
PM2.5 Xt P R FY, Mk, b &
PM2.5 ¥R FERE TN, R BRUBLIE 2 ) B0 1 sl /D, 44k 25
L, FLIMEUIE T 94k 2 40 M 38 FE Dy g T RS, TR AR
Ak & 2V R 5 & LR PM2.S 2k A e
PEANML ™ A —TE R R, A 2 30 3 A v ik 592 K Ul
T E WEAR A A E D RERE S PM2.5 114 551 5 3 i
BTN R, RIERT PM2.5 R AHLIAR S AT RE i i 51
IV 4 L 50 AR P 198 A8 7 5 SR BRATL AR 17 e s
IhEE N P, Caldersn-Garciduenas 2524 137 139
LA AR LEE S, & B R PM2.5 AT S 2L
T FIIR B W P A %2 BR 25 (1 M (immunoglobulin M,
IgM) AR FH G(immunoglobulin G, 1gG)7K - i
FI b, Rk, PM2.5 BR T BEIMATR e T he
R Ik 2 VO A e, B E B S
2.4 PIRMZERG

HToREAR /N AR Hh 1) 8 4 kE 1 34 A
DB o A A 1 ot i o B A R B B 2
i R LR 28 R TR 1) = XU R S i i i &2
KM, 51 % B A 28 00 1 48 AL IR e 78 £ 2 IR
FEPH A — e R L 1 AN T o Rl 2 R G
P, S RGBT , S M N FI T B,
FIHAT N 5 I PRARAER

R 22 Y e RO ) 1 2 B S A ) g
B2 rRAIX B 25 R SR An BT IR it BRI A 4 AR
PO WUZEga R AL | 2 & Ak | b XUSE B A
SAERY (B = B IR BB PM2.5S XA R
GPRIITER . PLIRSR 2 R AE 1Y 7= A, DA I e &
G i O R 22 1R AT 2 ] ) AH HAE
P2 RGPR WL H BTG R3],

AR I A R B 22 R B 9 DG T 2 S5 G )
IR B, Keil SFPFREI, Y AKRAEHE
&R AR FLP A M A FE v S B L
JIFW%, Zhang S5 i 58 R W, BEAR AR IR I 22 6% T
PM25 A sEma i 2 oeait , BV R A B AR .

2.5 FHARS

5T, PM2.5 XF N ARABE R Ge 25 7= A
W, H AT Tt il RGN KR Z R TAT
WEF AT Hu 2527 % B PM2.5 19 R dR vk g 5 LR
R A RAE—EIE KRR, A TAEIR
AL AR KA 2L B8R T P R AR T, i
A A RE SN H AR = BRSSP AR R
%t , Santi ZEPV A HT T 2010 4F 1 H Z 2016 4 3
AW ARFILER 5 131 2 B HAERA KL SE, &
L PM10 1 PM2.5 228 P2 S5 W T it =2 W] A7
I, TEREAERORESE & B, PM2.5 AY I BR R AT
PR BB SEALAE NG /NE S5 18, 52 G - B URn &
H . Zhang FFPUE AT IR SD K RIFEL AR
T PM2.5, 45 5 /R KBRS it il /b, A iz 2
BRREAR, HLBGIE 2R 0 210, S35 B AR Ah /N B B4
Jl(GC-2spd)SZ B IESE PM2.5 B EE ik 716 11,
2.6 HAbRS

AR B A EAT B — R BN AT IR 2 9 R
B, PM2.5 XA PR R G DI BB A 45 — 5 14 52 R DG A
FE4EN PM2.5 R 518 % ' JJE 5 (chronic kidney
disease, CKD) R 52 1 I 2 1EAH G KR 5%
F PMI10 2 #AK B DI BERY . L 41, Raaschou-Nielsen
GRS R K28R T A PM AR B AT
Y S g AR 1) IXURS: , Aztatzi- Aguilar 250 IE BH V2
ZHET PM2.5 SR 2E S B, 0 HET PM2.5 3
' P A 1) ELAARAS 3 AL o R B 4R S

ANBEHHARSE BoR , PM2.5 B2 X 1M1k R 40
A — e i H P AR AN AL, i PM2.5 1] 5]
E ARG PE RS 105 15 T 5 (NAFLD) , He w0 35745 7] fig
R AR AP A . Gao SEPUXIEIHIIE AL
WA T PR UG VEAT 2% 88 VEA | e B ASURL ) 52 Wi il 5
LG bR, Hol o S S KGR T R 4,
FW] PM2.5 IR A 8 (TM) A T AL Rk

3 PM2.5 §y#R{5#1%l ( The damage mechanism of
PM2.5)
3.1 AR S AE SN

PM2.5 AIAE HEHLIR N B9 36 15 A & (reactive
oxygen species, ROS) i A4 i, TH FE P AL, 11 51
fe-Pra sk 2504, 175 S A A 7, EE = 51 L 40l
HWER BRSSO N A ) A R S AT
PO A% ¥ -« B(NF-kB) , fiE #F 2 RE A i 4k | ek 2% fili
ISR RZ T 1 28 P 240 L 43 A K, JBEOBLAAR 5 1 kS ¢
i S
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PM2.5 B ABUIAS | 23188 30 i3 IR I 2 1
1149 38 200 L, 12 ol R 5 11 41 L 3R 6 (interleukin-6,
IL-6) . 5 W4 g %¢ £ 25 1 2 (macrophage inflammatory
protein-2, MIP-2)F1 [ 4l s 4 & 8 (interleukin-8, IL-8)
SRR RS R AN 2 el AR R A i R
F U 1L-6,1L-8 . 4T/~ % 1B (interleukin-16, IL-
1B)55 , NI 5 | R ML ™ A RAE S, Zhou 555 i i
BNSLRE L AR T PM25 RIS 22
PEZR TR (24 h ZAHE TRk PM2 5)id 2 F2 2 #4(10 d
58 7 TARWR B PM2.5), #RRE AR 14 P J5i o9 7 38 s
N, 5 R AT,

AT R B, S A T A 2 T R M
o BB EAL T2 PML ) R SEREaR ) o, 461) 40 = 1T 445 47
B R BN ST S B TR MR 20 2 07 R
AR ) S OE TALA A B B RE R S BR
PR 22, 7 AR S RN, T | S A R PR EE 2
LT 1),

3.2 HUENE

PM2.5 i ABLAR BT, 55— Bl £k R
ARG R ZECHEEWMEN, K5 PM2.5 )] il
b SN SR RE I BT BN RN £F B s sl HE AR
Hh B PM2.5 Jir & 19 F A o nl 5 R FE R H 3Rk K
SRR, BRSNS T R AT
BB H— o WA B ML 3 5 i 20
J Gy, BRIV 0 0 A0 B A WA B . Zhang 485
KA B PM2.5 RGeS [l a] | % B0 I 240 g
HIFEIG 2R PM2.5 % i BsF (] 1500 52 %) 38 i f%
1%, NF-kB 5K 52 16 2 ik M, Bl i 52 e 8 P D] 5
TR PRFE A ¥ ao(tumor necrosis factor o, TNF-at),
C J2 )% K [ (C-reaction protein, CRP)/KF-HE i,

R 2R A1 B9 (dendritic cells, DCs) 2 % 2 [# A %
2E 5535 IO P B P8 I e i 2 328 41 i, Castaneda 457 4IE
SR FURL ¥ (particulate matter, PM) ] #4{% DCs, Jf:
HESFLHE T WA M 4B T 4 M0 17 #5414k,
BRGNS . 2 PM2.5 i ABLIASS , H.
SRR [5G g5 3R Ge s BR IS, ILIAAE 23 5 gl v Pk
BB, U B bk T 4 A R T ) R S B e A2 AR T TR
AL, 6 B AARHGE YEGH AN AR 7

SRR, KRB T REY . BLAk, PM2.5 iF
RES R AR A BRI HS I (5 3 rh iR o)
TR RRAR, DI 8 i B 8 1, 8 PM2.S 28 i Rl Bt
B i A DR EIR, 2 TR LA ™ A B e O PR 1),
3.3 DNA #ifi s L 2Et:

PM2.5 /E I LIRS 25 R4 4140l DNA i

Pt | F A R A5 p O ol T R PR i e TR
AR Yo fRIGAEEY  BFGY R, PM2.5 R TS Y
() T A 2 T 35 3k PR 22 A8 35t A% B 7 19 AR AR i
I, 40 PAHs 7E AR ACHE 7T 5 DNA SRR AL
MU RES SR S M 45 A B OIS, 51 i
DNA #5405, 15 FE R 58 A8 FL A0 M e A8 e A, 3 -4
2K FF T B (3-nitrobenzanthrone, 3-NBA) 1 fE 5
DNA JERUINE ) 5 8O H 5848 B ™ B T
Al G| DNA #4348, PM2 .5 g T %R UIBR 1B &
SRR B S B R VI BR 8 &2 Ris5

Zeng 25 KGN PM2.5 TR BT AT B9
KX ML TS % S FE A 24 H DNA B4
SRR, PM2.5 2 B4 DNA B, #5405 15 5 58 A
Bl —FR IV, 5 | B 40 ] 3 REL A S5 0 B R 1 I
B PM2.5 AT LLG R 40 i i st A sk o0 A (RS 52
BWFTEHEARBLE], /R T GBS PM2.5 55 ROS £X
T2 S RO P 25 A 3 AR IR I b A B L £
(mitochondrial membrane potential, MMP)7K ¥, fil; I
SRR SEHY , T30 DNA 153475 11 4t A J&5) 199 B s 4 22
PR TP 1),

3.4 (F5Hpg

ARSI W, AR 0 385 | R P A4
— RV RN, SR b ask AR At s PR
BRI SRACOY S5 5 5% 2 IRk ok 2
{273 % NF-xB {5 5 1 #%  JAK/STAT 1553 i A
R {5 30 B A TR ARIFSE .

NF-kB 1Eh S i 8 75 58 5% Sk I+ 7245
WP R EEEN, BARAT Ry Ui M5z
| ROS | & M K 45 il B, NF-«B 2 88 7% 2 o]
RO B, SRR «B JFAISE S, AR
HUJEDR AN TNF (IL | Ak R - B R e R 4 e S B0
2 48 PV o AR N ARSI UE SE PM2.S I A S AGE
Fe A 45453, 91 5 3 DNA $5 473 v & (DNA-damage
response, DDR) , H i #= ML 7] 8 /2 8 i ¢cGAS-NF-
kB fF Sl L, Li A i SRl ] PM2.5
THIRE AL 2 (cyclooxygenase 2, COX-2)#iA )5, K
HE ROS-NF-kB J&A2 1 8 5 il 4336 , S Boph & 4501
PM & W) 8 0% 1 45 ~F 15 JUL 410 Y (vascular smooth
muscle cells, VSMCs)AiE i 3 ik ok A A0 g R A K
O LA R A AR A Jt R W g Sy 4 B 1 5 1
I 4B 172 (extracellular signal-regulated kinase 1/2,
EKR-1/2)F1 NF-kB i& 42 (15

Ca® fE N AN 5 % T Y F B oWk B
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JEYERIEH AR BN RE A FERE KA BRI A B
MDY Ca™ e B T v, 5 A 25 2R A ) 45 51 & 9% E i
B, HSERUEW], Ca’ -JAK1-STAT1 {5 5 i % n]
SIS RE 4 TNF-a , ICAM-1, HMGBI %
RAEHFRIBAT 1 ETHY ) PM2.5 BBS IR AN
2(interleukin-2, TL-2)ZFiE/K - M0AE , FHAF: fifi f 2 D) g
[IFEAIK, Ca® -CaN-NFAT ] BB /& 2 55 HH 7 i & 22
(ERERlT -

JAK/STAT {5538 fif 2 3T 4F- ok & B — 4% ph 4
i DS ) 3 4 £ 5 T S %, AN ) 24 B A Ak O
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4 1112 F0 R E ( Discussion and prospect)
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AIREPERL , (E K 22 ISR TR 8, 98 i S 1 B8 i
2 H DNA #0557 5 F . HE 05 T HEY %
BURR AR AIT I A S Rk 3, F Rl 0B G 19
JURE-3- 38 Fil /25 (1 5t B(PI3 K/AKKt)iH i | 22 243K
P13 AL I B (MAPK) {5 55 38 [ X 1% | TOLL ¥ 3% {4
(TLRs)f5 53 %  EKR-1/2 453 4 fE 2 5 PM2.5
POt R T AR A SR DA SN A, HLH
P L DR 58 1A 10 A B A EARPE T JE R
POl Rl A W e A LI RER il - ol [ R UK LIN DI
JE LA A5 HLAR AP A7 78 38 K 4 i, i AR T L R Gtk
25,

B, 75 PM2.5 5l i Z /e F I LHE =T,
B TRt SR WSS 1 B AR U T AR IR s B
PRI AN ARG PM2.5 0516 B B i
HEURHLER TN B o8 5 BE R 2R Bl 4 5 1)
YT S5 , A AL TG PM2.5 X LA 15 A 6t 40
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WBIREEE . T A L0967, B, %48 W4 56, £ 25
RI7 w1 b B EH

£ 3Lk ( References) :

[1] Khanna I, Khare M, Gargava P, et al. Effect of PM2.5
chemical constituents on atmospheric visibility impair-
ment [J]. Journal of the Air & Waste Management Asso-
ciation, 2018, 68(5): 430-437

(2] JARKAL. A0 BORL Y 7EAS DL b 5947 S 0 400
FE AR T B AR B 45 [D]. 3R ILAR K2, 2016: 8
Zhou Q H. Behavior of atmospheric fine particulate mat-
ters in simulated lung fluid, their effect on model cell
membranes and cytotoxicity [D]. Jinan: Shandong Uni-
versity, 2016: 8 (in Chinese)

[3] Wang C, TuY, Yu Z, et al. PM2.5 and cardiovascular dis-
eases in the elderly: An overview [J]. International Jour-
nal of Environmental Research & Public Health, 2015, 12
(7): 8187-8197

[4] Rogulakoztowska W, Klejnowski K, Rogulakopiec P, et
al. Spatial and seasonal variability of the mass concentra-
tion and chemical composition of PM2.5 in Poland [J].
Air Quality Atmosphere & Health, 2014, 7(1): 41-58

[5] &g, Fad, w55 FE PM2.5 15 L B0k Kok
RN FE (D). ZRUR B, 2014(15): 4721-4724
Cheng N L, Li Y T, Meng F, et al. Analytical studies of
PM2. 5 pollution and source identification in China in
2013 [J]. Journal of Anhui Agricultural Sciences, 2014
(15): 4721-4724 (in Chinese)

(61 PRI, XA, 2HER, 55 A ALHIX PM10 & PM2.5
ZEN G YRR BORIE BT[], b EI SRR, 2016, 36
(7): 1938-1946
Chen G, Liu J Y, Huangpu Y Q, et al. Seasonal variations
and source apportionment of ambient PM10 and PM2.5 at
urban area of Hefei, China [J]. China Environmental Sci-
ence, 2016, 36(7): 1938-1946 (in Cinesee)

[7] Fiordelisi A, Piscitelli P, Trimarco B, et al. The mecha-
nisms of air pollution and particulate matter in cardiovas-
cular diseases [J]. Heart Failure Reviews, 2017, 22(9341):
337-347

[8] R—FF B, W, & AR YR X 4
W JL B I 2R G s B IR A 2R 1Y LU (D). b Bt R
24 BEERR, 2015, 47(3): 395-399
Zhu Y D,Wei J R, Huang L, et al. Comparison of respira-

tory diseases and symptoms among school-age children in



78

==
B

i

iz F14 &

2,
¥

[9]

[10]

(1]

2]

[13]

[14]

[15]

areas with different levels of air pollution [J]. Journal of
Peking University: Health Sciences, 2015, 47(3): 395-399
(in Chinese)
Liu S, Zhou Y, Liu S, et al. Association between exposure
to ambient particulate matter and chronic obstructive pul-
monary disease: Results from a cross-sectional study in
China [J]. Thorax, 2017, 72(9): 788-795

Faustini A, Stafoggia M, Cappai G, et al. Short-term
effects of air pollution in a cohort of patients with chronic
obstructive pulmonary disease [J]. Epidemiology, 2012,
23(6): 861-879
Yang W S, Zhao H, Wang X, et al. An evidence-based as-
sessment for the association between long-term exposure
to outdoor air pollution and the risk of lung cancer [J].
European Journal of Cancer Prevention, 2016, 25(3): 163
Li R, Jiang N, Liu Q, et al. Impact of air pollutants on
outpatient visits for acute respiratory outcomes [J]. Inter-
national Journal of Environmental Research & Public
Health, 2017, 14(1): 47

Meng X, Zhang Y, Yang K Q, et al. Potential harmful
effects of PM2.5 on occurrence and progression of acute
coronary syndrome: Epidemiology, mechanisms, and pre-
vention measures [J]. International Journal of Environ-
mental Research & Public Health, 2016, 13(8): 748
Ye X, Li P, Kan H, et al. Acute effects of particulate air
pollution on the incidence of coronary heart disease in
Shanghai, China [J]. Plos One, 2016, 11(3): 0151119
De Oliveira-Fonoff A M, Mady C, Pessoa F G, et al. The
role of air pollution in myocardial remodeling [J]. Plos
One, 2017, 12(4): e0176084

Prueitt R L, Cohen J M, Goodman J E. Evaluation of ath-
erosclerosis as a potential mode of action for cardiovascu-
lar effects of particulate matter [J]. Regulatory Toxicology
& Pharmacology, 2015, 73(2): S1-S15

FEMSF, kA, AEARIN. ST R MORE 4 B MO B AL
IR T HE S (1], [E SR E R4, 2016, 36(9): 2815-
2827
Du P R, Du R, Ren W S. Research progress on toxicolog-
ical characteristics and mechanisms of urban atmospheric
particulate matters [J]. China Environmental Science,
2016, 36(9): 2815-2827 (in Chinese)

TR MAPK {55701 A0 T-7E S AR O PM2.5
VP R B RV T AR AR I (D). KA v BE A
K2,2017: 6
Qiao G G. Regulation of MAPK signaling molecules and
cell apoptosis in immune toxicity of rats induced by traf-
fic related PM2.5 [D]. Taiyuan: Shanxi Medical Universi-
ty, 2017: 6 (in Chinese)

[19]

(20]

[21]

[23]

(26]

(28]

TR, R BT 75 Y AHOC PM2.5 W 2 M e RE XS
KBS S BE B4 2 T [T, BRI 5 B A A, 2016, 33
(12): 1035-1038

Qiao G G, Zhang Z H. Effects of subacute exposure to
traffic pollution related PM2.5 on immune function in rats
[J]. Journal of Environment and Health, 2016, 33 (12):
1035-1038 (in Chinese)

Calderon-Garcidueiias L, Vojdani A, Blaurock-Busch E, et
al. Air pollution and children: Neural and tight junction
antibodies and combustion metals, the role of barrier
breakdown and brain immunity in neurodegeneration [J].
Journal of Alzheimers Disease, 2015, 43(3): 1039-1058
FlE e, AROTEE, 50, S BRI PM2S BREEECT
PRI B JZ i 28 98 E 55 B TV I ot 240 i A/ Je J5i 24
MUBEAE 0], T E AU S A A4, 2018, 27(4):
313-320

Wang T T, Zheng X R, Li W Y, et al. Maternal PM2.5 ex-
posure induces the activation of astrocytes and microglia
and subsequent neuroinflammation in the cerebral cortex
in mouse offspring [J]. Chinese Journal of Histochemistry
and Cytochemistery, 2018, 27(4): 313-320 (in Chinese)
Sagai M, Tin W T. Oxidative stress derived from airborne
fine and ultrafine particles and the effects on brain-nerv-
ous system: Part 2 [J]. Japanese Journal of Hygiene (Ni-
honseigaku Zasshi), 2015, 70(2): 127-133

Sunyer J, Esnaola M, Alvarezpedrerol M, et al. Associa-
tion between traffic-related air pollution in schools and
cognitive development in primary school children: A pro-
spective cohort study [J]. Plos Medicine, 2015, 12 (3):
€1001792

Jorg S, Grohme D A, Erzler M, et al. Environmental fac-
tors in autoimmune diseases and their role in multiple
sclerosis [J]. Cellular & Molecular Life Sciences, 2016,
73(24): 4611-4622

Keil D E, Buck B, Goossens D, et al. Health effects from
exposure to atmospheric mineral dust near Las Vegas,
NV, USA [J]. Toxicology Reports, 2016, 3(C): 785-795
Zhang T, Zheng X, Wang X, et al. Maternal exposure to
PM2.5 during pregnancy induces impaired development
of cerebral cortex in mice offspring [J]. International
Journal of Molecular Sciences, 2018, 19(1): 257

Hu H, Dailey A B, Kan H, et al. The effect of atmospher-
ic particulate matter on survival of breast cancer among
US females [J]. Breast Cancer Research and Treatment,
2013, 139(1): 217-226

Enkhmaa D, Warburton N, Javzandulam B, et al. Seasonal
ambient air pollution correlates strongly with spontaneous
abortion in Mongolia [J]. BMC Pregnancy and Childbirth,



42

JE/NEHAE  PM2.5 B BRI S LRI D5 0 79

[29]

[30]

(31]

(35]

[36]

[37]

(38]

(39]

2014, 14(1): 146
Santi D, Magnani E, Michelangeli M, et al. Seasonal vari-
ation of semen parameters correlates with environmental
temperature and air pollution: A big data analysis over 6
years [J]. Environmental Pollution, 2018, 235: 806-813
JURE, E AT, RS, AR R R AURIE PM2.5 Tk
Y R G5 3 SD MR AEFH I RERI F[J]. TSR
2RI, 2016, 22(2): 104-109
Yan C, Cao X N, Shen L J, et al. Long-term exposure to
PM2.5 from automobile exhaust results in reproductive
dysfunction in male rats [J]. National Journal of Androlo-
gy, 2016, 22(2): 104-109 (in Chinese)
Zhang J, Liu J, Ren L, et al. PM2.5 induces male repro-
ductive toxicity via mitochondrial dysfunction, DNA
damage and RIPK1 mediated apoptotic signaling pathway
[J]. Science of the Total Environment, 2018, 634: 1435-
1444
Bragg-Gresham J L, Morgenstern H, McClellan W M, et
al. County-level air quality and the prevalence of diag-
nosed chronic kidney disease in the US Medicare popula-
tion [J]. PLoS One, 2018, 13(7): 0200612
Bragg-Gresham J L. Poor air quality linked to CKD risk
[EB/OL]. [2018-09-28]. https://www.kidneynews.org
Yang Y R, Chen Y M, Chen S Y, et al. Associations be-
tween long-term particulate matter exposure and adult re-
nal function in the Taipei metropolis [J]. Environmental
Health Perspectives, 2017, 125(4): 602-607
Raaschou-Nielsen O, Pedersen M, Stafoggia M, et al.
Outdoor air pollution and risk for kidney parenchyma
cancer in 14 European cohorts [J]. International Journal of
Cancer, 2017, 140(7): 1528-1537
Aztatzi-Aguilar O G, Uriberamirez M, Narvaezmorales J,
et al. Early kidney damage induced by subchronic expo-
sure to PM2.5 in rats [J]. Particle & Fibre Toxicology,
2016, 13(1): 68
Ramesh K, Shyam P, Shruti C, et al. Association of pro-
inflammatory cytokines, adipokines & oxidative stress
with insulin resistance & non-alcoholic fatty liver disease
[J]. Indian Journal of Medical Research, 2012, 136 (2):
229-236
Gao P, Guo H, Zhang Z, et al. Bioaccessibility and expo-
sure assessment of trace metals from urban airborne par-
ticulate matter (PM(10) and PM(2.5)) in simulated diges-
tive fluid [J]. Environmental Pollution , 2018, 242 (Pt B):
1669-1677
Tk, T30, XBEAE, SE RAANBRY) PM2.5 5%
it b Bz MLE-12 4 B % S8 A 380R A Wz (3], v [ 24 2
S HEPIRGE 2013, 27(4): 698-703

(40]

[41]

[42]

(43]

[44]

[45]

[46]

(49]

Long F, Ding W J, Deng X B, et al. PM2.5 induces oxida-
tive stress and autophagy in lung epithelial MLE-12 cells
[J]. Chinese Journal of Pharmacology and Toxicology,
2013, 27(4): 698-703 (in Chinese)

XUFB5, Bos HORHS, 400, 55, PM2.5 5@ 1 1% fk NF-
kB IR SO B BN P L A R AR Y
FIR[). FEFBEE, 2015, 39(5): 325-328

Liu S S, Aodengqimuge, Wang H L, et al. PM2.5 induces
VEGF expression via activation of NF-kB pathway in
bronchial epithelial cells [J]. Military Medicine Science,
2015, 39(5): 325-328 (in Chinese)

Jensen A, Karottki D G, Christensen J M, et al. Biomark-
ers of oxidative stress and inflammation after wood
smoke exposure in a reconstructed Viking Age house [J].
Environmental & Molecular Mutagenesis, 2015, 55(8):
652-661

Honda A, Fukushima W, Oishi M, et al. Effects of com-
ponents of PM2.5 collected in Japan on the respiratory
and immune systems [J]. International Journal of Toxicol-
ogy, 2017, 36(2): 153

Zhou W, Tian D, He J, et al. Exposure scenario: Another
important factor determining the toxic effects of PM2.5
and possible mechanisms involved [J]. Environmental
Pollution, 2017, 226: 412

Cuevas A K, Niu J, Zhong M, et al. Metal rich particulate
matter impairs acetylcholine-mediated vasorelaxation of
microvessels in mice [J]. Particle & Fibre Toxicology,
2015, 12(1): 14

Huang K L, Lee Y H, Chen H I, et al. Zinc oxide nanop-
articles induce eosinophilic airway inflammation in mice
[J]. Journal of Hazardous Materials, 2015, 297: 304-312
Niu J, Liberda E N, Qu S, et al. The role of metal compo-
nents in the cardiovascular effects of PM2.5 [J]. Plos One,
2013, 8(12): e83782

RISEAE, w2 s Z Wl PM2.5 WA SR
BRI 2 M S N B R v I AR A D). Rl B2 2 S i
IR, 2018, 38(4): 433-438

Liu M H, Zhou X D. Limonin inhibits the PM2.5 inhala-
tion-induced airway inflammation and mucus hypersecre-
tion in rats [J]. Basic & Clinical Medicine, 2018, 38(4):
433-438 (in Chinese)

Zhang Y, Wang S, Zhu J, et al. Effect of atmospheric
PM2.5 on expression levels of NF-kB genes and inflam-
matory cytokines regulated by NF-kB in human macro-
phage [J]. Inflammation, 2018, 41(6): 1-11

Castaneda A R, Pinkerton K E, Bein K J, et al. Ambient
particulate matter activates the aryl hydrocarbon receptor

in dendritic cells and enhances Th17 polarization [J]. Tox-



80 A5 #F O ¥ %14 5
icology Letters, 2018, 292: 85-96 2018: 90-98

[50] Zhao J, Gao Z, Tian Z, et al. The biological effects of in- Luo M. Mechanism of RADS50-mediated DNA damage
dividual-level PM2.5 exposure on systemic immunity and response in particulate matter-induced airway inflamma-
inflammatory response in traffic policemen [J]. Occupa- tion [D]. Hangzhou: Zhejiang University, 2018: 90-98 (in
tional and Environmental Medicine, 2013, 70(6): 426-431 Chinese)

[51] Xia T, Korge P, Weiss J N, et al. Quinones and aromatic [60] Li B, Guo L, Ku T, et al. PM2.5 exposure stimulates
chemical compounds in particulate matter induce mito- COX-2-mediated excitatory synaptic transmission via
chondrial dysfunction: Implications for ultrafine particle ROS-NF-«kB pathway [J]. Chemosphere, 2017, 190: 124-
toxicity [J]. Environmental Health Perspectives, 2004, 112 134
(14): 1347-1358 [61] Wan Q, Liu Z, Yang Y. Puerarin inhibits vascular smooth

[52] BARE:, TEAMA, #E. PM2.5 X DNA W51 kA muscle cells proliferation induced by fine particulate mat-
[7]. WL S fd R, 2015, 31(6): 847-850 ter via suppressing of the p38 MAPK signaling pathway
Yan S B, Yu G W, Chen H. An overview on effect of [J]. BMC Complementary & Alternative Medicine, 2018,
PM2.5 on DNA damage [J]. Occupation and Health, 18(1): 146
2015, 31(6): 847-850 (in Chinese) [62] i [ 5. Orail/Ca® -CaN-NFAT {55 5 18 % 78 3¢ 18 #H ¢

[53] Kawanishi M, Fujikawa Y, Ishii H, et al. Adduct forma- PM2.5 %55 Jurkat T 4 IL-2 Bl b 9 VE I [D]. A5
tion and repair, and translesion DNA synthesis across the P ERLK2E, 2014: 27-30
adducts in human cells exposed to 3-nitrobenzanthrone Tong G Q. Traffic-related PM2.5 induces IL-2 release by
[J]. Mutation Research/Genetic Toxicology & Environ- the orail/Ca*" -CaN-NFAT signaling pathway [ D ].
mental Mutagenesis, 2013, 753(2): 93-100 Taiyuan: Shanxi Medical University, 2014: 27-30 (in Chi-

(54] T PRIESERG N K DNA & 52 3 X5 i g PR B4 5¢ nese)

ZWF5E[D]. i £ H K, 2008: 14-15 [63] “F K K. Ca*-JAKI-STATI1 1% I} 75 PM2.5 3 ;&
Su J. Environmental factors, DNA repair gene and lung 16HBE 41 il 4 AE A Bt e A8 H (g 48 /E FH D). KR 1L
cancer risk [D]. Shanghai: Fudan University, 2008: 14-15 PHERL K, 2016: 31-33

(in Chinese) Ping F F. Regulation of Ca® -JAKI-STATI signaling

[55] Zeng Y L, Huo T T, Dong F Q, et al. The study on geno- pathway on inflammatory mediators in 16HBE cells in-
toxicity of PM,; mineral dusts to Ay, cells [C]. Mian- duced by PM2.5 [D]. Taiyuan: Shanxi Medical University,
yang, China: Proceedings of the 11th International Con- 2016: 31-33 (in Chinese)
gress for Applied Mineralogy (ICAM), 2013, 33(S1): 133 [64] Tong G, Zhang Z, Han J, et al. Traffic-related PM2.5 reg-

[56] Yang J, Huo T, Zhang X, et al. Oxidative stress and cell ulates IL-2 releasing in Jurkat T cells by calcium signa-
cycle arrest induced by short-term exposure to dustfall ling pathway [J]. Journal of Hygiene Research, 2013, 42
PM2.5 in A549 cells [J]. Environmental Science & Pollu- 5): 822
tion Research, 2017(10): 1-12 (651 fRuTuT, JKARLL, Hhibee, 55 PM2.5 il A AL IO A

[57] 5, SR, EAIR, 55 PM25 TPk A Xt V79 SCRAE 1R A TAK/STAT {553 B 0 5 i [7]. T
RS ]. Tl DA SHOIAS, 2015, 41(2): 81- 5T, 2015, 44(3): 451-455
85 Xu Z Z, Zhang Z H, Ma X Y, et al. Effects of PM2.5 on
Huang Q, Dong F Q, Wang L M, et al. The study on the oxidative stress-JAK/STAT signaling pathway of human
cytotoxicity of PM2.5 mineral dusts to V79 cells [J]. In- bronchial epithelial cells via oxidative stress [J]. Journal
dustrial Health and Occupational Diseases, 2015, 41 (2): of Hygiene Research, 2015, 44(3): 451-455 (in Chinese)
81-85 (in Chinese) [661 e, S AL N i-TJAK/STAT {5518 J{AE PM2.5 55

(58]

[59]

Zheng G L, Hao Z, Ping T, et al. HMGBI activates nucle-
ar factor-kB signaling by RAGE and increases the pro-
duction of TNF-a in human umbilical vein endothelial
cells [J]. Immunobiology, 2010, 215(12): 956-962

% 1%, RADS0 /i1 DNA #5145 L2 76 PM2.5 i3S
T HERE T 43 F PR ALE B 5T [D]. AU BT,

7 Mg P E PR A VR [D]. KL P EERER A, 2015: 20-
25

Ma X Y. The role of oxidative stress-JAK/STAT signaling
pathway in asthma exacerbation induced by PM2.5 [D].
Taiyuan: Shanxi Medical University, 2015: 20-25 (in Chi-
nese) L 2



