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Advances on mechanisms of abnormal glucose metabolism induced by ambient fine particulate
matters WANG Wan-jun, LI Zhou-zhou, XU Yan-yi (Department of Environmental Health, School
of Public Health, Fudan University, Shanghai 200032, China)

Abstract:

Recently, the adverse health effects of air pollution have become increasingly concerned.
Ambient fine particulate matters (with aerodynamic diameter < 2.5 um, PM,;) can deposit in
the lower airway, and even enter the pulmonary alveoli, causing multiple adverse health effects.
A large number of epidemiological studies have indicated that ambient PM,s exposure is a
crucial risk factor for diabetes. Diabetes is a chronic metabolic disease characterized by insulin
resistance and/or insufficient insulin secretion under genetic and environmental interactions.
The morbidity of diabetes in China has increased dramatically from 3.3% in 1990 to 6.6% in
2016, and the situation is serious with diabetes patients ranking the first place in the world.
Since the underlying biological mechanisms are not fully elucidated, this review summarized
recent research on the potential mechanisms of ambient PM,s-induced abnormal glucose
metabolism. In addition to inflammation reaction, oxidative stress, endoplasmic reticulum stress,
and activation of nuclear factor kB (NF-kB) signaling pathway, gut microbiota-related pathways,
especially the mediation roles of microbial metabolic products such as short chain fatty acids,
bile acid metabolism, endotoxin metabolism, and change of intestinal permeability were also
discussed in detail, aiming to provide scientific evidence for the propose and establishment of novel
intervention methods and measures against abnormal glucose metabolism induced by PM.

Keywords: fine particulate matter; abnormal glucose metabolism; gut microbiota; molecular
mechanism
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BRERENMAEZESBARENEEFENEMER
R, Ehos% BE N 2 BURERTE B XIHEIRR
E2ERENGFMEREZRIAT, ¥ HEIERRKBN
Fava T iR ERIF IR,

PM,s RIE =S BIAFER/NTFHFT 2.5um BIFT
KD, X ABHRRNGEE, EFERARZIIRZSHAR
FENXF, ARFKE, PM,s AT N TG EE ZEf
A, NS HEMAREREME TR BEREMA Y,
2019 FREIRNPOEA RN (ZERTTSERE
IRE) T, BEASHSHKX, HIBELSE, NE
IBIEIE B PM, s SRR, FEILL, BREEFRIRE XK
BIHETEFE M PM,s B R KT LLGN, REPM, s BEF
HBELEFARERBNNEZELEBNG, FHREKE
KERTIIRERFRIE. KERITHRFEMARKRA,
BRENEEBREZRZ —EPM,s5, WlEzeE"
{58 T 1990—2000 £F [8] SAPALDIA BA 7!] (Swiss Cohort
Study on Air Pollution and Lung and Heart Diseases in
Adult, SAPALDIA) A 6392 & Bff 55 X4 R B9 B] IR N\ B il
¥ (inhalable particulate matter, PMy,) 1 NO, B & &
RE, FERARES logistic BV IR R KL I, PMy, A NO,
HNRBESERRBREFREZIEARX, LELE (odds ratio,
OR) M E 95% AJ{5[X 8] (confidence interval, CI) 93517
1.40 (1.17, 1.67) #11.19 (1.03, 1.38)c Z—IM L EF
ERZBIEBEELERNITRAATREA S, PM,;
FMNOMEXEBRBEHUNO, B EY I FE 2 BIERFM
EEEAS, BERITFER X THKE, 1998—2001
FEEEEBREL T EREZF@EPT (Elderly Health
Service, EHS), LA61477 B EFE AN A AR, &
logistic [2]Y3F1 BY 8] {5 #6 14 cox [B])3 53 #r 2R BB PM, s 7R
ESAE3.2ugm?®, HERERRA B ORF XKLL
(hazard ratio, HR) S2E 95% CI 93514 1.06 (1.01~1.11)
#1.15 (1.05~1.25) 5 S4bh, =E O EE Y, N2
KU EMBESFEMPATIARIYRE, KBRRET
TRISHRAIEMNMER RN A RX .

ESEZR A E, 2009 4 sun F B IR E
PMs BMREASIE/NRBRBERNMN—RIIES
BERER, BERNEAEHEEESB (protein kinase B,
PkB/Akt) N B —&A W A S RESHEER IR, 2B
BES CRIAIE NS, FEfS, Yan F W INEE| M, s T
6 ARFHZRESBMREARNEDZ R, BIEE
MBEAAXBRNKRZE PM, RENZ N, SEFHAR
S5RIREMRERN—HE, BARNKRREARAE

MBI RHF M BT RERN. LN REMN
. ZEF -«B (NF«B) 15 SBERVBUEZF 25, i
FRURESHNMRAKRBHEREBFTERSHET
AR EEXEENER . ALHEREILE
BTN ED, AR AGTEZARKEN 1013
EH, MEMEENERSETEAGERAHEN
100 fF 17, KENHEMH B IELR KRR,
HANERFIRREZ W, HEMESHEBRIFMmE I
EERE, HMABES B —RIIEXERIELE, &
FR, RER R ZANFRARRAMMEER T BHER
EMBRFNMR, EXMEZSMERNEAERRFT
EBRHEMETEEERM, BN, BXBENEY
PEBRFNREREREANARBIE TRAH
HE. EHENSHERRZENERERR, £15H
BHEMBAZ AT SRS R RS F80H
MR o

KGR BEEFERE X PM,s ZEFTS|I RBIHE
KRR BRI RENFIAR, FERARKPMs BE
PRI 2RISR BRI T A A RERNIRE S
BIRHA AR,

1 BRERBURARRIE

KEMFRRAE, RERHXAR (B586. FFlE. &
AR O IERRR) RIAER] e =ik B R IRMAYRIE
Bt U, IRIBINEEFALS, WMALSHYIAVBERFA LR A 92
NBEEMIFEERASR, EhaelEih T ENR#EE
REEM BB AREF, mirEREiN EEE:d S
BRER R LA LR BE 2 s BERRALR KIE, 15!
EEEEBALKRXES RS RIRNBYIEX ), sun
EB R PM, s REANESEREESHN/NERS
R, SIERRIALRETR, FLREMARPIERE
¥, SNAEIRFEAF o (tumor necrosis factor, TNFa) «
H 7 % -6 (interleukin-6, I1L-6) R XA ZT UKL K
A F, 808 7 % -10 (interleukin-10, I1L-10) & &KX
o Lboh, ZARBRAKIPM, s REA5|EIFS
FEBINEE2ERBRIBMMABRARKE. =086
AB R RBIREERAESBEIRIRN 22, M
PM,s 2 52 Al IR BB AR RIERFREAFAS, &
{8EXZ&H 1 (uncoupling protein-1, UCP-1) ZZEH/KFET
BEHMEIREERBAR BEk” Y, B, HR*KHE
PM,s B A RESIRATAR (BREEZEITHNEE
#WE) RIE, FRIRESELL, FFREEREMESENRE
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1|, FFELRERERIESZ, RELZEARNESREN
RBEILN P, I, P, BEAIFNEBEEALF
RERFRIEKFIES, GEEHZIEER -4 (glucose
transporter-4, GLUT-4) FRiA7K (S 24,

NF-kB 2—FhBES BB IRE H « SR E AL F
kBRI EHEENZER, MIEAK R EF IKK2
ENFBESBRTPHNEE R, SEFMRKA,
7E M B 22 53 5 kK2 #0861 ) (IMD-0354) , BEBR 2 FE A
PM,s BRESIFCHIRSREALR. DANABLRFMAFREBLRH R
ERFIRIE, &PV, BESENEMNERE. &
RERMAZRLER G QOO AER G INER
ERE. FEMRRESE) 57, XEERYRFPM,;
FE B OAEEITEE IKK2/NF-kB HE 5 BR5 | K ER =
BRARKE, FMEREBREAHNELESLE,

2 |URLE

SN HE—RIBVEEEREKR S MinEk
Rz EkEslENENERN. KESEFMR
REH, RN EIEER PM,s B8 5| A HBIR S K&
R RRIMWEENSIZ—, U0, Haberzettl F ¢
K PM,s FF&30d BIfE{E O\ A ECIBXPIRB R
FEENERBEEB BRI KTE, PMs ZEEA NG
BRRESNNEERINFPARE—aHAEKRE
HER L, BREMAEARKREME2SMEEER
2 EREMAAFSEMEB TR EARINER Y
IR EERAIE ST, MEl&EPM, BRESIANIME
NERD RIS RE ), RELRRIZN — % EHR
I#%E2 (nicotinamide adenine dinucleotide phosphate,
NADPH) EVEER AN E N ERRESHXREE, ©F
183 NADPH &Y 52 B8 FiR R E R R IA YR D F
RERBaENEF, Fit, 27FMSR (Reactive oxygen
species, ROS) FUEEIE ), Pa7phox ZEFE SR
A EIEEER, e RMEEMAL NADPH F{LES
SNWEENEETE Y, HRE, PM,s REAJIE
INEF 4B NRASBHA LR A pa7phox BEER X 7K F, 15t EH
PM, s £2 25 A1 UE NADPH & LA, 7E p47phox” /NERAR
Brh, HPM,s BESIRHBHNERE. BRRRIRMA
RERFAALR R IERA R RER , H—D &R T | NI BE
B PM,s RES|IAERERENEENHZ— LY,

3 BURFNF
BURAFRE—XN\DFEZEAR ENDFE

7£8000~10000 Z i8] ), — AR A 67~127 N R E B A
. BT S EME EENNBERERFREAES, #
HARFOUS5M4BEMNE. HEREHEMAR
NEMIEH, AT ISRIETE, cCBUEFRZIAE
2 (C-C chemokine receptor type 2, CCR2) B] 5 B2k B
BIER, TEBE R RARHENARNIERRIES
EEA, ERAEIEEZARBHER 1 (monocyte
chemoattractant protein 1, MCP-1). CCL7. CCL8 #l
ccL12 ¥, REREA, CCR2ATEES SEEIRB5IREN
ERFARKEMARB M ERNLELR, N—M
DFEMERRLZI, PM,s BERTINELFEENE
4 E RS AR R Akt 1 AMP k% 19 & B 81EE (5’adenosine
monophosphate (AMP) -activated protein kinase,
AMPK) BEER VKT, FINBEIREATLE LR+ E R 4R AY
=i, M1E CCR2-/-/NER AR MERE X LI KR, CCR2
HFBEIIFIEERET THESEH Lc (sterol-
response element binding proteins 1c, SREBP1c) 7T &
HNERIIE, B BERRERRYIR UL, D) p38 MAPKHY
JEE, HMEE PM,s BB SIEN S FRBRINTA
FFREREBRERR &

4 WEMRLE

FEEBEEBRT, NENRNRTEERES
REEOBAEER, SARMPRITEREIRTEE
BIEBY, AI5|FEEARBMIRZE (endoplasmic reticulum
stress, ERS) , 5| ZKRITBEBBNZ (unfolded protein
response, UPR) B, ERS B—M{RIFPAR BT RIS
EEFRBEIRMEEENARARNZRES B, KRN
SHABRIFIRNESHE+28x, TEMARE
BT, EaREahfT5SARMEEZBNAER
SR ITEEENEIRTEE[ER ERRNESE
ERBIARMELNIHYARZEGNS A
B2 #§ 1a (inositol-requiring 1a, IRE1a)« XX % RNA &
¥ B9 & B B £ N B 2 ES (double-stranded RNA-
activated protein kinase-like ER kinase, PERK) A& 1L 5%
S [ F 6 (activating transcription factor 6, ATF6) B7,
1@ R EE S @R T EE T N ML . X
A BT W S R 4 R LEBY, RIS B o 4R A T2
FARIRBAmE, BEATELEFNEIR, &
IR RS WFERIE. RAER NI B 5| M B ML
Ho Laing F B IERDYIRREY (FHANATLELR) LUK 4HRR A
MZRE| PM, s BE AT HUEN RN HNECRITEE
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Ho — 7 H, PM,s % 88 I #UE X i RNA R AY PERK,
SHEEEZAME R RENFRIAE S 1K -2a (eukaryotic
translationinitiationfactor-2a, elF-2a) BER 140 C/EBP
[E)JRZ 8 (C/EBP homologous protein, CHOP) /GADD153
(growth arrest and DNA damage 153) BY;& 4. E
PERK R Fl F & RN E LT S 8UE UPRIBES, HE
EPM. I ESHAR AT TREPRIEXETENE
o Z—7H, PM,s # BRI BUE IRELla, FHERETE
BT 42415 UPR R TN BUEE F X-box 5 EE B 1 (X-box
binding protein 1, XBP1) mRNA FY;E M, #ifm5 | & &N
BAENERE,

5 EREMEPM, s BES|EBAHEE
T SER
5.1 PM,; BE 05| &mEREMRIA

Bal, BXNE SRS HEREDANRITRE
HRAEITIRL, Alderete 2 B B F R AN META-Air BA
IR ZRE, ERNDEKFE L, SERRITEA
R EREMAP AT ERAEX FEE (r=-0.48,
P=0.001), HASLLERERBIEXNFE (=048, P<
0.001), ESEFMRHE, FRAEREMREEFNKE
ZERBEAZAERRBMKNRER, LW 218
MENRIY) (ultrafine particle matter, UFP) ZER4H /N
BYR7 5% S IR EE 2 B9 B W4 BE A HR 4 KA RS T
Ro MEREMAFERD DINERIRER, UFPRE
LAFNXTERAB R B R EMM R ]899 2K FE LRI
BHEMREIN R, HP urr ZEAEMEEXTFERR
EAE, MEEE. HEENREEREXNFENR
ZERK. BRRKR, PM,, Al M7 EB M EYHRE
o Nz BT & 10 B AFEgbR/ VR (IL-107) 22, Kish
& W & I SLIO A FN XS BR A A9 A WA B HE B BR B Y
RENR, SELEMELL, PV, & 35dBYIL-107 /)
R ERINTELL G 2ZFE, MEERLLHIEE
A& b, EOEEPM, FFEERNE IL-107 /7))
RpEPEMELLFBEAS“, UEHROD
BT KRB BEXN EMEY M, B
GHEPEEARE, MHIRBLEOBRE. AMASHATN
MNEFERBERERETRERNRFRRE, X1k, &
RALABERFART PM,s RN\ T BB E 8948
KR, MAPM I B RENSRSERLA,
RSB/l NROANBE TPV REREC
(concentrated ambient PM, s, CAP) flidETSREC

(filtered air, FA) R 12N, BEENB RN FEAR
MR B EEER K. BEDMMERS 2
MréE SRR A /) R B R E B Z 9 a3y I BA
ENREUR, LMEHFIBIZERZA /) (linear discriminant
effect size, Lefse) DT ERMAEE 24 HEZHE.
HRT AL, KEIRET CAP I EEREARNFESE
Empg, BXYEREELEM. BESFRE, CAP
BB BREASHERARLFHNEE, BIEMT K
SZHERERDEHNFE. BNARENZER
%, Muti E B R pm, T 2MEETNT/NE B
BRANR M, FRA/NSNHEREMIR T
MAEMNRELMR, I, PM, BEANZSIHFEEE
=T FAA, BRE MNP EKFELEERRL ., XTI
RIETI@mA. SRYRD. BEAN. BERE
F ol mE M EIY .
5.2 BEREMRNERESREEEX

Larsen & “ 1 2010 EEDR AR T B XHEREY
52 BB RRIVRI TIRER R, L5RKRAE, MERERG
AN RBRANSHENHZRTEBRITFEER. B
MRFXERA, HFHLENEERIMRENIERLL
BIBBE T, B- TEENNEEZA . MTE/EER
BILE I, I FIAEIE2L (body mass index, BMI) , 5
BEMBEBKEZEEX, ES—DURTRFEHRRE,
ARARNREEFIBEFETRZNIAERTE, SRA
NEFEEFE SIS E ", 5ZERRA—HH—IN
KM BA B 5T 4 (FR 145 BRI RARK) BF
BR, MEXFXIERA, WERBEAER 4TI EMRIE
XNEEASTSHRERMIENFETRE. HHPH
BRESTEME. BnadEa2EMEX, mEREN
S5=EmE. EYMmAaER. BEESFEINENEX,
QinEF Y RALRBERANRE, N 7T FHKE 345 B HER
AR ANEREY), K 2 BNERFRGIAN7E
MEMBD—ERENXRE, TERFEEST afRE
HER DTN 2BREA . 2EREANEF (whole
genome shotgun sequencing, WGS) 3% BB, J& {7l 4B %
ENFTERARFERETRE WKREE, EMFRE
B). MRSEEIEEEHITETREBEENER
B%FALG, BENRDESREFIBEELE, 10
1MARFEETRIMNAEREEM ), —F 2017 F
ERNER, RIFMEE T ELEFBFARNE XD
BREMSERFENARERITHREM RN R EL
R, NFEREYSERERENAEXERHE
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BINRFIER,.
5.3 ENEYMNSEEEAHREERILE
53.1 MERMEME =Y 5ERER R P AT ALK
FEETE AKRBANTARKZEZGEMEDR
EEERBE RN/ BB EHERERRER (short
chain fatty acid, SCFA) , W2 B&. RER. BT R, TER
E&, —FHmE, XEEEEHRISRANKES
330~5000k) BYBEE B ; S—7AE, BIHEAEMENIAT
WA BEEBRAN S 9, KEMRRKRE, SCFARBE
B5 DT, BHRENPNEAR ENcERR
BX 32 {K (G protein-coupled receptors, GPR) 41 #1 (=)
43255 B3] (BN EES MAEZMERL -1 (glucagon-
like peptide-1, GLP-1) Y4334, SCFAs 5 GPR41 IE S
ES I L RARFHAD BRI YY (peptide YY,
PYY) B9FRIK 5 PYY F GLP-1 BEBS NG T B AN S R i%
FYER - EEMBEREZ BRZR R (proopiomelanocortin,
POMC) FIfHZZBKY (neuropeptide Y, NYP) BY43 74, ZE
KB H=ETE, ENEAE R, B 8 YR IRER 5,
M5 RAA, LRI MAEE RS SCFA T B E 15 AN
PYY ORI, HARZERA TER B] PR/ NRRIAEZAIE &,
BHFEIEER S, B, WBERRELM, ZBE. &
ERA T BRI AR B R RS IE S/ N B AEER I
BRBREMOER, BRI TRI IS5 %K
BIFE AN B AR o
53.2 BpEMEEI e TERAEHETENE AT
FENRRETREHFN RIS ERIE R
RES, REIRAfE 95% IR AR TER =42 AT BA TR IR [E]
EIfFAEA, M5B —3 2 2B EEIFIRMNAETRSEKXR
PAREERREBERFIRIOREEAR >, K2
HIBARZRER, BRI S5 ETERS. BRRLIN,
RS AT T B IR S iR S =R,
AT &R ER P iR 5 AT AL A & B AN AV AR B2 R U=k
M, BHh, BREEERASFRIREGNEAME
FAFAFHE S R ABFAER YK EERR B & T X3 BR4H (), L)
ERRE R E R EY S RTEE BB BRI T
wEit,
RABRETRBADERSSHNGIERER,
MBS ARRARLG. Af. BREANEEEXRZE
(farnesoid X receptor, FXR) 1 G &R BB B Z A
(G-protein-coupled bile acids receptor Gpbarl, TGR5)
AR RIEEEER, thil, EEEEBUIMRAGINE
FRIBTER, MEERAMN FXR BT A & IERHFIE

B, 5o, BHRRARKRE, 5% mRERBRR/N
EEMEMEL, ERTFERNEEREYE
BHER/NDNRAEERAIIE M, 7 XRE&BIZE
MEMH AN SEEINBIESHER ", Z—FHH,
TGRS AI BB &I GLP-1 2 5T MER S, ARA
W, AR G E B BEXBTERZ K TGRS BT {E
B GLP-1 BYRERL 17, BUE RR AR Sk AT A AY FXR B %2 Mm%
DEMFIZS R R 2 BUERBM () 8
BHEERFRANBRDESRE™, B, GHR
KRINEL S BEAER AT E A FXR B BIENF, UNHS =S AEER
(chenodeoxycholic acid, CDCA) . A BEER. B BB HER
FNREER " BB YR BE BN Z R 4R BB ER AV i
SMFHEMALELE, W loyce F IR A, BUER
BRI T ER /K AR ES T fE WA R ABTBR B2 (b R
RPBTER, st EiEFAEENNH MRFEB=
Fe. FFAR P RERMBERRERNIER. S5, ORA
EERINREERNHEERANGENEY, BIX
SR ABTERAY A AR AN PR AR B R BURNME, MRRABTER
iR DRSS BRITFEEEMRX ", L EARERYR
BR, REHERTEIATREIS S P BE R IEEEEA,
533 RAEREAW. HEREEESERSNEE W
RIRE, (RRAREFRE 2R AR5 2 BUNER R
BETERA. B AFRALRKENBEZERE, #
R B = . B8 Z ¥ (lipopolysaccharide,
LPS) @—ME = KIAMARARERENEYIR, 4
EAMSET R BT BRNE RS KRB RME ™,
BRLAM, MRFEBINRE, SERXEBREANNR
PAZLEREE R BB N, B LPSKE LF (£92~3
%, REAAS5~10E) B ERLD ", Mk
ZWAR KRB LPS AJEES 5 2 BUMBIRIFHEX B R IE R
7o 30 Cani % 7 Z B IE R IR E/NRIERE ST LPS 4
ERE. iR NRAEREEREEIE 0, FSAFAEFIAS
BRAAAA Y IL-1. IL-6. TNFa F4F A B R BCE WD
71 (plasminogen activator inhibitor-1, PAI-1) F+ &, 3
Gh, LPSIES| R T RBNER TR MBENSREE
My

BRIAMIT 2N EREYHN LIPS EE R @
HAEEREMEXNDF, NEIRFZE (pattern
recognition receptor, PRR) 1 TOLL #£ 5 {1 -4 (toll like
receptor-4, TLR-4) F5[ A RAER M. HHEEFREBIL
REURFNSHREMARRE, SiEASHER
BE, ERREABNEESHHZEEEY, 95
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BIFRZGER LPSHYIEIN, MLIPSTENNBASEAESR
PEACPE B REURMEMIER Y 7, BRRRKREA, 1BRIE
AR EREYRIFUERD LPs WIRE R DA E S
LPS I DN S BURE RV Z WL AEREINEIR
FRRVNRAR LA HESERY), BN &, FRR
grLps, EN EAERMEKT, RERBED W,
PR R RIERIER ",

F—HH, FERRIER N FTE 078 R R3S
t, ELPs ERZFIHMBRENMBREN, 2518
REFRNRESREY, HEREY T BL 4R
MIRARAEREK. ARERENEZEZENIMR
RIFEEERIEA R FIEINAERER. WAMIPR
AN mER. BABKEMERI TR
Bl TNF-a By B 5 B B E M £ VD@ S M 1R N By
REVY, ERNERIBR P RAREE—EIR
E LRSS SEMREESH/NRER DR, Mg
2. BRHREEEE N RIERNMEWRHRFHN,
BIMERMERZE, D EE@EEEARIEM, LS
BEAS, MR LNERERSHAENZRRE

M| [79]
R

6 ZILS5RE

TREAREFREABRRENEAAHKIE
mlz—, BERBEUETENHLENSBILES|
HMRMZMARFENR T LER, XFPM,I1EMH
B S| ZMERFENIEFARBEE TRAHE, KX
SRR, PV, BRECIEEEL 5| ESNARBREX
fE. MEREINEEZREL. FFARRDRIRMAARMN
R, GLUT-4 FRIAKFEFE(E, MUNIFEAERI P L&RiR
HER L. MEEBESI ZERAHNES. EEX,
BELERTRENSEEHRLAMEREDEN
S PV, BESIANBRHEETAIELRIESTEEER,
TRNIERE PM,s RENTRERMMIN A ELZEN
Hl K AR R X FFFE AR HiR TR F65KIE,

SEXH
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