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Abstract:

As a representative substance of current atmospheric pollutants in China, PM, s has a small
particle diameter and can penetrate through skin or mucosal tissues, which may cause damage
to the respiratory system and cardiovascular and cerebrovascular system in human body. The skin
is the largest organ of the integumentary system and the first barrier to contact with pollutants
such as PM,s. Skin exposure to certain doses of pollutants may cause skin sensitization and aging.
Considering that PM,s has different routes to cause damage to the skin and internal organs,
appropriate experimental models are needed to study the mechanism of skin damage and the
mechanism of drug repair under PM, s exposure. This article reviewed the paths of PM, s damage to
the skin, and enumerated the existing methods for evaluating skin damage under PM,s exposure
as well as their principles and applicability. The evaluation methods were classified into in vivo and
in vitro methods. The in vivo methods included mouse model evaluation and human exposure
evaluation (using smoke simulator); the in vitro methods included PM, s solution exposure, dynamic
inhalation exposure, cell co-culture exposure model, and air-liquid interface cell exposure model,
based on cell biology and toxicology. The article compared the advantages and disadvantages of
above experimental methods, aiming to provide reference for the study of the damage mechanism
of skin exposed to PM,.
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BB BRI MEEE, B NILRER, 3FA
REREERANEE", BREIIAKR. REBHFIER
sk, IR E — FEHERIRED R ERIFIEF PM,;
REEMMN—NEERE, PM,s EEEREN —FIR
REMIREY s IEER, ERINTLLPM,s AR
RETRYITRXIE. BED%. LFEDHR U
3T AN EIBEREMERITR T KRR S,
T IR PR EZ ML 50 B RIESE PM, s FSREAL
)5 2 FIE B, (OB RmAE I2 g X
MEAFTEYEMSZMIEREX Y, PM, s BRE
HNAREREESR, 51K AMABFRIE RN, fEA
HHIEARAAS BTN EEARSSTEY, KRS
PM.s. PMy [RIEEF 2012 EPANEE GFETSHE
FRAE) 8B =R EITRAR 28, ERBERITEN KSE
S RIEEIE T,

RERER NFIZfINR BN E—ERE, RE
ZREIPM, s ETEMNGE W, KRISRYIFHR
EREh. THERENEYIRR = ERE PV, s # L ERL, HEET
EFLHENERA, THERH BRI EEIE
BRI, PM,s REBUZ LD MRERE. REE, &
BABHEEERSAR, BiEgdeEEigs s
R MR R, EEZBUK. FEERE, Stellman &1
REZMRZBAFTHIX A REN KSR F TR
HNETFIZAD SEREFEE X,

BT R EIBEMER, HEPMIFIETH
RASNESWTRAAFHAFER, FAEXETSE
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Mo ANMERIRT PM, s XY K2 BR LA AR 15 (5 M A B S5 M Y
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1 {&PREEMN
1.1 /DEREEM

BRI NRBBIEE, AIRAENITRERE
A0 MMARBRE A [RERIESE, SRR
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=K (epidermal growth factor receptor, EGFR) mRNA
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EERRGIETRENEKEERSHNE BT T
12, LtbSh, E LA £ 5 B FEEAMT PM, s FSEFL
M ER B RENBAVE. BIRME, 258
BARE B RINE T PM, s REIFIE, BXTNEHE
BFERRE, RIEEERK. B3 EERKRGB/N
IR A [ R AR — BV EAR
1.2 AERZEMN
ANMEEBETNEIRAGRE—ENAA, 55—
ZFEY). CF YR FETIE ST IER,
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BT SREMETR, 25 FFEE 0. 1. 2. 3. 4. 5h /5,
FA D-squame R i RERRE A, XHEL 5 4 B2 K15
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WA RB 218N,
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MR R PM, s RESERE RBIERBIE X,
Grevendonk & 2 ¢ LL FIBS A M B E eI 23 # 17
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FRYEINS PM, s BB EEIKTRIIEINAEX (P=0.04),

2 {KIMEEMN

EIMENERIE SRR EIFE F B IEF oYk
NEARE, MRARENTE. P TFEMERSEFSE
RAFE, RFEMRE, FRREEN—RHATUS
BE TN 2. AN EELWATEI . K
BEHNEMARZ FIEFNME, 5EH#HITHES
SRR, M ZNATFHR hFE A
FIRSEFERIHMAR. 2000 F9ARREBHE M
RERAZR=MA (iZmA s MiXNEL 2T G
& B3 ) (The SCCS Notes of Guidance for the Testing of
Cosmetic Ingredients and Their Safety Evaluation) 1%
TR 3REN, IREFE MRS (FERD) Mk
FmBEN B AP XS oYL TR D BN
k. EBZ 0 MERETNZE (FE). KFER
TN I ER YRR P2,
2.1 PM.sBRES

PM,s BB F LB RENPM,s A RITAR
BARRPXAMEHITREELE S, PM, KD R
SE#%ZE, EREMAYEMFLEFRBIULT, 1
A SEE AT E an, WA E T ISR _ERY SRM 2783
PM,s iR fm (ZE 8 9 H1) 7= dho Mitkus F ' B X EH
KAMEF R AR RG2S ZME PM, s AR T
KI, PM,s R B fE AS49 LA BE K & 53 3 1L-8 T MCP-1o
Zhang & 7 @1 AN BRIR 5T PM,.s X RZ BR B9 3R 171
i, ZRREAPM,s PE DR/ =E I AR
AR/ MR, TEARER. RRiA. iz E—L
MINFKIFETE, HENBA—MHEFRERRCT
H PM, s ST HZ A F kB (nuclear factor kappa-B, NF-kB) «
BT & (interleukin, IL) -6. IL-1B. F&HR M B 40 B AR 1%
S E2ES (neutrophilic alkaline phosphatase, NALP3) #
Caspase-1 ZRIAI B &M, BT 7ER PM, s AR
MAIEFHFRP, HiZfAms X2 RENRE
m, HAeeEIEENLrRE B RMNERTE,
2.2 IERERES

AT BIF IR PM, s HEYI BRI = £ B
T2, MRARHALRTHSARSERE, ITRITZE
W EaRKTE, WRREERVNERESIENPM,s
KR, IR ENAEARNITTSPM,s KRE, BT E
HEEFEFTHYFRIFEEI NS, FNIEERE. 2
E MM B EIRINRIF R, TUITEHEZE ST

BFARE, IREARKEMILBIRETRS, F
HESPHHE—MEZ[EISREEE (B2),
ZEEESTHIHERSUE, FUBAIHERR
SRIEEERNRE. REN—EEM PM,s0 FRT B
5 PM,s FESN, ZEEXR AR 0; AR E1E,
XM ES BARRR PM, s RE NSRRI,
BEENRBEIFIEEEPM B ERDAEZ NE,
SFEPM, s SHREIERRE R Z1EH,

CE] A BEFIEEE ;B TRRIREE ; . SBREBUEGEEH.
B2 S SAERSEETRER

2.3 pRHIESFRSIRE

YRR HIE A O A TUIE A M AR A IR, 1]
[TZNRATFREREEA. BOREsE 00 R AEZE
BIARIEI MR EVER =0, B EIE A2 B Mg
A3z —E th HiEF 2 [E) — AR B F AR R P ERIEF,
FARE KR ERFITEXITN, RN R E
MHEBEEMEY, ZAEREGMRERKFEMEK
KESBENF AR EESERREEER, BAFk
HhFSsHASERBHARBRESHEL M. JFE
b X H 32 7R 2 VA Transwell iR (B 3) SR A B IEA
BARIMED R, RMARD HNEMERRERE, 7]
ST EERARERIRE S MR TN T EARNF M,
Wal R —M4AME EERSRIE S S — AR LE
75, R —FARR S R A BRIERIBIXT 57—
REAIRZMH, XMAREY B] AT (R BB (A N AR AR IR 1R 4
RS MEMEN, BINAMEISANBEN MR &4
MRS B,

BRRRALEFARMEARGENZEE RS
¥, SEXKRRAREENIEFEREERE 7R
MELWEIEINE, ITFRERERN=ZLEHA
T 52 Bk & B! (three-dimensional reconstructed human
epidermis model, 3D-RHE) B8 EB = £ LEMWHAR
BB EHES &M REMENMRTAIMLREE
75, AR ERAEN = FENPTH. £K, =
MR- HAE S, ZHMRIEFARA D NLEZ
M RAEFREEY, HPST R IEFREERANE
0, BRAKEHMEFIR. REAEBTE5 ALERK
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MR AEIBLEMFBITHEE B, TEERE T PM.s
ERING, B EEFRAREYFIETHEITHED
HAYE AR Ko

Transwell & _| 5 /
S SoD AR

R |- e e e e 2
3 Transwell AR HEEEFIE

2.4 SKEATARBEEST

RRAREAR L AT EIEHARBEERETSS
SRIER, ALEEF A FEEEHNSESSERYEI
REAA, EFHINSBRAEBAZHHEBETSS
SRR INE M IF 5o Thorne 2 B {5 A VITROCELL®
24 (BE4) BREARSZBEPNVREE RS P IR
NRESBRES, FERENRERESER, B2
ERPFHAUTIRE. NE2WERNSEREFCYNE
%, NITRRREST AR YER. Fukano & 9 7E
VITROCELL® R4 £ il 5| T CULTEXR B A, X
MBRARSAF A Transwell BRI A, FABRESRAE
58K EEYBEZIEMAES, JUERRIFIEREN
HERIPARAZSEMNSAEM, HEERES,
BIP TR ER R,

GEIA: RESHITHISE ; B BRGNS ; c JFERE ; 0 SE
EEHRE £ RS ARIEFEENE,
E4 VITROCELL® RAT=E

B ENHNSBZRNEGWHARESHER
FIHEENRBEEE, RE ) Petri-PERM 12 75
MEIHSRAEBFRERTAZSE ERAMRH
TRE, WREFENAIHIFE SR ARNS
MER. KEFHE I F A CUTEX AR ERRERS
ERFMAZSWMAMREE, LRKRA, UHERERE
50 mL/min BY, BMERENABSRELSFEBTAEZS
ELRABRAERT, BEREEARETEIXEEER
5, IERFRFTHXTARENR G SRENRIRRE
BEX, XMERZE PM,s BB EL BRI

§2RY%

5 BRI A BN AR S TR (A R0 48 AR
SHEL, RERERSETALMRS THRESR
2. IESRBNE, FETIREFRFHNRME
RHITER,

3 MESRE

EER, BRINFEBERENEINES K
RPN RSMAABHT T KEM R, WAL T—&
FIENAYEIISE. FRNENRSHAEERTT
REMEREITF RS, B5 RKEEERT ST
REle Eit, HFRERKTE PM,s 58 TR Z
YT LI BEEIER, FEIH—ERITAESK
FEH ISR, RN FEENSARE R #H
TRIMNE S, ERENRENR, REFNEERK
=, RINEN R ARHESE 3018 1+ 2 K2 L AR LA
RIBEM, HFNRABNIEXAY TN SEETRIE,
EERMARRE SR ERNED T RRARS HM
FEMARREEER.
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