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Lung injury and down regulation gene of pS3 and p16 in rats induced by
inhalable fibers from chrysotile asbestos in major mining areas of China
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Abstract: Chrysotile asbestos from four major mining areas in China was selected to prepare inhalable dust with
particle size less than 10 wm. Male Wistar rats were exposed by non-exposure tracheal instillation and weighed and
sacrificed at the time in 1, 3 and 6 months. The lung tissues were quickly separated, the lung morphology was ob-
served and weighed, and the lung organ coefficient was calculated. The pathological changes of lung tissue were ob-
served by light microscopy with HE staining, and the expression of p53 and pl6 genes were determined by RT-PCR

to investigate the biosafety of chrysotile fiber in China. The results show that the size of chrysotile fiber in the main
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mining areas was less than 10 wm, which could meet the standards of inhalable dust. The structure and active
groups of the dust before and after grinding were not damaged. The body weight of the Wistar rats was significantly
reduced, the lung weight was significantly increased, and the lung organ coefficient was increased. The lung tissues
of Wistar rats in the exposed group showed severe pathological changes, and there were different degrees of conges-
tion, edema, inflammatory cell infiliration and fibrosis. The expression of p53 and p16 genes in the lungs of Wistar
rats exposed to 1 ~6 months was significantly decreased. Based on the above results, it was found that the inhalable
fiber dust of chrysotile asbestos in four major mining areas in China damaged the lung tissue of Wistar rats in differ-
ent degrees and ways. With the prolonged exposure time, the expression of p53 and p16 in the lung of Wistar rats

was significantly decreased. It is inferred that the inhalable fiber dust of chrysotile asbestos in four major mining ar-

eas in China has the risk of lung cancer.

Key words: chrysotile asbestos; inhalable fiber dust; lung injury; tumor suppressor gene; viscera coefficient
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W N 2R 0] 5 [P IR /0 ML A IV R e 2
Jp3 B A% #2509 ( Guan et al. , 20165 Wang et al. ,
2016; Ye et al. , 2016; Gao et al. , 2017), &5 ANAA
R o F A A A R ] R, AATT A
AU R v = AR R B N PE LT 2k 2R, v G IR 35
Bl s b0 Tl A R 1) 22 4 1 — BEAE AR AN 4P, A 3
W NI fy 243 S A S 453 0 s e e Mk R e L S
9% £l ( Bernstein et al. , 2013; Gao et al., 2015;
Baur et al. , 2015; Gilham et al. ; 2016) &7, i A1 K
AT S R Jo s Il P XU, o 1 P O T RN A
AR ET 4R K 2 1) 2 A R I ST IR D, R R R A
(2014 FRIUEAT 3 2 U 2 S 7 K 300 B Akl A A PO A
T R AR 5 IR R G IR AR TR
W3R e I AFRAN TR — E il A H ok 242 R
b 22 A PR BEREPERT ST o 8 AT A5 (2013 ) a1k
20 M 35 R BOR ARSI B LA T DY )18 B A Bk v Bk
T U AR PR 22 4 1, 5 SR A s Y R e A R R A i AR
KRAT BRI, 3% T M ple A1 p53 &, A
V5 IE R R RS . MATH 45 (2017) K H 2 A2
i 2OV I S RV E IR 9T 1 DY ) TH B il A R T 4
K BT HEVE Wistar KB ZH 2300 £& 35, Kl T 45 10
AT bR, 45 5 8 o DU T Hedt A1 A 2T 4B 28 w] 250
K. T BBAEC2018) B9 & IR A K m] Tl
i ROS 3 A% W0 2R AR I 7238 %, 55 A549 4 i
KAV T o 2 AR (2018 43 BT 17 DY ™ DX Ui A A
VIR 23 T 22 R HE 45, F 9 L T DY K™ X i A
XS AS49 40 J PR A A T R 40 ) 390 ) 556 o, 52 56
25 R WoR DU K™ D A B 1 32 S P o R 2T i 4L
AT 5 (LA [) 7 PR A AT 45 ) 2 10 50 6 1P A 2 ik 1A

FAAEZE ST, 4 Tl AT ET ek £ 3 1 G/ M S RH
A549 M. 1T B R B v 2 Bk 7Y Bk e
DY 8 e X Fhe [ A s >, H v
ZRF 4 b P A £ AR R AE AR AR 0
W 2R A A R 0 DX F) LA PP Al o DR A 4 A T
WIRE T 1R e it -, 328 H ey e ] DY ™ X3 A A i %
JIFR) R W N T by 4, BE T EL R T AT RN T A A A
A2 Wistar K BT A9 A7 o #2405 K i e 15 [R) i
R T K BRI B ] p53 . pl6, VAT HAT T EUE K
K8 AR AN 23 7 KPR T B YR DR IR
A AR A A2 22 A Bk PR SRS D AR B
AL EIR AR .
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1.1 ##
1.1.1 SZEEXT%

SCH NS M AR T 180 ~ 200 g (1) Wistar P K
B, TS AR B RER 2 SP sz s bt DK
A DX 3 R 20 SR 1) 7 A VS AT DXL H R 2 B
FERT DX BRVG A B R A DR Y )1 28 380 e X
112 AR S

R HE 350 Cal o L4 A4 TR IR A
] )\ Triol & 71 $& X & ( b 3T TIANGEN BIOTECH
CO,LTD) .Prime Script TM RT reagent Kit with gDNA
Eraser f1 PCR iR 71 ( K & Takara A &), 5| ¥
Takara 23 & % 1o

XA 1k 22 D RER AL C RH-800, WiV L 2% T
RATBRE 2 7)) | B 04T 22 3RS HLCQM-3SP4), 7 1T K
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AR T WO R BE 4 BT A (90 plus, 3£
Brookhaven A 7] ) £L 4} /1% 4% ( Spectrum One, 38
PE 22 7)) \RT-PCR ¥ 34 {% ( Mastercycler X50h, &
Eppendorf 24 7] ) \DNA/RNA Il 32 {X ( ND-1000, 3¢
Nano Drop ) . #t I HL ¥k B8 5 4t ( GelDocXR, 3
BIO-RAD 728 w]) eI LUK 4145 {1 ( GE Image scanner
IMI, 25 [# GE Healthcare 23 7)) .
1.2 KRHE
12,1 AP WRONGR A R 2T 4ip 2B 10 o 6

4 il 1 B0 T R N A R T ¢ e v OB LA
Ak 60 H, BRI (To/K /D HE 121, H
EREENLIR S, KA bt . M 4ERIARLIH S wm
SRR 9%, 120 °C T, TR KBS, 400 H 1L Ff, 5
F R, AR ER K E &% 8 mg/mL fifi A7, £ H
1.2.2 ¥y gess Wistar HEPE K FLIGE R

H 8 ~ 10 A i Al B AR A Wistar HEVE K B 54
WL B0 3 4180 2 me/mLL Ge i 2« B A BH A X6t
WA, BE2H 18 S, Jp BT, @R IR 1 . ¥ 4
Tl A R 2% B0 U A RE K 2.0 mg/mL [TV
AT FEH 8 000 U/mL, #7440 H 30 min, R HE 4%
#5 A VL Y B Wistar BEPE KR, BEIEYE 0.5
mL, [ARE 1N FE 1k BT AL 2R IF e
T ERMEC Y 40 mg/mlL QBRI BIPES A A8 ] AR
HEER K, BV 0.1 mLe VE G KR A Bk 2t
T, WK VR MG sh A — s o
1.2.3  ZFYERiAe ARG 7 B3 R AR

KH 90 plus B FE 53 Hr ORI 25 41 35 A A
R4 kit KM Spectrum One {8 L IH-A5 4 27 485 3
A3 WP I B i Ay 242 5 A R 3 T Ak 2 [
1.2.4 22Ul 2 2 EOR9 B

TR 1.3 K6 A H I FRE G AL AE Wistar
KB, T 7 B ZOIF R, B - 80°C VKA IR A7 7%
H . Wistar XIS REL = AR () /1%
F(g). WHRMEALIE Wistar A B 1INl R A8 W, 3k
VEES Bt OL ) LR RAVICERE &0 93 R UL P
10% i /R S5 MR ] 5 5 5 BB 7K, A s 6, 1], )
Sy HE Ge (0, 562 A Wil 20 23 1) 7 3 AR 4K,
1.2.5 YL Wistar KR p53 Fl p16 JEPEE M

He AL HE Wistar KB M2, #2 Triol 571 £ 5
A5 B HCE RNA, DNA/RNA W & KT I RNA 19
JERGE, P4 RNA W 2, 4o 0 3R 5 1l ik S I
(polymerase chain reaction, PCR) i 51 Uit B 15 2E 4T
PCR ¥, 51¥%it: p53 514, 104pb, IE ) 5°—3°:

AGGAAATCCGTATGCTGAGTATCTG, J% [ 57— 37:
GGATAGTGGTATAGTCGGAGCCG ); pl6 5| #,
97pb, 1F [i] 5°—3’CTAGAGCGGGGACATCACGA , %
] 5°—3": AGCAGAAGTTATGCCTGTCGGT). 3 14
Z1F:94°C 22 1 2 min, 94°C 30 s.63°C 30 s.72%C
20 s, fEHN 35 K, 72°C AR IEAT 3 min. By IR W 5 fie
HLUK PCR 79, S50 LUK AR 3R ex FL VK 4% 7l FEUAH
FKFEML I3, LL B-actin A N S5 R
1.3 St

S50 B S ST B + BRUEZE (2 5) Foo5, AH
H EXCEL F1 SPSS 19. 0 AT 1 H A Ge vk 23 #7
TR HK 22 ANOVA F3 Wb AT 2 & A 5

2 #iR

2.1 HAEHMELNESH

4 il R 2 2 e R AT AR K B L B 20 h,
WAEREA . R H 90 plus WOGKRLEE 73 BT G 7 KA, 25
WA 1o INEFYERLEE 3 A B K & 4T YL 10~ 3k
BN TFEEAL 5 wm, FFA AT AR RS ZR

F1 GREE20 h WOXT XIRAIRFHERE S wm
Table 1 Particle size distribution of chrysotile fibers in
four main mining areas with 20 h wet grinding

le d25 dSO d75 qzig
Hilrbl5e € 0.68 1.03 2.36 6.34 4.26
THEEE 057 0.76 1.11 1.74 1.84
BRpG B 0.62 0.86 1.41 3.63 2.83
PUNE HE  0.79 1.49 3.63 6.47 4.76

T e dyo X B AR AR IR 7 /N T SORE A 1 AL (A AR 4 B0 o 4 35
KL 10% » dos ~dsy~dys LAIEIHE

2.2 MERMEMENERINERERAS N

Salamatipour 55 (2016 ) #f 5% Y. 75, BIF B A4 A5 1) 7
VAN TR AT AR S R Ry 2R R T B RT3 0
7 AL S R T TS RG24 2 S5 O i BLAE
FUAT R ET Y 1 20 i B 1 I 1 T A 038 5y 24 o 6 7
Ko AWEFTH RN L, O 70T I (4 BF i
KAt /N T 10 m, X5 ik 3o JEE A I il A 21 4 3% i &5
FE) AT T4 2 56 45 2R, T 3k 21 41 D6 1% 23 M 7 0T B s
HeT Yk R AR S S T, Lo At i R 2B 2 5
A7 B A

Enrico 45(2009) §F 78 A B, i A1 i 14 45 i S5 A1
OH ~ 5 5 55 FLAE B W VR A 1A A0 2L o At % 4 i 5
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FT-IR diagrams of chrysotile grinding 20 h in four main mining areas of China
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B A2 G Tg Wistar KU R BT B 5. Gevs
3 AN 0BT B I B R B R U A R £T 4R B 2B B i 1Y
Wistar K 5P 2 1 Sl g e, i o A8 = 98, i A
TR, B EAREENL(P<0.05). Ji56 M, 4
R AN £T 4 A2 G 7 Wistar K U R 208 00, &

*z2

Rz A

Heitie 1
L) g ?

2¢m

TEERIAT IR AL EE 1,36 D] Wistar K BUITZ1ZU5M L
1, 3 and 6 months lung histomorphology of Wistar rats exposed to 2.0 mg/mL chrysotile ashestos in Mangya

LA BE R NP <0.05), WE 2 frn. Bif6 4
H o4 AT\ AR AT AR R Yo 5 Wistar K FRUII4L
U3 R A KBS . BTRE > YR > B
TOIE > B .

HENAY XEAMES 1.3.6 ™A Wistar X RATALRRE

Table 2 Lung organ visceral coefficient of Wistar rats exposed to chrysotile asbestos fiber dust at the time in 1, 3, 6
months in four major mining areas of China

. E /g /g fili &%
! 14H 34H 6 ™A 14 H 34A 6 MH 1A 340NA 6 ™A
GIPESTHE 433.70 £13.66  601.5 £14.72 732.50 £23.46 2.12+0.28 2.05+0.24 2.06+0.16 0.47+0.03 0.34+0.03 0.28 +0.02
BRR  439.00 £19.39 570.00 £23.16 660.50 +21.15 2.12+0.16 2.14+0.19 2.17+0.14 0.48 +0.01 .38 +0.04* 0.33 £0.04*
JEE 428.00+32.17 533.00 £33.76 649.50 £43.25* 1.91 £0.18 2.26 £0.07* 2.81 +0.12* 0.45+0.02 0.42 +0.03* 0.43 £0.03*
BEE  436.30 £27.55 513.00 £13.58 613.00 +27.35° 1.84 +0.15 2.27 +0.14* 3.36+0.14* 0.46£0.05 0.44 +0.03* 0.55 +0.02®
FT0JE  465.00 £25.19 586.00 £24.63 676.00 £17.89 1.97+0.14 2.13+0.12 2.15+0.13 0.46+0.02 0.36+0.04 (.34 +0.02*

a RN XTI LR A B 27w (P <0.05)

2.5 PhtALRREYIR(HE £8)

4 AT YL B Wistar K RRUWZA 233 kA4 B 3%
179 B CSAZ , HE AN [R] R 82 1 7 i 7K i s 987 4
R A 92 1], it T o 64 6, P LA AR St K
AN FES R D o A R AR AR I R A G % G
BEAL Wistar A BRUIE 2828 3 0 o, g 70 o it S AR
RoEAl, I 20 M AR, il A R R . AN [
AT R B0 AR R 7 A ], B 5 ZESR AT AR 411K Wistar
KBRS DA S A 60 28 0 0 B v i O T, 9 e A A 2
1) Wistar K BT LA 28 hi 40 i 5230 oAy =, i 76 5 2 o
A 85 e R FRERLAT R 20 G 55 1) Wiistar K BRI LA 1)
e 184 585 L SR ) B R I A R i A S 2 3D .

2.6 FhZA4A p53.pl6 EF M

ST B AT B, Be 85 1 A I &4 p53 gk
DRI 1A TG 4 35 1k R AT s %8 3 /N T I, B3 DU 1L g ok
F Y B pS3 KB BRAK, S0 AT L 22 ¢ B
it E (P <0.05); 445 6 A I &4 p53 FE[H
HE— D BRAR R IE PRAR, 5 xF A A b 22 3 B 483t
2 (P <0.05) . p53 FER BRI FA KB A
B ve J€ > BlpE > W0 > BT RECKE 4) .

L B AR LE, S5 1 A H I BR B b ZE 3
FRRALAN, A4 pl6 Fk R Rk 35 Wl 35 1 PR AR, G
B3 ~6 MHKYL ple FEFRIEM— T FFAL, 55
AR ZE R A S (P <0.05). pl6 KR
FIEBRAG RSt KRB by BB > Vv > P g 2 >
Berg (K 5) .
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Fig.3 HE section of lung tissue of Wistar rats exposed to inhalable fiber dust at the time in 1, 3, 6 months in four main chrysotile
asbestos mining areas

NG, AL G0 AR R ML R AT YAl A, ELR DL IR A

3 e AL, IR 3R TSI b AT, S 4 T
J5» 24PN 58 T T A AR U R Kt B %
3.1 B AT i 2 AR LR AN UL R B B R 5 A5 S BB K, FE T M5S0 1 K Bk A A K
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Fig. 4 p53 gene expression in lung tissue of Wistar rats
exposed to chrysotile asbestos fiber dust at the time in 1, 3, 6

months in four major mining areas of China

KR UAH, W REOC RN, P83 ~6 1
H, Wistar K Bl {7 52 32 ¥ B AIG, it 4 23 o o5 % 3
s Tl R BB 2 1K, B ou I ALAR L 2 S LA S it
FRX(P<0.05) . filifii#s REA ALV 45 R
371 R T DY K7 M )9 A T N T S d ) i
il 2 25, A5 fili 4 23 70 1t /K b s I K 488 2, Bl 2 s AR,
PG FE P RN AL Jy 3B P AN [ o Kim 25(2015) fff
FOR I T T e B AR IR B R A4 oA 1 s A A
BEFI £F 410 W 3 T IR N, CT &5 3 27 M A
TP B = K /NANTE] s Lemaire 25 (1986) #F 57 K&
A A Ml 9 22 A A A R AR B 2T 4 4N i 3
BRI SRR o 3K BERIF 5 Sl 7k A ¥ 118 P IR N £ 4
K R BU A R, I W] A fil 41 2R 4L,
BRI G R —3.
3.2 RAMRAEBATER R

HE Je 45 1 0ok, 4 Pl A i nT N 45 40 28
AT AN [ 2 8 R g A4 il 20 2R 4 A, K e 5 34 T
2R LT itk (B 2 18 3) o FT-IR 20 Hr 4 R R,
WA Ry RS S R e B s
AL TR AEAE 2SS 1), X AT RE S 4 R R A
R A 22 A MR FIAH O o W AT A 5 B 5 0y O el ke
F(Si0,) DY T A& F1 MgCOH ), J\ T A4 2H 1 () EL X2
R e (1 = )T AR HE R £ 0™ 40 A [ 7™ bl 7 A 1)
Si0, fZ% & FANA . Piao Z5(2001) WF 57 7R B 5
T Si0, ORI HOK R AL 807, FO R LA
FRE S Jo B R I ) SR AR 4k o 4 FhORTR] 2= M A 6 AT
W N LT e A% Wistar K B AL R B 405 R 1 5 5 X

5 BRIEPURH" X i A W 27 4E K 42 e o Wistar K RS
YU pl6 HLIA L1k
Fig. 5 pl6 gene expression in lung tissue of Wistar rats
exposed to chrysotile asbestos fiber dust at the time in 1, 3, 6

months in four major mining areas of China

Al REE Si0, R T SAH G

It A M TR A i A R P A D
5T TR REFE (2017 ) W50 R B, B R0 22 A A
W EOK AR = AR ROS, 5 8UIR i AR 1
PUAAAGEE SOD FEuby B ANES, T R B R BE ) B
B, 38 SR BV AP N S 4 A ) b 3t A A 2 Ak
WULVE AR AR 25 5 . 3 VA4 (2018) ifF 51 {7
4R A7 IR AR 38 AN [ R B2 M o) AS49 41
TR, 5 40 B YR TR BEL 0 i T, A 0 A A
S0 TR/ S AN TR P A P 2 T A
[FAH 6. 5% 4lF 0 25 (2012) BF 9% 5 7 A B 2T 4 )
V79 4 B A A i g vk, s KN Sl AR e A
HURR rh B AR G o AT 1 45 ( 2014 BIF 5 i I AN [+
W IR IR AT DRAE A% A AN AR [R] , 28 B 3% 1 2k 4]
AN, DS 40 B P 25 A [, 3K LU RE 5T 5 A S 2
AEARL, AR i Rk 75 g — 2D 9
3.3 RAEFEKAT pS3.ple EEFE FKik

p53 Hk PR AT 041 48 i 23 24 18 54 1) DNA
DARS S A 145 ShRE . p53 3 DA i % 15 2 5 40
Mie 4k DNA [1)5e38Ek, 25 DNA EHI 5B E,
WA R, pS3 AR E shF T, F F41 L A 5,
MBI 140 PS8 AR . pl6 3[R 2 2 55 40 i J5 309
(R A TE DAL, ] 15 40 R ) 3 58 S oy 24 H RTIEA
PERMA N p16 A& Lt pS3 Bk B (1) —jop AL b 3
R, A N LA 4 i S B R A2, — HR R
)25 5 35040 M 2% P 3 G, T SO IR B pS3.
p16 Fk DRI 40 it &) 39 S22 (1 ) s DR -y R s S IR, e
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A& ST 524511 DNA, 36 G 20 i A2, 5 s (0 2 93 235
V) #H 7% ( Demirhan et al. » 2010; Stankovic et al. ,
2014; Yang et al. , 2017) . "EATM A, EEE A
B o KA, Kl p53 A pl6 Fk DR} b 983 1) 12 W
HA o EmEmE L.

ARSI R 00 2813 DY A 7 e D 3 A ] RN £
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