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Heat shock proteins 90« level and oxidative stress status in workers occupationally

exposed to low —level benzene DUAN Danping', LI Yan?, CHEN Lin', BAI Luxi', HUANG Tingyuan’, LI
Yanru', KUANG Xueyi', FU Huifeng', WANG Zhi', CHEN Xuemei® (1. Key Laboratory of Occupational Environment and
Health of Guangzhou Twelfth People’s Hospital, Guangzhou, Guangdong 510620, China; 2. School of Public Health,
Southern Medical University, Guangzhou, Guangdong 510515, China; 3. Prevention and Control Department of Chronic
Non—Infections Disease, Guangzhou Center for Disease Control and Prevention, Guangzhou, Guangdong 510440, China)

Abstract : Objective To investigate the level of heat shock proteins 90a (Hsp90a) and oxidative stress conditions of
workers occupationally exposed to low—level benzene. Methods From May to August 2021, all 35 workers in a gas station
as the exposure group were studied by a cluster sampling method, while 37 workers without any exposure to benzene were
studied as the control group. The basic information of the workers was collected by a questionnaire survey, and peripheral
venous blood samples were collected to test the blood routine parameters, the total glutathione concentration in cells, and
the Hsp90a level in plasma. The concentration of benzene in the air of the workplace was measured by gas
chromatography. Results The airborne concentration of benzene at this gas station was below the detection limit. The white
blood cell count and the absolute value of neutrophils in the exposure group were higher than those in the control group
(P < 0.05), but all values were within the normal reference range. The ratio of reduced glutathione (GSH) to oxidized
glutathione  (GSSG) in exposed workers was significantly lower than that in the control group, and the difference was

statistically significant (P < 0.05). The results of multiple linear regression analysis showed that the Hsp90a level of
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exposed workers increased by 79.43 ng/mL compared with that in the control group (P < 0.05). Conclusions Occupational

exposure to low—level benzene may have an impact on human health. Hsp90a could be considered a potential biomarker of

the effect. The combined use of blood routine examination and plasma Hsp90a level detection has a certain predictive

value for timely discovering the health damage caused by occupational exposure to low—level benzene.

Keywords : benzene; heat shock proteins 90a; biomarker; reduced glutathione; oxidized glutathione;low concentration exposure

RO [ B g R A 2 0 (TARCO B E R T 2R3
FEY, HRY A ok i ) 0 i B T LA ¥ Il AR
g5k B, SR PR fuh AR AN E I 4 | R 4
JH DA B it /IR T B D o AR R SR 1 A R A
(1) 4 [ RO 41 5, 2R B ke i 2 A2 v i B —
LAV TR R A 0 A AE SR R R A Al X
AR E R B A8 il g BE AN W, A R A g R
W 22 A0h T R M B R 422 ik BRAEL P94 ARG,
T b AR e 3 DR 5 AT AR LA I v, an i &
PR Ve o % B2 flh 2 174 {3 451 5 LA R WA S 4 A Ry
U A 58 = W .

A B S R R R B VE AL 2 — 2
AL -PU R AL I AT , T B N B, A B R
JE AN B B BT A AR, A R R AR (GSH) A4 Ak
RI(GSSG) AP IE X, 24 41 it %2 5% T 3 = KT 1 S Ak
MR, GSSG S, I H GSH/GSSG 1Y HL1H 2B
1%, BRI, A0 A 0 RE & R Y GSHY/GSSG 7K F- B ARk
TEA 41 1 57 P R 2 240k 0 35 | RS 1) 400 i 458 43 1
AT H, oT PR AL A AR R BOK 7 bt Ak
BE AR ES . FURTEE T 90(heat shock proteins 90,
Hsp90 ) A& 55 1 3% VIAH S PR B bk o 7, B 24 35
N EE SR 23K TF R B Hsp90aw A4S b M 32 ik 19
Hsp90R'®), 4 Ml 7 38 n vy Ik L ke iy | Sk 40 FN #5490 46 34
A5 LA RN o ARBIEFE R LA T T S o
e B A 2 ok T MRS G, LR AE T 1 BLA T R
b T AEARUE TR K s )G Ve R A ik ek AR I
FE b2k & Hsp90a Fik MIFEIR , iE— 2 20 M R ik
JE 2 B 5 S B AR R 3 2 s AL, 455 Hsp90a
i A I e JBE 422 ik £ W b i 1 AT REAE

1 X&57H%
1.1 %

AR VRO A LE (A G 0B AR R T e K
SALE A RE , YR o R USRS ZE ik i
HHEH A A T RS R R AP AR R,
Jni st Vb N 5338 3 W AR Y 2R g R T A7
FIR MR R . PRI, FRATTR FH A& B S A (%) 0 5

Jrik, F 2021 4 5—8 H BB M T S i o 5
TAE R FEXT S . M4 HH TAE KA R TR 2 8
IR e 38 2 A A A il L I T 35 AR M
il 21, 3 I A Ml AN Sl B 2 M R ) i B R A
PR BY 37 AAE R REZH . AN ARRUE : (1) 424 4%
b AEME 1 AR DL b AR B A AR I R AR T K
HPOD 2 i BIR AR 5 (2) Xof 8 2L B 2 G R 1k 5 42 i ol
(3) Jo JHC A ot Y8 25 14 R 0L YA 3R 0 95 A R e e
S, AHIEFE LT M T HRO 0 B YA B BE A AR B B 2
Ui, B WS R R A R

HR 9 o 2 TR A B AR A A 2T AR
Z,-(%, NG cny=n, =2 X[(tl—uIZ + tl—ﬂ)z x S/
8. 275 L BE AR Hsp90 7K (ng/mL) ¥
B8 =3.20,%% a=0.05,8=0.10, 2% ¢ {4,
55 115 B BFSE Hsp90 7K - Fir 75 19 R 4 A B 4%
IR 25 N o AR SZBR IR A B0 L B TR T
FEA L,

1.2 ik
1.2.1 [

A 28 3 G — K5 YA R A B3 i 9 e S kAT —
Xf—l A . AR R TR SO
BE USRI W (= 1 S/d) R (= 1 wED) .
X 8B5S b S LA
1.2.2 R BRI

¥ B8 GBZ 159—2004 (T AESia= b EY
o AW N ) SR B RIS )T AT GBZ/T 300.66—2017¢ T-AE
Gy A #sEPRNE 55 66 F4r: o8 R
P | VAP S Rb O ) | RT3 i < il e o e SN N [ET Al
KA, SR A o 1S {SOR I T AR 35 i 42 A< 2R vk
B GBZ 2.1—2019¢ T VE Y7 i A7 % IR & BRI 42
b FRAE 56 1 380 A=A ER RIS 1 SBekp s,
X9 2R 5 S S (R INACE- 28938 B ( o) HEA TR, AC
YA I A A SR R A A N B
MR PR AR, AE TN AR Bk R R K
W, SRAE 2 R A = A5 38 AT 00 B A 77 4 Ol 5 1 B
) TAEAR S FEA — 2L,

1.2.3 I A I

— www.oher.com.cn ——



BOp DA SR A% 2024 45 4 A 4 42 55 2 )

Occup Health & Emerg Rescue, Apr. 2024 Vol.42 No.2 -183-

%l B= 45 N B3R AR 0 58 X 2 3 R S IR I
ki, B 3 mL Z - f% P 2 R 8 (EDTA —2K ) 471 %t
I F i BEAS I, 5 mL FF 2 HUEE I T T GSH /K
¥ K Hsp90a , Hsp9OB e &£ 72 , ] 4 ML ¥ 40 24 I
F-80 CUKFIRAT -

1.2.4  GSH .GSSG ¥k Ji& il 5

FHATEE S O I, BE1R 5T, 2 500 4% /min Ik
Wk B0 5 mino SE G0 A AR A F B S U B B (B
W38 = RAEDHARA R FDEAE . N H @4
DU 28 I H BRI GSSG 7K, AR 4k 0 75 7 5 4 e
HRR AV BEFI GSSG MR FE1H53 Y GSH IR JE |, [F]
i it% GSH/GSSG HAH -

1.2.5 Hsp90 & Kl

Kl Hsp90a 1l Hsp90B ELISA & K il €, 51
(RSt EY TRARA ), JeF 37 CF-fy
30 min, KK IR 50 wL AR B4 FE S ARG RS
I DR IS A A (R R BE A 2500 10 485) I A B AL AR
o ZERA AL INA 50wl SR i A AL B B RR i
FIPT Hsp90a . HT Hsp9OB BATE FEFT IR W, A il

E AL, 37 CIRE 45 min J5, YEMR 3 . 164
AL R I A 557 A B 4% 50 wL, T 37 C
IRE 5 min J5, A 50 pL SR 28 - 1k R . 78
450 nm YK AL E IO O B (A) , AR 4 AR il £k L 3
B REAS F B Hsp90a F1 Hsp90R e J¥ .

1.2.6  Git2#srtr

J R B 4 2 SR A S, AT RN e it 2R 4y
Bro B Excel 2013 #4 5% A B4l 51 2 7 2040 12
fii FH SPSS 25.0 B4 X B AT e it 28 b . 96
IEZSA A BT R R R YR = AR s (v = 5) K
N, P [R) 25 S LU R A ST AR A ¢ K 3 s N AR IE
AR, R AR A 25.75 A LB LM
(Pos, Prs) 13278 A 0] 22 55 USRI BR AR 36 0 114K
TR B ROR AL R A R, B A O
546 X K08 ZE5R 14 % FH Fisher 8 1 HE 2 1k R 1746
55 o R 2 5 4R [l U5 9 4 AR VR RE RS 5 i
Hsp90a ZEAL 520 K /K #ER a = 0.05 (U .

2 R
2.1 FREARER

ACBIFSE SR 0 24 g o &S SOREAS 12 4>, Hirp
TS ToRAE A 9 AN I ToRAE A 34, Hefimdl T A
BRI TAE 6 d, TR TAE 8 he VR IREE S S PRk
FRr i 25 5 s < X B AH s AP R R BEORAG
2l 2 S R BT I BCE MR EE (Cr) < 0.045 mg/m?
ARG B ) 6t Bk 1] 422 f & B2 ( G ) < 0.18 mg/m?® (K5

DURE ), SA T [ S HR 2 fisk FRAEL CEs [R] AP 14 25 17
WA 3 mg/m?, Jd B )42 Ml 25 V/F W B R 6 mg/m?) .
2.2 BRI F—HE R

WL X G ARIR IO R 19 ~ 56 %, $Efih 4 -S4 4F 1
(32,94 £ 6.76) %, #: K T~ 3.40(1.40,9.00)
AR X RE A B A R (30.86 £ 7.22) %, Tt A
5.60(3.35,8.40) 4, Hzfih 2l 5 X B4 i Pk 1) AR RS
T R DL SRR B X 2R RS b i 22 R 0
Giite R (P> 0.05), (HPAL SO R BE R 1%
ERABEGITHEX(P<0.05), HAALE 1,

RO R AN O

SEANIL B4l (n = 35) xﬂﬁzﬁm:snﬁfjt@ Pl
A B 32.94 + 6.76 30.86 £7.22  -1.88  0.060
[ /A% 3.40(1.40,9.00) 5.60(3.35,8.40) -1.33 0.183
P 51 1.02 0313
3 23(65.70) 20(54.10)
“ 12(34.30) 17(45.90)
WS WAAR DL 2.85  0.092
KNG/ By 12(34.30) 20(54.10)
EAS 23(65.70) 17(45.90)
AR 11.06  0.004
W R FELUE 9(25.70) 3(8.10)
i 14(40.00) 7(18.90)
j&‘f‘ig‘%) 12(34.30) 27(73.00)
WA 1 T 298  0.084
= 13(37.10) 7(18.90)
& 22(62.90) 30(81.10)
WA B 459 0.032
= 4(11.40) 12(32.40)
i 31(88.60) 25(67.60)
A YA R IAT X LRfa e >0.999%
= 1(2.90) 1(2.70)
w 34(97.10) 36(97.30)

O DIEC + bR (x £ ) FIR; @ LU M (P, P) FR,
HRBILIBIECCE /%) 3R ;s B Sy Fisher i IR 12 BT 145
23 hEHbELER

2 il 4 TN B I P 280 P v P A i 24 Xk
B T X RE4L (P < 0.05), (HIY7E IE % 2 % {11 [l
RN BN 157 o N AR - = R - 1WANY
I ER LGB (P> 0.05), H¥EIEH S
FAEHIEFE N, W 2,
2.4 FEAEAHE S o F Hsp90 w45 R

% il 20 Hsp90ow JiT & ¥k J 55 + %F B 41, GSH/
GSSG EAL T X B4, 22 W B A it 22 2 L (P <
0.05) ; P4 Hsp9OB Jii vk & 22 7 LA 11242 X (P
>0.05), W% 3.

—_— www.oher.com.cn —_—



- 184 - HRMY TOA: 5 it 2024 4F 4 1 55 42 555 2 )

Occup Health & Emerg Rescue, Apr. 2024 Vol.42 No.2

T2 WYL T MR RUR T 45 R (x )
ka7 4 Y
21 51 P44 (x 10°71) il VJ‘%%%’SH@ LI U (x 10%1) ML A/ (/L) /MR % (x 10°71)
Fz 2 7.65 +1.88 4.63 + 1.44 5.06 + 0.61 151.83 = 16.43 266.80 = 53.05
Xif HE2H 6.16 + 1.60 3.59 +1.28 4.99 +0.53 147.24 + 13.21 262.27 = 49.17
({8 3.64 3.26 0.48 131 0.38
P1H 0.001 0.002 0.641 0.195 0.708

Rz3 WY T A GSH/GSSG J& Hsp90 ik 5 it b4

4151 GSH/GSSG Hsp90a/(ng/ml.)  Hsp90B/(ng/mL.)
Hefimzi 1.93 + 1.41 258.67 + 110.17 216.65 + 108.21
Xif HE2H 374 +4.11 151.58 + 143.17 215.23 + 195.28
t1H -2.54 3.57 0.04
P 0.015 0.001 0.970

2.5 Hsp90a &1 O 44 % ve B & 5 H7

Pl 1, X2 hBESREFARIHFEXN
AR (SCARFRBE OS5 A5 1 20 L e e A
i 24 XS AR ) hg N A8 B, LA Hsp90ar S 2 ¥ JBE Ay W) 7
AR, AT 2 on R A 0T SR BN IS R
HYit#m X (R*=0.534, % R>=0.219,F =
4.31,P < 0.05) ; AH L XF B2, 422 fik 2H A9 Hsp90a 7K
4R 79.43 ng/mL(P < 0.05), W 4,

F4 EUEAEIE AT Hep90a Y FE B0 16 32 4B
i W s o

PAE  fwlal) 2 %L 95%CT {i

215 7943  36.60 217 0.034 6.36 ~ 152.50
SCIBRRE -32.05  22.03  -1.46 0.150 ~76.04 ~ 11.94
AW -52.09  37.83  -1.38 0.173 -127.63 ~ 23.44
H4anfEitEe 947 2258 042 0.676 -35.61 ~ 54.55
Zg%%ém@ -14.79 2848 -0.52 0.605 ~71.65 ~ 42.07

FE AU XA = 0, A = 15 SO R W R HRLE =
Lompt =2, RKEE(RL) KU b= 3 BERIE: & = 0,2 =
1o 5 20 LIRARL fmc /) (8 2000 Dy 2 B8 i 1 09 22 80 A ik o
PR i 20 %) 2 A 4 28 4, JRUEL AR A o

RIS i

RS — Pl AL T A RO, BRI BT R
B R FAVETRIMAS il o AH DG SCR g ié
Tl VR TR R Y B R A B IR 10% DA L AR,
Bl 5 A 7 S R, 2% 28 1 R OB 2 T G B 5
FICRE = B AR, 2 M TR A 251445 20 AR Kk
=, BET IR Al T AR e 23 b R vk B 34 g
il 78 1 G P 2 ok B AR AP, (RN o 3 42 il - AN
R T A A B2, T R 25 WPl P 2 fe 3 i
B 7 ok BE A2 242 2 00 . AR YRR A B i T T
W5 H AL B A 3.40(1.40,9.00) 4F K 1 5 fioh {0 ok

IR AT IR 25 | A P A f R A B (AR O

H i3 30 TA A Ak I R R B 1 B0
BL 22— 2% B H O 40 i 9 = 2 B & e,
TR JE A (GSH) FAE AL AL (GSSG) PRI =, Al ¥ BR
GIRINREZZ Y IORE N B~ SR NS E R Ve e
flrtel ) R, A e H Rk BE AT R LA AR AL AR 4 44
AE s 55 .

AWM R B HEfld] T AL 3K GSH/
GSSG % T X A4 (P < 0.01 ), $2 1% B i 24K T~ BR
M 2 fh B P A s TR PR e BR oMb P 4 422 i, 0 T g
SR AN B R BRAE 1T B & AL T RE Y
REAG , 5 B AL I B0, X6k A A i B = A 0

AN AE 10% LLFEIE I AE TR N %
L, HG | E A P b BE B I PR 2 30 A 45 X 3 il 5
GERYAE o AW IR TR, % BRAH e fil 2 A
TR 1A I P 200 B v A A B 4 X 22 S SR
SR (P < 0.01), {H W A8 78 1IE 8 S % E
BRI, o T I R 3

SRMIAH LT X BR 2, H2fih4H 13K Hsp90a 363k
HIM(P < 0.05), ¥ — 210 Z 04 A 43 B 45
3 7 HE R A5 R AT BB A TR 2% PR 25, ARk B8 2R 2 fil
# Hsp90a KA 55 (P < 0.05) , A AE i I A 2
IEHRAET ,Hspo0 SN SEAN 1% ~ 2%,
— H 37 B N ORI, AT R E AN SR
4% ~ 6% KT [V BE R B ik S 5 1 AR A
W, A AN IE I 3, Hsp90a 5 1k e ik 188 &2 L
T 4B PR T, PR AP LR S 2 B AR

ARG R R I fil 41 R0 BB Y
Hsp90B 7KV 22 5 A 4eit27 5 L (P> 0.05) . Hsp90a
1 Hsp90B 7E 24 5& 8 17 41 | Y 3 22 22 51 J& Hsp90a
1) 2, R K i A7 2 JE R JF 41, i Hsp9op NI AT .
Hsp90a Fifs Stk I H 1T, 1M1 Hsp9OR A &5 i Pk 3k
KE A, XAl BE 2 Hsp90a 2 ik B 1 5 | i
Hsp90B & ik it FE AN AR 1) Jit R 2 — 181 $OR 7EAIRIR
JE MR P 2 4 i 5 | A 1 2800 38, T B B Hsp90a
YE R A bR o

Hsp90 /2 AR 32 A7 18 1) — 28 BN B 1 ik
5NN ST I R i SR SR RE A A 2 T O S LR

— www.oher.com.cn ——



B DA SR ARE 2024 4 4 71 5 42 455 2 ]

Occup Health & Emerg Rescue, Apr. 2024 Vol.42 No.2 < 185-

B, DRI AR U Hsp90ar T e 42 JF 47 Sk 10 o
A& AR A FE P2 N B3 B[R] — A T sl A
AR St AR —F; H AT TR AN S Y 2 3
A5 R ) AR A D 8 B 1 LA Y, R AR
HEBR T HoAth VR 2% 0y SR RS2, BT DL SR AN R
Hsp90 119745 1k 3 22 2K 5| ik .

AWM AL LB R, HAd T\ Hsp90a 7EAIX
e R TR R B Ml LB ED R T X R4 (P <
0.05) , 3F 17 g 52 BRI DA 5 49 A AL AR A28 Ak, it &5
HACA A0 T8 T R AL (P < 0.05) , Hofth 4
AN o O 1 A = BN 1 AN R iV S P NP =
5P > 0.05), #2278 0 54 Hsp90a 51 A TR b fad B A
e A N I E AR A, T RE S A AR m A
6 A T8 A 1 TR A MR, X 2R P R ) R W L R R
R AR A5 HAT — 5 B BEIE B SCRISE FAMME .

FE3E T R MBI FE 13 3 A R 1% BA S 4F
5%, WLZE Hsp90aw 5 1ML # FIAS A 1) s 548 £k, DAtk —
AARVT Hsp90a VE A I v B2 4 42 fioh 1) 200 A7 s 1) i

EER  ASCISEBREETE 19 ) £ vh 2

&% K

[1] WHO. Benzene [J]. TARC Monogr Eval Carcinog Risk Chem
Hum, 1982,29:93-148.

(2] wpAe R RN [ 58 T A R 2 2. T R 1L A (i R 2 A A
2020 4F4 RO AR 5 (1], WOl T A 5 0 28 L 2021, 39
(4):381.

(3] FBLL, VI, i, 45 MR A8 YR A — YR 42 il
e AR B AR [0 ] rp A 57 8l T AR R A 44 35, 2019, 37
(8):627-632.

(4] WOMEmS , DRI, F i Ak, 45 A0 A A ol 28 42 i B o2 Pl £
P AEAL (1], A Tl e 2 2k, 2022, 35(3 ) £ 253-255.

(5] 5l 2555, GhkEom , A5 AR Rt 4% 28 W) % 8 X Jonn ity 3 34T 1M,
AN O 5E ) [T, 58 SR A4, 2014,31(3):

242-244.

[6] BIRBO B,MADU E E,MADU C O,et al. Role of HSP90 in
Cancer[ J]. Int J Mol Sci,2021,22(19):10317.

[7] IKWEGBUE P C,MASAMBA P,OYINLOYE B E,et al. Roles of
heat shock proteins in  apoptosis, oxidative  stress, human
inflammatory diseases,and cancer [J]. Pharmaceuticals ( Basel ) ,
2017,11(1):2.

(8] ZikH  XIPfue, 2= 0AR , 55, s £l A 5% BRI 4 18 2R
AR WAL ).t E L R A, 2022,49(3) £ 320-323.

[9] POCA K,GIARDINI I,SILVA P,et al. Gasoline—station workers
in Brazil: benzene exposure; genotoxic and immunotoxic effects
[J]. Mutat Res Genet Toxicol Environ Mutagen , 2021 , 865 :
503322.

[10] BB & MMT 3% n o T A it 44k B33 Hsp70
HAMOARARER A UEEID ). BT PR, 2014,

[11] sprde AR T A FS. AR BT 2 A & 4 50 0 9 R
FEMLIE : GBZ 159—2004[ S 1. dbmt: AR AR Hi AL , 2006.

[12] sprde NRILFIEE R AT RAETZE RS, TEGTER
ARED B E 55 66 #r K WA WK LK GBZ/T
300.66-2017[S ]. dtxt: o EARAE L A, 2018.

(13 ] e R [ 58 T AE e 22 61 25 Il 58 1L AR fl R 25 b 2
KT RA CTAEG A E R RPO R MRE 551 351k
FATERZE)(GBZ 2.1—2019)55 1 SEMHA[A ] 2022-11-08.

[14] Bfs e, B DA SH 2 IM ] dbat: AR A R,
2019:135.

[15] FE5ese, whghi H L ElE 5. A H KGR 38 5t 2 R Bk F
Z GG RN W R EL) ] R R (R,
2022,47(3):271-279.

[16 ] PADMINII E,USHA R M. Heat-shock protein 90 alpha ( HSP90O
alpha ) modulates signaling pathways towards tolerance of oxidative
stress and enhanced survival of hepatocytes of Mugil cephalus
[J]. Cell Stress Chaperones,2011,16(4):411-425.

[17] EREE, AR, TR, 55, $A97 s #R e 8 11 90 X 268 21
Bt R LR D). w7 BB R 2441, 2017, 37(4) : 537 -
541.

(18] A4t , T4 ¢, Mg, 4. HSPOO 4i 5T 78 i 43 F 454 . 1
BER S PRI R R AEArIfEaE,2019,39(4) : 631-636.

I #5 B #5 : 2023-09-06

— www.oher.com.cn ——



