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[Abstract] Objective In determine the effect of heat shock protein 70-hom gene (hsp70-hom) polymorphism
on the neurobehavioral function of workers exposed to vanadium. Methods Workers from the vanadium products
and chemical industry were recruited by cluster sampling. Demographic data and exposure information were collected
using a questionnaire. Neurobehavioral function was assessed by Neurobehavioral Core Test Battery. The hsp70-
hom genotype was detected by restricted fragment length polymorphism-polymerase chain reaction (RFLP-PCR). A
neurobehavioral index (NBI) was formulated through principal component analysis. Results Workers with a T/C
genotype had worse performance in average reaction time, visual retention, digital span (backward), Santa Ana
aiming (non-habitual hand), pursuit aiming (right points, total points), digit symbol and NBI score than others
(P<C0.05). The relative risk of abnormal NBI score of the workers with a T/C genotype was 1. 748 fold of those
with a T/T genotype. The relative risk of abnormal NBI score of the workers exposed to vanadium was 3. 048 fold
of controls (P<C0. 05). But after adjustment with age and education, only vanadium exposure appeared with a

significant effect on NBI score. When gene polymorphism and vanadium exposure coexisted, the effect of vanadium
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on neurobehavioral function was attenuated. but the influence of T/C genotype increased Codds ratio (OR=4, 577,

P<C0.05]. After adjustment with age and education, the OR of T/C genotype further increased to 7. 777 (P<C

0.05). Vanadium exposure and T/C genotype had a bio-interaction effect on NBI score (relative excess risk due to

interaction (RERID) =4, 12, attributable proportion (AP)=0. 7, synergy index (S)=6. 45]. After adjustment with

age and education, the RERI became 2. 49 and the AP became 0. 75, but no coefficient of interaction was produced.

Conclusion Priorities of occupational protection should be given to vanadium-exposed workers with a hsp70-hom T/

C genotype and low education level.

[Key words]) Vanadium
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(RFLP-PCR) ;& # i £ B B o #7

hspT70-hom H K B 51 4¥ F 5. F 5'- GGACA
AGTCTGAGAAGGTACAG-3', R5'-GTAACTTA
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MgCl, (25 mmol/L)3 pl,ddH,0 34.5 pl, 94 C
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72 ‘CIEM 1 min, 35 MEIHFJG 72 CIEAH 10 min
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FEGERE R ABRBEH =128 FHFER N
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0.05), HFFEAEXT A/ L hpyh 2. 12 ¢
1o M8 SCACRR BE AN [R] 45 19 ZHBIF 58 %0 R 43 53] 3 S 40
R XU g Ga R R L) R
P ORL KL B 43T AR SCAR R R 28 R 7 K
5 LA SCAL TR BE AR AN — B, 2 A St R
M (y*=45.156, P<C0.001),
2.2 hsp70-hom EEE 5%

hsp70-hom & H PCR ¥ 34 ;=¥ 7 B K B
878 bp, W UI = Wy ML Uk 5 AT WL T/ T B KA &R oy
551/327 bp Wy 2 A~ R Bt T/C KL K AU /R oy 878/
551/327 bp 1 3 4~ J Br, C/C J H AL i 7R S AL

878 bpiy 1 A Br, WA,

(bpl

— [ Qg —

ME  hsp70-hom % rs22227956 i S &35S
Fig Distribution diagram of hsp70-hom (rs22227956) polymorphism
1. C/C (878 bp); 2,5.7,8,9: T/T (551/327 bp); 3.4.6: T/
C (878/551/327 bp); 10: DNA ladder (100 bp)
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BE AR B RVECT TR (BIP) 3 AT bR b B B v
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Table 1 Neurobehavioral function of participants with different hsp70-hom genotypes (x=s)
X T/T T/C c/C
Neurobehavioral - - -
function Vanadium Control P Vanadium Control P Vanadium Control P
(n=175) (n=064) (n=49) (n=51) (n=4) (n=13)

Simple reaction time

Mean time (s) 387.0+£88.2 367.3+£90.7 0.199 381.7490.9 350.4+62.1 0. 046 330.5+58.3 387.3+£142.7 0.457

Error dot score 0.3+0.6 0.6+0.9 0.027 0.2+0.4 0.5+0.9 0.012 0 0.6+0.1 0. 040
Benton visual retention 7.0£1.7 8.3+1.2 0. 000 6.8+2.1 8.1£1.2 0.000 7.5+1.9 7.6£1.5 0.901
Digit span

Digit span forward 9.3+2.8 9.1+£2.8 0.763 8.443.0 +2.6 0.082 6.84+0.5 9.2+2.1 0.036

Digit span backward 4.9 5.9+2.4 0.010 4,7+2.1 +2.5 0.001 5.0 .9 0.400
Santa Ana dexterity

Preferred hand 16.5+3.0 16.0+2.7 0.343 15.8+3.0 16.0+3.7 0. 787 17.0+2.9 16.9+3.0 0.965

Non-preferred hand 15.34+3.4 15.5+2.9 0.746 12.243.0 15.443.3 0. 000 16.34+2.5 16.3+2.7 0.970
Pursuit aiming

Correct pursuit aiming 68.6+23.3 74.2424.3 0. 166 60.3+26.9 74.2+24.3 0. 000 76.5+15.2 69.5+19.4 0.524

Error pursuit aiming 23.3£20.8 22.6+25.0 0. 849 21.7£33.6 18.24+25.7 0.566 8.3+09.1 12.2+£14.7 0.621

Total pursuit aiming 91.9+23.8 96.8+28.4 0.277 82.0+29.2 99.4+28.5 0.003 84.8+21.9 81.8+28.0 0. 849
Digit symbol 33.2+15.4 31.8+9.2 0.513 27.8+£14.2 35.9+£9.5 0.001 32.5+£14.7 34.1+9.8 0. 804
NBI —0.0840.56 0.13+0.53 0.025 —0.3340.65 0.2540.58 0.001 0.1540.24 0.03+0.66 0.597
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Table 2 Associations of hsp70-hom genotype and vanadium exposure with neurobehavioral function

1 o, v P OR (95%CD) OR’ (95%CD)

Genotype

T/T# 94 (68.1) 44 (31.9) 4. 346 0.114 1 1

T/C 55 (55.0) 45 (45.0) 1. 495 (0. 534-4.189) 2.191 (0.699-6.871)

Cc/C 10 (58.8) 7 (41.2) 1.748 (1.026-2.977) " 1.614 (0.907-2.872)

TC+CC 65 (40.9) 52 (54.2) 4.255 0. 039 1.709 (1.025-2. 849) * 1. 681 (0.965-2.927)
Allele

T 243 (64.6) 133 (35.4) 3.154 0.076

C 75 (56.0) 59 (44.0)
Exposure factor

Control 96 (75.0) 32 (25.0) 17.512 0.001 1 1

Vanadium 63 (49.6) 64 (50.4) 3.048 (1.794-5.178) " 1.879 (1.038-3.399) "

# 1 case missing without NBI. OR’: Age and education adjusted OR. % P<Z0. 05

£33 PREE hsp70-hom BEEZEHHEERMMETANENGEE LW

Table 3 Effect of vanadium exposure and ksp70-hom polymorphism on neurobehaviroal function

B P OR (95%CD B P’ OR’ (95%CD
Vanadium exposure 1. 04 0.008 2.828 (1.317-6.073) 0.569 0. 181 1.766 (0.767-4.062)
T/T 0.053 1 0.008 1
T/C 1.521 0.017 4.577 (1. 313-15.958) 2.051 0.003 7.777 (2.017-29.983)
Cc/C 0.188 0.678 1.207 (0.496-2. 935) 0.065 0.893 1. 067 (0.414-2.748)
T/C+C/C 0.505 0.223 1.656 (0.736-3.729) 0.511 0. 239 1. 668 (0.712-3.908)

B’s P’ OR’: Ages and education adjusted
x4 HPLRESE hsp70-hom T/C BERB M MEITALRE RN ZEERIN

Table 4 Interaction effect between vanadium exposure and hsp70-hom T/C genotype on neurobehaviroal function

v T/C RR (95%CD RERI AP S
Unadjusted - - 4.12 (0.13-8.11)  0.70 (0.44-0.97) 6.45 (0. 90-46. 30)

- + 0. 88 (0.38-2.00)

+ - 1. 88 (0.95-3.72)

+ + 5.88 (2.68-12.89) "

Age adjusted 3.77 (0.10-7.44)  0.70 (0.43-0.97)
0.86 (0.38-1.96)
+ — 1.73 (0.86-3.47)
+ 5.36 (2.41-11.93)*
Age and education adjusted — — 2.49 (0.11-4.87)
— + 0.74 (0.31-1.76)
+ — 1.11 (0.53-2.33)

+ + 3.34 (1.43-7.81) "

0.75(0.43-1.06) /

7.44 (0.65-85.70)

V: Vanadium exposure;/: Unproduced; RR: Relative risk. * P<C0.05
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Zr bR O T LR R X TR 2 AT N T
RERY S Wi, #5417 hspT0-hom B T/C K A BY 4 42
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#rs H i TARRE A G IR T 57 5 & 37 15 it AH X 3%
251 TR /NI ARl A AR A A X D 0 A 1
SCAG TR BE [ i 8 B i R e SRS s BARE T R 8. 7B
A Ja B ST i — YRR & DR AR
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2 % X #

1 Zwolak I. Vanadium carcinogenic, immunotoxic and neurotoxic
effects; a review of in vitro studies. Toxicol Mech Method,
2014;24(1) . 1-12.

2 Ngwa HA, Arthi K, Jin H]J, et al. Vanadium exposure induces
olfactory dysfunction in an animal model of metal neurotoxicity.
Neurotoxicology, 20143 43; 73-81. doi: 10. 1016/j. neuro. 2013.

12. 004, CFH:5 59 70)



CiRE B K155 ALDHI, Twist 18 5 I 4 21 b i 32 3% Bl IR

¥

e 59

gt

EMT B4 & A= ] fE J2 1 it GAC IR B %
MEZREZ—., @i m s ALDHL & EMT
(4 G HE IR 15 A 7 Twist S8 847 o il GAC B4R
LR s B FH WS . 8 GAC IR YT S48 9
.

2 % X #

1 Jemal A, Bray F, Center MM, et al. Global cancer statistics.
CA Cancer J Clin,2011;61(2) :69-90.

2 Chen YC, Chen YW, Hsu HS, et al. Aldehyde dehydrogenase
1 is a putative marker for cancer stem cells in head and neck
squamous cancer. Biochem Biophys Res Commun, 2009; 385
(3):307-313.

3 Jiang F, Qiu Q. Khanna A, et al. Aldehyde dehydrogenase 1
is a tumor stem cell associated marker in lung cancer. Mol
Cancer Res,2009;7(3) :330-338.

4 Ginestier C, Hur MH, Charafe-Jauffret E, et a/. ALDHI is a
marker of normal and malignant human mammary stem cells
and a predictor of poor clinical outcome. Cell Stem Cell,2007 ;1
(5):555-567.

5 Eliasm C, Tozer KR, Silber JR, et al. TWIST is expressed in
human gliomas and promotes invasion. Neoplasia, 2005;7(9) ;
824-837.

6 LiJ,Zhou BP. Activation of B-catenin and Akt pathways by
Twist are critical for the maintenance of EMT associated cancer
stem cell-like characters. BMC Cancer,2011;11:49. doi: 10.
1186/1471-2407-11-49.

Kang Y.Massague J. Epithelial mesenchymal transitions: twist
in development and metastasis. Cell,2004;118(3) :277-279.
Vesuna F, Van Diest P, Chen JH. et al. Twist isa
transcriptional repressor of FE-cadherin gene expression in
breast cancer. Biochem Biophys Res Commun, 2008; 367 (2):
235-241.
Feng MY, Wang K, Song HT, ez al. Metastasis-induction and
apoptosis-protection by TWIST in gastric cancer cells. Clin
Exp Metastasis,2009;26(8) :1013-1023.
Santisteban M,Reiman JM, Asiedu MK, ez al. Immune-induced
epithelial to mesenchymal transition in vivo generates breast
cancer stem cells. Cancer Res,2009;69(7):2887-2895.
Mani SA, Guo W, Liao M]J, et al. The epithelial-mesenchymal
transition generates cells with properties of stem cells. Cell,
20083133(4) :704-715.
Dalerba P, Dylla SJ, Parlk K, et al. Phenotypic
characterization of human colorectal cancer stem cells. Proc
Natl Acad Sci U S A,2007;104(24):10158-10163.
Rl AL, SEE, R E S B CDI33 FH 4 41 i 7 7 i e e
U A A R AR . rh AR T I AR R AR, 2012515 (2) 2 174-
179.
Chen C, Wei Y, Hummel M, et al. Evidence for epithelial-
mesenchymal transition in cancer stem cells of head and neck
squamous cell carcinoma. PLoS One,2011;6(1):el6466. doi:
10. 1371 /journal. pone. 0016466.

(2015 — 03 — 08 i Hi » 2015 — 08 — 08 & )

ETE S Al

CE4255 53 30

3 Avila-Costa MR, Colin-Barenque L., Zepeda-Rodriguez A, et
al. Ependymal epithelium disruption after vanadium pentoxide
inhalation:a mice experimental model. Neurosci Lett,2005;381
(1-2):21-25.

4 Aschner M, Edward LD, Cristina S, et al/. Gene-environment
interactions: neurodegeneration in non-mammals and mammals.
Neurotoxicology,2010;31(5) :582-588.

HIREM, 22 DA, SR W&, HSP70 3N £ 505 E 0 T 4N
IR 20 B R T B R M oY, R BR kR e ik, 20125 29
(4):306-310.

6 Kim JH, Hong YC. HSP70-hom gene polymorphisms modify

o

the association of diethylhexyl phthalates with insulin
resistance. Environ Mol Mutagen,2014;55(9) .727-734.

7O JEAME . R, 2R PUN B AT o R S WA Y BE X 4
Mr. DO R A= 24 (BE 24 AR 2007 538(3) :468-470.

8 Lahiri S. DNA isolation by a rapid method from human blood
samples: effects of MgCl,, EDTA, storage time, and
temperature on DNA yield and quality. Biochem Genet,1993;
31(7-8):321-328.

10

11

12

13

Andersson T, Alfredsson L, Kallberg H, et al. Calculating
measures of biological interaction. Eur J Epidemiol, 2005; 20
(7):575-579.
ARHE W] B SCRR. FE AR 4 BT S R T4 BT R S IR R SPSS #R
PF—3 5 X £ B, SIS R A R ME. SEitBFE . 20055 3:65-
69.
JEHEHE. bFGE X5 Az I Bk 4 ot ol 1 il 461 45 J5 HSP70 3% 3k
BRENA. R KRB R 2, 2006,
B 7. AV KR, HSPT0-hom 3IH &7 K 1 15T
I Gy PR 5 &L Tl THAE 5B - 2005531 (1) :29-31.
Garci GB, Quiroga D, Sturtz N, ez al. Morphological
alterations of central nervous system ( CNS) myelin in
vanadium (V)-exposed adult rats. Drug Chem Toxicol,2004 ;2
(3):281-293.
Li H, Zhou DL, Zhang Q, et a/. Vanadium exposure-induced
neurobehavioral  alterations among  Chinese  workers.
Neurotoxicology, 2013; 36: 49-54. doi: 10. 1016/j. neuro.
2013.02.008.

(2015 — 03 — 13 It fi§ , 2015 — 07 — 24 &)

ETEC RS



