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Abstract: [ Objective |
p16 in blood DNA of workers exposed to nickel. [ Methods | Totally 165 nickel exposed workers and 65 water treatment

To study the correlation between urinary nickel and methylation of anti-oncogene pl5 and

workers without occupational nickel exposure were recruited in this study. The levels of urinary nickel were determined by
dimethylglyoxime spectrophotometry. Methylation specific polymerase chain reaction (MSP) was used to detect the methylation of
p15 and p16 in blood DNA. [ Results | The median concentrations of urinary nickel in steel refining workers (5.34 pg/L), slaggers
(4.59 pg/L) and mill men (4.52 pg/L) were significantly higher than that in the controls (1.78 ng/L) (P <0.01). The methylation
rate of p15 in the exposed group (24.55%) was significantly higher than that in the control group (11.94%) (P=0.023). However,
no significant difference in the methylation rate of p16 between the exposed group (21.82%) and the control group (11.94%) was
found (P=0.082). The multivariate logistic analysis showed that workers bearing higher urinary nickel levels were at higher risks
of developing p15 methylation (OR=1.47, P=0.024). [ Conclusion | The level of urinary nickel is significantly correlated with
the methylation of p/5 in blood DNA.
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Table 1 Primer sequences and conditions for MSP analysis

Batiicik7] IRLiEIEY

HEE 5l . . JraE s
Gene Type of primer Forwe}rd pr‘lmer Revefse pr}mer Condition
(5 to 3 ) (5't03 )
iE Y14 GCGTTCGTATTTIT CGTACAATAAC
Methylation  GCGGTT CGAACGACCGA 94T Smin leycle;
’ 94 305, 60°C 30s,
- IS TGTGATGTGTTTG CCATACAATAAC ;i: z(:m f;‘l:_le
Non-methylation TATTTTGTGGTT ~ CAAACAACCAA
[iiB 214 TTATTAGAGGGT GACCCCGAACC  94°C Smin leycle;
Methylation ~ GGGGCGGATCGC GCGACCGTAA — 94°C 30s, 65 30s,
72°C 30s, 35 cycle;
72°C 5min leycle
pl6
2SR e TTATTAGAGGGT CAACCCCAAACC 94°C Smin leycle;

94°C 30s, 61°C 30s,
72°C 30s, 35 cycle;
72°C 5min leycle

Non-methylation GGGGTGGATTGT ACAACCATAA
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I ( Kruskal-Wallis 3% ), W HoA K Nemenyi 7% o L4 BAMA
T LRV bRt R PRER | AR A R oy AR i, 200
logistic [FIEH AT HHCAR S A KR o K B/KHE a=0.05,
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M 2 AT UL, AR TR IRIAE I | T | WA A AT 5 T 22
ST L (F=2.156, F=1.943, /’=8.891, x’=1.494; %
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Table 2 Characteristics of recruited workers

U f7eri]
T B (Res, %) [ (Res, 4F) Smokers Aleohol users
Work types n Age Length of service e Mkt (%) 1% Mkt (%)
n Percentage n Percentage
AN T ( Steel refining workers ) 60 39.77 £6.13 20.55+7.61 44 73.33 39 65.00
ANIEALHE T ( Slaggers ) 65 40.67 + 6.64 19.98 £7.72 53 81.53 47 78.33
FLA T (Mill men ) 40 38.55+£5.96 17.84 +6.11 33 82.50 27 57.60
JKAbFE T Water treatment workers ) 67 40.68 £ 4.84 21.31+£5.10 47 70.14 39 58.20
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PR A L, 22 Sl RS i & B B S (P<
0.01 )

PR T B AR PR T FLAY TR K b PR T PR R KO 4
Kruskal-Wallis £ 36 7k, B K> 22 R A G i1 2# 732 X (P<
0.01); HE—4 R Nemenyi 438, #4011, A AT | 5L
TRKAEPETAH EE, PREKE BB T+ (P<0.01), T2 fil 83
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Table 3 Results of environmental monitoring and urine nickel

determination in various work type groups

AEHEAL AP (mg/m®) PR (pg/L)
T Soluble nickel compounds Urine nickel
Work types LAV i AR MR
Median Range Median Pas~Prs
HRA 1 . 0.0217" 0.009~0.033 5.34™ 2.16~11.20
Steel refining workers
s Ab
AT 0.016™ 0.002~0.030 4.59™ 1.33~13.08
Slaggers
H@XJI 0.014™ 0.004~0.024 4.52 1.91~10.68
Mill men
Kb PR
Water treatment — — 1.78 0.76~3.52
workers

[ ]—: & H (Not detected ); **: 5 K4t % T 4t ( Compared with

the water treatment workers ), P<0.01,
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R4 0] L, 165 24844 T B9 I DNA FEAS B 224k,
i H R K 25.45% , 5% R PR ILARAS 36 ( 11.94% ) ML, 2%
S G L (P=5.147, P=0.023 ); TEEMZH pl6 DK
B I AR 2R (21.82% ) XS HAZE ( 11.94% ) H L, 257
ToGiit2¥75 X (=3.025, P=0.082 ), & 1. [ 24> 5 B RBFoext
L IMFE DNA /1 p 15 Fl pl6 (B IEALIRAS
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Table 4 Methylation of p/5 and p16 in blood DNA of recruited workers

pl5 pl6
4151 - ;
Goups TIERBIC) (%) BIEEAECG) (%)
Methylated number Percentage ~ Methylated number ~ Percentage
K 4
Pk ) 25.45 36 21.82
Exposed group
i HEZ
A 8 11.94 8 11.94
Control group
1 2 3 4
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[ vE J1~3: #F % % £ i £ DNA 47 A& ( DNA samples of subjects ); 4: [A
T, PAH,O 18 % DNA ( Negative control, H,O instead of DNA );
M: B AL P 4 ( Methylated DNA )(148bp ); U: 2E B 2L = 4f
( Non-methylated DNA )( 154bp ),
1 pI5SBEhFRELEKE
Figure 1 Electropherogram of MSP of p15

[ J1~3: #F % At % 4 DNA #7 A ( DNA samples of subjects ); 4: [
AT pLH,0 R 2 DNA( Negative control, H>O instead of DNA );
M: F #1747 ( Methylated DNA )(150bp ); U: J¢ F F 4k 7= 4
( Non-methylated DNA )( 151 bp ),
B2 plé BahFRENLEKE
Figure 2 Electropherogram of MSP of p16

24 pl5 T AL RAKF6 £ £

PREE A ZH A BREH BT 5236 232 44, IRER G EE AL Ek
93,78 ng/L, AR 40 % B IRERFIAERE LU A B0
BN 3B N T 2200 logistic [B1H 204 R A& p 15 3
THEAL S A48 5 PRER & L AR IS | WRH B R =2 TRl R
H2 S A UL, HEBRAEWS | WE AR R AVERS , p15 AL
AT B Ay PRV B 5 R AR BE IR 1Y 1.47 15

£5 pIs Bah FREMASEXEENS T logistic B35 17
Table 5 Multivariate logistic regression analysis of p/5 methylation

and potential risk factors

pl5 H3EAL(p15 methylation )

A4 ( Variables )

OR(95%CI ) P
SR (Urine nickel ) 1.47(1.03~2.94) 0.024
A (Age ) 0.86(0.43~1.72) 0.671
T4 ( Smokers ) 0.91(0.49~1.84) 0.631
i ( Aleohol users ) 0.84(0.39~1.87 ) 0.700
3 itie

IR BCEA G AN B A AR . Tl A 6 2 A
DCTC P 0 00 1, B 7S b BT RN LN AR S R e i TR, Ak Ak
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