
Retrospective Cohort Study on Genetic Susceptibility of Lead Exposure using 

Stored Blood in Specimen Bank-Focused Newly employed workers

Genotype of ALAD and VDR yields two alleles,
respectively and it has been implicated in susceptibility to lead
toxicity. Also genotype known to variety by race. To evaluate
the genetic susceptibility of ALAD and VDR gene on health
effect of lead exposure, this study was done with new workers
who entered lead industries from 1992 to 2001. Among
database of lead industries of Soonchunhyang University
Institute of Industrial Medicine, only new workers were selected
for this study. The total of eligible workers for this category was
3,540 workers including non lead exposed workers of same lead
industries. Genotype of ALAD and VDR were measured from
stored blood in specimen bank of Soonchunhyang University,
blood lead and other relevant information were obtained from
database of each workers which were gathered at their first year
of employment.

Among 3,540 new employed study subjects during period of
1992-2001, 3204 workers(90.5%) had ALAD genotype 1-1;
whereas 336 workers(9.5%) had variant type of ALAD (1-2 or

2-2). Lead exposed workers, 9.8%(n=243) male and
8.1%(n=16) female were heterozygous for the ALAD allele.
Also non lead exposed workers, 8.9%(n=67) male and
9.3%(n=10) female were heterozygous for the ALAD allele.

For VDR genotype, 2,903 workers(89.7%) out of total tested
3,238 workers were belonged to type bb and 335
workers(10.3%) were type bB or BB. Lead exposed workers,
10.4%(n=235) male and 12.2%(n=24) female were
heterozygous for the VDR allele. Also non lead exposed
workers, 9.2%(n=64) male and 12.5%(n=12) female were
heterozygous for the VDR allele.

No significant differences were seen in mean blood lead
levels by ALAD and VDR genotype, nor was significantly
associated with blood lead except age in multiple regression
analysis.

Specimen bank, Lead exposure, ALAD, VDR
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aminolevulinic acid dehydratase ALAD vitamin D
receptor VDR Benkmann 1983

ALAD

ALA porphobilinogen
ALA ALAD1

ALAD2 2 allele
polymorphism ALAD1 1 ALAD1

2 ALAD2 2 3 Wetmur, 1994
ALAD

Alexander
1998; Astrin 1987; Bergdahl 1997

Wetmur 1991 ALAD ALAD1 2

ALAD1 1 Schwartz
1995

zinc protoporphyrin ZPP

Smith 1995 ALAD

ALAD
ALAD ALAD

blood urea nitrogen BUN uric acid
ALAD

ALAD 
multifaceted

Vitamin vitamin D receptor
VDR 3

tibia
VDR calcium

mineralization reabsorption
95%

calcium VDR

1992 2001

ALAD
VDR

ALAD VDR 

1992 1 2001
10 3,540

2, 683
857

1
ALAD VDR 

1 DNA 
15% K3EDTA Vacutainer

DNA 200 
1.5 microcentrifuge tube 25 QIAgen protease K
200 AL prepare buffer 70

10 Isopropanol 96 100% 210
5 8,000rpm 2

collection tube QIAamp spin column
8,000 rpm Filter

DNA
AW wash buffer 8,000rpm 1

2 13,000 rpm 2

QIAamp spin column AE elution buffer 200 
70 incubation 1 Filter
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8,000rpm 1 DNA
Polymerase Chain

Reaction

2
Bio RAD Thermal Gene Cycler

primer
OPERON Operon Incc., CA U.S.A. oligonucleotide
primer

4 / primer

ALAD A : 5' CCCAACCATCCCTCTCAGTC 3'

ALAD B : 5' CCCAACCTCCCTTCCTTTTT 3'

10 PCR buffer 5 ,
0.2 mM dNTP 1 1 5 u/100 Taq DNA polymerase
0.3 5 unit/
primer A 1 200 /. primer B 1 200 /
template DNA 3 1 /100 105 106 copies

50
PCR 94 3 1 cycle 94 30 60
30 72 1 41 cycle

59 1 30 72 10

3 MspI DNA
MspI 2 sequence C/CGG, 10 unit/

ncubation buffer SURE/Cut 5 buffer L 5 PCR
tube DNA 20 

50 37 24

4 agarose gel
10 0.5 / ethidium bromide

1.5% agarose gel TBE buffer Tris base 0.089M, Boric acid
0.089M, EDTA 0.002M 150V 40

gel UV transilluminator
139 473 DNA

DNA DNA

ALAD 1 1 1 2 2 2

ALAD1 1 473, 271, 158, 139 

ALAD1 2 473, 402, 271, 158, 139
ALAD2 2 402, 271, 158, 139

1
ALAD DNA

Bio RAD Thermal Gene Cycler
primer

oligonucleotide primer
4 /

primer PCR

VDR A : 5' CAA CCA AGA CTA CAA GTA CCG CGT
CAG TGA 3' 

VDR B : 5' AAC CAG CGG GAA GAG GTC AAG GG 3'

10 PCR buffer 2 ,
0.2 mM dNTP 0.4 1 5 u/100 Taq DNA
polymerase 0.1 5 unit/

primer A 0.4 200 / primer B 0.4 200
/ template DNA 2 1 /100 105 106
copies 20

PCR 94 3 1 cycle, 94 30 60
30 72 1 41 cycle

59 1 30 72 10

2 agarose gel
6 5

loading buffer 2 0.5 / ethidium
bromide 1.5% agarose gel comb

TBE buffer Tris base 0.089M, Boric acid
0.089M, EDTA 0.002M

150V 40
Gel document system

3 BsmI DNA
BsmI 0.4 sequence GAATGCN/N

CTTAC/GNN, 13 unit/ ncubation buffer SURE/Cut 5 buffer
L 1 PCR tube DNA

4 10 65 2
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30 agarose gel VDR

DNA 825bp BsmI
150 825 

BsmI 3
BB 825bp Bb 825, 675,

150 bb 675, 150

polarized zeeman
automic absorption

spectrophotometer, Z 8100, Hitachi, Japan
autosampler, SSC 200, Hitachi, Japan

SAS 8.2 SAS Institute Inc.

3,540
1 3,204 90.5%

ALAD ALAD 1 1 336
9.5% ALAD 1 2 2 2

ALAD 1 2
2 2 2,485 243 9.8% 750

67 8.9%
198 16 8.1% ALAD

107 10 9.3% ALAD

VDR
3,228 2,903 89.7% bb

335 10.4% bB BB
VDR bB

BB 2,251 235 10.4%

Gene

ALAD
Genotype

VDR 
Genotype

1-1

1-2/2-2

bb

bB/BB

2,242

243

2,016

235

182

16

173

24

683

67

630

64

97

10

84

12

3,204(90.5)

336(9.5)

2,903(89.7)

335(10.3)

Lead exposed Non-lead exposed

Male Female Male Female
Total(%)

Characteristic

Age, years

Weight, 

Blood lead, /

2,485

1,980

2,485

28.8

63.3

30.2

7.6

8.2

14.3

198

183

198

37.9

55.7

34.0 

10.1

7.4

19.5

750

574

750 

750

574

750 

9.3

8.7

9.1

107

91

107

28.5

52.2

8.3

12.0 

6.5 

4.8 

Lead exposed 

Male Female

N Mean S.D N Mean S.D

Non-lead exposed

Male Female

N Mean S.D N Mean S.D
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694 64 9.2%
197 23 12.2% VDR

96 12 12.5% VDR

ALAD VDR 3,540
3

ALAD 1 1
26.2 15.3 /

ALAD1 2 2 2
27.5 16.0 /

VDR
4

ALAD
30.1 14.1 / 34.1 19.8

/

ALAD
31.2 15.7 / 31.9 16.7 /

ALAD
VDR

30.6 14.4 / 33.4 19.7 /

VDR 
31.2 15.9 / 39.0 18.0 /

VDR

ALAD VDR

Characteristic

Age, years

Weight, 

Blood lead, /

3,204

2,553

3,204

30.0

62.8

26.2

8.6

8.8

15.3

336

275

336

29.7

62.6

27.5

8.6

7.9

16.0

2,903

2,272

2,903

30.2

62.6

26.6

8.7

8.7

15.5

335

63.1

335

30.6

63.1

27.6

9.3

8.8

16.9

ALAD 

Type 1-1 Type 1-2/2-2

N Mean S.D N Mean S.D

VDR

Type bb Type Bb/BB

N Mean S.D N Mean S.D

Variable

ALAD (n=3540)

1-1

No. Mean S.D No. Mean S.D No. Mean S.D No. Mean S.D

bb Bb/BB1-2/2-2

VDR (n=3238)

Blood lead ( / )

Lead exposed

Male

Female

Non lead exposed

Male

Female

2251

182

686

98

234

16

64

9

30.1 14.1

34.1 19.8

13.9 8.9

8.4 4.9

31.2 15.7

31.9 16.7

16.4 10.5

8.1 3.3

30.6 14.4

33.4 19.7

14.4 9.3

8.4 4.7

31.2 15.9

39.0 18.0

13.4 9.4

10.0 6.3

2016

173

630

84

235

24

64

12
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Variable

Model 1
Age(yrs)
ALAD1-2 (Yes=1, No=0)

Model 2
Age(yrs)
ALAD1-2 (Yes=1, No=0)

Model 3
Age(yrs)
VDR23 (Yes=1, No=0)

Model 4
Age(yrs)
VDR23(Yes=1, No=0)

0.3745
1.2832

0.3748
1.3988

0.3750
0.4996

0.3593
-3.7036

0.0273
0.7741

0.0286
2.8339

0.0285
0.7809

0.0302
2.7876

0.0000
0.0975

0.0000
0.6216

0.0000
0.5223

0.0000
0.1841

0.27

0.27

0.26

0.26

coefficient SE p-value R2

VDR

ALAD VDR
5

ALAD VDR 

ALAD VDR

ALAD
VDR 

Heme aminolevulinic acid
dehydratase ALAD1

ALAD2
9 1 Wetmur 1991 2 allele
ALAD1 1 ALAD1 2 ALAD2 2 3

15 20%
Benkmann

1983; Sousa 1991 3,540
9.5%

Schwartz 1995 11%
9% Benkmann 1983

Vitamin vitamin D receptor
VDR 3

VDR
10 16% Weaver, 2003;

Kim, 2003; Chuang, 2004; Huang, 2001 10.3%

37% 62% Bell,
2001; Fountas, 1999; Palomba, 2003; Zajickova. 2002

ALAD VDR

Wetmur ALAD
Wetmur, 1994

9 /
Wetmur 1991

ALAD

Alexander
1998

23.1 /
28.4 /

Schwartz 1995 3
290 ALAD
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40 /
logistic

ALAD VDR

Alessio 1995

ALAD
VDR

ALAD
ALAD

ALAD

Schwartz 2000
ALAD VDR

VDR 

Schwartz 2001 934

ALAD
VDR

ALAD VDR

ALAD

Onalaja Claudio 2000
ALAD

ALAD

ALAD

ALAD VDR

1992 1 2001 1
3,540 2683 857

ALAD
VDR

ALAD ALAD 1 1 3,540
3,217 90.9% 323 9.1%

ALAD 1 2 2 2
9.4%

8.5%
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8.1% ALAD
8.4% ALAD

VDR 3,228
2,903 89.7% bb 335

10.3% bB BB
10.4%

9.2%
12.2% VDR

12.5% VDR

ALAD VDR
ALAD VDR

ALAD VDR
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