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Abstract Metallothionein (MT) plays an important role in the detoxification of cadmium.To investigate the usefulness
of MT gene expression in peripheral blood lymphocytes (PBLs) as a biomarker of cadmium exposure and susceptibility,
reverse transcriptase–polymerase chain reaction was used to measure the MT gene expression in PBLs from cadmium-
exposed workers. Both basal and induced MT expressions were found to increase with increased blood cadmium
(BCd) and urinary cadmium (UCd) levels. Both basal and induced MT expression levels were significantly correlated
with the logarithm of BCd and the logarithm of UCd levels. The dose-response relationship between internal dose of
cadmium and MT expression suggested the validity of MT expression in PBLs as a biomarker of cadmium exposure.
In vitro induced MT expression level in PBLs was found to be inversely related to the level of renal dysfunction indicator,
urinary N-acetyl-b-D-glucosaminidase (UNAG). The latter finding indicates that MT expression in PBLs may be a useful
biomarker of susceptibility to renal toxicity of cadmium. (Presented in part at the International Symposium on Metal-
Binding Proteins in Biology, Banff, Canada, 1998.)

INTRODUCTION

Metallothioneins (MTs) are a family of stress proteins
with a high content of cysteine and divalent metal. MT
genes are ubiquitously expressed in many tissues of basal
levels, and their expressions are induced readily by many
factors, especially by metal ions such as cadmium, zinc,
and copper. The physiological functions of MTs are still
under study. It has been suggested that MTs are involved
in the homeostasis of essential trace elements such as zinc
and copper, in the detoxification of certain toxic metals,
and as scavengers of free radicals (Aschner et al 1997; Jin
et al 1998; Nordberg 1998; Nordberg and Nordberg 2000).

Studies on the metabolism of some heavy metals, es-
pecially cadmium, have confirmed the role of MTs in the
absorption, transport, and excretion of heavy metals
(Nordberg et al 1992; Jin et al 1998; Nordberg and Nord-
berg 2000). This finding in turn suggested the possibility
of using MT expression levels in tissues as a biomarker
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of metal exposure. Since the detection of MT in urine in
an animal model of long-term cadmium exposure (Nord-
berg and Piscator 1972), interest has increased in the use
of MT expression in different tissue as an index of cad-
mium exposure and toxicity. For example, expression of
MT protein in urine was found to increase in cadmium-
exposed populations, suggesting MT protein in urine as
an indicator of both cadmium exposure and cadmium-
caused kidney dysfunction (Nordberg et al 1982; Shaikh
and Tohyama 1984; Kawada et al 1990). Peripheral blood
lymphocytes (PBLs) provided another candidate cell to
analyze MT expression in vivo, since the effects of cad-
mium on MT expression in blood cells have been studied
thoroughly (Hildebrand and Cram 1979; Enger et al 1983;
Harley et al 1989). It has been found that MTs are ex-
pressed in lymphocytes at a relatively low level (basal
expression) but can be induced significantly with cad-
mium exposure. Since PBLs can easily be collected, it is
practically possible to use them to measure MT expres-
sion to reflect metal exposure.

To investigate the validity of MT expression in PBLs as
a biomarker of cadmium exposure, we measured MT
gene expression (messenger RNA [mRNA] level) in PBLs
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from cadmium-exposed workers using reverse transcrip-
tase–polymerase chain reaction (RT-PCR). In addition, the
relationship between MT gene expression and renal dys-
function indicators was examined.

MATERIALS AND METHODS

Studied population

Fifty-nine workers in a cadmium refinery located in Guang-
xi province, China, were selected as the exposed group.
According to cadmium concentration of industrial air in
workshops where they worked, they were divided into
an intermediately exposed group and a highly exposed
group, respectively. Twenty-nine office workers from a
company in the same city were selected as the control
group. Geographic data suggested no contamination of
atmosphere and water from the cadmium refinery; this
was evidenced by the low cadmium concentration in rice
produced in this region (0.069 mg/kg compared with the
limit value, 0.2 mg/kg in Chinese National Environment
criteria). All studied subjects were men between the ages
of 35 and 45 years. Each subject was questioned according
to a questionnaire by a trained questioner. Personal data,
such as financial conditions (incomes), lifestyle (including
smoking habits, drinking habits), drug-taking history,
and heavy metals exposure history, were collected. An
experienced physician examined health conditions. Bio-
logical samples were collected according to standard
methods (for details, see below).

Collection and treatment of biological samples

A total of 5 mL of venous whole blood was collected in
an acid-washed, heparin-containing Vacutainer after skin
was cleaned with deionized water and followed a pro-
tocol for blood sampling (Basun et al 1994). A 1-mL sam-
ple was taken for cadmium analyses and stored at 2708C
at Shanghai Medical University until analysis. Lympho-
cytes used for MT mRNA level measurement were iso-
lated from the remaining 4 mL of whole blood by use of
Ficoll-Paque according to the method described by Sten-
nard et al (1995).

Spot urine samples were collected in acid-washed con-
tainers and stored at 2208C until analysis. Subjects com-
ing directly from the workshop were told to wash their
hands carefully before collecting urine sample. Before
storage, each sample was divided into 4 parts and taken
for measurement of cadmium concentration, b2-micro-
globulin (B2M), albumin, retinol binding proteins (RBP),
and N-acetyl-b-D-glucosaminidase (NAG), respectively.
According to the index to be analyzed, the pH value of
each sample was adjusted as described (Jin et al 1999).

Exposure estimation

Cadmium exposure consists of occupational and environ-
mental exposure. Because no increase of cadmium con-
centration in rice and cigarettes was detected, the envi-
ronmental uptake from food and smoking was found to
be negligible compared with occupational exposure. So,
we only estimated the occupational exposure in this
study.

Occupational uptake was mainly from the cadmium
dust in the workplace. Dust samples from 50 L of indus-
trial air in different workshops were collected on mem-
brane filters. Cadmium content of the filters was then
measured using atomic absorption spectrometry accord-
ing to the method described by Adamsson in 1979, which
included a quality control program. Cadmium in blood
and urine was determined with atomic absorption spec-
trometry as described previously (Elinder et al 1978;
Stoeppler and Brandt 1980).

Effects assessment

Urinary albumin, NAG, B2M, and RBP were used as in-
dices of renal dysfunction. Urinary albumin was mea-
sured by enzyme-linked immunosorbent assay (ELISA)
and NAG was analyzed as described by Tucker et al
(1975). B2M was measured as described by Jin et al (1999).
An ELISA-method using RBP kits purchased from Shang-
hai Second Medical University was used to measure RBP.

Dividing by the amount of creatinine in urine stan-
dardized all indices. Creatinine was measured as de-
scribed by Hare (1950).

Culture and treatment of PBLs

PBLs were isolated using density-gradient centrifugation
from 4 mL of freshly collected vein blood. Whole blood
was mixed 1:1 with phosphate-buffered saline and laid
onto Ficoll-Paque (Amersham Pharmacia Biotech). Lym-
phocytes were collected at the interface after centrifuga-
tion at 1200 rpm for 20 minutes. Lymphocytes were
washed twice in phosphate-buffered saline and once in
RPMI 1640 (Gibco). Isolated PBLs were then divided into
2 aliquots and incubated in flasks containing RPMI 1640
supplemented with 20% heat-inactivated fetal bovine se-
rum and 2% penicillin-streptomycin. CdCl2 was added to
1 aliquot to the final concentration of 10 mM from a stock
solution, and the same volume of saline was added to
another aliquot as control. After culture for 6 hours, cells
were harvested and total RNA isolated.

RNA isolation and RT-PCR

Total RNA was isolated from harvested cells using TRIzol
(Life Technologies, Inc) according to manufacturer’s di-
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rections. Absorbances at 260 and 280 nm were measured
on a Shimadzu UV-16 spectrophotometer to check the
concentration of RNA and whether the RNA was degrad-
ed.

MT mRNA level was measured by using semiquanti-
tative RT-PCR. One microgram of RNA was reverse tran-
scribed in 20 mL of reaction buffer containing 30 units of
avian myeloblastosis virus reverse transcriptase, 40 units
of ribonuclease inhibitor (Rnasin), 0.2 mg/mL of oligo
(dT)12–18, and 1 mM diethylnitrophenyl thiophosphates
(dNTPs) mix (Amersham Pharmacia Biotech). The reac-
tion mixture was incubated for 1 hour at 428C and then
heated to 958C for 5 minutes to inactivate the reverse tran-
scriptase.

PCR was performed in a 50-mL reaction mixture con-
taining 0.2 mM of dNTPs, 1 pmol of primers both for
MT-II and for b-actin, and 5 mL of complementary DNA
(cDNA) products. Taq DNA polymerase (Sino-America
Biotech) was added after preheating the mixture for 2
minutes at 948C. The following PCR cycle was used: de-
naturation at 958C for 30 seconds, annealing at 608C for
1 minute, and extension at 728C for 1 minute. These cycles
were repeated 30 times. PCR products (10 mL) were elec-
trophoresed through a nondenaturing 2% agarose gel
containing ethidium bromide (1 mg/mL). The result was
photographed under UV illumination and subjected to
densitometer analysis using a Sixing Image system (Six-
ing Inc). To normalize the difference in efficiency of re-
verse transcription and cDNA amplification, MT mRNA
levels were calculated as follows: (density of MT-II/198)
/(density of b-actin/469). MT mRNA level of PBLs cul-
tured with saline represented the basal expression,
whereas MT mRNA level of PBLs treated with CdCl2 rep-
resented the (in vitro) induced expression.

PCR primers

Primers specific for MT-II and b-actin were synthesized by
the Institute of Biochemistry, Chinese Academy of Science,
Shanghai. Primers used to amplify MT-II (Leibbrandt and
Koropatnick 1994; Ganguly et al 1996) were 59-TCTTCA-
GCACGCCATGGATC-39 and 59-CAGGCGCAGCAGCT-
GCACTT-39. They yielded a fragment corresponding to 198
bp of coding region of MT-II gene. Primers for b-actin (Liu
et al 1997) were 5’-CGGATGTCCACGTCACACTT-3’ and 5’-
GTTGCTATCCAGGCTGTGCT-3’. They amplified a 469-bp
fragment of b-actin gene.

Statistical methods

The database was constructed in a computer using Epi
Info (Version 5) (Centers for Disease Control, Atlanta, GA,
and World Health Organization, Geneva, Switzerland).
x 2 test was done in the Statcalc program of the Epi-Info

package. Regression analyses were done using the SPSS
program.

Ethical considerations

The ethics committee of Shanghai Medical University ap-
proved this study.

RESULTS

RT-PCR analysis

A pilot study was conducted to test the sensitivity and
specificity of the RT-PCR method. MT-II and b-actin were
amplified in the same reaction tube, enabling subsequent
standardization of MT-II quantification (see also Materials
and Methods). This coamplification balances the differ-
ence of the amount of total RNA used and the difference
of efficiency of transcription between reactions. We found
that this method can detect MT expression using as little
as 0.1 mg of total RNA (data not shown), and there is no
interference between the 2 sets of primers (Fig 1 shows 2
fragments from one reaction of the expected sizes).

Cadmium exposure assessment

Workers from different workshops were divided into in-
termediate-exposed group (group M) and highly exposed
group (group H). Mean value of cadmium concentrations
in the industrial air of corresponding workshops showed
a significant difference (0.610 vs 3.544 mg/m3). Compar-
ison between the exposed groups and the control group
showed no difference in age, income, and smoking habits
(data not shown).

There was a tendency of increase of urinary cadmium
(UCd) and blood cadmium (BCd) in differently exposed
groups, of which group H has a significantly higher mean
value than the controls (Table 1).

Effects assessment

The occurrence of complaints about health did not show
any significant difference between groups, although there
were slightly more complaints of muscle pain in group
H. Indicators of renal dysfunction, ie, urinary albumin,
NAG, B2M, and RBP showed no significant differences
between groups (data not shown).

Relationship between MT gene expression and other
indices

To investigate which form of expression, ie, basal expres-
sion or induced expression, of MT in PBLs will better
reflect exposure (or effect, if it can), we measured both
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Fig. 1. Representative result of a RT-PCR of MT-II and b-actin. PBLs were isolated and divided into 2 aliquots treated for 6 hours either
with 10 mM CdCl2 or saline. Cells were harvested and total RNA isolated. One microgram of total RNA was reverse transcribed in 20 mL of
reaction buffer using 0.2 mg/mL of oligo (dT)12–18 as primer. A total of 5 mL of cDNA products was amplified in a PCR reaction containing
primers both specific for MT-II and for b-actin. PCR products (10 mL) were separated through a nondenaturing 2% agarose gel. This figure
shows a representative result for 3 subjects. MT mRNA levels in PBLs cultured with saline represented the basal expression (lanes 1, 3,
and 5), whereas MT mRNA level in PBLs treated with CdCl2 represented the induced expression (lanes 2, 4, and 6). Lane M: 50-bp DNA
ladder (Amersham Pharmacia Biotech).

Table 1 Urinary cadmium (UCd), blood cadmium (BCd), and metallothionein (MT) expression in different exposure groups

Group n
UCd

(mg/g creatinine)
BCd

(mg/L)
MT basal

expression
MT induced
expression

C
M
H

29
23
33

5.62 (2.06–6.47)
7.59 (4.34–12.95)

18.20 (8.23–40.56)**

3.02 (1.50–4.56)
6.03 (5.21–7.86)*
6.76 (5.64–8.35)*

1.24 6 0.45
1.47 6 0.41
1.62 6 0.58*

2.68 6 0.78
3.12 6 1.01
3.64 6 1.05*

UCd and BCd are expressed as mean (range); basal and induced MT expression are expressed as mean 6 SE. C, control group; M,
intermediately exposed group; H, highly exposed group.

* P , 0.05 compared with controls.
** P , 0.05 compared with other 2 groups.

Table 2 Relationship between metallothionein (MT) expression and
blood cadmium (BCd)

BCd
(mg/L) n

MT basal
expression

MT induced
expression

,5
5–10
.10

33
40
12

1.08 6 0.38
1.57 6 0.45*
1.91 6 0.43**

2.48 6 0.53
3.27 6 0.84*
4.48 6 0.47**

* P , 0.05 compared with BCd , 5 mg/L group.
** P , 0.05 compared with BCd ,5 mg/L group and BCd 5–10

mg/L group.

basal and induced MT expression in this study. As shown
in Table 1, both basal and induced MT expression in-
crease concurrently with the increase of UCd and BCd in
the groups.

To further elucidate the relationship between MT ex-
pression and internal dose index, MT expression was
compared between different BCd and UCd groups. As
shown in Table 2, there is a statistically significant in-
crease in both basal expression and induced MT expres-
sion, in relation to BCd. A similar relationship was ob-
served between basal and induced MT expression and
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Table 3 Relationship between metallothionein (MT) expression and
urinary cadmium (UCd)

UCd
(mg/g of
creat-
inine) n

MT basal
expression

MT induced
expression

,5
5–10
.10

62
12
11

1.36 6 0.50
1.53 6 0.39
1.70 6 0.63*

2.99 6 0.92
3.39 6 0.99
4.08 6 1.22*

∗ P , 0.05 compared with UCd ,5 mg/g of creatinine group.

Fig. 2. The effect of MT expression on the renal dysfunction in-
duced by cadmium exposure. The whole studied population was di-
vided into 2 groups with different levels of induced MT expression
(m, low induced MT expression group; m, high induced MT expres-
sion). Urinary NAG was plotted against UCd for each individual. The
trend lines for each group (solid line for L-MT subjects and broken
line for H-MT subjects) were predicted according to linear model
between urinary NAG and UCd.

UCd, but the significant increase is only seen in the high-
est UCd group (Table 3).

To check whether effect indicators also are closely re-
lated to MT expression, partial correlation analysis was
also performed between MT expression and internal dose
index, effects indicators (urinary albumin, NAG, B2M,
and RBP), and other factors that might affect MT expres-
sion (age, smoking). It was found that basal MT expres-
sion level was significantly correlated with logarithm of
BCd (r 5 0.465, P , 0.001) and logarithm of UCd (r 5
0.314, P 5 0.013). Induced MT expression level was also
significantly correlated with logarithm of BCd (r 5 0.591,
P , 0.001) and logarithm of UCd (r 5 0.334, P 5 0.002).
Age and smoking did not correlate with MT expression.

A possible quantitative relationship between MT ex-
pression and internal dose indices was examined by mul-
tivariate regression analysis using MT expression as the
dependent variable and age, cigarette consumption, log-
arithms of BCd, UCd, urinary B2M, urinary RBP, and uri-
nary NAG as the independent variables. In accordance
with results in the partial correlation analysis, logarithms
of BCd and UCd showed significant effects on MT ex-
pression, whereas for all the other variables this was not
found. Stepwise regression analysis (Penter 5 0.05, Pexit 5
0.10) yielded equations as follow: Basal MT Expression 5
0.825 1 0.488 3 lgBCd Induced MT Expression 5 0.536
1 0.538 3 lgBCd 1 0.214 3 lgUCd.

There was no significant correlation between MT ex-
pression and renal effect indicators when all subjects
were analyzed. Subjects who have elevated UCd levels
(.10 mg/g of creatinine) are prone to renal dysfunction.
We further checked the relationship between MT expres-
sion and effect indicators in a subpopulation with UCd
levels higher than 10 mg/g of creatinine. Interestingly, uri-
nary NAG now showed significant negative correlation
with MT-induced expression (r 5 20.256, P , 0.05), but
not with basal expression. The correlation between MT
expression and an indicator of renal function (urinary
NAG) seems to be diluted when analyzed in the mixture
of subjects who have and do not have renal dysfunction.
However, other indicators of renal function, ie, urinary
B2M and RBP, were not related to MT expression.

To further investigate the effect of MT-induced expres-

sion on the renal dysfunction caused by cadmium expo-
sure, the whole population was divided into 2 groups
with different levels of MT-induced expression. Urinary
NAG was plotted against UCd for each individual (Fig
2). There was a shift of urinary NAG level between the 2
groups with different MT-induced expression levels, ie,
the subjects with low MT-induced expression had higher
urinary NAG levels than the subjects with high MT ex-
pression when they had the same UCd levels.

DISCUSSION

Because of its exceptionally long half-time in humans (10–
30 years), cadmium is now considered an important
worldwide pollutant. Cadmium exposure gives rise to
adverse health effects (World Health Organization 1992).
Independent of exposure route, renal dysfunction may
develop after cadmium exposure; thus, the kidney is the
critical organ (Nordberg 1992). Studies on metabolism
and toxicity of cadmium have clearly shown that MT
plays an important role in the detoxification of cadmium.
MT is synthesized and binds with cadmium in liver on
cadmium induction. Cadmium MT can then enter the
blood stream and be filtered through the kidney glomer-
ular membrane. In tubular cells, cadmium MT is degrad-
ed and free cadmium ion released. Although tubular cells
are able to synthesize MT themselves, the free cadmium
ion will still exert adverse effects when it exceeds the syn-
thetic capacity of tubular cells (Nordberg et al 1992; Jin
et al 1999; Nordberg and Nordberg 2000). Because MT is
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induced in tissues by cadmium exposure and is involved
in the metabolism and detoxification of cadmium, the ex-
pression level of MT in tissues and its excretion from the
organisms should reflect the exposure and adverse effects
of cadmium.

There have been studies on the application of urinary
MT excretion as an indicator of cadmium exposure,
which suggested the possibility of using urinary MT as
a biomarker of cadmium exposure and renal dysfunction
(Nordberg et al 1982; Shaikh and Tohyama 1984; Shaikh
et al 1987). However, it would be a more straightforward
indicator if MT expression could be measured in human
tissues. PBLs provide suitable indicator cells to analyze
MT expression, because they possess a complete genome
that is involved in detoxification of chemicals and are easy
to obtain (Lucier and Thompson 1987). Most cadmium in
blood is found in blood cells, and PBLs provide a good
source for measuring induced MT synthesis. Previous
studies (Hilderbrand and Cram 1979; Harley et al 1989)
have shown that MT is expressed in a basal level in PBLs
and can be induced markedly when cadmium is added
to the culture medium. On the contrary, erythrocytes do
not exhibit any MT expression, even on cadmium expo-
sure.

Previous studies showed that MT mRNA levels in PBLs
are related to cadmium exposure, suggesting this mea-
surement could be an indicator of cadmium exposure.
However, there is disagreement on whether basal or in-
duced MT mRNA levels better reflect the cadmium ex-
posure. Ganguly et al (1996) showed that basal MT
mRNA levels in PBLs of highly cadmium-exposed work-
ers are significantly higher than of low cadmium-exposed
workers. Furthermore, basal MT mRNA levels in PBLs
from exposed workers are correlated with airborne cad-
mium concentrations where they worked. On the con-
trary, Stennard et al (1995) showed that in vitro induced
MT mRNA levels in PBLs correlate positively with cad-
mium exposure but not basal MT mRNA levels.

In the present study, the status of MT mRNA, ie, both
basal and in vitro induced, was measured. Both basal and
induced MT mRNA levels in PBLs were found to be sig-
nificantly elevated in the highly exposed group compared
with the control group. This result is consistent with oth-
er reports (Stennard et al 1995; Ganguly et al 1996). Fur-
ther analysis showed significant correlation between MT
mRNA levels and internal dose index, ie, BCd and UCd.
BCd mainly reflects current and recent exposure, whereas
UCd mainly reflects body burden (Nordberg et al 1985;
World Health Organization 1992). It is self-evident that
cadmium in blood will influence the MT mRNA levels in
PBLs, since blood provides the microenvironment in
which PBLs exist. Since MT expression levels in PBLs in-
crease before any significant increase in the level of renal
effect indicators, this measurement appears to be sensi-

tive enough to detect exposure before any renal effects
occur.

Age has been reported to influence the MT level in kid-
ney and liver, because cadmium accumulates with age
(Drasch et al 1988; Yoshida et al 1998). Smoking also caus-
es increased cadmium levels in blood, renal cortex, whole
body, and urine (Koyama et al 1992; Bem et al 1993) since
tobacco contains cadmium. In view of these facts, it may
seem peculiar that age and smoking did not have any
impact on the expression of MT in this study. One expla-
nation for this is that the age of the subjects in this study
is between 35 and 45 years, a range too narrow for the
general age effects to be seen. Another reason could be
that two-thirds of the subjects were occupationally ex-
posed to cadmium, which provided considerably higher
cadmium exposure than that from food and cigarettes.
Actually MT expression is higher in smokers than in non-
smokers if the control group is analyzed, although the
difference is not statistically significant.

Taken together, our result suggests the validity of MT
expression in PBLs as a biomarker of cadmium exposure.
A recent study by Yurkow and DeCoste (1999) showed
that zinc, another well-known inducer of MT synthesis,
does not markedly increase MT in lymphocytes, whereas
cadmium causes dramatic induction of MT in lympho-
cytes. These results suggest that MT expression in lym-
phocytes may be a specific biomarker of cadmium ex-
posure.

The close relationship between MT mRNA levels in
PBLs and UCd is intriguing, since there is no such close
physiological relationship between PBLs and kidney. UCd
is not only an indicator of cadmium exposure, but also
an indicator of renal injury when renal dysfunction oc-
curs (Shaikh and Tohyama 1984; Nordberg et al 1985;
Shaikh et al 1987; World Health Organization 1992). One
possible explanation is that the ability of PBLs to synthe-
size MT reflects the ability of the body (including kidney)
to synthesize MT on cadmium exposure. Because MT
protein in tubular cells plays a pivotal role in detoxifying
cadmium (Jin et al 1987a, 1987b), MT mRNA levels in
PBLs represent the capability of the kidney to cope with
the cadmium accumulated there. In accordance with this
hypothesis, data from this study showed that subjects
who have the same levels of UCd have higher levels of
urinary NAG if they have lower induced MT expression
levels in PBLs. However, 2 other renal effect indicators,
B2M and RBP, did not show correlation with MT expres-
sion, even in the subpopulation with high UCd levels.
This might be due to the difference in degree of renal
damage, which each indicator reflects. NAG is located in
the epithelial cells of renal tubules, and urinary NAG is
considered to originate from these cells. Urinary NAG
activity may reflect early histopathological changes of re-
nal tubules (Nogawa et al 1986; Kawada et al 1989; Ber-



Cell Stress & Chaperones (2001) 6 (2), 97–104

Metallothionein expression in lymphocytes from cadmium-exposed workers 103

nard et al 1995). On the other hand, B2M and RBP are
low-molecular-weight proteins that are normally reab-
sorbed by the proximal tubule, so urinary B2M and uri-
nary RBP mainly reflect the reabsorbance function of tu-
bular cells (Jung et al 1993; Ikeda et al 2000; Oo et al
2000). In the subjects with UCd levels higher than 10 mg/
g of creatinine, it is likely that cellular injuries, which
cause leakage of NAG, have occurred in renal tubular
cells, whereas reabsorbance functions of these cells have
not been affected or have been affected only slightly. Such
an interpretation is in accordance with previous studies
concerning excretion of MT and other low-molecular-
weight proteins in urine, in which it was found that uri-
nary MT was related to urinary NAG but not to urinary
B2M (Kawada et al 1990, 1995).

The relationship between MT expression and urinary
NAG found in the present study suggests that MT syn-
thesis in the kidney serves as a modifying factor in the
susceptibility to the cadmium-induced renal dysfunction,
thus it may represent the susceptibility of the body to the
adverse effect caused by cadmium. Considering the dif-
ficulties in measuring renal MT expression in vivo, in vi-
tro induced MT expression levels in PBLs provided a po-
tential practical index.

In summary, the present study showed that both basal
and induced MT expression levels in PBLs are closely re-
lated to cadmium exposure, confirming the validity of
MT expression in PBLs as a biomarker of cadmium ex-
posure. In addition, induced MT mRNA levels in PBLs
seem to reflect the renal MT induction ability, thus pro-
viding a possible index of susceptibility to the adverse
effect of cadmium. Further studies are warranted, includ-
ing follow-up studies in a population with renal dys-
function and a normal population.
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