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h i g h l i g h t s
� Stimulation of MT1/2 in liver, kidney, heart and lung upon Cd exposure.
� Cartilage is a noteworthy organ where Cd deposits.
� No induction for MT3, MT4 and MTL5 expression by Cd treatment.
� Diagnostic value of MT1/2 for Cd exposure in diverse organs including the lung.
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a b s t r a c t

Metallothioneins (MTs) are known to protect cells against oxidative stress, especially providing protec-
tion against cadmium (Cd) toxicity. To date, besides liver and kidney, the expression profiles of MT
members have not been thoroughly determined in a full-spectrum of organs, especially under low-dose
exposure settings. Furthermore, their diagnostic value has not been evaluated in reflecting the Cd
exposure in diverse organs. In the present study, we unearthed the expression profiles of five MT
members in diverse organs from mice upon low-dose Cd exposure. Compared to most organs, the
deposition of Cd in cartilage has been overlooked in the past, implying the potential Cd toxicity to the
joint. In contrast to MT1 and MT2 (MT1/2), the expression levels of MT3, MTL5 and MT4 were minimal
with or without Cd treatment. Distinct from Cd mass, the levels of MT1/2 were similar in heart and lung
to that of kidney. Our study signified the rationale of MT1/2 induction in recognizing Cd exposure extent
in diverse organs including liver, kidney, heart and lung. Importantly, MT1/2 expression was induced in
liver and lung cells even upon low-dose Cd exposure. Thus, our combined data unraveled the expression
of MT members across various organs in Cd-exposed mice, and pinpointed their diagnostic value in
characterizing Cd poisoning.

© 2019 Elsevier Ltd. All rights reserved.
1. Introduction

Nowadays, cadmium (Cd) pollution is still a huge environmental
problem facing the human beings, affecting a large number of
nvironmental Chemistry and
al Sciences, Chinese Academy
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countries including China (Jin et al., 2004; Nogawa et al., 2004;
Swaddiwudhipong et al., 2010; Nishijo et al., 2014). Approximately
90% of total airborne Cd emissions still come from the anthropo-
genic sources (Pan et al., 2010), and Cd pollution in soil and rice is
quite severe and widespread in China (Williams et al., 2009; Ke
et al., 2015). Cd in the environment media can be readily taken
up via crops (such as grain and tobacco) and aquatic organisms
(such as shellfish), and thus spread through the food chains. Food is
the major source of Cd exposure for nonsmokers; the average oral
intake of Cd for adult in the China is a big concern thus far (Falco
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et al., 2006; Ninkov et al., 2015; Satarug et al., 2017). The long-term
accumulation of Cd in diverse organs is attributable to its cumu-
lative feature with negligible clearance through excretion (Goyer,
1997; Peters et al., 2010). As a consequence, Cd exposure results
in numerous disorders and even diseases (Edwards and Prozialeck,
2009; Hecht et al., 2016). For instance, Itai-itai disease, which
occurred early in the 20th century in Japan, is characterized by
weak and brittle bones (Zhang et al., 2014). Cd exposure has been
also associated to other diseases, e.g. polyuria, glucosuria (Lauwerys
et al., 1984; Satarug and Moore, 2004), arterial hypertension
(Gallagher and Meliker, 2010), chronic bronchitis, emphysema
(Dressler et al., 2002; Hendrick, 2004) and cancers (Waalkes, 2003).
Regardless of ample understandings on Cd toxicity and according
mechanisms, the tissue distribution of Cd exposure has not been
completely recognized till now.

To investigate Cd pollution in environmental media and in
biological specimens, Cd content measurement is widely deter-
mined using atomic absorption spectrometer, inductively coupled
plasma mass spectrometry (ICP-MS) and atomic fluorescence
spectrometry (Thijssen et al., 2007; Broseghini et al., 2015; He et al.,
2017; Condon-Abanto et al., 2018; Naeem et al., 2018). However,
none of these methods are easy to carry out. Although the ICP-MS
determination itself is rather accurate and very quick, a lot of
preparation work is required including the sample preparation
procedure which is complicated with a lot of acid used in digestion.
Hence, it would be of value in developing the alternative but easy
and low-cost approaches for identifying Cd contamination.

Cd in biological microenvironment is prone to be bound by
proteins, especially metallothionein (MT) members (Cherian and
Kang, 2006). MTs represent a family of ubiquitous low molecular
weight cysteine-rich intracellular metal binding proteins. There are
at least 16 members in the MT family in human genome, including
12 protein-coding variants (MT1A, MT1B, MT1E, MT1F, MT1G,
MT1H, MT1L, MT1M, MT1X, MT2, MT3 and MT4) and 4 pseudo-
genes (MT1CP, MT1DP, MT1IP, and MT1JP) (Thirumoorthy et al.,
2007; Gao et al., 2018). Different from the human genome, there
are only 4 members in the murine MT family including MT1, MT2,
MT3 and MT4 that are all located in chromosome 8 and 1
metallothionein-like gene, MTL5, in chromosome 19 (as illustrated
in Fig. 1) (Binz and Kagi, 1999; Moleirinho et al., 2011). MTs have
been extensively investigated for their protective role in diverse cell
types against heavy metal toxicity (Thirumoorthy et al., 2007;
Sandbichler and Hockner, 2016a). The fundamental physiological
function of MTs in Cd detoxification has been accounted for by Cd
sequestration through their high-affinity binding inside cells,
resulting in reduced Cd mass to prevent damage to cellular or-
ganelles (Thirumoorthy et al., 2007; Sandbichler and Hockner,
2016b). Among the 4 common MTs, MT1 and MT2 (MT1/2) are
greatly expressed in all mammalian cell types with the highest
expression in the liver. MT3 is predominantly expressed in the
brain, whereas MT4 is expressed exclusively limited to squamous
epithelial cells in skin and tongue (Sabolic et al., 2010;
Thirumoorthy et al., 2011). Intriguingly, MTL5 is induced by heavy
Fig. 1. Gene location illustration of MT fam
metals similar to MT1/2 (Matsuura et al., 2002). However, the
expression profiles of these MT members in different tissues are
still unknown, and the diagnostic potential of these MT variants in
recognizing Cd exposure is still unclear. Therefore, the primary
objective of this study was to elaborate the expression profiles of
murine MT members in various organs in mice under the low-dose
Cd exposure, and to define their diagnostic value in recognizing Cd
toxicity.

2. Material and methods

2.1. Animal experiments

All animal experiments were performed in accordance with the
guidelines of the Animal Ethics Committee at the Research Center
for Eco-Environmental Sciences, Chinese Academy of Sciences.
Male Balb/c mice (7e8weeks old; approximately 20 g bodyweight)
were purchased from the Vital River Laboratories (Beijing, China)
and were grouped randomly. The mice were housed (n¼ 5/cage) in
a standard animal facility under a 12-h light/dark cycle. Mice
received CdCl2 (Sigma Aldrich, USA) administration in drinking
water at 10, 50 and 100mg L�1 for 4 weeks. Control mice received
blank drinking water only. Mice were sacrificed with CO2 asphyx-
iation and their organs were harvested for the following
experiments.

2.2. Cd content measurement in tissues

To determine Cd content in diverse tissues, ICP-MS analysis was
performed. Briefly, liver, kidney, spleen, heart, lung, cartilage, testis,
muscle and brain tissues were collected after 4-week exposure,
washed with PBS 3 times and then subjected to digestion with
concentrated HNO3 (GR, 65.0%, Millipore, USA) and H2O2 (GR, 30%,
Sinopharm Chemical Reagent Co., Ltd., China) at a volume ratio of
3:1 at 70 �C for 6 h (Zhu et al., 2017). The digestion process was
carried out as previously described, and the vessels were closed in
the heated procedure (Balaram and Rao, 2004). Digested samples
were cooled down to the room temperature and then diluted with
deionized H2O to reach a final concentration of 5% HNO3. Eventu-
ally, prepared samples were analyzed on an Agilent 7500 ICP-MS
instrument (Agilent, Japan). The ICP-MS operating conditions
used in this study are listed in Table S1.

2.3. Cell culture

Mouse liver cell line NCTC and mouse Lewis lung carcinoma cell
line LLC were purchased from the Shanghai Cell Bank of Type
Culture Collection of the Chinese Academy of Sciences. Mouse cells
used in the current study is to substantiate the responsive
expression in liver and lung. Cells were cultured in DMEM (Gibco,
USA) supplemented with 10% fetal bovine serum (FBS) and 100
units/mL penicillin/streptomycin (Invitrogen, USA) in a humidified
5% CO2-balanced air incubator at 37 �C. Cells were treated without
ily members in murine chromosomes.



Fig. 2. Cd mass measurement. Cd content was measured in various organs from mice
challenged by CdCl2 at 10, 50 and 100mg L�1 through the route of drinking water
exposure for 4 weeks, as assayed by ICP-MS assay (n ¼ 5e6). *, P < 0.05; #, P < 0.001,
compared to untreated control.
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or with Cd (0.5, 1 and 5 mM CdCl2) for 24 h, followed by further
analyses.

2.4. Cytotoxicity assay

Cell viability of NCTC and LLC cells post treatment wasmeasured
through a commercial Cell Counting Kit-8 (CCK-8; Solarbio, China)
following the manufacturer's protocol. Briefly, 10,000 cells were
seeded into 96-well plates, followed by Cd treatment at different
concentrations (0.5, 1, 5, 10, 20 and 50 mM CdCl2) for 24 h. Cell
viability was afterwards assessed with the provided reagents.

2.5. Quantitative real-time PCR (qRT-PCR) analysis

Total RNAs were extracted from cells with Trizol reagent (Invi-
trogen, USA), and then 2e5 mg RNAs were reverse-transcribed into
cDNA with Maxima™ H Minus cDNA Synthesis Master Mix
(Thermo, USA). qRT-PCR was performed on an CFX96 Touch qRT-
PCR instrument (Bio-Rad, USA), as described previously (Chen
et al., 2014). Gapdh was used as an internal control. All primer
sequences for PCR analysis are listed in Table S2.

2.6. End-point PCR analysis

Semi-quantitative end-point RT-PCR was performed in a 20 mL
reaction volume with 2�Taq PCR StarMix with Loading Dye (Gen-
Star, China) according to the manufacturer's instructions on a TC-
96/T/H(a) RT-PCR instrument (Bioer, China). PCR products were
determined using agarose gel electrophoresis. Gapdh was used as a
loading control. All primer sequences for PCR analysis are provided
in Table S2.

2.7. Cell death determination by flow cytometry

After Cd treatment, NCTC and LLC cells were collected and
washed with PBS, and then subjected to propidium iodide (PI)
staining. PI-positive cells were determined through flowcytometric
analysis on a flow cytometer (ACEA BIO, China), as described pre-
viously (Gao et al., 2018).

2.8. Intracellular reactive oxygen species (ROS) assay

To measure the generation of intracellular ROS, cells were first
cultured in 96-well plates and then pre-incubated with 10 mM
dichlorofluorescein diacetate (DCFH-DA, Sigma, USA) probes for
30min, followed by Cd exposure for 0.5, 1, 2, 3 and 6 h. At the same
time, DCF fluorescence was monitored at 525 nmwith an excitation
wavelength of 488 nm on a microplate reader (Thermo, USA).

2.9. Morphological characterization

NCTC and LLC cells were seeded in 12-well plates followed by
the treatment of Cd at 0.5, 1 and 5 mM for 24 h. At the end, cellular
morphologies were imaged and visualized through microscopy
(EVOS™ XL Core Imaging System, Thermo, USA; Olympus IX73,
Japan).

2.10. Statistical analyses

The statistical analyses of experimental data were performed
with independent t-test or one-way ANOVA test using IBM SPSS
Statistics 22.0 software. All biological parameters were not log-
transformed to a normal distribution and Spearman's correlation
analysis was employed to assess the association between tissue Cd
content and expression levels of MT variants. All data are presented
as mean ± standard deviation. Statistical significance was defined
with P < 0.05 (*) or P < 0.001 (#).

3. Results and discussion

3.1. Cd exposure and accumulation in various organs

To investigate Cd accumulation across organs, ICP-MS analysis
was performed to measure Cd mass in mice under low-dose Cd
exposure. In order to verify the low-dose exposure for Cd here, a
comparison was performed to previous studies (Table S3). As
shown in Fig. 2, Cd can be detected in all organs including liver,
kidney, spleen, heart, lung, cartilage, testis, muscle and brain, and
liver and kidney were the predominant sites for Cd accumulation
compared to other organs (P< 0.05). Cherian and colleagues re-
ported that liver accounted for a large portion of Cd with 7 times
greater than that in kidney after 24-h exposure (Cherian et al.,
1978). Different from the short-term exposure (e.g. 24 h), our data
showed that both liver and kidney were the major organs for Cd
accumulation, and the content in kidney was slightly higher than
that in liver after 4-week CdCl2 exposure through drinking water.
Moreover, Cd deposition manifested an obvious dose-dependent
pattern in all detected organs from mice exposed to 10, 50 and
100mg L�1 CdCl2 (Fig. 2, P< 0.05). Consistent with the previous
reports (Massadeh et al., 2007; Su et al., 2011), milder Cd deposition
was found in spleen, heart and lung in comparison to liver and
kidney (Fig. 2, P< 0.05). Of note, Cd deposition was observed in
cartilage that has been overlooked in the past, indicating the po-
tential Cd toxicity to the joint.

3.2. Expression profiles of MT members in diverse organs after Cd
exposure

To exploit the gene expression responses in the MT family to Cd
accumulation, we investigated the expression profiles of MT
members in organs from treated mice. Although the expression of
MT genes has been investigated in various tissues and cells in
response to Cd exposure, their differential expression profiles have
not been illustrated thus far. In this study, we assessed the
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expression levels of MT members in organs with significant Cd
accumulation, including liver, kidney, spleen, heart and lung.MT1/2
are ubiquitously expressed virtually almost in all mammalian cell
types with the highest expression level in the liver (Aschner et al.,
2006; Go et al., 2015). As shown in Fig. 3A, liver is themost sensitive
tissue, where MT1/2 transcription was substantially elevated in a
dose-dependent manner (P< 0.05), with approximately 20 fold
greater upon Cd treatment at 100mg L�1 compared to the un-
treated control (P< 0.001). Similar findings were also observed for
Fig. 3. mRNA expression levels of MT family members in animals. Relative expression le
organs from Cd-treated mice (at 10, 50 and 100mg L�1 CdCl2 in drinking water) for 4 weeks (
mice, as determined by qRT-PCR (n ¼ 5e6). *, P < 0.05; #, P < 0.001, relative to untreated
MT2 in the liver (Fig. 3A, P< 0.05). Intriguingly, even though a great
portion of Cd deposition was discovered in kidney with nearly an
equivalent amount to that in liver, the induction of MT1/2 was 84%
lower than that in liver (Fig. 3A). Although spleen was the third
prior organ, the mRNA levels of MT1/2 in spleen were low and not
induced upon the challenge of Cd, suggesting the distinct respon-
sive mechanisms in splenocytes to Cd treatment. The differences
between hepatocytes and splenocytes responding to Cd warrant
further investigation.
vels of MT1 and MT2, analyzed (A) by qRT-PCR and (B) end-point PCR in an array of
n ¼ 5e6). (C) Relative expression levels of MT3 and MTL5 in organs of the above treated
control.
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Furthermore, the induction of MT1/2 expression in heart and
lung was comparable to that in kidney (Fig. 3A), in spite of much
lower Cd mass in heart and lung than that in kidney. All these
findings from the qRT-PCR data were verified by semi-quantitative
end-point PCR analysis (Fig. 3B). Compared to the liver, the
expression pattern and biological and diagnostic value of MT1/2
induction in the heart and lung to Cd exposure have been fully
understood, especially for the lung, and thus more work is neces-
sary to narrow down the responsible cell types and according
molecular mechanisms (Jahroudi et al., 1990).

In contrast to MT1/2, MT3 is expressed predominantly in the
brain, primarily in glutaminergic neurons, with fairly low expres-
sion in pancreas and intestine (Frederickson et al., 2005;
Thirumoorthy et al., 2011). MT4 expression has been reported to be
limited to squamous epithelial cells in skin and tongue (Sabolic
et al., 2010; Thirumoorthy et al., 2011). Although the study on
MTL5 is still limited, MTL5 was found to be induced by heavy
metals in a fashion as MT1/2 (Matsuura et al., 2002). Therefore, we
scrutinized these 3 members through qRT-PCR analysis. It is worth
noting that Cq (namely Ct) values for MT1/2 in qRT-PCR reactions
were lower than 28 when using diluted cDNA at 1:20 dilution,
suggesting the high levels of MT1/2 expression. By contrast, the Cq
values of MT3 and MTL5 were more than 34 and 27, respectively,
even without cDNA dilution, indicating the scarce expression of
MT3 and MTL5 in these organs, in particular MT3 (Fig. 3C). Besides,
an irregular manner was observed for the induction of MT3 and
MTL5, excluding the biological significance of their expression
against Cd-induced cytotoxicity. Additionally, MT4 expression was
nearly not detectable in all the above organs, ruling out its
involvement in MT functions. Together, we firstly uncovered the
expression profiles of MT families in various organs in the Cd-
exposed mouse model, and importantly, recognized the signifi-
cance of MT1/2 expression induction in response to Cd.

3.3. The positive correlation between MT1/2 mRNA levels and Cd
content in various organs

The results above suggest that MT1/2 are likely good surrogates
in monitoring Cd mass in tissues. Thus, correlation analysis be-
tween MT1/2 mRNA levels and Cd content was carried out. As ex-
pected, the mRNA levels of MT1/2 positively correlated to the Cd
mass in liver, kidney, heart and lung (Fig. 4AeD, P< 0.05), sug-
gesting a strong correlation between MT1/2 levels and Cd exposure
extent. Correlation strength data are summarized in Table S4.
Therefore, it might be of value in considering MT1/2 expression
levels to evidence the severity of Cd toxicity to organs. In fact, in
addition to liver, kidney, heart and lung can also be considered as
potential organs to characterize Cd exposure. In light of the char-
acterization of Cd exposure, the current strategies mainly rely on
chemical element measurement, particularly using atomic ab-
sorption spectrometer, ICP-MS and atomic fluorescence spec-
trometry (Thijssen et al., 2007; Broseghini et al., 2015; He et al.,
2017; Condon-Abanto et al., 2018; Naeem et al., 2018). Although
SEC-ICP-MS can be used to determine MT amounts with high ac-
curacy and low detection limit, it is rather complicated with the
requirement on large amount of samples (Garcia-Sevillano et al.,
2012). Some biomarkers were also reported to indirectly reflect
Cd accumulation, including N-acetyl-beta-D-glucosaminidase
(NAG), alanine aminopeptidase (AAP), catalase (CAT), glutathione
(GSH) and malondialdehyde (MDA) (Noonan et al., 2002; Brulle
et al., 2006; Souid et al., 2013). However, these biomarkers are
general toxicity surrogates reflective of oxidative stresses, and none
of them are able to specifically indicate Cd exposure (Noonan et al.,
2002; Brulle et al., 2006; Souid et al., 2013). Thus far, no reliable and
easy-going biological technique is available to determine Cd
exposure. Collectively, our results highlighted the value of MT1/2
expression in determining the extent of Cd exposure in various
organs including kidney, heart and lung besides liver without direct
measurement of Cd mass. Moreover, these findings signified the
detection of MT1/2 and according diagnosis by PCR in character-
izing Cd accumulation. For instance, the bronchoalveolar lavage
(BAL) or sputum liquids may be used to extract RNAs for MT1/2
determination in order to characterize Cd exposure in the lung.

3.4. Screening of sublethal Cd concentrations in hepatocytes and
lung epithelial cells

To substantiate the responsive expression in the liver and lung,
we further investigated the induction of MT1/2 in hepatocytes and
lung epithelial cells by employing in vitro exposure system. First,
the cytotoxicity of CdCl2 was determined in NCTC cells and LLC cells
by the CCK-8 assay (Fig. 5A). No significant toxicity was observed in
NCTC and LLC cells when the concentrations of CdCl2 were below
5 mM compared to untreated control (Fig. 5A, P< 0.001). We further
carried out flow cytometry analysis to differentiate dead cells. As
shown in Fig. 5B, significant induction of PI-positive cells was
observed in NCTC cells and LLC cells responding to Cd exposure at
5 mM for 24 h, relative to untreated control (P< 0.05). Moreover,
morphological alterations as characterized by condensed
morphology, shrunk cellular body and the disappearance of pro-
trusions were observed in response to Cd at 5 mM, (Fig. 5C, denoted
by arrows).

To interpret the molecular mechanism underlying Cd-induced
cytotoxicity in NCTC and LLC cells, we sought to investigate the
cellular ROS production upon Cd treatment, since previous studies
have demonstrated that ROS should (at least in part) account for
Cd-induced cell death (Liu et al., 2009; Jing et al., 2012; Nemmiche,
2017). Cd treatment at 5 mM considerably triggered ROS production
in NCTC and LLC cells over the time course compared to the un-
treated cells (Fig. 5D, P< 0.001). These results suggested that the
burst of ROS generation plays an important role in Cd-induced
cytotoxicity.

3.5. Induction of MT1/2 in hepatocytes and lung epithelial cells
responding to Cd

Thereafter, themRNA levels of MT1/2were assayed in these cells
upon sublethal CdCl2 treatment at 0.5, 1 and 5 mM through qRT-PCR
and end-point PCR analysis. As shown in Fig. 6A, the expression
levels of MT1/2 were considerably increased in NCTC cells in a
dose-dependent manner, with more than 13-fold and 19-fold in-
duction at 5 mM for MT1 and MT2, respectively, relative to un-
treated control (P< 0.001). Semi-quantitative end-point PCR data
verified the dose-dependent induction of MT1/2 expression in
NCTC cells (Fig. 6B). These data clearly supported the in vivo find-
ings, as described above. A significant elevation of MT1/2 expres-
sion was also observed in LLC cells in a dose-dependent manner
with the greatest induction at 5 mM (3e4 fold) compared to un-
treated cells (Fig. 6C and D, P< 0.001). To determine the minimal
concentration to induce MT1/2 expression, we performed qRT-PCR
analysis in NCTC and LLC cells at much lower doses of Cd exposure.
As shown in Figure S1, CdCl2 at 0.01 mM did not stimulate the in-
duction of MT1/2 expression, and CdCl2 at 0.1 mM started to pro-
voke MT1/2 expression, relative to untreated control (Figure S1,
P< 0.05), suggesting a sensitive response of MT1/2 induction to
low-dose Cd exposure.

Taken together, MT1/2, owing their sensitive response to Cd
exposure, may be promising candidates for monitoring Cd expo-
sure. This strategy could be extended to the diagnosis of individuals
for suspected Cd poisoning by PCR analysis using the extracted



Fig. 4. Correlation analysis between Cd content and MT1/2 expression levels in tissues. Scatter plots and regression lines of MT1 or MT2 levels vs Cd content in (A) liver, (B)
kidney, (C) heart and (D) lung (n¼ 19e20).
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RNAs from bronchoalveolar lavage fluid for PCR analysis. Our recent
study suggested that mRNA expression of MT members was sub-
stantially but differentially induced by Cd in HepG2 cells, a cell line
derived from human liver (Gao et al., 2018). Besides hepatocytes
and nephrocytes, MTs isoforms were also stimulated by Cd in HeLa
cells (Reinecke et al., 2006), anaplastic thyroid carcinoma cells (Liu
et al., 2007), testicular Sertoli and spermatogenic cells (Ren et al.,
2003). Here, we demonstrated the similar induction of MT1/2 in-
duction by Cd treatment in lung cells. These findings thereby
pointed out the implications of MTs to combat Cd toxicity in the
lung, and we would reason the feasibility of lung fluids as the
source to reflect MT exposure in the lung.



Fig. 5. Cytotoxicity assessment in NCTC and LLC cells upon Cd exposure. (A) Screening of cytotoxicity of CdCl2 to NCTC and LLC cells at various concentrations for 24 h,
determined by CCK-8 assay (n¼ 6). (B) The proportions of PI-positive in NCTC and LLC cells in response to 5 mM CdCl2 for 24 h, determined by flow cytometry analysis (n¼ 3). (C)
Representative images of NCTC and LLC cells following 5 mM Cd treatment for 24 h. (D) Intracellular ROS measurement over the time course. DCF fluorescent intensities were
recorded in NCTC and LLC cells treated with CdCl2 at 5 mM (n ¼ 6). *, P < 0.05; #, P < 0.001, relative to untreated cells.
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4. Conclusions

To summarize, we here unveiled the expression profiles of
murine MT members in a wide array of organs in mice challenged
by low-dose Cd exposure. Liver and kidney were the predominant
sites for Cd deposition. Cd accumulationwas also found in cartilage,
which has been overlooked in the past, pinpointing the potential Cd
toxicity to the joint. Different from Cdmass, the induction of MT1/2
was comparable in heart and lung to that of kidney, suggesting
distinct molecular mechanisms underlying Cd-induced MT
expression in these organs. In contrast to MT1/2, the expression
levels of MT3, MTL5 and particularly MT4 were minimal without
biological significance. Our results further demonstrated the
rationale of MT1/2 induction in diverse organs including liver,
kidney, heart and lung in reflecting Cd exposure extent. Moreover,
MT1/2 expressionwas induced in liver and lung cells in response to
sublethal Cd treatment. Taken together, these data underpinned
the diagnostic value of MT members in recognizing Cd exposure in
various organs.
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Fig. 6. The mRNA expression levels of MT1/2 in cultured cells. (A) Relative expression levels of MT1/2 in NCTC cells treated with Cd at 0.5, 1 and 5 mM for 24 h, characterized by
qRT-PCR (n ¼ 6) and (B) end-point PCR. (C) Relative expression levels of MT1/2 in LLC cells upon Cd exposure at 0.5, 1 and 5 mM for 24 h, evidenced by qRT-PCR and (D) end-point
PCR (n ¼ 6). *, P < 0.05; #, P < 0.001, compared to untreated cells.
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