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Abstract

Eukaryotic translation initiation factor 3 (elF3) and elongation factor 16 (eEF-18) are novel cadmium (Cd) responsive
proto-oncogenes. This research investigated the expression of these genes in Cd-exposed workers (n=58), and to
evaluate their usefulness as biomarkers of Cd exposure. According to urinary Cd concentration, the subjects were
divided into four groups (urinary Cd concentration >0.1 ug/g.Cr, >1.0 pg/g.Cr, >5.0 ug/g.Cr and >50.0 ug/g.Cr).
Subjects exhibited increased severe health problems with higher urinary Cd concentrations. The elF3 and eEF-18
expression in the blood were investigated with real-time PCR. PCR data showed a strong positive correlation between
blood eEF-16 and urinary Cd concentrations (r=0.788, p<0.01), and a weak positive correlation between blood elF3
expression and urinary Cd concentrations (r=0.569, p < 0.05). These findings, for the first time, demonstrate that the
blood eEF-16 overexpression can be used as a molecular biomarker of Cd-exposed population.
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Introduction

Cadmium (Cd) and its compounds are heavy metals that
find widespread use in industrial applications (Thun
et al. 1991; Diao et al. 2005; Swaddiwudhipong et al.
2010). Cd is also widely abundant in air, water, soil and
food. Human exposure to Cd through occupational and
environmental contaminants is unavoidable. High levels
of Cd can be accumulated in various organs, and toxico-
logical responses to Cd exposure include lung, kidney
and liver damages (Nordberg et al. 2002; Koyu et al. 2006;
Schopfer et al. 2010). In addition, epidemiologic stud-
ies have shown that Cd is associated with many human
tumors, including lung, breast, kidney and pancreatic
cancers, especially in high-risk population of workers,
who are engaged in refining, welding and annealing of
Cd (Waalkes 2003; Goyer et al. 2004; Sorahan & Esmen
2004; Kriegel et al. 2006; Benbrahim-Tallaa et al. 2009).
Several lines of experimental evidence have shown that
Cd is carcinogenic to human and animals (Huff et al.
2007). Based on such studies, the International Agency

for Research on Cancer has classified Cd and its com-
pounds, one of the most poisonous metals to human, as
carcinogens (Fay & Mumtaz 1996; Huff et al. 2007; IARC
1993). However, the molecular mechanisms underlying
the Cd-induced tumorigenesis have not yet been entirely
understood.

Translation initiation factors and elongation factors
are known to play important regulatory roles in cell
growth and tumorigenesis. Mouse eukaryotic translation
initiation factor 3 (eIF3 p36) and translation elongation
factor 16 (eEF-10 p31) have been identified as two novel
Cd-responsive proto-oncogenes (Joseph et al. 2002a,b;
Lei et al. 2002ab). Our previous studies have found an
elevated expression of eIF3 p36 and eEF-10 p31 at differ-
ent stages of 16HBE cells transformed by CdCl, (Lei et al.
2008; Lei et al. 2010b). Recently, we have reported that
blood EF-186 mRNA expression in rats treated with CdCI2
is correlated with Cd-induced liver and kidney toxic-
ity, suggesting that blood EF-18 expression can be used
as a new biomarker for Cd exposure (Lei et al. 2010a).
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However, the expression of elF3 p36 and eEF-18 p31 in
Cd-exposed human population has not yet been studied.
In this study, we aimed to determine the expression of
the elF3 p36 and eEF-10 p31 in Cd-exposed workers in
a Cd refinery factory, and to identify the potential util-
ity of elF3 p36 and eEF-10 p31 as novel biomarkers of
Cd-induced health damages.

Material and methods

Subjects and sample collection

Blood and urine samples were obtained from employees
during their physical checkups in a Cd refinery factory
with the assistance of Guangzhou Occupational Diseases
Prevention and Treatment Hospital. The occupational
employees included production workers, machine
maintenance workers, product development personnel,
management personnel and other personnel engaged
in cleaning, service and security et al. The subjects were
asked to complete a detailed questionnaire requesting
information about employment history, smoking habits,
dietand medical history.Inaddition, theywererequired to
take a comprehensive physical examination. The physical
examination included blood pressure, pulse rate, throat
and pharynx, lung function, electrocardiogram, liver and
kidney ultrasonic, X-ray of cardiopulmonary, blood cells
and component, serum alanine aminotransferase (ALT),
urinary Cd and creatinine (Cr) concentrations etc. In this
study, we excluded subjects who could not provide reli-
able information on smoking history, those who had a
smoking history and those who had a history of kidney or
liver diseases. Thus, this study included 58 non-smoking
subjects (53 males and 5 females) with ages ranging from
20 to 42 years. Urinary Cd concentration is a good mea-
sure of Cd body burden in exposed workers. According
to urinary Cd concentrations, subjects were categorized
into four groups: 20.1 ng/g.Cr, 21.0 ug/g.Cr, 5.0 ng/g.Cr
and 250.0 pg/g.Cr.

Serum ALT was measured with an automatic bio-
chemical analyzer (HITACHI7600-020/7170A; Hitachi,
Tokyo, Japan), using alanine aminotransferase reagent
kit (BIOSION Big-Technology and Science Inc., Beijing,
China). An ALT value >40U/L was defined as abnormal
(Pratietal. 2002). Cd in the urine was measured by atomic
absorption spectrometry (ZEENIT700; Analytik Jena,
Jena, Germany). Levels of urinary Cd below the detection
limit were assigned to the value of detection limit (0.003
pg/1). The urinary Cd concentrations were expressed as
urinary Cr concentrations/ urinary Cr concentrations

(ng/g.Cr).

RNA isolation and primer design

Total RNA was isolated from blood samples with QIAamp
RNA Blood Mini Kit (Qiagen, Hilden, Germany) accord-
ing to the manufacturer’s protocol. RNA was reverse
transcribed into cDNA with MMLYV reverse transcriptase
and oligo-dT primers (Clontech, Mountain View, CA,
USA) according to the manufacturer’s instructions. The
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primers and probes for real-time PCR were designed
with Primer Express 3.0 software and synthesized by
Da’an Co. China according to sequences of eIF3 p36 and
eEF-18 p31 from Genbank, and human f3-actin was used
as the internal standard (Table 1).

Real-time PCR assay

The quantitative detections of elF3 and eEF-10 cDNA
were performed with Real-time PCRmaster mixKit(Da’an
Co., Guangzhou, China) in PE 7000 Sequence Detection
System (ABI PRISM, Foster City, CA, USA) with human
[-actin as internal standard (Livak & Schmittgen 2001).
Each 25-pl reaction mixture consisted of 0.5 pl primers
(0.5 umol/L), 1.0 pl Tagman probe (10 pmol/L), 12.5 pl
premix EX Taq (2X), then added 2 ul samples (approxi-
mately 50 ng cDNA) according to Kit’s instructions. After
pre-denaturation at 93°C for 2 min, 40 cycles of amplifica-
tion (denaturation at 93°C for 45s and annealing at 55°C
for 45s) were performed for elF3 and eEF-16 detection.
The standard preparation, negative control, and target
samples were all tested in triplicates, and the amounts of
target cDNA were automatically calculated according to
standard gradient template curve. The PCR products were
run on 2% agarose gel to confirm the single target bands,
and then the eIF3 and eEF-10 copies were revised with
human (3-actin as internal standard in blood samples.

Statistical analysis

Data are presented as mean + SD (X % s), or median and
percentile. The data is changed into normal distribu-
tion with logarithm if the original data is positive skew-
ness distribution. The differences among groups were
statistically analyzed by analysis of variance followed
by Student-Newman-Keuls. Categorical data were
compared with % The relationship between two groups
was tested by Pearson or Spearman’s correlation, using
SPSS 17.0 software. Significance is set at p<0.05.

Results

Health status of subjects exposed to Cd

The subjects (median age, 30 years) were directly or
indirectly exposed to Cd for less than 2 years with no
history of exposures to other poisons. Only non-smokers

Table 1. Primers and probe sequences for real-time assay.

Genes Primers and probe sequences Size

elF3p36  F:5'-gccctctcccccaactatga-3” 65 bp
R:5’-gtggttacatccatggcttcct-3’

eEF-10 p31 F:5’-gctacaaacttcctagcacatgagaag-3’ 86 bp
R:5’-ttcatctgctcgtagaatctccttt-3”

Human F:5’-cattgccgacaggatgca-3” 160 bp

p-actin R:5’-ctcctgcttgetgatccacat-3/

elF-Probe 5-FAM-CATgTggTCCTgggCggTggT-TAMARA-3’

eEF-Probe 5" -FAM-TggTTCgACAAgTTCAAATATEACg-
TAMARA-3’

eEF, eukaryotic translation elongation factor; elF, eukaryotic
translation initiation factor.
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were included in the study. Urinary Cd concentrations
normalized to the amount of creatinine (Cr) in the urine
showed a positive skewness distribution. The median,
maximum and minimum urinary Cd concentrations
were 1.61, 113.86 and 0.31 pg/g.Cr, respectively. The 25
percentile and 75 percentile of urinary Cd concentrations
were 0.69 and 9.54 pg/g.Cr, respectively. According to
urinary Cd concentrations, subjects are categorized into
four groups: 20.1 png/g.Cr, 21.0 pg/g.Cr, 5.0 ng/g.Cr and
>50.0 ng/g.Cr. The characteristics of the subjects in each
group are shown in Table 2. The age, gender and dura-
tion of employment did not significantly differ among
the four groups, thus suggesting that our study was not
confounded by these factors.

The subjects exhibited increased health problems
with higher urinary Cd concentrations, which indicated
higher Cd accumulation in the body. Inhalation of Cd
resulted in pharyngitis, which was diagnosed by subject’s
complaints of sore throat, and redness and congestion in
the back of pharynx seen on physical examination. With
a urinary Cd concentration >0.1 and <1.0 pg/g.Cr, only
2 (11.8%) of 17 subjects had pharyngitis; with a urinary
Cd concentration >1.0 and <5.0 pg/g.Cr, 5 (33.3%) of
15 subjects had pharyngitis, and 1 (6.7%) of 15 subjects
showed positive red blood cells in urine; with a urinary
Cd concentration >5.0 and <50.0 pg/g.Cr, 7 (50.0%) of 14
subjects had pharyngitis or congestion, and 6 (42.9%)
of 14 subjects showed positive red blood cells in the
urine; with a urinary Cd concentration >50.0 pug/g.Cr, 8
(66.7%) of 12 subjects had pharyngitis or congestion, and
6 (50.0%) of 12 subjects showed positive red blood cells
in the urine; and also with a urinary Cd concentration
5.0 pg/g.Cr and more, 15 (57.7%) of 26 subjects displayed
higher ALT activities in the serum comparing with the
relative controls (with a urinary Cd concentration <1.0
ng/g.Cr, p<0.01; Table 3), indicating that Cd-induced
damages in liver, kidney, and respiratory tract occurred
in these subjects.

Table 2. Characteristics of the subjects.

Expression and confirmation of target gene

The representative amplification plot and standard
curve of the real-time PCR was shown in Figure 1. The
standard curve showed a linear relationship between
the Ct (cycle threshold) value and initial amount of
DNA, and had a correlation coefficient of 0.999. Figure 2
showed the representative amplification plot and iden-
tification of target eIF3 and eEF-10 genes with real-time
PCR assay in the workers exposed to Cd. The agarose
gels showed single target bands of PCR products, con-
firming that the target genes were amplified by the real-
time PCR.

Analysis of blood target gene expressions

According to urinary Cd concentrations, the subjects
were divided into four groups as shown in Table 4. The
elF3 and eEF-10 expressions in the blood increased with
the increased urinary Cd concentrations (Table 4). The
eEF-16 level was significantly higher in groups with uri-
nary Cd concentrations >1.0 pg/g.Cr, 5.0 pg/g.Cr and
250.0 pg/g.Cr, with a 2-fold, 7-fold, and 34-fold increase,
respectively, compared with the control group (urinary
Cd concentration <1.0 ug/g.Cr) (p<0.01). A similar find-
ingbutto aless extent was identified in blood eIF3 expres-
sion. A significant but weak positive correlation between
blood elF3 expression and urinary Cd concentrations
was identified in correlation analysis (r=0.569, p<0.05)
(Figure 3A). A strong positive correlation between blood
eEF-18 expression and urinary Cd concentrations was
found (r=0.788, p<0.01) (Figure 3B).

Discussion

This study investigates the expression of eIF3 and eEF-19
in a population of workers exposed to Cd. We have exam-
ined the blood eIF3 and eEF-18 expression and urinary
Cd concentrations in these subjects, and have found a
strong positive correlation between blood eEF-18 and
urinary Cd concentrations, and a weak positive correla-
tion between blood elF3 expression and urinary Cd con-
centrations, suggesting that blood eEF-108 is potentially a
good biomarker of Cd-exposed population.

Groups with Cases Duration of . . X

different urinary Cd (male, Age  employment Tobacco smoking is a major source of Cd exposure
concentrations (ug/g.Cr)  female) (years) (years) in the general population. To exclude the confounding
0.1~ 17(M16,F1) 30.8+1.43 1.2+0.39 effects of smoking, current and former smokers as well
1.0~ 15(M12, F3) 29.5+1.88 1.1+0.35 as those who cannot provide a reliable smoking history
5.0~ 14 (M13,F1) 30.1+2.16 1.2+0.36 are excluded in our study. Therefore, our results are
50.0~ 12 (M11,F1) 30.2+2.04 1.2+0.39 unlikely confounded by smoking status of the subjects,

Table 3. Cd-induced health problems in different Cd-exposed groups.

Groups with different urinary Cd Health problems
concentrations (ug/g.Cr) Cases Pharyngitis (%) Positive RBC in urine (%) Higher ALT activity (%)
0.1~ 17 2(11.8) 0(0) 1(5.9)
1.0~ 15 5(33.3)* 1(6.7) 2(13.3)
5.0~ 14 7 (50.0)* 6 (42.9)* 6 (42.9)%
50.0~ 12 8 (66.7)** 6 (50)** 9 (75.0)%*
ALT, alanine aminotransferase; RBC, red blood cells.
*p<0.05 and **p<0.01 vs control (urinary Cd concentration < 1.0 pg/g.Cr) by y? test.
Biomarkers
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Figure 1. A typical amplification plot (A) and the standard curve (B) of the real-time PCR. (A) The amplification plot showing the change
in fluorescence (ARn) plotted versus cycle number. (B) the standard curve showing the Ct value plotted versus the initial amount of DNA.
The Ct (cycle threshold) value is defined as the number of cycles required for the fluorescent signal to cross the threshold in a quantitative
PCR reaction.
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Figure 2. The representative amplification plot (A) and agarose gel analysis (B) of target gene from real-time PCR. (A) The amplification
plot of eIF3 and eEF-16 genes showing the change in fluorescence (ARn) plotted versus cycle number. (B) Fluorescent bands in the agarose
gels showing positive results for eIF3 and eEF-16 genes. Lanes 1-8: different single target cDNA bands.

since only non-smokers are included in the study. In
addition, it is unlikely that other confounding factors
such as sex, age and duration of employment affect our
results, since no significant differences in sex, age and
duration of employment are identified among the four
groups.

© 2012 Informa UK, Ltd.

A biomarker is to be considered as a good measure
of the biological effect of a certain exposure if the
changing of the biomarker can reflect the correspond-
ing change in the level of exposure. In this sense, the
blood eEF-10 expression is a good biomarker since its
expression level is strongly correlated with the urinary
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Table 4. Blood eIF3 and eEF-10 expressions and urinary Cd concentrations in Cd-exposed subjects.

Groups with different urinary Cd Median urinary Cd Median blood eIF3 Median of blood
concentrations (ug/g.Cr) Cases (male, female) concentration (ug/g.Cr) concentration eEF-16 concentration
0.1~ 17 (M16, F1) 0.61 0.124 0.111

1.0~ 15 (M12, F3) 1.76% 0.165 0.210%*

5.0~ 14 (M13, F1) 10.79%* 0.357* 0.781°%*

50.0~ 12 (M11, F1) 75.20%* 1.155%* 3.775%%

Urinary Cd concentration was normalized by creatinine (Cr) concentration. Blood eIF3 and eEF-10 gene expression levels were

calculated by the ratio of their expression to that of 3-actin.

eEF, eukaryotic translation elongation factor; elF, eukaryotic translation initiation factor.
*p<0.05 and *¥p<0.01 vs control (urinary Cd concentration < 1.0 pug/g.Cr). Data were changed into normal distribution with logarithm
and statistically analyzed by analysis of variance followed by Student-Newman-Keuls.
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Figure 3. The correlation analysis between blood eIF3 and eEF-10
expression levels and urinary Cd concentrations in Cd-exposed
subjects. Urinary Cd concentration was normalized by creatinine
(Cr) concentration, and blood eIF3 and eEF-18 gene expression
levels were calculated by the ratio of their expressions to that of
B-actin. The logarithm of blood eIF3 (A) and eEF-16 (B) gene
expression levels was plot against the logarithm of urinary Cd
concentration, and the linear relationship was analyzed by Person
correlation. For eIF3 gene, r=0.569, p<0.05; for eEF-16 gene,
r=0.788, p<0.01.

Cd concentration. Subjects with urinary Cd concentra-
tions (>1.0 pg/g.Cr), exhibit significantly higher blood
eEF-10 expression levels than those with urinary Cd
concentrations (>0.1 pg/g.Cr) (Table 4), suggesting that
even at a lower range of urinary Cd concentrations, the
change in blood eEF-10 expression levels can reflect the
alterations in the Cd accumulation. In contrast, we do

not identify a statistically significant difference in the
elF3 expression between the two groups with lower
urinary Cd concentrations, suggesting that eIF3 is not
as sensitive as eEF-10 to function as a biomarker of Cd
exposure.

We also find that subjects exhibit more severe health
problems at higher urinary Cd concentrations. With
urinary Cd concentrations more than 5.0 ug/g.Cr, more
subjects had symptoms of pharyngitis or congestion,
hematuria, and higher alanine transaminase activities,
suggesting that Cd-induced damages in kidney, liver,
and respiratory tract occur in these subjects. Since there
is a strong correlation between blood eEF-18 expres-
sion and urinary Cd concentrations, it is reasonable to
conclude that eEF-10 expression is a good biomarker of
Cd-induced health damages. In addition, we also find
that blood eEF-10 expression in rats treated with Cd is
a potential new biomarker for chronic Cd exposure (Lei
etal. 2010a).

Recently, it has been reported that the mouse elF3
and eEF-19 are identified as two Cd-responsive proto-
oncogenes (Joseph et al. 2002a,b; Lei et al. 2002a,b;
Joseph et al. 2004). In addition, we have previously
found that the expression of human eIF3 and eEF-19 is
elevated at different stages of 16HBE cells transformed
by CdClI, (Lei et al. 2008; Lei et al. 2010b). It is known
that modifications in the translational machinery of cells
due to changes in both eukaryotic translation initiation
factors and elongation factors can result in susceptibil-
ity to transformation and the acquisition of transformed
and oncogenic properties in cells (Sonenberg 1993;
Beyersmann & Hechtenberg 1997). Enhanced expres-
sion of eukaryotic translation initiation factor 3 (eIF3)
subunits has been found in a variety of transformed
cells, tumor cells and tumor tissues (Nupponen et al.
1999; Mayeur & Hershey 2002). Similarly, levels of elon-
gation factors such as EF-1a and EF-1vy are elevated
in tumor tissues of the pancreas, colon, breast, lungs,
prostate and stomach compared to those in normal tis-
sues (Grant et al. 1992; Tatsuka et al. 1992; Ender et al.
1993). Since epidemiologic studies have demonstrated
that Cd is associated with several human tumors, and
our study shows that blood eEF-10 expression is strongly
correlated with Cd concentrations accumulated in the
body, it is likely that eEF-18 can be used as a biomarker
of Cd-induced carcinogenesis.

Biomarkers
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Urinary Cd concentration is a good indicator of Cd
body burden in currently exposed workers, and is widely
used as a biological measure for long-term Cd exposure.
However, urinary Cd concentration cannot reflect the
cellular mechanisms underlying Cd-induced cytotoxic-
ity. In contrast, the cellular expression level of eEF-10
is known to be a critical determinant in regulating the
mRNA translation, and alterations in the cellular transla-
tional machinery have been identified to be responsible
for Cd-induced cytotoxicity and cell death (Waisberg
et al. 2003). In agreement with this concept, we find that
blood eEF-10 expression level is associated with the
extent of health damages, suggesting that Cd-induced
cytotoxicity may be mediated through an elevation of
eEF-10 expression. In addition, alterations in eEF-18
expression may be prominent in Cd-exposed population
at the early stage before health problems occur. However,
in this study, though we select the control group with
urinary Cd concentrations similar to those in the normal
unexposed population (<1 pg/g.Cr), we have not inves-
tigated the eEF-18 expression in the unexposed popula-
tion. The study is worthy of further investigation with a
large sample size.

In summary, we identify that blood eEF-16 expres-
sion is strongly correlated with urinary Cd concentra-
tion. These findings, for the first time, demonstrate
that the blood eEF-18 overexpression can be used as
a new and potential molecular biomarker Cd-exposed
population.
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