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Abstract: Translation elongation factor-1 (TEF-1δ) has been identified as a novel 

cadmium-responsive proto-oncogene. However, it is still unclear whether TEF-1δ could be a 

potential biomarker of cadmium exposure. Rats were treated with CdCl2 at different 

concentrations (high dose 1.225, mid-dose 0.612 and low dose 0.306 mg/kg body weight, 

respectively) for 14 weeks, and the cadmium levels, weight coefficients, serum alanine 

aminotransferase (ALT), aspartate aminotransferase (AST), blood urea nitrogen (BUN), 

serum creatinine (SCR), 24-h urine protein (24hPro), urinary creatinine (Cr) and 

pathological features were determined. The TEF-1δ expression in white blood cells and 

multiple organs were examined by reverse transcription polymerase chain reaction (PCR) and 

were also confirmed with fluorescence quantitative PCR. A cadmium dose-dependent 

increase (p < 0.05) of cadmium levels in blood, urine, liver, kidney, heart and lung, and the 

weight coefficients was observed. The liver and renal function indictors including AST, 

ALT, SCR, BUN and 24hPro, were elevated in a cadmium dose-dependent manner (p < 0.05). 

Significant pathological changes in liver, kidney, heart and lung were indicated. The TEF-1δ 

expression was up-regulated in both blood and organs (p < 0.05). Moreover, the expression 

level of blood TEF-1δ was positively correlated to TEF-1δ expression level, cadmium level 

and toxicity in the organs (p < 0.01). This study indicates that blood TEF-1δ is a novel 

valuable biomarker for cadmium exposure and its organ toxicity. 
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1. Introduction 

Cadmium and its compounds are considered as a harmful pollutant worldwide [1–3]. Cadmium has a 

long biological half-time (19–30 years) and can accumulate and be present in multiple organs for a long 

term. Cadmium is toxic to organs and can lead to a number of diseases including liver and kidney injury, 

respiratory diseases, neurological disorders, skeletal system damage and reproductive system  

damage [4–9]. Cadmium is ranked as the 7th priority toxicant according to the Agency for Toxic 

Substances and Disease Registry (ATSDR) in the United States [10]. Based on epidemiology and 

laboratory evidences, cadmium has been reported to cause cancer in many organs including lung, 

kidney, liver, prostate, pancreas, bladder and breast [11–15]. At 1993, cadmium and its compounds were 

named as Group 1 carcinogen by the International Agency for Research on Cancer (IARC) [16,17]. 

Therefore, a sensitive and specific biomarker for cadmium exposure is beneficial. 

Recently, we have identified a mouse translation elongation factor-1δ sub-unit (TEF-1δ, GenBank 

Accession Number AF304351) as a novel cadmium-responsive proto-oncogene [18,19]. However, it is 

still unclear whether the abnormal expression of TEF-1δ can be a novel biomarker for cadmium 

exposure. Thus, in this study, we investigated the relationship between the expression of TEF-1δ with 

cadmium accumulation and toxicity in a rat model of sub-chronic cadmium exposure. 

2. Materials and Methods 

2.1. Experimental Animal and Cadmium Exposure Proceduces 

Specific-pathogen-free (SPF) Sprague-Dawley (SD) rats (90 ± 10 g) were obtained from Guangdong 

Medical Laboratory Animal Center (Licence No.: SCXK 2008-0002, Guangdong, China) and maintained 

under pathogen-free conditions in Laboratory Animal Center of Guangzhou Army General Hospital 

[Licence No.: SYXK (Military) 2007-33, 2008C1230034834, Guangdong, China]. Ninety-six SD rats 

(half male and half female) were randomly divided into 4 groups. Rats were sub-chronically exposed to 

cadmium by intra-peritoneal injection 0.5 mL of 0.9% sodium chloride (NaCl, purity 99.5%, Sigma,  

St. Louis, MO, USA) solution containing cadmium chloride (CdCl2, purity 99%, Sigma, St. Louis, MO, 

USA) at different concentrations (high dose 1.225, mid-dose 0.612 and low dose 0.306 mg/kg body 

weight, respectively), and rats in the control group were intra-peritoneal injected with 0.5 mL of 0.9% 

NaCl solution. Cadmium exposure was performed five times every week. After 14 weeks of exposure, 

24 h urine samples were collected. At the second day, rats were anesthetized and the blood was collected 

from the heart and stored at 4 °C. Tissues of the liver, kidney, heart and lung were harvested and kept at 

liquid nitrogen. For all the animal experiments, animal handling and experimental procedures were 

approved by the Animal Experimental Ethics Committee of Guangzhou Army General Hospital 

(Guangzhou, China). 

2.2. Cadmium Determination and Organ Functional and Pathological Examination 

The cadmium level was determined using the cadmium standard solution (BZ/WJ/GB101/2009-1, 

Guangdong Occupational Health Inspection Center, Guangdong, China) and atomic absorption 

spectrometry (ZEENIT700, Analytik Jena, Jena, German). The concentration of cadmium in urine was 
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normalized by urinary creatinine (Cr). Tissue samples were fixed with 10% formalin and the 

pathological features were examined following the standard Hematoxylin and Eosin (HE) staining 

protocol. Serum alanine aminotransferase (ALT) and aspartate aminotransferase (AST) were used as 

biochemical markers of liver function. Blood urea nitrogen (BUN), serum creatinine (SCR) and 24-h 

urine protein (24hPro) were used as renal function biochemical indicators. ALT, AST, BUN, SCR and 

24hPro were measured using corresponding kits according to manufacturer’s instructions and automatic 

biochemistry analyzer (Hitachi 7600- 020/7170A: Tokyo, Japan). 

2.3. Total RNA Isolation and TEF-1δ Expression Detection 

Total RNA in the white blood cells was isolated using QIAamp RNA Blood Mini Kit (Qiagen, 

Hilden, Germany). Total RNA in tissues was extracted using TRIzol kit (Gibco BRL, USA) according to 

manufacturer’s instructions. The purity and integrity of total RNA were analyzed by spectrophotometry 

(Thermo Fisher Scientific, Inc.: Wilmington, DE, USA) and agarose gel electrophoresis, respectively. 

The expression of TEF-1δ mRNA was detected with reverse transcription-polymerase chain reactions 

(RT-PCRs) using Reverse Transcription System (Promega: Madison WI, USA), and the RT-PCR 

products were semi-quantified using 2% argrose gel (TaKaRa: Tokyo, Japan) and Tanon Gel Image 

System (GIS-2009, Tanon: Shanghai, China). Furthermore, the quantitative detection of the TEF-1δ 

mRNA was performed with fluorogenic quantitative PCR (FQ-PCR) using real-time PCR master mix kit 

(Da’an Co.: Guangzhou, China) in the PE 7000 Sequence Detection System (ABI PRISM: Foster City, 

CA, USA) using β-actin as internal standard. The primers used in RT-PCR and FQ-PCR were listed in 

Table 1. For the TEF-1δ analysis with FQ-PCR assay, amplification cycle was programmed as: 42 °C for 

10 min, 93 °C for 2 min, and 40 cycles of 93 °C for 45 s and 55 °C for 45 s. The standard preparation, 

negative control, and target samples were all tested in triplicates. For relative quantification,  

the expression levels of target genes were automatically calculated according to standard gradient 

template curve. 

Table 1. Sequences of primers for TEF-1δ used in RT-PCR and FQ-PCR detection. 

Primer Sequence Length 

RT-PCR   
Forward 5'-ACC AGC AGA GGA CGA TGA-3' 227 bp 
Reverse 5'-AAT TGG ATG GAA CGC ACA-3'  

FQ-PCR   
Forward 5'-GGAGCGGCTACGGCAGTAC-3' 90 bp 
Reverse 5'-TCCCAAGGCTTGACATCCA-3'  
Probe 5'-CACTGGTGGCCAAGTCCTCCATCCTAMARA-3'  

2.4. Statistical Analysis 

All the experiments in this study were repeated three times. The experimental data were shown as 

mean ± standard error (SE) ( x  ± SE). The data is changed into normal distribution with logarithm if 

the original data is positive skewness distribution. Data is firstly tested for homogeneity of variance. 

Analysis of variance, Student-Newman-Keulsa, and Pearson’s correlation will be used if the variance is 

homogenous. Kruskal-Wallis, Games-Howell test, as well as spearman’s correlation analysis will be 
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used if the data is not homogenous. All the analyses were carried out using the SPSS17.0 software  

(SPSS Inc.: Chicago, IL, USA). Values less than 0.05 were considered to be statistically significant. 

3. Results 

3.1. Elevated Weight Coefficient in Cadmium-Exposed Rats 

Rats were divided to 4 groups and treated with CdCl2 at different concentrations (high dose 1.225, 

mid-dose 0.612 and low does 0.306 mg/kg body weight, respectively) or with 0.9% NaCl as control. No 

weight difference was found between the cadmium-exposed rats and control rats, suggesting that 

cadmium exposure did not affect the growth and the weight of rats. However, a dose-dependent 

elevation of the weight coefficient (organ/body weight ratio) was observed in the liver, kidney, heart and 

lung in cadmium-exposed rats compared to control rats (p < 0.05) (Table 2), suggesting the toxicity of 

cadmium to the above organs. 

Table 2. Examination of weight coefficients (organ/body weight ratios). 

Groups Liver (%) Kidney (%) Heart (%) Lung (%) 

High dose 5.368 ± 0.203 *,# 0.921 ± 0.023 *,# 0.428 ± 0.015 * 0.625 ± 0.018 *,# 
Mid-dose 4.721 ± 0.181 * 0.898 ± 0.028 * 0.414 ± 0.012 * 0.576 ± 0.014 * 
Low dose 4.542 ± 0.154 *,Δ 0.828 ± 0.020 *,Δ 0.397 ± 0.011 * 0.529 ± 0.016 *,Δ 
Control 3.950 ± 0.127 #,Δ 0.706 ± 0.015 #,Δ 0.349 ± 0.008 #,Δ 0.457 ± 0.014 #,Δ 

All the data were shown as x  ± SE. * p < 0.05 compared to corresponding control group; # P < 0.05 compared 

to corresponding low exposure group. Δ p < 0.05 compared to corresponding high exposure group. 

3.2. Accumulation of Cadmium in the Blood, Urine and Multiple Organs 

The cadmium concentration was increased in the blood, urine, liver, kidney, heart and lung of the 

cadmium-exposed rats (Tables 3 and 4) compared to the control group (p < 0.05). Among the treated 

rats, a dose dependent increase of cadmium levels was observed (p < 0.05). Importantly, the cadmium 

levels in the liver and kidney were significant higher than that in heart and lung, suggesting that liver and 

kidney are two major target organs of cadmium toxicity.  

Table 3. Examination of cadmium levels in blood and urine. 

Groups Blood (μg/L) Urine (μg/L.Cr) 

High dose 313.25 ± 28.81 *,# 38.31 ± 3.78 *,# 
Mid-dose 210.72 ± 11.64 *,#,Δ 17.95 ± 1.50 *,#,Δ 
Low dose 128.63 ± 8.71 *,Δ 6.49 ± 0.53 *,Δ 
Control 0.50 ± 0.04 #,Δ 0.65 ± 0.06 #,Δ 

All the data were shown as x ± SE. * P < 0.05 compared to corresponding control group. # P < 0.05 compared 

to corresponding low exposure group. Δ P < 0.05 compared to corresponding high exposure group. 
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Table 4. Examination of cadmium levels in organs. 

Groups Liver (μg/g) Kidney (μg/g) Heart (μg/g) Lung (μg/g) 

High dose 133.79 ± 44.36 *,# 141.34 ± 30.87 *,# 5.51 ± 1.66 *,# 3.52 ± 1.48 *,# 
Mid-dose 66.99 ± 30.26 *,#,Δ 70.02 ± 16.12 *,#,Δ 2.30 ± 0.87 *,#Δ 1.94 ± 0.42 *,#,Δ 
Low dose 39.15 ± 16.95 *,Δ 42.29 ± 14.03 *,Δ 1.02 ± 0.31 *,Δ 1.36 ± 0.54 *,Δ 
Control 0.04 ± 0.00 #,Δ 0.22 ± 0.02 #,Δ 0.11 ± 0.02 #,Δ 0.20 ± 0.02 #,Δ 

All the data were shown as x  ± SE. * p < 0.05 compared to corresponding control group. # P < 0.05 compared 

to corresponding low exposure group. Δ p < 0.05 compared to corresponding high exposure group. 

3.3. Liver and Renal Injury in Cadmium-Exposed Rats 

Serum ALT and AST levels were used as liver function indicators and a dose-dependent elevation 

was observed in the cadmium-exposed rats (p < 0.05) (Figure 1A,B). In addition, BUN, SCR and 24hPro 

were used as the renal function biochemical indicators and a dose-dependent increase was also observed 

(p < 0.05) (Figure 1C–E). 

Figure 1. Serum alanine aminotransferase (A), aspartate aminotransferase (B), serum 

creatinine (C), blood urea nitrogen (D) and 24-h urine protein (E) levels are elevated in rat 

exposed to cadmium for 14 weeks. Rats were divided into four groups and treated with 

CdCl2 at three different concentrations (high dose 1.225, mid-dose 0.612 and low does  

0.306 mg/kg body weight, respectively) or with 0.9% NaCl as the control. ALT, serum 

alanine aminotransferase. AST, aspartate aminotransferase. BUN, blood urea nitrogen. SCR, 

serum creatinine. 24hPro, 24-h urine protein. All the data were shown as x  ± SE. * means  

p < 0.05 compared to corresponding control group. # means p < 0.05 compared to 

corresponding low exposure group. Δ means p < 0.05 compared to corresponding high 

exposure group (Analysis of variance and Student-Newman -Keuls, or Kruskal-Wallis and 

Games-Howell test). 

(A) (B) 
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Figure 1. Cont. 

(C) (D) 

(E) 

3.4. Pathological Changes of Organ Toxicity from Cadmium Exposure 

The histological features of liver, kidney, heart and lung in cadmium exposed rats were examined 

and obvious pathological changes were found in all the organs at different levels, and the changed 

features were much more obvious in rats exposed with higher cadmium concentration (Figure 2A–C in 

liver, D–F in kidney, G–I in heart and J–L in lung). Liver damages included indistinct lobular 

architecture, disappeared liver cord, large areas of hemorrhage, extensive liver cell degeneration such as 

balloon-like degeneration, liver cell shrinkage, fragmentation and cell disintegration, fusion cells and 

inflammatory cell infiltration (Figure 2A–C). Renal damages included tubular (mainly proximal tubule) 

cell swelling, vacuolar degeneration, nuclear pyknosis, necrosis and luminal atrophy interstitial 

inflammatory infiltration (Figure 2E). Renal tubular cell swelling, disappeared epithelial cell structure, 

necrosis, exfoliation to the lumen blockage, a small canal stenosis, glomerular structural disorder, red 

blood cells outside the plaza, and a wide range of renal interstitial congestion were identified (Figure 2F). 

Heart tissue damage included cloudy swelling of myocardial fibers, nuclear condensation, 

fragmentation, cell disintegration, stripes disappear, the gap widened, uneven coloring, interstitial 

congestion, with scattered necrotic foci (Figure 2H,I). Lung tissue damage included pulmonary 

interstitial widening, interstitial fibrosis, alveolar septal rupture, rupture of alveolar fusion, a large 

number of alveolar collapse and the degree of heterogeneity, interstitial lung congestion, showing 

interstitial inflammatory cell infiltration in the lung (Figure 2K). Swelling of the tracheal mucosa, 

columnar epithelial degeneration, loss of incomplete removal, and a large number of lymphocyte 

infiltration were found (Figure 2L). In addition, no obvious difference was found between male rats and 

female rats. 
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Figure 2. Representative pathological changes (HE staining, ×400) of liver (A–C), kidney 

(D–F), heart (G–I) and lung (J–L) in rats from the control group (A,D,G,J), the low 

cadmium exposure group (B,E,H,K) and the high cadmium exposure group (C,F,I,L). 

 

3.5. TEF-1δ Is Elevated in Cadmium-Exposed Rats 

A dose-dependent increase of the TEF-1δ mRNA expression levels was indicated in blood and all 

the measured organs (liver, kidney, heart and lung) in all cadmium exposed groups (p < 0.05)  

(Figure 3A,B). The increased expression of TEF-1δ in cadmium-exposed rats was further confirmed by 

FQ-PCR. As shown in Table 5, significant up-regulated TEF-1δ mRNA levels were found in all the 

detected organs in cadmium-exposed rats. Additionally, an obvious cadmium dose-dependent increase 

of the TEF-1δ expression level was observed in all tested organs among different cadmium-exposed rats 

(p < 0.05). 
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Figure 3. Representative results (A) and semi-quantitative analysis (B) of TEF-1δ mRNA 

expression in the blood and major organs of cadmium-exposed rats using RT-PCR assay.  

 
(A) 

 
(B) 

Table 5. Quantitative analysis of TEF-1δ mRNA expression (relative to β-actin) in 

cadmium-exposed rats by FQ-PCR detection. 

Groups Blood Liver Kidney Heart Lung 

High dose 152.87 ± 121.87 *,# 3.00 ± 2.70 *,# 1.27 ± 0.70 *,# 1.00 ± 0.44 *,# 0.82 ± 0.27 *,# 
Mid-dose 27.80 ± 7.283 *,#,Δ 0.50 ± 0.31 *,#,Δ 0.43 ± 0.23 *,#,Δ 0.40 ± 0.18 *,Δ 0.40 ± 0.13 *,#,Δ

Low dose 16.50 ± 3.393 *,Δ 0.14 ± 0.03 *,Δ 0.13 ± 0.08 *,Δ 0.24 ± 0.08 *,Δ 0.24 ± 0.05 *,Δ 
Control 6.49 ± 3.357 #,Δ 0.04 ± 0.02 #,Δ 0.01 ± 0.01 #,Δ 0.08 ± 0.04 #,Δ 0.10 ± 0.06 #,Δ 

Rats were divided to 4 groups and treated with CdCl2 at different concentrations (high dose 1.225, mid-dose 

0.612 and low does 0.306 mg/kg body weight, respectively) or with 0.9% NaCl as control. The quantitative 

analysis of TEF-1δ mRNA expression in cadmium-exposed rats was detected by fluorogenic quantitative PCR 

(FQ-PCR) and the mRNA expression levels were calculated relative to β-actin. All the data were shown as  

x  ± SE. *, p < 0.05 compared to corresponding control group. # p < 0.05 compared to corresponding low 

exposure group. Δ p < 0.05 compared to corresponding high exposure group. (Analysis of variance and 

Student-Newman -Keuls, or Kruskal-Wallis and Games-Howell test). 
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3.6. TEF-1δ Expression Is Correlated with Cadmium Exposure and Toxicity 

As shown in Figure 4, a positive correlation of the blood TEF-1δ expression level was observed with 

the cadmium levels in blood, urine, liver, kidney, heart and lung (p < 0.01), liver function indicators 

(ALT and AST) and renal function indicators (SCR, BUN and 24hPro) (p < 0.01) (Figures 5 and 6). All 

these results strongly indicated that the blood TEF-1δ level can reflect the cadmium level in the blood, 

urine and other major organs, as well as the toxicities to these organs. 

Figure 4. Correlation analysis between the blood TEF-1δ expression and cadmium levels in 

blood (A), urine (B), liver (C), kidney (D), heart (E) and lung (F) from cadmium-exposed 

rats. Blood TEF-1δ mRNA expression was calculated by the ratio of its expression to that of 

β-actin. The urinary cadmium level was normalized by creatinine (μg/L.Cr). The data were 

changed into normal distribution with logarithm, and the linear relationship was analyzed 

by Pearson or spearman’s correlation. Blood TEF-1δ expression level showed positively 

correlation to blood cadmium (r = 0.711, p < 0.01), urine cadmium (r = 0.631, p < 0.01), liver 

cadmium (r = 0.610, p < 0.01), renal cadmium (r = 0.598, p < 0.01), heart cadmium (r = 0.527, 

p < 0.01) and lung cadmium (r = 0.633, p < 0.01). 

(A) (B) 

(C) (D) 
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Figure 4. Cont. 

(E) (F) 

Figure 5. Correlation analysis between the blood TEF-1δ expression and ALT (A), AST 

(B), SCR (C), BUN (D) and 24hPro (E) levels in cadmium-exposed rats. Blood TEF-1δ 

expression level showed positively correlation to ALT (r = 0.663, P < 0.01), AST (r = 0.590,  

P < 0.01), SCR (r = 0.648, P < 0.01), BUN (r = 0.583, P < 0.01) and 24hPro (r = 0.543, P < 0.01). 

ALT, serum alanine aminotransferase. AST, aspartate aminotransferase. BUN, blood urea 

nitrogen. SCR, serum creatinine. 24hPro, 24-h urine protein. 

(A) (B) 

(C) (D) 
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Figure 5. Cont. 

(E) 

Figure 6. Pearson or spearman’s correlation analysis of TEF-1δ expression levels between 

the blood and liver (A), kidney (B), heart (C) and lung (D) in cadmium-exposed rats. Blood 

TEF-1δ expression level showed positively correlation to the TEF-1δ levels in liver  

(r = 0.639, p < 0.01), kidney (r = 0.609, p < 0.01), heart (r = 0.651, p < 0.01) and lung  

(r = 0.628, p < 0.01). 

(A) (B) 

(C) (D) 

4. Discussion 

Many cellular and molecular events are involved in the toxic effects of chemical carcinogens in the 

body [20,21]. It is well recognized that abnormal expression of eukaryotic translation factors facilitates 

the malignant transformation of primary cells and promotes carcinogenesis [22–24]. Accumulating 

evidences have demonstrated the important roles of the over-expression of translation factors in many 

kinds of cancers from pancreas, colon, breast, lung and prostate [25–29]. Our previous study has 
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identified a novel mouse cadmium-responsive proto-oncogene TEF-1δ [18,19]. Recently, the abnormal 

TEF-1δ expression was reported to be involved in the cadmium-induced malignant transformation of 

human bronchial epithelial cells [20]. The present study further demonstrated that TEF-1δ could be a 

potential biomarker for cadmium exposure. 

The animal model of sub-chronic cadmium exposure we used in this study was developed by 

continuous intra-peritoneal injection of the CdCl2 solution for 14 weeks. The evaluation of the cadmium 

toxicity included weight coefficient, histo-pathological examination and liver and renal function 

indicators (ALT, AST, SCR, BUN and 24hPro) analysis. The accumulation of heavy metal is a widely 

used indicator of its toxicity. The metal levels in blood reflect recent exposures, and the levels of metal in 

urine reflect body burden from longer term exposure, while levels in tissues reflect the metal 

accumulation and organ damage [30–32]. This study found a significant accumulation of cadmium in 

blood, urine and major organs (liver, kidney, heart and lung) in cadmium-exposed rats. The cadmium 

levels in kidney and liver were much higher than that in heart and lung, suggesting that the former 

organs are the most major target organs of cadmium, which is consistent with the epidemiological 

observation [33–36]. Weight coefficient (organ/body weight ratio) is a sensitive, effective and economic 

indicator of the toxicology, and it is also important in the identification of target organ of  

toxicant [37,38]. Here we found that the weight coefficients of liver, kidney, heart and lung in 

cadmium-exposed rats were significant higher than that in control rats, further supporting the toxicity of 

cadmium to these organs. 

Some carcinogens induce organ toxicity by regulating enzyme activities. ALT and AST are sensitive 

indicators of liver damage [37,39]. Our study found that the ALT and AST levels were significant 

increased after cadmium-exposure, indicating that cadmium could induce serious liver damage, which 

was further confirmed by histo-pathological examination. Previous work has showed that kidney was 

one of the major target organs of cadmium [40–42]. In the kidney from cadmium-exposed rats, we found 

renal proximal tubule cell swelling, vacuolar degeneration, nuclear psychosis, necrosis and atrophy 

lumen, as well as the elevation of SCR, BUN and 24hPro, suggesting that cadmium induced heavy renal 

injury. Additionally, we observed a significant pathological change in lung and heart. Lung damages 

include septal thickening, inflammatory cell infiltration, fibrosis, alveolar septal rupture, alveolar 

rupture and fusion, alveolar collapse, interstitial lung congestion and airway columnar epithelial 

degeneration. Heart damages include muscle fibers cloudy swelling, nuclear condensation and 

fragmentation, cell disintegration, stripes disappear, widened gap, interstitial congestion and scattered 

necrosis. Interestingly, less has been previously reported regarding the heart damage in environmental 

cadmium exposure. Our data has identified that the heart might also be an important target organ of 

cadmium toxicity. 

Translation elongation factors (TEFs) constitute a group of nucleotide exchange proteins that are 

required for the elongation step of translation. TEFs also have non-canonical functions unrelated to 

protein synthesis [43]. Increasing evidence has shown that translation factors participated in the control 

of cell proliferation, suggesting that these factors may serve as therapeutic targets for cancer [44,45]. It 

has been shown that increased expression of TEF1A1 and TEF1A2 proteins were associated with 

increased cell proliferation, oncogenic transformation, and delayed cell senescence [46,47]. It is well 

established that cadmium exerts multiple toxicities by affecting cell proliferation, differentiation, 

apoptosis and other cellular activities through modulation of gene expression by activation of 
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transcription and translation factors [30,48–50]. Our previous work also demonstrated that the DNA 

repair genes’ epigenetic mechanisms responsible for carcinogens are due to cadmium [51]. In the present 

study, the blood level of TEF-1δ in cadmium-induced rats showed very well positive correlation to the 

cadmium levels in major organs and the damage degree of these organs, suggesting that blood TEF-1δ can 

reflect the accumulation of cadmium in major organs and the organ damage. TEF-1δ expression level in 

blood is useful in predicting the cadmium-induced toxicity. Taken together, our study firstly identified 

that blood TEF-1δ is a novel valuable biomarker of cadmium exposure and organ toxicity of cadmium. It 

may be a significant biomarker for field investigations and risk assessment for humans, which are exposed 

to occupational and environmental cadmium. 
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