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【Abstract】 Objective: This study was aimed to investigate the influence of lead pollution of S River on the serum 
VEGF (vascular endothelial growth factor) and TGF-β1 (transforming growth factor-β1) levels in residents of high 
cancer incidence areas. Methods: Contaminated and control area were chosen from villages less than 5km and more 
than 20km away from the S river respectively, which have similar population composition and economy condition. 
The concentrations of lead in drinking water, soil, grain and vegetables samples from two areas were measured 
respectively by flame atomic absorption spectrometry. A total of 796 residents aged from 30 to 60 years old were 
collected and divided into 4 groups including contaminated high-risk group, contaminated normal group, control 
high-risk group and control normal group via questionnaire. Serum lead levels were detected by cyclic voltammetry 
method. Serum VEGF and TGF-β1 levels were measured by Elias. Results: The lead levels in drinking water, soil, 
vegetables and grain samples of contaminated area were higher significantly than those of control area respectively 
(P<0.05). The serum lead mean level of residents in contaminated area (115.82μg/L) was higher than those in 
control area (89.24μg/L) significantly (P<0.05). Serum VEGF and TGF-β1 levels of contaminated high-risk group 
were both higher than those of other three groups significantly (P<0.05). The serum VEGF and TGF-β1 levels in 4 
group had obvious positive correlation (r=0.79, P<0.001). Serum VEGF and TGF-β1 levels varied between groups 
with different serum lead levels significantly. Serum VEGF and TGF-β1 levels were decreasing along with the 
increasing of serum lead levels when the serum lead concentration was lower than about 100μg/L, while when the 
serum lead concentration was higher than 110μg/L, serum VEGF and TGF-β1 levels were significantly increasing 
(P<0.05). Conclusion: The lead pollution of S river increases the lead exposure that may have relationship with the 
increasing of serum VEGF and TGF-β1 levels in residents of contaminated area with high mortality of tumor.  
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1. Introduction 

The S River is the largest branch of Huaihe River 
which is the third largest river in China. The pollution 
of Huaihe River has been reported because of the 
discharging of domestic sewage, industrial waste 
residue, and the over using of chemical fertilizer and 
pesticides in agriculture. The water quality of S River 

has been classified as Class Ⅴ  of surface water 
quality standards of China (Gao, 2010). Our previous 
study also proved that the mortality of liver cancer, 
rectal cancer, pancreatic cancer and lung cancer in S 
River contaminated area was significantly higher than 
that in control area (Li, 2011). In many environmental 
carcinogenic factors, lead and lead inorganic 
compounds have been classified by IARC (2012) as 2B 
and 2A. Exposure to lead is a possible or probably risk 

factor of cancer. The average concentration of lead in 
the sediment of main stream of Huaihe River was 29.g 
mg/kg (17.3~72.8 mg/kg) and 1.18 times of the average 
concentration of river sediment in China (Luo, 2010). 
However, the lead pollution of S river and surrounding 
residents’ exposure to lead haven’t been investigated.   

Vascular endothelial growth factor (VEGF) is vital in 
the angiogenic process of human 
malignancies( Koukourakis, 2004). Transforming 
growth factor β (TGF-β) is secreted abundantly by 
tumor cells and the local microenvironment, which 
promotes invasion and metastases of various tumors. 
TGF-β signaling blockade has proved to be efficient at 
preventing the development of a variety of tumor types 
(Delphine, 2011; Feltl, 2005). Both VEGF and TGF-β 
are important factors in forming of cancer. However, 
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most previous reports of VEGF and TGF-β focus on 
clinical cancer cases and data from population of health 
or premalignant condition is rare. The present study is 
planned to investigate the influence of lead exposure on 
the serum VEGF and TGF-β1 levels in residents of 
high cancer incidence areas, which may give clue to the 
further research of early diagnostic biomarkers for 
tumors.  
2. Materials and methods 
Location 

S country with S river flowing through was chosen 
as the survey scene. The contamination area and 
control area were selected randomly from the villages 
that less than 5 km and more than 20 km away from S 
river. Two villages were chosen by cluster sampling 
from the contaminated and control area respectively 
and the two villages have similar living habits, 
economic level, natural condition, demographic 
composition and so on. Details of the location can be 
found in Li Ping et al (Li, 2011).  
Subjects 

All villagers aged from 30 to 60 years old in 
contaminated area and control area were recruited. 
According to high-risk factors such as family history of 
cancer, history of digestive system diseases, obvious 
gastrointestinal symptoms and smoking or drinking 
habit, subjects were divided into four groups, 
contaminated high-risk group, contaminated normal 
group, control high-risk group and control normal 
group. Each study subject was drawled 10ml fasting 
blood and the blood samples were centrifuged to 

separate serum and stored at -80℃ for use. 
Questionnaire 

The contents of the questionnaire includes general 
conditions, vocation and living behaviors, types of 
drinking water, fuel, dietary structure, subjective 
symptoms within two weeks and in recent six months 
illness, medical diagnosis and physical examination. 
Questionnaire was conducted as face to face interview 
survey by investigators who had been trained 
uniformly. 
Detection of lead concentration in environmental 
samples 

Three river sections of S river, named as section 1, 
section 2, and section 3, were selected to collect the 
water samples as well as sludge samples in wet and dry 
season respectively. Samples of drinking water, soil, 
grain and vegetable were collected from five positions, 
east, south, west, north and central location of two 
villages chosen by cluster sampling from the 
contaminated and control area respectively. At each 
position, three samples were collected. The lead 
concentration was detected by direct absorption flame 
atomic absorption spectrometry. The each detection 
was parallel measured by two times and then calculated 
the average value.  

Measurement of serum lead, VEGF and TGF-β1 
levels 

After the Information Consent Form (ICF) was 
signed by all study subjects, 10ml fasting venous blood 
samples were collected and keeping still for 30 min, 
and then were centrifuged to separate the serum and 
stored at -80℃ for use. The serum lead concentration 
was measured by cyclic voltammetry (Switzerland Wan 
Tong Co., Ltd China). The serum VEGF and TGF-β1 
levels were measured by ELISA reagent kits purchased 
from Shanghai Yuan Valley Technology Development 
Co., Ltd. (China) and all measurement steps followed 
the kits’ instruction. 
Statistical analyses 

The questionnaire data was double entered into the 
database which was established by using Epidata 3.0 
software (Epidata 3.0 for windows, Epidata Association 
Odense, Denmark) by different two people. The SPSS 
12.0 software (SPSS Inc. 2003) was used to compare 
the lead mean concentrations in drinking water, 
vegetable and grain samples from contaminated and 
control areas by two independent sample t test. The 
SNK test of One-way Analysis Of Variance (ANOVA) 
was used to analyze the serum levels of lead, VEGF 
and TGF-β1 in 4 groups. Spearman's Rank Correlation 
Analysis was used to identify the correlation between 
VEGF and TGF-β1. The significant level is set at 0.05 
(α = 0.05). 
3. Results 
3.1 Lead concentrations in environmental samples 

The lead concentrations in river water samples and 
sludge samples taken from three river sections 
respectively were not significantly different shown in 
Table 1. A Total of 120 environmental samples were 
collected from the contaminated and control areas 
respectively. Of each kind of environmental samples, 
such as drinking water, soil, grain and vegetable 
samples, 15 samples were archived respectively in 
contaminated area and control area. Lead 
concentrations in drink water, soil, grain and vegetable 
samples of contaminated area were all higher 
significantly than those of control area (P < 0.05) as 
shown in Table 2.  
3.2 Serum lead, VEGF and TGF-β1 concentrations  

796 villagers aged from 30 to 60 years old in 
contaminated area and control area were recruited and 
divided into 4 groups. The serum mean level of lead in 
residents of contaminated area was 115.82μg/L, which 
was higher significantly than that of control area, 
89.24μg/L (P<0.05). In detail, the serum lead level of 
contaminated high-risk group, contaminated normal 
group, and control high-risk group were respectively 
higher than those of control normal group significantly 
(P<0.05) as shown in Table 3. Serum VEGF and 
TGF-β1 levels of contaminated high-risk group were 
higher significantly than those of control normal group, 
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contaminated normal group, and control high-risk 
group (P<0.05). Serum VEGF and TGF-β1 levels of 
contaminated normal group and control high-risk 

group were all higher significantly than those of 
control normal group (P<0.05).  

 
Table 1. Lead concentration in water and sludge samples of S river in wet and dry season 

Groups No. Section 1 

( sx  ) 
Section 2 

( sx  ) 
Section 3 

( sx  ) 

F P 

water samples (μg/L) 27 75.30±11.49 54.30±5.49 74.00±13.35 3.662 0.091 
sludge samples ( mg/kg) 27 132.27±34.70 143.54±52.43 171.55±22.50 1.651 0.225 
 
Table 2. Comparison of lead concentrations in drink water, soil, grain and vegetable samples between 
contaminated and control area 

Groups 
Contaminated Area Control Area 

t P 
No. Lead ( sx  ) No. Lead ( sx  ) 

Drinking Water (μg/L) 15 17.20 8.31 15 7.20  1.20 2.663 0.029 

Soil (mg/kg) 15 184.80 97.10 15 68.01 52.28 -2.300 0.023 
Grain (mg/kg) 15 0.33  0.16 15 0.18  0.11 -3.001 0.005 

Vegetable (mg/kg) 15 0.08  0.03 15 0.06  0.02 -2.117 0.037 

 
 

Table 3. Comparison of serum lead, VEGF and TGF-β1 levels in 4 groups 

Groups No. 
Lead ( sx  ) 
（μg/L） 

VEGF( sx  ) 
(ng/ml) 

TGF-β1( sx  ) 
(ng/ml) 

Contaminated high-risk group 201 117.40±3.87a# 1255.69±59.85a#* 907.46±35.99a#* 
Contaminated normal group 193 111.10±4.62a 789.12±44.57 a 386.33±50.18a 
Control high-risk group 202 100.83±3.27a 792.87±70.15 a 756.09±60.91a 
Control normal group 200 86.97±1.89 486.76±39.00 269.76±17.62 
Note: ‘a’ compared with control normal group, P <0.05; ‘#’ compared with control high-risk group, P <0.05; ‘*’ 
compared with contaminated normal group, P <0.05. 
 
3.4 Relationship of serum VEGF and TGF-β1 concentrations in groups with different serum lead levels 

Based on the serum lead concentration, all research objects were divided into 5 groups with <70, 70~, 90~, 110~ 

and ≧130μg/L lead level in serum respectively. The serum VEGF and TGF-β1 levels varied significantly in the 5 
groups as shown in Table 4 and Figure 1. After the correlation analysis, it was proved that serum VEGF and TGF-β1 
concentrations had positive correlation as the correlation coefficients was 0.796 (r=0.796, P<0.001).  

 
Table 4. Serum VEGF and TGF-β1 concentration ( ng/ml ) in groups with different serum lead concentration  
Groups based on the serum lead concentration

（μg/L） 
No. VEGF ( sx  ) TGF-β1 ( sx  ) r P 

﹤70 157 940.11±59.42 636.44±43.62 

0.796 <0.001 

70～ 118 797.63±62.37 543.74±47.50 

90～ 168 474.45±44.89# 286.32±20.91# 

110～ 255 779.23±54.92@ 554.51±39.20@ 

≧130 98 1292.36±84.76*$ 901.15±75.13*$ 

F  34.865 52.386 
P  ﹤0.001 ﹤0.001 

Note: '*' compared with "<70" group, P<0.05; '#' compared with "70~" group, P <0.05; '@' compared with "90" 
group, P <0.05; '$' compared with "110~" group, P <0.05. 
 
4. Discussion 
The lead pollution of S river and residents’ 
exposure to lead  

The heavy metal pollution of Huaihe River has been 

reported and now the lead pollution of S River, the 
largest branch of Huaihe River, was observed as shown 
in Table 1-2. The lead concentrations of river water and 

sediments samples exceeded the class Ⅲ  and Ⅳ 
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standard ( 0.05 mg/L ) of Surface Water Environmental 
Quality Standard of China ( GB 3838- 2002). No 
difference of the lead concentration among the samples 
from three river sections indicated the extent of 
pollution and the loss of the river’s self-purification. 
The lead concentrations in drinking water, soil, grain 
and vegetable samples higher significantly in 
contaminated area than those in control area suggested 
the expansion of the lead pollution. It has been reported 
that the polluted river water filtered through the soil 
and soaked into the drinking water source(Charry, 2008; 
Tang, 2012). Then absorbed by plants, lead and 
inorganic lead compounds can be transferred from soil 
and water into grain and vegetable(Sharma, 2008; 
Muchuweti, 2006). There are several way by which 
residents living in contaminated area exposed to 
exceeded lead, such as intake of drinking water, food 
and other possible routes(Jan, 2010; Jan, 2011) In fact, 
the serum lead concentration of residents in 
contaminated area, 5 km away from S river, was 
significantly higher than that in control area as shown 
in Table 3. The exposure to exceeded lead may be 
related to the high incidence of cancer in the 
contaminated area as described in previous study (Li, 
2011). 

 
Figure 1. Serum VEGF and TGF-β1 concentration 
( ng/ml ) varied in groups with different serum lead 
concentration 
 
Serum VEGF and TGF-β1 concentrations 
increased in contaminated area 

The serum VEGF and TGF-β1 levels were compared 
between contaminated area and control area to 
investigate the possible relation between lead pollution 
and cancer forming. High-risk group was designed in 
consideration of the confounding of other humor 
high-risk factors such as smoking, drinking and so on 
(Valavanidis, 2009). As observed in Table 3, the 
contamination factor only or high-risk factors only 
increased serum VEGF and TGF-β1 levels, which 
implied that pollutants including lead or high-risk 
factors had influence on forming of cancer, since serum 
VEGF and TGF-β1 levels of contaminated normal 
group and control high-risk group were all higher 
significantly than those of control normal group 

(P<0.05). Besides, comparison results suggested that 
pollution and high-risk factors may have synergistic 
action (Hines, 2010) in the process of cancer forming 
because serum VEGF and TGF-β1 levels of 
contaminated high-risk group were higher significantly 
than those of contaminated normal group, and control 
high-risk group (P<0.05). So the regular survey of 
residents with high-risk factors in contaminated area is 
necessary and valuable for their high cancer 
susceptibility.   
The extent of lead exposure influenced the serum 
VEGF and TGF-β1 levels 

Serum VEGF and TGF-β1 levels varied significantly 
in groups with different serum lead concentration. As 
shown in Table 4, when serum lead concentration 
increased from 70 μg/L, serum VEGF and TGF-β1 
levels descended and went to the minima significantly 
with serum lead concentration rising to about 100 (90~) 
μg/L. However, with serum lead concentration over 
110μg/L, serum VEGF and TGF-β1 levels promoted 
rapidly. They went to the significantly higher level with 
serum lead level of 130μg/L than those with serum lead 
level of 70μg/L. The normal value of serum lead 
concentration is 100μg/L in China, which is also the 
recommended level approved by WHO. The variation 
trend occurred in Figure 1 suggested that when serum 
lead level under or over the normal value, there may be 
two different toxic damage caused by increasing serum 
lead concentration. The secretion of VEGF and 
TGF-β1With may be inhibited by increasing serum 
lead concentration under the normal value. The 
hormesis (Martins, 2011; Calabrese, 2011) of initial 
increasing over the normal value of serum lead 
concentration may explain the recovery of serum 
VEGF and TGF-β1 levels before their significant 
increase. Further study is deserved to explore the 
complexity of different health damage and its 
mechanism with different extent of lead exposure. 

A good correlation of serum VEGF and TGF-β1 
levels was found in Figure 1, which was in accord with 
other study (Benkert, 2003). It could be explained by 
the interaction of VEGF and TGF-β1 in stimulating 
carcinogenic process. It gave an interesting clue to 
explore the tumor’s early detection, such as joint 
detection of serum VEGF and TGF-β1 with more 
persuasiveness than single item.  
 
Acknowledgement  

We thank the cooperation of the Center for Disease 
Control and Prevention of Shengqiu. This work was 
financially supported by National Major Projects of 
Water Issues in China (No. 2009ZX 07210-006-3-3). 
 
REFERENCES 
1. Gao HL, Li HT, Zhao FL. Spatial and temporal 

distribution of water pollution of Shaying River 



Life Science Journal 2013;10(2)                                http://www.lifesciencesite.com 

 

177 
 

( Henan section). Water Resources Protection, 
2010, 26(3): 23-26. 

2. Li P, Zhu JY, Ba Y, Li SQ, Cheng XM, Li H, Xue 
YT, Liu RC, Zuo QT, Cui LX. Helicobacter pylori 
infection and immune factors on residents in 
high-incidence areas of cancer along S River. Life 
Science Journal, 2011, 8(3): 500-504. 

3. Luo B, Liu L, Zhang JL, Tan FZ, Meng W, Zheng 
BH , Zhao XG, Zhang YS. Levels and distribution 
characteristics of heavy metals in sediments in 
main stream of Huaihe River. Journal of 
Environment and Health, 2010, 27(12): 
1122-1127. 

4. Koukourakis MI, Papazoglou D, Giatromanolaki 
A, Bouqioukas G, Maltezos E, Eivridis E. VEGF 
gene sequence variation defines VEGF gene 
expression status and angiogenic activity in 
non-small lung cancer. Lung Cancer. 2004, 46: 
293-298 

5. Delphine J, Vasileia I, Alexaki, Dennler S, 
Mohammad KS, Guise TA, Mauviel A. TGF-β/ 
SMAD/ GLI2 signaling axis in cancer progression 
and metastasis. Cancer Research, 2011, 71(17): 
5606-5610. 

6. Feltl D, Zavadova E, Pala M, Hozak. The 
dynamics of plasma transforming growth 
factor-β1 ( TGF-β1) level during radiotherapy 
with or without simultaneous chemotherpy in 
advanced head and neck cancer. Radiation 
Oncology, 2005, 41(2): 208-213.  

7. Charry NS, kamLa CT, Suman Raj DS. Assessing 
risk of heavy metals from consuming food grown 
on sewage irrigated soils and food chain transfer. 
Ecotoxicology and Environmental Safety, 2008, 
69(3): 513-524. 

8. Tang CY , Li AQ, Huang H, Cheng XM, Gao YL, 
Chen HY, Huang Q, Luo YX, Xue YT, Zuo QT, 
Cui LX. Effects of lead pollution in SY River on 
children’s intelligence. Life Science Journal, 2012, 
9(3): 458-464. 

9. Sharma RK, Agrawal M, Marshall FM. Heavy 
metals (Cu, Zn, Cd and Pb) contamination of 
vegetables in urban India: A case study in 
Varanasi. Environmental Pollution, 2008, 154(2): 
254-263.  

10. Muchuweti M, Birkett JW, Chinyanga E, Zvauya 
R, Scrimshaw MD, Lester JN. Heavy metal 

content of vegetables irrigated with mixtures of 
wastewater and sewage sludge in Zimbabwe: 
implications for human health. Agriculture 
Ecosystem and Environment, 2006, 112(1): 
41-48. 

11. Jan FA, Ishaq M, Khan S, Ihsanullah I, Ahmad I, 
Shakirullah M. A comparative study of human 
health risks via consumption of food crops grown 
on wastewater irrigated soil (Peshawar) and 
relatively clean water irrigated soil (lower Dir). 
Journal of Hazardous Materials, 2010, 179: 
612-621.  

12. Jan FA, Ishaq M, Khan S, Shakirullah M, Asim 
SM, Ahmad I, Mabood F. Bioaccumulation of 
metals in human blood in industrially 
contaminated area. Journal of Environmental 
Sciences, 2011, 23(12): 2069-2077. 

13. Chow WH, Dong LM, Devesa SS. Epidemiology 
and risk factors for kidney cancer. Nature reviews 
Urology, 2010, 7(5): 245-257.  

14. Valavanidis A, Vlachogianni T, Fiotakis K, 
Zvauya R, Scrimshaw MD, Lester JN. Tobacco 
smoke: involvement of reactive oxygen species 
and stable free radicals in mechanisms of 
oxidative damage, carcinogenesis and synergistic 
effects with other respirable particles. 
International Journal of Environmental Research 
and Public Health, 2009, 6(2): 442-446.  

15. Hines LM, Risendal B, Slattery ML, Baumgartner 
K, Giuliano A, Sweeney C, Rollison D, Byers T. 
Comparative analysis of breast cancer risk factors 
among Hispanic and non-Hispanic white women. 
Cancer, 2010, 116(13): 3215-3223. 

16. Martins I, Galluzzi L, Kroemer G. Hormesis, cell 
death and aging. Aging (Albany NY), 2011, 3(9): 
821-828. 

17. Calabrese EJ, Mattson MP. Hormesis provides a 
generalized quantitative estimate of biological 
plasticity. Journal of Cell Communication and 
Sigalling, 2011, 5(1): 25-38. 

18. Benkert C, Jonas S, Cramer T, Von MZ, Schafer G, 
Peters M, Waqner K, Radke C, Wiedenmann B, 
Neuhaus P, Hocker M, Rosewicz S. Transforming 
growth factor 1 stimulates endothelial growth 
factor gene transcription in human 
cholangiocelluar caicinoma cells. Cancer Reseach, 
2003, 63(5): 1083-1092. 

 
 
1/21/2013 


