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SUMMARY AND CONCLUSION

Heavy metal contamination in marine ecosystems is of global concern. Metals generally
enter the aquatic environment via atmospheric deposition, geological matrix erosion or due to
anthropogenic impacts caused by industrial effluents, domestic sewage, mining wastes, and
agricultural activities. It will be toxic to physiological and behaviora effects on the aquatic
biota which results in adverse effects on humans.

The contamination levels of the aguatic environment by heavy metals can be estimated by
analyzing water, sediments and marine organisms. The levels of heavy metals in mollusks and
other invertebrates are often considerably higher than in other constituents of marine
environment due to their habitat and their feeding habits. Compared to sediments, mollusks
exhibit greater spatial sensitivity and therefore, are the most reliable tool for identifying
sources of biologically available heavy metal contamination.

In this aspect mussels are used as test organisms for biomarker survey because they are
widely distributed geographically, sessile and resistant to a wide range of metal
concentrations. Among the most used biomarker for pollution in marine environment,
metall othioneins have been particularly useful as monitoring device, namely as a contaminant
specific biochemical indicator of metal exposure. Therefore, the primary purpose of the
present study was to obtain quantitative estimation of metallothionein concentrations in
mussels as a biomarker of exposure to heavy metals, to monitoring the pollution of Abu Qir
bay (El-Maadiya region).

The present results indicated that the studied area was contaminated with some heavy
metals as cadmium, lead, copper, chromium, and zinc. Meanwhile, the present study proved
the presence of measurable amounts of metallothionein in mussels collected from the studied
area.

Living around polluted areas is one of the most common sources of exposure to
environmental toxicants. Of these toxicants, heavy metals are widely used in foundries,
mining, and manufacturing industries. Once heavy metals accumulate in the ecosystem
components; such as air, soil, and water the risk of human exposure increases among
industrial workers, as well as, the people who live near polluted areas.

Abu Qir Bay is a shallow semi-circular tideless basin east of Alexandria. The bay is
adjacent to one of the most populous, most industrialized and most commercialized coastal
metropolitan areas in Egypt. Residents of El Maadiya region face immediate environmental
impact of heavy metals pollution. Therefore, the second purpose of the present study was
conducted to study the risk assessment of the environmental pollution in Abu Qir bay on
human health through the determination of some metals in blood of all studied subjects,
metallothionein and the detection of oxidative stress through the estimation of
malondialdehyde (MDA), glutathione content (GSH), glutathione peroxidase (GPx),
superoxide dismutase (SOD) and catalase (CAT), and their impact on the gene expression of
insulin-like growth factor 2 (IGF-2).

The present study was conducted on 50 subjects, was divided to two groups. group |
contain 10 control subjects and group Il comprised of 40 fishermen.
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The results of the current study proved the presence of high concentrations of some heavy
metals as cadmium, chromium, lead, copper and Zinc in the blood of fishermen group,
associated with striking significant high levels of metallothionein in their erythrocytes.

Metallothionein (MT) is thought to be involved in homeostasis of the essential metals,
copper, and zinc, as it is the maor zinc and copper binding protein in many tissues, and there
isaclose relationship between tissue MT and zinc content.

MT may be acting as a sensor of the localized intracellular redox balance and may itself
influence redox balance through GSH and the known antioxidant properties of zinc. Over
expression of metallothionein reduces the sensitivity of cells and tissues to free radical
damage and metallothionein genes are transcriptionally activated in cells and tissues in
response to oxidative stress.

Metals are small entities when compared to organic materials and their reactions with
living matter, are seemingly simple to evaluate. However, the picture emerging today shows a
very complex pattern of metal interactions with cellular macromolecules, metabolic and
signal transduction pathways and genetic processes. A special feature of metal biology is the
fact that even metals that are essential for the sustainment of life (such as iron and copper)
may become toxic depending on the oxidation state, complex form, dose and mode of
exposure.

Therefore, the current results elucidated that fishermen group exposed to various types of
heavy metals which evident by the presence of cadmium, chromium, copper, lead and zinc in
their blood which generated a sever oxidative stress which manifested by the presence of
highly levels of malondialdehyde, accompanied by severe decrease in the antioxidant defense
in their blood i.e. decrease in the glutathione content and decrease in the antioxidant enzymes
activities of glutathione peroxidase and catalase.

The induction of oxidative stress is an attractive hypothesis to explain mutagenic and
carcinogenic effects of metals. They have been shown to induce the formation of reactive
oxygen and nitrogen species in vivo and in vitro in mammalian cells. Frequently the
formation of hydroxyl radicals, most probably by Fenton-and Haber-Weiss-type reactions,
has been detected. These radicals are known to cause oxidative damage to lipids, proteins and
DNA.

Besides generating DNA damage directly, reactive oxygen species at low concentrations
function as mitogenic signals and activate redox-sensitive transcription factors. Hence,
oxidative stress may not only initiate tumor development by mutagenesis but also deregulate
cell growth and promote tumor growth depending on extent and time of interference.

Metals modulate gene expression by interfering with signa transduction pathways that
play important roles in cell growth and development. The underlying mechanism involves
formation of the superoxide radical, hydroxyl radical, and finally the production of mutagenic
and carcinogenic malondialdehyde, 4-hydroxynonenal, and exocyclic DNA adducts.
Carcinogenic metals and metalloids such as As, Cd, Ni and Co can aso inhibit zinc finger-
containing DNA repair proteins.

In our laboratory, Aziza et a (2010) found that pollution of Abo Qir bay (EIl Maadiya
region) with aromatic amines induced a panic oxidative stress and high frequencies of
chromosomal aberrations in the peripheral blood of fishermen. In addition, the results of the
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present study revealed that there was a high significant increase in the gene expression of
Insulin-like growth factor-2 (IGF-2) in the blood of the aforementioned fishermen group.

Insulin-like growth factor-2 (IGF-2) isinvolved in the regulation of liver cell growth and
metabolism. IGF-2 is structurally related to proinsulin, IGF-1, and relaxin. The mitogenic and
antiapoptotic properties of both IGF peptides as well as differentiation-related signaling are
mediated primarily through IGF-1 receptor (IGF-1R). IGF-2 is physiologically expressed at
high levels in various human and rodent fetal tissues such as liver, kidney, and skeletal
muscle. In contrast, it is down regulated or virtually absent in the corresponding adult organs.

In addition, circulating IGF-2 arises in part from liver, its concentration having been
reported to reflect hepatic integrity. Liver disease could, therefore, confound interpretation of
the concentration. Gene expression and plasma protein signatures may enable early diagnosis
of cancer in the future.

In a study of Baddour et al (2011), a significant positive correlation was observed between
IGF-2 expression and the grade of inflammatory activity, this is in accordance with the
findings of Grisham et a (2001) that; upregulation of IGF-2 in chronic hepatitis results from
the combined actions by cytokines produced by chronic inflammatory cells that infiltrate
damaged livers and viral transactivation. In this respect, from the findings of the present study
it may be suggested that the investigated fishermen group may suffered from insidiously
hepatitis with a consequential serious effect on fishermen health.

Recent research findings suggest much potential clinical utility for IGF-2 testing in the
context of liver cancer. The possibility of predicting hepatocarcinogenesis by genetic testing
Is perhaps the most exciting. Genomic assays that provide molecular signatures for multiple
genes, including IGF-2, may also predict cancer risk.

In some instances, increased |IGF-2 gene expression (i) has been correlated with increased
rates of cell mitotic activity, as estimated by proliferating cell nuclear antigen (PCNA)
expression and (ii) may contribute to tumoura angiogenesis.

Similarly, Igf-2 gene expression was reactivated during hepatocarcinogenesis in
transgenic mice and was associated with high replicative activity, but not with changes in
apoptosis. Interestingly, re-expression and overexpression of the Igf-2 gene in mouse and
human HCCs, respectively, was concomitant (i) with the re-activation of a fetal pattern of
gene expression, and (ii) with silencing of the liver-specific promoter P1 in human HCCs. In
addition, overexpression of the IGF-2 gene in human preneoplastic foci and HCCs has aso
been reported to be associated with the restoration of an allelic imbalance at the IGF-2 locus.
That overexpression of IGF-2 may be involved in the hepatocarcinogenetic process, or in
HCC cell proliferation could be deduced from ex vivo experiments.

Finally in some cases, accumulation of IGF-2 in HCCs tissue could be due to up-
regulation of IGF-2 gene transcription by p53mt249, a gain-of-function mutant of p53
frequently observed in patients that have developed HCCs after prolonged exposure to
aflatoxin B1. p53mt249 enhances transcription from the fetal IGF-2 promoter P4.

Tumor development is characterized by a deregulation of cell growth and differentiation.
Carcinogenic metal compounds may alter cell growth by severa distinct mechanisms, either
affecting the expression of growth stimulating factors or inactivating growth control
mechanisms. With respect to the former, some metal ions are found to activate mitogenic
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signaling pathways and induce the expression of cellular proto-oncogenes. Furthermore,
epigenetic mechanisms, such as hypo- or hyper-methylation of DNA or disturbed histone
acetylation, may contribute to modified patterns of gene expression. Changes in gene
regulation are observed prior to manifestation of tumors. Initialy, they are not fixed by
mutation, and the agent must be present for an extended time period to cause persistent
modifications, which can be genetically fixed during tumor development. Concerning the
interference with cellular growth control, some metal carcinogens have been shown to
inactivate the tumor suppressor proteins p53 and/or down regulate the expression of tumor
suppressor genes Fhit, p16, p53 and of senescence genes. Finaly, metal ions may deregulate
cell proliferation by inactivating apoptotic processes resulting in adaptation to the cytotoxicity
of the metal.

There is increasing evidence for interaction between IGF-2 and p53 in cancer
development. Normally, IGF-2 transcription is repressed by the tumor suppressor p53, which
also increases IGFBP3 and suppresses IGF1R expression. Decreased activity of p53 in
tumors, therefore, increases both IGF-2 expression and action. Recent data suggest that
increased IGF-2 signaling favors tumor development by suppressing activity of the p53
pathway.

The aforementioned finding represented a good interpretation to the herein results which
elucidated that severe oxidative stress in the blood of fishermen group predisposed in up-
regulation of IGF-2 gene by hypomethylation of DNA.

Conclusively, the present study elucidated that El Maadiya region is polluted with heavy
metals, at the same time another two studies in the same laboratory proved the pollution of El
Maadyia region with some aromatic amines and some polycyclic aromatic hydrocarbons. The
pollution induces a panic oxidative stress in fishermen in the vicinity of this area. The risk
will persist because the high increase levels of malondiadehyde coincide with high decrease
in the levels of the antioxidant glutathione, and the enzymatic activities of catalase and
glutathione peroxidase. It was proved that carcinogenic metal compounds often are
comutagenic, that is, they enhance the mutagenicity of other genotoxic agent. Indeed, many
carcinogenic metal compounds at low concentration have been identified as inhibitors of the
repair of DNA damage that is caused either by other xenobiotics or by endogenous factors.
Inhibition of repair and persistent DNA damage results in genomic instability which may
become especially deleterious under conditions of acceleration cell proliferation and/or impair
apoptosis. The present results exhibited the presence of high significant level of
metallothionein in fishermen blood and there is a positive correlation between metallothionein
and malondiadehyde, while there are negative correlation between metallothionein and the
antioxidant glutathione, glutathione peroxidase, and catalase, the present finding is in
agreement with other studies which elucidated that increasing the level of ROS and oxidative
stress induce increase expression of MT mRNA and protein levels, which can increase tumor
cell survival and viability due to their antioxidative and antiapoptotic effects.

Meanwhile, the present data emphasized that there was a high significant increase in the
gene expression of IGF-2, and there is a positive correlation between expression of IGF-2 and
MT. In addition a negative correlation between gene expression of IGF-2 and the level of
GSH as well the enzymatic activities of GPx and CAT, furthermore, Aziza et a (2010) found
high frequencies of chromosomal aberrations in lymphocytes of peripheral blood of the same
group of fishermen in the same area.
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Oxidative stress mechanisms generated by xenobiotics may also involve aberrant
epigenetic modification of DNA and histones via the depletion of glutathione and changing
the ratio of reduced GSH and its oxidized form, GSSG. Oxidative stress may aso alter
epigenetic modification via mitochondrial dysfunction. To be inhibitors, isoflavones,
polyphenol, zinc and cadmium may inhibit DNA methyl transferases (DNMTSs) directly and
indirectly and further inhibit methylation of candidate genes.

Up-regulation of IGF-2 in some hepatocytes may lead to high focal IGF-2 levels sufficient
to saturate local IGF-2 binding capacities, and may result in an increased susceptibility to
cellular dedifferentiation and, ultimately, liver cancer. Down regulation of hepatocellular
M6P/IGF-2R and upregulation of IGF-2 seem to be early events in hepatocarcinogenesis prior
to the appearance of morphologically distinct dysplastic lesions. Elevated focal 1GF-2
transcript levels may therefore indicate an increased risk for hepatocellular and
cholangiocellular carcinomas.

In addition, circulating IGF2 arises in part from liver, its concentration having been
reported to reflect hepatic integrity. Liver disease could, therefore, confound interpretation of
the concentration. Gene expression and plasma protein signatures may enable early diagnosis
of cancer in the future.

Then, the coexistence of urinary metabolites of aromatic amines and polycyclic aromatic
hydrocarbons with heavy metals in the blood of fishermen group a long with the coincidence
of oxidative stress concomitant with increase metallothionein levels, chromosomal
aberrations, and overexpression of IGF-2 gene let the fishermen of EI Maadiya region are
under high risk to cancer.
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RECOMMENDATION

1. Prevention of drainage of factories waste products in lakes or in the sea, and the necessity
of treating the wastes before drainage.

2. Importance of clinical follows up by laboratory and radiological investigations once every
six months at least to insure absence of any disease or tumors.

3. A challenge for the future will be to understand how IGF2 interacts with other
components of the system at tissue level to influence cancer development and progression.
Similarly, genetic and epigenetic changes affecting IGF2 need to be considered in the
context of the whole genome. While there has been abundant research into the disease
association of IGF system components, future work needs to place a greater emphasis on
the clinical value of measurement of these components, including IGF2, as diagnostic
tests.

4. Applications of the aforementioned studied parameters "Blood glutathione contents,
erythrocytes catalase activity, erythrocytes glutathione peroxidase, malondialdehyde and
metallothionein™ for the early detection of human health risk resulting from the exposure
to environmental pollutants.

5. The area of study required more environmental monitoring to evaluate other types of
pollutants and there effects on human health.






References

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

REFERENCES

Bertini I, Cavallaro G. Metals in the “omics” world: copper homeostasis and
cytochrome c oxidase assembly in anew light. JBiol Inorg Chem 2008; 13: 3-14.

Rolfs A, Hediger MA. Metal ion transporters in mammals. structure, function and
pathologica implications. J Physiol (London) 1999; 518: 1-12.

Vako M, Morris H, Cronin MTD. Metals, toxicity and oxidative stress. Current
Medicinal Chemistry 2005; 12: 1161-1208.

Vako M, Rhodes CJ, Monco J, lzakovic M, Mazur M. Free radicals, metals and
antioxidants in oxidative stress-induced cancer. Chem Biol Interact 2006; 160: 1-40.

Evan GI, Vousden KH. Proliferation, cell cycle and apoptosis in cancer. Nature 2001,
411: 342-348.

Jomova K, Volko M. Advances in meta-induced oxidative stress and human disease.
Toxicology 2011; 283: 65-87.

Jane A. Metal-DNA interactions. Journal of Molecular Structure 2003; (651-653): 19-
26.

Theophanides T, Anastassopoulou J. Copper and carcinogenesis. Crit Rev Oncol
Heamatol 2002; 42: 57-64.

Jones-Lee A, Lee GF. Role of iron chemistry in controlling the release of pollutants
from re-suspended sediments. Remediation J 2005; 16: 33-41.

Lee DW, Andersen JK, Kaur D. Iron dysregulation and neurodegeneration: the
molecular connection. Mol Intervent 2006; 6: 89-97.

Linder MC, Hazegh-Azam M. Copper biochemistry and molecular biology. Am J Clin
Nutr 1996; 63: 797S — 811S.

Zhou B, Gitschier J. hCTR1: a human gene for copper uptake identified by
complementation in yeast. Proc Natl Acad Sci USA 1997; 94. 7481-7486.

Shim H, Harris ZL. Genetic defects in copper metabolism. J Nutr 2003; 133:1527S-
1531S.

Rae TD, Schmidt PJ, Pufahl RA, Culotta VC, O’Halloran TV. Undetectable intracellular
free copper: the requirement of a copper chaperone for superoxide dismutase.
Sciencel999; 284: 805-808.

Chien XX, ZafraStone S, Bagchi M, Bagchi D. Bioavailability, antioxidant and
immune-enhancing properties of zinc methionine. Biofactors 2006; 27: 231-244.

Chasapis CT, Loutsidou AC, Spiliopoulou CA, Stefanidou M E. Zinc and human health:
an update. Arch. Toxicol 2012; 86: 521-534.

Jeong-Chae L, Young-Ok S, Poyil P, Xianglin S. Oxidative stress and metal
carcinogenesis. Free Radical Biology and Medicine 2012; 53: 742-757.

Parkin G. Chemistry. Zinc—zinc bonds: a new frontier. Science 2004; 305: 1117-1118.

AlessiaF, Paolal, Alessandro S. Zinc, antioxidant systems and metallothionein in metal
mediated-apoptosis. Biochemical and cytochemical aspects. Comparative Biochemistry
and Physiology 2007; 146: 443-459.

Powell SR. The antioxidant properties of zinc. J Nutr 2000; 130: 1447S-1454S.

Y Y'Y



References

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

Bagchi D, Carryl OR, Tran MX, Bagchi M, Vuchetich PJ, Krohn RL, Ray SD, Mitra S,
Stohs SJ. Protection against chemically induced oxidative gastrointestinal tissue injury
in rats by bismuth salts. Dig Dis Sci 1997; 42: 1890-1900.

Sturniolo GC, Mestriner C, Irato P, Albergoni V, Longo G, D'Inca R. Zinc therapy
increases duodenal concentrations of Metallothionein and iron in Wilson's disease
patients. Am J Gastroenterol 1999; 94: 334-338.

Medici V, Santon A, Sturniolo GC, D'Inca R, Giannetto S, Albergoni V, Irato P.
Metallothionein and antioxidant enzymes in Long-Evans Cinnamon rats treated with
zinc. Arch Toxicol 2002; 76: 509-516.

Kordas K, Stoltzfus RJ. New evidence of iron and zinc interplay at the enterocyte and
neural tissues. J Nutr 2004; 134: 1295-1298.

Santon A, Formigari A, Albergoni V, Irato P. Effect of Zn treatment on wild type and
MT-null cell linesin relation to apoptotic and/or necrotic processes and on M T isoform
gene expression. Biochim Biophys Acta 2006; 1763: 305-312.

Santon A, Irato P, Medici V, D'Inca R, Albergoni V, Sturniolo GC. Effect and possible
role of Zn treatment in LEC rats, an animal model of Wilson's disease. Biochim
Biophys Acta 2003; 1637: 91-97.

Andrea H. Role of magnesium in genomic stability. Mutation Research 2001; 475: 113
121.

Cowan JA. Structura and catalytic chemistry of magnesium-dependent enzymes.
Biometals 2002; 15: 225-235.

Wolf FI, Cittadini A. Chemistry and biochemistry of magnesium. Mol Aspects Med
2003; 24: 3-9.

Yang W, Lee JY, Nowotny M. Making and breaking nucleic acids: two-Mg™-ion
catalysis and substrate specificity. Mol Cell 2006; 22: 5-13.

Sreedhara A, Cowan JA. Structural and catalytic roles for divalent magnesium in nucleic
acid biochemistry. Biometals 2002; 15: 211-223.

Renu A, Igor |, Puneet A, Alexander S. Magnesium deficiency: Does it have a role to
play in cataractogenesis? Experimental Eye Research 2012; 101: 82-89.

Bass JK, Chan GM. Calcium nutrition and metabolism during infancy. Nutrition 2006;
22: 1057-1066.

Maud B, Katell F, Michel R, Michel DW. Gene regulation by voltage-dependent
calcium channels. Biochimica et Biophysica Acta 2009; 1793: 1096-1104.

Berridge MJ, The versatility and complexity of calcium signaling, Novartis Found Symp
2001; 239: 52-64.

Berridge MJ, Bootman MD, Lipp P. Cacium—a life and death signal. Nature 1998;
395: 645-648.

Bootman MD, Berridge MJ, Roderick HL. Calcium signaling: more messengers, more
channels, more complexity. Curr Biol 2002; 12: R563-R565.

Bucurenciu |, Kulik A, Schwaller B, Frotscher M, Jonas P. Nanodomain coupling
between Ca’* channels and Ca®* sensors promotes fast and efficient transmitter release
at a cortical GABAergic synapse. Neuron 2008; 57: 536-545.

VY'Y



References

39.

40.

41.

42.

43.

45.
46.

47.

48.

49.

50.

51

92.

53.

55.

56.

Huang YY, Kandel ER. Age-related enhancement of a protein synthesis-dependent late
phase of LTP induced by low frequency paired-pulse stimulation in hippocampus.
Learn. Mem 2006; 13: 298-306.

Hardingham GE, Bading H, Calcium as a versatile second messenger in the control of
gene expression. Microsc Res Tech 1999; 46: 348-355.

McKee AE, Neretti N, Carvalho LE, Meyer CA, Fox EA, Brodsky AS, Silver PA. Exon
expression profiling reveals stimulus-mediated exon use in neural cells. Genome Biol
2007; 8: R159.

Feske S, Giltnane J, Dolmetsch R, Staudt LM, Rao A. Gene regulation mediated by
calcium signalsin T lymphocytes. Nat Immunol 2001; 2: 316-324.

Santamaria AB. Manganese exposure, essentiality & toxicity. Indian J Med Res 2008;
128: 484-500.

ASTDR. Toxicological profile for manganese. Atlanta Georgiaz US Department of
Health and Human Services, Agency for Toxic Substances and Disease Registry 2000,
pp1-466.

Barceloux DG. Manganese. J Toxicol Clin Toxicol 1999; 37: 293-307.

WHO. Manganese and its compounds. environmental aspects. Geneva: World Health
Organization; 2004.

Nagatomo S, Umehara F, Hanada K, Nobuhara Y, Takenaga S, Arimura K. Manganese
intoxication during total parenteral nutrition. JNeurol Sci 1999; 162: 102-105.

Ikeda S, Yamaguchi Y, Sera Y, Ohshiro H, Uchino S, Yamashita Y. Manganese
deposition in the globus pallidus in patients with biliary atresia. Transplantation 2000;
69: 2339-2343.

Pal PK, Samii A, Cane DB. Manganese neurotoxicity: Are view of clinical features,
imaging and pathology. Neurotoxicology 1999; 20: 227-238.

Marcelo F, Daiana SA, Joao BT, Michael A. Metds, oxidative stress and
neurodegeneration: A focus on iron, manganese and mercury Neurochemistry
International 2013; 62: 575-594.

Gunshin H, Mackenzie B, Berger UV, Gunshin Y, Romero MF, Boron WF, Nussberger
S, Gollan JL, Hediger MA. Cloning and characterization of a mammalian proton-
coupled metal-ion transporter. Nature 1997; 388; 482-488.

Mackenzie B, Garrick MD. Iron imports. I1. Iron uptake at the apical membrane in the
intestine. Am J Physiol Gastrointest Liver Physiol 2005; 289: G981-G986.

Codd R, Dillon CT, Levina A, Lay PA. Studies on genotoxicity of chromium: From the
test tube to the cell. Coord Chem Rev 2001; 216: 537-582.

The Agency for Toxic Substances and Disease Registry (ATSDR) see
http://www.atsdr.cdc.gov/HEC/CSEM/chromium/exposure _pathways.html

Bagchi D, Stohs SJ, Downs BW, Bagchi M, Preuss HG. Cytotoxicity and oxidative
mechanisms of different forms of chromium. Toxicology 2002; 180: 5-22.

Baker DH, Parr TM, Augspurger NR. Oral iodine toxicity in chicks can be reversed by
supplemental bromine. J Nutr 2003; 133: 2309-2312.

VYe



References

S7.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

Crans DC, Smee JJ, Gaidamauskas E, Yang LQ. The chemistry and biochemistry of
vanadium and the biological activities exerted by vanadium compounds. Chem Rev
2004; 104: 849-902.

Martin C, Berrige G, Mistry P, Higgins C, Charlton P, Callaghan R. Drug binding sites
on P-glycoprotein are atered by ATP binding prior to nucleotide hydrolysis.
Biochemistry 2000; 39: 11901-11906.

Ralf R M, Tobias K. Cédll biology of molybdenum in plants and humans. Biochimica et
Biophysica Acta 2012; 1823:1568-1579.

Stiefel El. The biogeochemistry of molybdenum and tungsten. Met lons Biol Syst 2002;
39: 1-29.

Hille R, Nishino T, Bittner F. Molybdenum enzymes in higher organisms, Coord Chem
Rev 2011, 255: 1179-1205.

Turnlund JR. Molybdenum metabolism and requirements in humans. Met lons Biol Syst
2002; 39: 727-739.

Marek KM, Stanislaw BP. Selenium: Significance, and outlook for supplementation.
Nutrition 2013; 29: 713-718.

Liu K, Zhao Y, Chen F, Gu Z, Bu G. Enhanced glutathione peroxidases (GPx) activity
in young barley seedlings enriched with selenium. Afr J Biotechnol 2011; 10: 11483-
8417.

Zhan X, QieY, Wang M, Li X, Zhao R. Selenomethionine: an effective selenium source
for sow to improve Se distribution, antioxidant status, and growth performance of pig
offspring. Bio Trace Elem Res 2011, 142: 481-491.

Hoefig CS, Renko K, Kohrle J, Birringer M, Schomburg L. Comparison of different
selenocompounds with respect to nutritional value vs. toxicity using liver cells in
culture. J Nutr Biochem 2011; 22: 945-955.

Kim YY, Mahan DC. Biologica aspects of selenium in farm animals. Asian Aust J
Anim Sci 2003; 16: 435-444.

Kieliszek M, Blazgak S, Jedrzejczak R. The capacity for binding selenium by fodder
yeast strain Candida utilis ATCC 9950. Bromat Chem Toksykol 2012; 45: 628-633.

Fairweather-Tait SJ, Collings R, Hurst R. Selenium bioavailability: current knowledge
and future research requirements. Am J Clin Nutr 2010; 91: 1484S-1491S.

Lenz M, Lens PN. The essential toxin: the changing perception of selenium in
environmental sciences. Sci Total Environ 2009; 1: 3620-3633.

Letavayova L, Vlasakov_a D, Spallholz JE, Brozmanova J, Chovanec M. Toxicity and
mutagenicity of selenium compounds in Saccharomyces cerevisiae. Mutat Res 2008;
638: 1-10.

Rosen BP, Liu Z. Transport pathways for arsenic and selenium: a mini review. Environ
Int 2009; 35: 512-515.

Encinar JR, Sliwka-Kaszynska M, Polatajko A, VacchinaV, Szpunar J. Methodological
advances for selenium speciation analysis in yeast. Anal Chim Acta 2003; 500: 171-
183.

Tapiero H, Townsend DM, Tew KD. The antioxidant role of selenium and seleno-
compounds. Biomed Pharmacother 2003; 57: 134-144.

\Yo



References

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

Bitterli C, Banuelos GS, Schulin R. Use of transfer factors to characterize uptake of
selenium by plants. J Geochem Explor 2010; 107: 206-216.

Perez-Corona MT, Sanchez-Martinez M, Valderrama MJ, Rodriguez ME, Camara C,
Madrid Y. Selenium bio-transformation by Saccharomyces cerevisiae and
Saccharomyces bayanus during white wine manufacture: |aboratory-scale experiments.
Food Chem 2011; 124: 1050-1055.

El-Bayoumy K. The protective role of selenium on genetic damage and on cancer.
Mutation Rese 2001; 475: 123-139.

Alagos MS, Diaz Romero FJ, Diaz Romero C. Selenium and cancer: some nutritional
aspects. Nutrition 2000; 16: 376-383.

Angstwurm MW, Engelmann L, Zimmermann T, Lehmann C, Spes CH, Abel P, et al.
Selenium in intensive care (SIC): results of a prospective randomized, placebo
controlled, multiple-center study in patients with severe systemic inflammatory
response syndrome, sepsis, and septic shock. Crit Care Med 2007; 35: 118-126.

Rayman MP. The argument for increasing selenium intake. Proc Nutr Soc 2002; 61:
203-215.

Rayman MP. The use of high-selenium yeast to raise selenium status. how does it
measure up? Br J Nutr 2004; 92: 557-573.

Korenovsk M. Determination of arsenic, antimony, and selenium by FIHG-AAS in
foods consumed in Slovakia. J Food Nutr Res 2006; 45: 84-88.

Nakagjima A. Effect of selenium on uranium biosorption. J Radioanalyti Nuclear Chem
2001; 247: 347-350.

Dumont E, Vanhaecke F, Cornelis R. Selenium speciation from food source to
metabolites: acritical review. Ana Bioanal Chem 2006; 385: 1304-1323.

Navarro-Alarcon M, Cabrera-Vigue C. Selenium in food and the human body: areview.
Sci Total Environ 2008; 400: 115-141.

Suzuki KT, Kurasaki K, Ogawa S, Suzuki N. Metabolic transformation of
methylseleninic acid through key selenium intermediate selenide. Toxicol Appl
Pharmacol 2006; 215: 189-197.

Suzuki KT, Kurasaki K, Okazaki N, Ogra Y. Selenosugar and trimethylselenonium
among urinary Se metabolites. dose-and age-related changes. Toxicol Appl Pharmacol
2005; 206: 1-8.

Burk RF, Hill KE. Selenoprotein P. an extracellular protein with unique physical
characteristics and arole in selenium homeostasis. Annu Rev Nutr 2005; 25: 215-235.

Devos C, Sandra K, Sandra P. Capillary gas chromatography inductively coupled
plasma mass spectrometry (CGC-ICPMS) for the enantiomeric anaysis of D, L-
selenomethionine in food supplements and urine. J Pharm Biomed Anal 2002; 15: 507—
514.

Lucia L, Viera V, Jea B. Selenium: From cancer prevention to DNA damage.
Toxicology 2006; 227: 1-14.

Mahmoud LA. Adaptation to changes in dietary phosphorus intake in health and in renal
failure. JLab Clin Med 1997; 129: 176-188.

YY1



References

92.

93.

94,

95.

96.
97.

98.

99.

100.
101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

Goldberg, AV. Localization and functionality of microsporidian iron-sulphur cluster
assembly proteins. Nature 2008; 452: 624-628.

Fraga CG. Relevance, essentiality and toxicity of trace elements in human health. Mol
Aspects Med 2005; 26: 235-244.

Goodnough LT. Iron deficiency syndromes and iron-restricted erythropoiesis (CME).
Transfusion 2012; 52: 1584-1592.

Chasapis CT, Loutsidou AC, Spiliopoulou CA, Stefanidou ME. Zinc and human health:
an update. Arch Toxicol 2012; 86: 521-534.

Takeda A. Manganese action in brain function. Brain Res Rev 2003; 41: 79-87.

Nandar W, Connor JR. HFE gene variants affect iron in the brain. J Nutr 2011; 141:
729S-739S.

Kodama H, Fujisaswa C, Bhadhprasit W. Inherited copper transport disorders:
biochemical mechanisms, diagnosis, and treatment. Curr Drug Metab 2012; 13: 237-
250.

Racette BA, McGee-Minnich L, Moerlein SM, Mink JW, Videen TO, Perlmutter JS.
Welding-related Parkinsonism: clinical features, treatment, and pathophysiology.
Neurology 2001; 56: 8-13.

Schumann K. Safety aspects of iron in food. Ann Nutr Metab 2001; 45: 91-101.

El Safty A, EI Mahgoub K, Hela S, Abde Maksoud N. Zinc toxicity among
gavanization workers in the iron and steel industry. Ann N 'Y Acad. Sci 2008; 1140:
256-262.

Jaiser SR, Winston GP. Copper deficiency myelopathy. JNeurol 2010; 257: 869-881.

Bowman AB, Kwakye GF, Hernandez EH, Aschner M. Role of manganese in
neurodegenerative diseases. J Trace Elem Med Biol 2011; 25: 191-203.

Brewer GJ. Copper excess, zinc deficiency, and cognition loss in Alzheimer’s disease.
Bio Factors 2012; 38: 107-113.

Martinez-Finley EJ, Chakraborty S, Fretham SJ, Aschner M. Cellular transport and
homeostasis of essential and nonessential metals. Metallomics 2012; 4: 593-605.

Leonard SS, Harris GK, Shi X. Metal-induced oxidative stress and signal transduction.
Free Radic Biol Med 2004; 37: 1921-1942.

Wang L, Medan D, Mercer R, Overmiller D, Leonard S, Castranova V, Shi X, Huang
C, Rojanasakul R. Vanadium induced apoptosis and pulmonary inflammation in mice:
role of reactive oxygen species. J Cell Physiol 2003; 195: 99-107.

IARC, International Agency for Research on Cancer. Beryllium, cadmium, mercury,
and exposures in the glass manufacturing industry. In: International Agency for
Research on Cancer Monographs on the Evaluation of Carcinogenic Risks to Humans,
vol. 58. IARC Scientific Publications, Lyon, 1993, pp. 119-237.

Pearson CA, Prozidleck WC. E.Cadherin, beta-Catenin and cadmium carcinogenesis.
Med Hypotheses 2001; 56(5): 573 — 581.

Lamprecht SA, Lipkin M. Cellular mechanisms of calcium and vitamin D in the
inhibition of colorectal carcinogenesis. AnnN'Y Acad Sci 2001; 952: 73-87.

AR



References

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

124,

125.

126.

Jin YH, Clark AB, Slebos RJC, Al-Refai H, Taylor JA, Kunkel TA, Resnick MA,
Gordenin DA. Cadmium is a mutagen that acts by inhibiting mismatch repair. Nature
Gen 2003; 34: 326-329.

Galan A, GarciaBermejo L, Troyano A, Vilaboa NE, Fernandez C, de Blas E, Aller P.
The role of intracellular oxidation in death induction (apoptosis and necrosis) in human
promonocytic cells treated with stress inducers (cadmium, heat, X-rays). Europ J Cell
Biol. 2001; 80: 312-320.

Watanabe M, Henmi K, Ogawa K, Suzuki T. Cadmium-dependent generation of
reactive oxygen species and mitochondrial DNA breaks in photosynthetic and non-
photosynthetic strains of Euglena gracilis. Compar Biochem Physiol C-Toxicol.
Pharmacol. 2003; 134: 227-234.

Yang JM, Arnush M, Chen QY, Wu XD Pang B, Jiang XZ. Cadmium-induced damage
to primary cultures of rat Leydig cells. Reprod Toxicol 2003; 17: 553-560.

Watjen W, Beyersmann D. Cadmium-induced apoptosisin C6 glioma cells. influence of
oxidative stress. Biometals 2004; 17: 65-78.

Julia GL, Josefina M, Eduardo P, Blanca L. Genotoxic effects of lead: An updated
review. Environment International 2010; 36: 623-636.

IARC (International Agency for Research on Cancer). Inorganic and organic lead
compounds. IARC monographs on the evaluation of carcinogenic risks to humans
volume Lyon: IARC; 2006.

Silbergeld EK. Facilitative mechanisms of lead as a carcinogen. Mutat Res 2003; 533:
121-33.

Patrick L. Lead toxicity, Part II: the role of free radical damage and the use of
antioxidants in the pathology and treatment of lead toxicity. Altern Med Rev 2006b; 11:
114-127.

Ercal N, Gurer-Orhan H, Aykin-Burns N. Toxic metals and oxidative stress. Part 1.
M echanisms involved in metal-induced oxidative damage. Curr. Top. Med. Chem.2001,
1: 529-5309.

Gurer H, Ercal N. Can antioxidants be beneficia in the treatment of lead poisoning?
Free Radic. Biol. Med. 2000; 29: 927-945.

Hunaiti AA, Soud M. Effect of lead concentration on the level of glutathione,
glutathione S-transferase, reductase and peroxidase in human blood. Sci Total Environ
2000; 248: 45-50.

Hoffman DJ, Heinz GH, Sileo L, Audet DJ, Campbell JK, Le Captain LJ, Obrecht HH. J
Toxicol Environ Health 2000; 59: 235-252.

Ahamed M, Verma S, Kumar A, Siddiqui MK. Environmental exposure to lead and its
correlation with biochemical indicesin children. Sci Total Environ 2005; 346: 48-55.

Clemens F, Landolph JR. Genotoxicity of samples of nickel refinery dust. Toxicol Sci
2003; 73:114-123.

Shaywitz AJ, Greenberg ME. CREB: a stimulus-induced transcription factor activated
by adiverse array of extracellular signals. Annu Rev Biochem 1999; 68: 821-861.

YYA



References

127.

128.

129.

130.

131.

132.

133.

134.

135.

136.

137.

138.

139.

140.

141.

142.

Sanikow K, An WG, Mdlillo G, Blagosklonny MV, Costa M. Nickel-induced
transformation shifts the balance between HIF-1 and p53 transcription factors.
Carcinogenesis 1999; 20: 1819-1823.

Semenza GL. Regulation of mammalian O2 homeostasis by hypoxia-inducible factor-1.
Annu Rev Cell Dev Biol 1999; 15: 551-578.

Bal W, Kasprzak KS. Induction of oxidative DNA damage by carcinogenic metals.
Toxicol Lett 2002; 127: 55-62.

Chen CY, Wang YF, Lin YH, Yen SF. Nickel-induced oxidative stress and effect of
antioxidants in human lymphocytes. Arch Toxicol 2003; 77: 123-130.

Lynn S, Yew FH, Chen KS, Jan KY. Reactive oxygen species are involved in nickel
inhibition of DNA repair. Environm Mol Mutagen 1997; 29: 208-216.

Zhang K, Zhou Q. Toxic effects of Al-based coagulants on Brassica chinensis and
Raphanus sativus growing in acid and neutral conditions. Environ Toxicol 2005;
20:179-187.

Becaria A, Campbell A, Bondy SC. Aluminium as a toxicant. Toxicol Ind Health 2002;
18: 309-320.

Vijay K, Kiran DG. Aluminium neurotoxicity: neurobehavioural and oxidative aspects.
Arch Toxicol 2009; 83: 965-978.

Kaizer RR, Corréa MC, Gris LR, da Rosa CS, Bohrer D, Morsch VM, Schetinger MR.
Effect of long-term exposure to aluminium on the acetylcholinesterase activity in the
central nervous system and erythrocytes. Neurochem Res 2008; 33: 2294-2301.

Kaur A, Joshi K, Walker RM, Gill KD. Neurofilament phosphorylation and disruption:
a possible mechanism of chronic auminium toxicity in Wistar rats. Toxicology 2006;
219: 1-10.

Walton JR. An aluminium-based rat model for Alzhemer disease exhibits oxidative
damage, inhibition of PP2A activity, hyperphosphorylated tau and granulovascuolar
degeneration. J Inorg Biochem 2007; 101: 1275-1284.

Exley C. The pro-oxidant activity of auminium. Free Radic Biol Med 2004; 36: 380
387.

Yokel RA.Blood-brain barrier flux of aluminium, manganese, iron and other metals
suspected to contribute to metal-induced neurodegeneration: areview. J Alzheimers Dis
2006; 10: 223-253.

Campbell A, Hamai D, Bondy SC. Differential toxicity of aluminium saltsin human cell
lines of neural origin: implications for neurodegeneration. Neurotoxicology 2001; 22:
63-71.

Kaizer RR, Corréa MC, Spanevello RM, Morsch VM, Mazzanti CM, Gongalves JF,
Schetinger MR. Acetylcholinesterase activation and enhanced lipid peroxidation after
long-term exposure to low levels of auminium on different mouse brain regions. J
Inorg Biochem 2005; 99: 1865-1870.

Candan N, Tuzmen N. Very rapid quantification of malondialdehyde (MDA) inrat brain
exposed to lead, auminium and phenolic antioxidants by high-performance liquid
chromatography- fluorescence detection. Neurotoxicology 2008; 29: 708-713.

Y4



References

143.

144,

145.

146.

147.

148.

149.

150.

151

152.

153.

154.

155.

156.

157.
158.

159.

160.

Yang M. A current globa view of environmental and occupational cancers. J Environ
Sci Health C Environ Carcinog Ecotoxicol Rev 2011; 29: 223-249.

Toyokuni S. Role of iron in carcinogenesis. cancer as a ferrotoxic disease. Cancer Sci
2009; 100: 9-16.

Wise SS, Wise JP. Aneuploidy as an early mechanistic event in metal carcinogenesis.
Biochem Soc Trans 2010; 38:1650-1654.

Lai CH, Liou SH, Lin HC, Shih TS, Tsai FJ, Chen JS, Yang T, Jaakkola JJ, Strickland
PT. Exposure to traffic exhausts and oxidative DNA damage. Occup Environ Med
2005; 62: 216-222.

Yamada Y, Shigetomi H, Onogi A, Haruta S, Kawaguchi R, Yoshida S, Furukawa N,
Naga A, Tanase Y, Tsunemi T, Oi H, Kobayashi H. Redox-active iron-induced
oxidative stress in the pathogenesis of clear cell carcinoma of the ovary. Int J Gynecol
Cancer 2011; 21: 1200-1207.

Jomova K, Vako M. Importance of iron chelation in free radical-induced oxidative
stress and human disease. Curr Pharm Des 2011; 17: 3460-3473.

Vako M, Rhodes CJ, Moncol J, Izakovic M, Mazur M. Free radicals, metals and
antioxidants in oxidative stress-induced cancer. Chemico-Biological Interactions 2006;
160: 1-40.

Nyska A, Kohen R. Oxidation of biological systems. oxidative stress phenomena,
antioxidants, redox reactions, and methods for their quantification, Toxicol Pathol 2002;
30: 620-650.

Stadtman ER. Role of oxidant speciesin aging. Curr Med Chem 2004; 11: 1105-1112.

Welch KD, Van Eden ME, Aust SD. Maodification of ferritin during iron loading, Free
Rad Biol Med 2001; 31: 999-1006.

Giulivi C, Cadenas E, Heme protein radicals. formation, fate, and biologica
consequences. Free Rad Biol Med 1998; 24: 269-279.

Stadtman ER. Protein oxidation in aging and age-related diseases. Ann New Y ork Acad
Sci 2001; 928: 22-38.

Levine RL, Stadtman ER. Oxidative modification of proteins during aging, Exp
Gerontol 2001; 36: 1495-1502.

Dizdaroglu M, Jaruga P, Birincioglu M, Rodriguez H. Free radical-induced damage to
DNA: mechanisms and measurement. Free Rad Biol Med 2002; 32: 1102-1115.

Marnett LJ. Oxyradicals and DNA damage. Carcinogenesis 2000; 21: 361-370.

Cooke MS, Evans MD, Dizdaroglu M, Lunec J. Oxidative DNA damage: mechanisms,
mutation, and disease. FASEB J 2003; 17: 1195-1214.

Kasal H, lwamoto-Tanaka N, Miyamoto T, Kawanami K, Kawanami S, Kido R, Ikeda
M. Life style and urinary 8-hydroxydleoxyguanosine, a marker of oxidative DNA
damage: Effects of exercise, working conditions, meat intake, body mass index, and
smoking. Jon J Cancer Res 2001; 92: 9-15.

Brown GC, Borutaite V. Nitric oxide, mitochondria, and cell death. [UBMB Life 2001;
52: 189-195.

AR



References

161.

162.

163.

164.

165.

166.

167.

168.

169.

170.

171

172.

173.

174.

175.

176.

177.

178.

Inoue M, Sato EF, Nishikawa M, Park AM, KiraY, Imada I, Utsumi K. Mitochondrial
generation of reactive oxygen species and its role in aerobic life. Curr Med Chem 2003;
10: 2495-2505.

Penta JS, Johnson FM, Wachsman JT. Copeland WC. Mitochondrial DNA in human
malignancy. Mutat Res Rev Mutat Res 2001; 488: 119-133.

Evans MD, Dizdaroglu M, Cooke MS. Oxidative DNA damage and disease: induction,
repair and significance. Mutat Res Rev Mutat Res 2004; 567: 1-61.

Kasa H. Chemistry-based studies on oxidative DNA damage: formation, repair, and
mutagenesis. Free Rad Biol Med 2002; 33: 450-456.

Poli G, Leonarduzzi G, Bias F, Chiarpotto E. Oxidative stress and cell signaling. Curr
Med Chem 2004; 11: 1163-1182.

Hendley K, Robinson KA, Gabbita SP, Salsman S, Floyd RA. Reactive oxygen species,
cell signaling, and cell injury. Free Rad Biol Med 2000; 28: 1456-1462.

Sah VP, Seasholtz TM, Sagi SA, Brown JH. The role of Rho in G protein-coupled
receptor signal transduction. Ann Rev Pharmacol Toxicol 2000; 40: 459-489.

Thannicka VJ, Fanburg BL. Reactive oxygen species in cell signaling, Am J Physiol
Lung Cell Mol Physiol 2000; 279: L1005-L1028.

Storz P. Reactive oxygen species in tumor progression. Front Biosci 2005; 10: 1881-
1896.

Hazzalin CA, Mahadevan LC. MAPK-regulated transcription: a continuously variable
gene switch? Nat Rev Mol Cell. Biol 2002; 3: 30-40.

English JM, Cobb MH. Pharmacological inhibitors of MAPK pathways, Trends
Pharmacol Sci 2002; 23: 40-45.

Ballif BA, Blenis J. Molecular mechanisms mediating mammalian mitogen-activated
protein kinase (MAPK) kinase (MEK)-MAPK cell survival signals. Cell Growth Differ
2001; 12: 397-408.

Catarzi S, Degl-Innocenti D, lantomas T, Favilli F, Vincenzini MT. Therole of H,0, in
the platelet-derived growth factor-induced transcription of the gamma-glutamyl cysteine
synthetase heavy subunit. Cell Mol Life Sci 2002; 59: 1388-1394.

Drevs J, Medinger M, Schmidt-Gersbach C, Weber R, Unger C. Receptor tyrosine
kinases: the main targets for new anticancer therapy. Curr Drug Target 2003; 4: 113
121.

Simeonova PP, Luster MI. Arsenic carcinogenicity: relevance of c-Sc activation. Mol
Cell Biochem 2002; 234: 277-282.

Kim ES, Khuri FR, Herbst RS. Epidermal growth factor receptor biology (IMC-C225).
Curr Opinion Oncol 2001; 13: 506-513.

Leonard SS, Bower JJ, Shi X. Metal-induced toxicity, carcinogenesis, mechanisms and
cellular responses. Mol Cell Biochem 2004; 255: 3-10.

Esposito F, Chirico G, Gesualdi NM, Posadas I, Ammendola R, Russo T, Cirino G,
Cimino F. Protein kinase B activation by reactive oxygen species is independent of
tyrosine kinase receptor phosphorylation and requires Src activity, J Biol Chem 2003;
278: 20828-20834.



References

179.

180.

181.

182.

183.

184.

185.

186.

187.

188.

189.

190.
191.

192.

193.

194.

195.

196.

197.

We M, Wanibuchi H, Morimura K, lwai S, YoshidaK, Endo G, Nakae D, FikushimaS.
Carcinogenicity of dimethylarsinic acid in male F344 rats and genetic aterations in
induced urinary bladder tumors, Carcinogenesis 2002; 23: 1387-1397.

Salmeen A, Barford D. Functions and mechanisms of redox regulation of cysteine-based
phosphatases. Antioxidants Redox Signal 2005; 7: 560-577.

Huang CS, Li JX, Ding M, Leonard SS, Wang LY, Castranova V, Valyathan V, Shi
XL. UV induces phosphorylation of protein kinase B (Akt) at Ser-473 and Thr-308 in
mouse epidermal Cl41 cells through hydrogen peroxide. J Biol. Chem 2001; 276:
40234-40240.

Gopaakrishna R, Jaken S. Protein kinase C signaling and oxidative stress. Free Rad
Biol Med 2000; 28: 1349-1361.

Avruch J. Mammalian mitogen-activated protein kinase signa transduction pathways
activated by stress and inflammation. Physiol Rev 2001; 81: 807-8609.

lles KE, Forman HJ, Macrophage signaling and respiratory burst, Imunol Res 2002; 26:
95-105.

Leonard SS, Harris GK, Shi XL. Metal-induced oxidative stress and signal transduction,
Free Rad Biol. Med 2004; 37: 1921-1942.

Amiri KI, A. Richmond. Role of nuclear factor-kappa B in melanoma, Cancer Metast
Rev 2005; 24: 301-313.

Knight JA. Free radicals, antioxidants, and the immune system. Ann Clin Lab Sci 2000;
30: 145-158.

Hofseth LJ, Hussain SP, Harris CC, p53: 25 years after its discovery, Trends. Pharm Sci
2004; 25:177-181.

Catherine A, Guillaume F, Mdlika L, Ghidaine SG, Andre G. An evaluation of the role
of insulin-like growth factors (IGF) and of typel IGF receptor signaling in
hepatocarcinogenesis and in the resistance of hepatocarcinoma cells against drug-
induced apoptosis. Biochemical Pharmacology 2004; 68: 1003—1015.

Hanahan D, Weinberg RA. The hallmarks of cancer. Cell 2000; 100: 57-70.

Macdonald GA. Pathogenesis of hepatocellular carcinoma. Clin Liver Dis 2001; 5: 69—
85.

Baserga R, Peruzzi F, Reiss K. The IGF-1 receptor in cancer biology. Int J Cancer 2003;
107: 873-877.

LeRoith D, Roberts CT. The insulin-like growth factor system and cancer. Cancer Lett
2003; 195: 127-137.

Khandwala HM, McCutcheon IE, Flyvbjerg A, Friend KE. The effects of insulin-like
growth factors on tumorigenesis and neoplastic growth. Endocr Rev 2000; 21: 215-244.

Calum L. IGF-2 and cancer. Endocrine Related Cancer 2013; 20: R321-R339.

Qiu Q, Yan X, Bel M, Di J, Tsang BK, Grudin A. Mature IGF-II prevents the
formation of ‘big’ IGF-II/IGFBP-2 complex in the human circulation. Growth Hormone
& IGF Research 2010; 20: 110-117.

Greenall SA, Bentley JD, Pearce LA, Scobie JA, Sparrow LG, Bartone NA, Xiao X,
Baxter RC, Corsgrove LJ, Adams TE. Biochemical characterization of individual

KA



References

198.

199.

200.

201.

202.

203.

204.

205.

206.

207.

208.

209.

210.

211.

human glycosylated insulin-like growth factor (IGF)-1l and big-IGF-Il isoforms
associated with cancer. Journal of Biological Chemistry 2013; 288: 59-68.

Raynaud-Simon A. Levels of plasma insulin-like growth factor-1 (IGF-I), IGF-II, IGF
binding proteins, type 1 IGF receptor and growth hormone binding protein in
community-dwelling elderly subjects with no malnutrition and no inflammation. Journal
of Nutrition Health & Aging 2003; 7: 267-273.

Pandini G, Frasca F, Mineo R, Sciacca L, Vigneri R, Belfiore A. Insulin/insulin-like
growth factor-I1 hybrid receptors have different biological characteristics depending on
the insulin receptor isoform involved. Journa of Biological Chemistry 2002; 277:
39684-39695.

Nakae J, Kido Y, Accili D. Distinct and overlapping functions of insulin and 1GF-I
receptors. Endocrine Reviews 2001; 22: 818-835.

Belfiore A, Frasca F, Pandi G, Sciacca L, Vigneri R. Insulin receptor isoforms and
insulin receptor/insulin-like growth factor receptor hybrids in physiology and disease.
Endocrine Reviews 2009; 30: 586-623.

Belfiore A, Malaguarnera R. Insulin receptor and cancer. Endocrine-Related Cancer
2011; 18: R125-R147.

Braun S, Bitton-Worms K, LeRoith D. The link between metabolic syndrome and
cancer. International Journal of Biological Sciences 2011; 7: 1003-1015.

LeRoith D, Scheinman EJ, Bitton-Worms K. The role of insulin and insulin-like growth
factors in the increased risk of cancer in diabetes. Rambam Maimonides Medical
Journal 2011, 2 e0043.

Entingh AJ, Taniguchi CM, Kahn CR. Bi-directiona regulation of brown fat
adipogenesis by the insulin receptor. Journal of Biological Chemistry 2003; 278:
33377-33383.

Brown J, Jones EY, Forbes BE. Keeping IGF-11 under control: lessons from the IGF-11-
IGF-2R crystal structure. Trends in Biochemical Sciences 2009; 34: 612—619.

Scott CD, Weiss J. Soluble insulin-like growth factor-11/mannose 6 phosphate receptor
inhibits DNA synthesis in insulin-like growth factor-1l sensitive cells. Journal of
Cdlular Physiology 2000; 182: 62-68.

Lee SK, Kang JS, Jung da J, Hur DY, Kim JE, Hahm E, Bae S, Kim HW, Cho BJ, Cho
D. Vitamin C suppresses proliferation of the human melanoma cell SK-MEL-2 through
the inhibition of cyclooxygenase-2 (COX-2) expression and the modulation of insulin-
like growth factor-11 (IGF-11) production. Journal of Cellular Physiology 2008; 216:
180-188.

Koedrith P, Seo YR. Advances in carcinogenic metal toxicity and potential molecular
markers. Int JMol Sci 2011: 12: 9576-9595.

Preeyaporn K, HyeLim K, Jong-Il W, Young RS, Toxicogenomic approaches for
understanding molecular mechanisms of heavy metal mutagenicity and carcinogenicity.
International Journal of Hygiene and Environmental Health 2013; 216: 587— 598.

Wang, G, Chen X.Q, Lipsky MM, Whittaker MH, Fowler BA. Effect of combined lead,
cadmium and arsenic exposure on the expression of cellular protective factors in rat
kidneys at LOEL dose levels. Toxicologist 2005a; 84: 237-248.

VeV



References

212.

213.

214.

215.

216.

217.

218.

219.

220.

221.

222.

223.

224.

225.

226.

221.

228.

Madden EF, Akkerman M, Fowler BA. A comparison of 60, 70, and 90 kDa stress
protein expression in normal rat NRK-52 and human HK-2 kidney cell lines following
in vitro exposure to arsenite and cadmium aone or in combination. J Biochem Mol
Toxicol 2002; 16: 24-32.

Wang G, Fowler BA. Roles of biomarkers in evaluating interactions among mixtures of
lead, cadmium and arsenic. Toxicol Appl Pharmacol 2008; 233: 92-99.

Ghoshal K, Jacob ST. Regulation of metallothionein gene expression. Prog Nucleic
Acid Res Mol Biol 2001; 66: 357—384.

Hidalgo J, Aschner M, Zatta P, Vasak M. Roles of the metalothionein family of
proteinsin the central nervous system. Brain Res Bull 2001; 55: 133-145.

Penkowa M, Fori S, Girat M, Quintana A, Molinero A, Carrasco J, Hidalgo J.
Metallothionein reduces central nervous system inflammation, neurodegeneration, and
cell death following kainic acid induced epileptic seizures. J Neurosci Res 2005; 79:
522-534.

Klassen RB, Crenshaw K, Kozyraki R, Verroust PJ, Tio L, Atrian S, Allen PL,
Hammond TG. Megain mediates rena uptake of heavy meta metallothionein
complexes. Am. J. Physiol Renal Physiol 2004; 287: F393-F403.

Cherian MG, Apostolova MD. Nuclear localization of metallothionein during cell
proliferation, and differentiation. Cell Mol Biol 2000; 46: 347-356.

Takahashi Y, Ogra Y, Suzuki KT. Nuclear trafficking of metallothionein requires
oxidation of acytosolic partner. J Cell Physiol 2005; 202: 563-569.

Formigari A, Santon A., Irato P. Efficacy of zinc treatment against iron induced toxicity
in rat hepatoma cell line H4-11-E-C3. Liver Int 2007; 27: 120-127.

Yoshida M, Saegusa Y, Fukuda A, Akama Y, Owada S. Measurement of radical-
scavenging ability in hepatic metallothionein of rat using in vivo electron spin
resonance spectroscopy. Toxicology 2005; 213: 74-80.

Feng W, Ca J, Pierce WM, Franklin RB, Maet W, Benz FW, Kang YJ.
Metallothionein transfers Zn to mitochondrial aconitase through a direct interaction in
mouse hearts. Biochem Biophys Res Commun 2005; 332: 853-858.

Santon A, Albergoni V, Sturniolo GC, Irato P. Evauation of MT expression and
detection of apoptotic cells in LEC rat kidneys. Biochim Biophys Acta 2004; 1688:
223-231.

Shimoda R, Achanzar WE, Qu W, Nagamine T, Takagi H, Mori M, Waakes MP.
Metallothionein is a potential negative regulator of Apoptosis Toxicol Sci 2003; 73:
294-300.

Chung RS, West AK. A role for extracellular metallothioneins in CNS injury and repair.
Neuroscience 2004; 123: 595-599.

Allan SM, Rothwell NJ. Inflammation in central nervous system injury. Philos Trans R
Soc Lond, B Biol Sci 2003; 358: 1669-1677.

Park JD, Liu 'Y, Klaassen CD. Protective effect of metallothionein against the toxicity of
cadmium and other metals. Toxicology 2001; 163: 93-100.

Kang YJ. Metallothionein redox cycle and function. Exp. Biol. Med.2006; 231: 1459
1467.



References

229.

230.

231.

232.

233.

234.

235.

236.

237.

238.

239.

240.

241.

242.
243.

244,

245,

Jang J, St Croix CM, Sussman N, Zhao Q, Pitt BR, Kagan VE. Contribution of
glutathione and metallothioneins to protection against copper toxicity and redox
cycling: quantitative analysis using MT** and MT~~ mouse lung fibroblast cells. Chem.
Res Toxicol 2002; 15: 1080-1087.

Mason AZ, Perico N, Modller R, Thrippleton K, Potter T, Lloyd D. Metal donation and
apo-metalloenzyme activation by stable isotopicaly labeled metalothionein. Mar.
Environ. Res 2004, 58: 371-375.

Romero-Isart N, Vasak M. Advances in the structure and chemistry of metallothioneins.
J Inorg Biochem 2002; 88: 388-396.

Viarengo A, Burlando B, Ceratto N, Panfili . Antioxidant role of metallothioneins: a
comparative overview. Cell Mol Biol 2000; 46: 407-417.

Zhou Z, Sun X, Lambert JC, Saari JT, Kang YJ. Metallothioneinin-dependent Zn
protection from acoholic liver injury. Am J Pathol 2000; 160: 2267-2274.

Sagher D, Brunedll D, Brot N, Vallee BL, Weissbac H. Seleno-compounds can serve as
oxidoreductants with the methionine sulfoxide reductase enzymes. J. Biol. Chem. 2006;
281: 31184-31187.

Kim HY, Gladyshev VN. Role of structura and functional elements of mouse
methionine-S-sulfoxide reductase in its subcellular distribution. Biochemistry 2005; 44:
8059-8067.

Chen Y, Maret W. Catalytic selenols couple the redox cycles of metallothionein and
glutathione. Eur J Biochem 2001; 268: 3346-3353.

Turrens JF. Mitochondrial formation of reactive oxygen species. J Physiol. 2003; 552:
335-344.

Giles GI. The redox regulation of thiol dependent signaling pathways in cancer. Curr
Pharm Des 2006; 12: 4427-4443.

Masdla R, Di Benedetto R, Vari R, Files C, Giovannini C. Novel mechanisms of
natural antioxidant compounds in biological systems. involvement of glutathione and
glutathione-related enzymes. J Nutr Biochem 2005; 16: 577-586.

Hansen JM, Zhang H, Jones DP. Differential oxidation of thioredoxin-1, thioredoxin-2,
and glutathione by metal ions. Free Radic Biol Med 2006; 40: 138-145.

Aboul Dahab O. Chromium biogeochemical cycle in Abu-Qir bay, east of Alexandria,
Egypt. Estuarine Coastal and Shelf Science 1989; 29: 327-340.

http://en.wikipedia.org/wiki/Abu Qir Bay

Viarengo A, Ponzano E, Dondero F, Fabbri R. A simple spectrophotometric method for
metallothionein evaluation in marine organisms. an Application to Mediterranean and
Antarctic mollusks. Marine Environmental Research 1997; 44(1): 69-84.

Christensen JM, Poulsen OM, Anglov T. Protocol for the designing and interpretation of
method evaluation in AAS analysis. J Anal Atom Spectrometry 1992; 7: 329-334.

Arthur G, Lynn BB, Robert JC. Erythrocytes metallothionein as an index of zinc status
in humans. Prac Natl Acad Sci USA 1990; 87: 1259-1262.

V¢o



References

246.

247.

248.

249,

250.

251.

252.

253.

254.

255.

256.

257.

258.

259.

260.

Drabkin DL. Crystalographic and optical properties of the hemoglobin of man in
comparison with those of other species. JBiol Chem 1946; 164: 703-723.

Zeneli L, Daci NH, Daci-Ajvazi MN, Pacaroizi H. Effects of pollution on lead and
cadmium concentration and correlation with biochemical parametersin blood of human
population near Kosovo thermo power plants. American J Biochemistry and
biotechnology; 2008: 4(3): 273-276.

Draper HH and Hadley M. Malondialdehyde determination as index lipid peroxidation.
Methods Enzymol 1990; 186: 421-431.

Ernest B, Olga D, Barbara MK. Improved method for the determination of blood
glutathione. J Lab Clin Med 1963; 61: 882-8.

Paglia DE, Vaentine WN. Studies on quantitative and qualitative characterization of
erythrocyte glutathione peroxidase. J Lab Clin Med 1967; 70: 158-1609.

Hopkins J, Tudhope GR. Glutathione peroxidase in human red cells in health and
disease. Br JHaematol 1973; 25: 563-575.

Donald W and Hugo E. Oxidoreductases, Transferases. In: Methods of enzymatic
analysis. (3" ed) Hans U, Jurgen B and Marianne G (eds) VCH publishers 1987, pp.
273-286.

Marklund S, Marklund C. Involvement of the superoxide anion radical in the
autoxidation of pyrogallol a convenient assay for superoxide dismutase. Eur J Bioshem
1984; 7: 469-474.

Zhi-Zhen D, Deng-Fu Y, Deng-Bing Y, Xin-Hua W, Wei W, Li-Wei Q, Dao-Rong J,
Jian-Hua Z, Xian-Yong M. Expression and ateration of insulin-like growth factor I
messenger RNA in hepatoma tissues and periphera blood of patients with
hepatocellular carcinoma. World J Gastroenterol 2005; 1(30): 4655-4660.

Detmar B, Andrea H. Carcinogenic metal compounds: recent insight into molecular and
cellular mechanisms. Arch Toxicol 2008; 82: 493-512.

Alam MG, Tanaka A, Allinson G, Laurenson LJB, Stagnitti F, Snow ET. A comparison
of trace element concentrations in cultured and wild carp (Cyprinus carpio) of Lake
Kasumigaura. Jpn Ecotoxicol Environ Safety 2002; 53(3): 348-354.

Turoczy NJ, Mitchell BD, Levings AH, Raendram VS. Cadmium, copper, mercury and
zinc concentrations in tissues of the king crab Pseudocarcinus gigas from southeast
Australian waters. Environ Int 2001; 27: 327-334.

Suriya J, Bharathirgja S, Sekar V, Ragasekaran R. Metalothionein induction and
antioxidative responses in the estuarine polychaeta Capitella capitata (Capitellidae).
Asian Pacific Journal of Tropical Biomedicine 2012; S1052-S1059.

El Nemr A, Khaled A, Moneer A, El Sikaily A. Risk probability due to heavy metals in
bivave from Egyptian Mediterranean coast. Egyptian Journal of Aquatic Research
2012; 38: 67-75.

Canli M, Atli G. The relationships between heavy meta (Cd, Cr, Cu, Fe, Pb, Zn) levels
and the size of six Mediterranean fish species. Environmental Pollution 2003; 121(1):
129-136.



References

261.

262.

263.

264.

265.

266.

267.

268.

2609.

270.

271.

272.

273.

274.

275.

276.

Sun J, Rong J, Zheng Y, Ma D, Lan X. Risk assessment of heavy metal contaminated
Dagu River sediments. Procedia Environmental Sciences 2011, 8: 764-772.

El Nemr A, El-Sikaily A, Khaled A. Total and leachable heavy metals in muddy and
sandy sediments of Egyptian coast along Mediterranean Sea. Environmental Monitoring
and Assessment 2007a; 129: 151-168.

El-Sikaily A, Khaled A, EI-Nemr A. Heavy metals monitoring using bivalves from
Mediterranean Sea and Red Sea. Environmental Monitoring and Assessment 2004; 98:
41-58.

Hamed MA, Emara AM. Marine mollusks as biomonitors for heavy metal levelsin the
Gulf of Suez, Red Sea. Journal of Marine System 2006; 60: 220-234.

El Nemr A. Assessment of heavy metal pollution in surface muddy sediments of lake
Burullus, southeastern Mediterranean, Egypt. Egyptian Journal of Aquatic Biology and
Fisheries 2003; 7(4): 67-90.

Sarkar A, Ray D, Shrivastava AN, Sarker S. Molecular biomarkers: their significance
and application in marine pollution monitoring. Ecotoxicol 2006; 15: 333-340.

Geret F, Cosson RP. Induction of specific isoforms of metallothionein in mussel tissues
after exposure to cadmium or mercury. Arch Environ Contam Toxicol 2002; 42: 36-42.

EtelvinaF, Diana B, Sara CA, Fernando G, Rosa F, Are metallothioneins equally good
biomarkers of metal and oxidative stress? Ecotoxicology and Environmental Safety
2012; 84: 185-190.

Viarengo A, Burlando B, Dondero F, Marro A, Fabbri R. Metallothionein as a tool in
biomonitoring programmes. Biomarkers1999; 4(6): 455-466.

Geret F, Cosson RF. Induction of specific isoforms of metallothionein in mussel tissues
after exposure to cadmium or mercury. Arch. Environ. Contam Toxicol 2002; 42: 36—
42.

Amiard JC, Amiard-Triquet C, Barka S, Pdllerin J, Rainbow PS. Metallothioneins in
aquatic invertebrates: their role in metal detoxification and their use as biomarkers.
Aquat Toxicol 2006; 76: 160-202.

Perceval O, Couillard Y, Pinel-Alloul B, Bonneris E, Campbell PGC. Long-term trends
in accumulated metals (Cd, Cu and Zn) and metallothionein in bivalves from lakes
within a smelter impacted region. Sci. Total Environ. 2006; 369: 403-418.

Monserrat JM, Martienez PE, Geracitano LA, Amado LL, Martins CMG, Pinho GLL,
Chaves | S, Ferera-Cravo M, Ventura-Lima J, Bianchini A. Pollution biomarkers in
estuarine animals. critica review and new perspectives. Comp Biochem
Physiol Part C: Toxicol Pharmacol 2007; 146: 221-234.

Machreki-Ajmi M, Hamza-Chaffai A. Assessment of sediment/water contamination by
in vivo transplantation of the cockles Cerastoderma glaucum, from a non-contaminated
to a contaminated area by cadmium. Ecotoxicology 2008; 17: 802-810.

Paul-Pont |, de Montaudouin X, Gonzalez P, Soudant P, Baudrimont M. How life
history contributes to stress response in the Manila clam Ruditapes philippinarum.
Environ Sci Pollut Res 2010a; 17: 987—998.

Paek SM, Soohee C, In-Sook L. Level of heavy metals in the Onsan Bay in Korea and
involvement of metal binding protein in the accumulation of cadmium in Littorina
brevicula. Korean J Ecol 1999; 22: 95-100.

Yev



References

271.

278.

279.

280.

281.

282.

283.

284.

285.

286.

287.

288.

289.

290.

Etelvina F, Diana B, Sara CA, Fernando G, Rosa. Are metallothioneins equally good
biomarkers of metal and oxidative stress? Ecotoxicology and Environmental Safety
2012; 84: 185-190.

Paul-Pont 1, de Montaudouin, X, Gonzalez P, Jude F, Raymond N, Pailllard C,
Baudrimont M. Interactive effects of metal contamination and pathogenic organisms on
the introduced marine bivalve Ruditapes philippinarum in European populations.
Environ Pollut 2010b; 158: 3401-3410.

Freitas R, Costa E, Velez C, Santos J, LimaA, Oliveira C, Maria R A, Quintino V,
Figueira E, 2012a.lLooking for suitable biomarkers in benthic macro-invertebrates
inhabiting coastal areas with low metal contamination: comparison between the bivalve
Cerastoderma edule and the polychaete Diopatra neapolitana. Ecotoxicol Environ Saf
2012a; 75: 109-118.

Freitas R, Pires A, Quintino V, Rodrigues AM, Figueira. Subcellular partitioning of
elements and availability for trophic transfer: comparison between the bivave
Cerastoderma edule and thepolychaete Diopatra neapolitana. Estuar Coast Shelf
Sci.2012b; 99: 21-30.

Smaoui-Damak W, Hamza-Chaffa A, Bebiano MJ, Amiard JC. Variation of
metallothioneins in gills of the clam Ruditapes decussatus from the Gulf of Gabes
(Tunisia).Comp Biochem Physiol C Toxicol Pharmacol 2004; 139: 181-188.

Serafim, A, Bebiano MJ. Effect of a poly metallic mixture on metal accumulation and
metallothionein response in the clam Ruditapes decussatus. Aquat Toxicol 2010; 99:
370-378.

Hamza-Chaffa A, Amiard JC, Pellerin J, Joux L, Berthet B. The potential use of
metallothionein in the clam Ruditapes decussatus as a biomarker of in situ meta
exposure. Comp Biochem Physiol Part C: Toxicol Pharmacol 2000; 127: 185-197.

Hamza-Chaffar A, Pdlerin J, Amiard JC. Hedth assessment of a marine bivave
Ruditapes decussatus from the Gulf of Gabes (Tunisia). Environ Int 2003; 28: 609-617.

Ng TYT, Wang WX. Detoxification and effects of Ag, Cd and Zn pre-exposure on
metal uptake kinetics in the clam Ruditapes philippinarum. Mar Ecol Prog Ser 2004,
268:161-192.

Wang L, Pan L, Liu N, Liu D, Xu C, Miao J. Biomarkers and bioaccumulation of clam
Ruditapes philippinarum in response to combined cadmium and benzo[a]pyrene
exposure. Food Chem Toxicol 2011; 49: 3407-3417.

Figueira E, Cardoso P, Freitas R. Ruditapes decussatus and Ruditapes philippinarum
exposed to cadmium: toxicological effects and bioaccumulation patterns. Comp
Biochem Physiol C Toxicol Pharmacol 2012; 156: 80-86.

Li Y, Wang Y, Gou X, Su Y, Wang G. Risk assessment of heavy metals in soils and
vegetables around non-ferrous metals mining and smelting sites, Baiyin, China. J
Environ Sci (China) 2006; 18: 1124-1134.

Mazg Z, Al Sayegh-Petkovsek S, Pokorny B. Heavy metal concentrations in food chain
of Lake Velenjsko jezero, Slovenia: an artificia lake from mining. Arch. Environ.
Contam Toxicol 2010; 58: 998-1007.

Qiao M, Ca C, Hung Y, Lin A, Zheng Y. Characterization of soil heavy metal
contamination and potential health risk in metropolitan region of northern China.
Environ Monit Assess 2011; 172: 353-365.

YEA



References

291.

292.

293.
294.

295.

296.
297.

298.

299.

300.

301.

302.

303.

304.

305.

306.

307.

308.

Quandt SA, Jones BT, Taton JW, Whaley LE. Heavy metas exposures among
Mexican farm workers in eastern North Carolina. Environ Res 2010; 110, 83-88.

Wirth JJ, Mijal RS. Adverse effects of low level heavy meta exposure on mae
reproductive function. Syst Biol Reprod Med 2010; 56: 147-167.

Jarup L. Hazards of heavy metal contamination. Br Med Bull 2003; 68: 167-182.

Farzana H, Meghan M, James K. Signaling events for metallothionein induction.
Mutation Research 2003; 533: 211-226.

Emilio C, Giulia A, Gloria |I. Metallothionein functions and structural characteristics.
Journal of Trace Elementsin Medicine and Biology 2007; 21(1): 35-39.

Simpkins CO. Metallothionein in human disease. Cell Mol Biol 2000; 46: 465 488.

Michadl AL, Andrew PF, David AL, Allen JR, Michael P. Gene expression influences
on metal immunomodulation. Toxicology and Applied Pharmacology 2006; 210: 9-16.

Crowthers KC, Kline V, Giardina C, Lynes MA. Augmented humoral immune function
in metallothionein-null mice. Toxicol Appl Pharmacol. 2000; 166, 161-172.

Kim CH, Kim JH, Lee J, Ahn YS. Zinc-induced NF-kappaB inhibition can be
modulated by changes in the intracellular metallothionein level. Toxicol Appl
Pharmacol 2003; 190: 189 196.

Miles AT, Hawksworth GM, Beattie JH, Rodilla V. Induction, regulation, degradation,
and biologica significance of mammalian metallothioneins. Critical Reviews in
Biochemistry and Molecular Biology 2000; 35(1): 35-70.

MaretW. Zinc coordination environments in proteins as redox sensors and signal
transducers. Antioxid Redox Signal 2006; 8: 1419-1441.

Helen HW, Chen Im-Sook S, Anwar H, Min-Koo C, Yoshiaki Y, Zheng D, Liang JL,
Lily YHW, Zahid HS, Leo W. Elevated Glutathione Levels Confer Cellular
Sensitization to Cisplatin Toxicity by Up-Regulation of Copper Transporter hCtrl. Mol
Pharmacol 2008; 74: 697-704.

FuZ, Guo J, Jing L, Li R, Zhang T, Peng S. Enhanced toxicity and ROS generation by
doxorubicin in primary cultures of cardiomyocytes from neonatal metallothionein
I/11 null mice. Toxicol In Vitro. 2010; 24(6):1584-1591.

Mie Pedersena, Agnete L, Meredin S, Milena P. The role of metalothionein in
oncogenesis and cancer prognosis. Progress in Histochemistry and Cytochemistry 2009;
44: 29-64.

Vasak M, Meloni G. Chemistry and biology of mammalian metallothioneins. J Biol
Inorg Chem. 2011; 16(7):1067-1078.

Maret W. Molecular aspects of human cellular zinc homeostasis: redox control of zinc
potentials and zinc signals. Biometals 2009; 22(1): 149-157.

Flora SJS, Megha M, Ashish M. Heavy metal induced oxidative stress & its possible
reversal by chelation therapy. Indian J Med Res 2008; 128: 501-523.

Suntres ZE, Lui EM. Prooxidative effect of copper-metallothioneinin the acute
cytotoxicity of hydrogen peroxide in Ehrlich ascites tumour cells. Toxicology. 2006;
217(2-3):155-168.



References

309.

310.

311

312.

313.

314.

315.

316.

317.

318.

319.

320.

321.

322.

323.

324.

325.

326.

Klaassen CD, Liu J, Choudhuri S. Metallothionein: an intracellular protein to protect
against cadmium toxicity. Annu Rev Pharmacol Toxicol 1999; 39: 267-294.

Sabolic [, Breljak D, Skarica M, Herak-Kramberger CM.
Role of metallothionein in cadmium traffic ~ and toxicityin ~ kidneys and  other
mammalian organs. Biometals 2010; 23(5): 897-926.

Ladhar-Chaabouni R, Machreki-Ajmi M, Hamza-Chaffai A. Use of metallothioneins as
biomarkers for environmental quality assessment in the Gulf of Gabes (Tunisia).
Environ MonitAssess 2012; 184(4): 2177-2192.

Ka CW, Jie JL, Curtis DK. Nrf2 activation prevents cadmium-induced acute liver
injury. Toxicol and App Pharmacol 2012; 263: 14-20.

Sauer JM., Waalkes MP, Hooser SB, Baines AT, Kuester RK, Sipes IG. Tolerance
induced by all-transretinol to the hepatotoxic effects of cadmium in rats. role of
metallothionein expression. Toxicol App Pharmacol 1997; 143: 110-119.

El Heni J, Sfar S, Hammouda F, Sfar MT, Kerkeni A. Interrelationships between
cadmium, zinc and antioxidants in the liver of the rat exposed oraly to relatively high
doses of cadmium and zinc. Ecotoxicology and Environmental Safety 2011; 74: 2099-
2104.

Cherian MG, Kang Y J. Metallothionein and liver cell regeneration. Exp Biol Med 2006;
231(2): 138-144.

LiuY, Wang P, Wang Y, Zhu Z, Lao F, Liu X, Cong W, Chen C, Gao Y, Liu Y. The
influence on cell cycle and cell division by various cadmium-containing quantum dots..
2013; 9(14): 2440-2451.

Cherian MG, Apostolova MD. Nuclear localization of metallothionein
during cell proliferation and differentiation. Cell Mol Biol 2000; 46(2): 347-356.

Penkowa M. Metalothioneins are multipurpose neuroprotectants during brain
pathology. FEBS J 2006a; 273: 1857-1870.

Formigari A, Irato P, Santon A. Zinc, antioxidant systems and metallothionein in metal
mediated-apoptosis: biochemical and cytochemical aspects. Comp Biochem Physiol C
Toxicol Pharmacol 2007; 146: 443-459.

Nielsen AE, Bohr A, Penkowa M. The balance between life and death of cells: roles of
metallothioneins. Biomarker Insights 2007; 2: 99-111.

Cherian MG, Jayasurya A, Bay BH. Metallothioneins in human tumors and potential
rolesin carcinogenesis. Mutat Res 2003; 533: 201-209.

Sato M, Kondoh M. Recent studies on metallothionein: protection against toxicity of
heavy metals and oxygen free radicals. Tohoku J Exp Med 2002; 196: 9-22.

Jia G, Sone H, Nishimura N, Satoh M, Tohyama C. Metallothionein (I/11) suppresses
genotoxicity caused by dimethylarsinic acid. Int J Oncol 2004; 25: 325-333.

Theocharis SE, Margeli AP, Klijanienko JT, Kouraklis GP. Metallothionein expression
in human neoplasia. Histopathology 2004; 45: 103-118.

Mie @ P, Agnete L, Meredin S, Milena P. The role of metallothionein in oncogenesis
and cancer prognosis. Progress in Histochemistry and Cytochemistry 2009; 44: 29-64.

Hainaut P, Mann K. Zinc binding and redox control of p53 structure and function.
Antioxid Redox Signal 2001; 3: 611-623.

Yo



References

327.

328.

329.

330.

331

332.

333.

334.
335.

336.

337.

338.

339.

340.

341.

342.

343.

344.

Theocharis SE, Margeli AP, Koutselinis A. Metallothionein: a multifunctional protein
from toxicity to cancer. Int JBiol Markers 2003; 18: 162—1609.

Meplan C, Richard MJ, Hainaut P. Metalloregulation of the tumor suppressor protein
p53: zinc mediates the renaturation of p53 after exposure to metal chelatorsin vitro and
in intact cells. Oncogene 2000; 19: 5227-5236.

Ostrakhovitch EA, Olsson PE, Jiang S, Cherian MG. Interaction of metallothionein with
tumor suppressor p53 protein. FEBS Lett 2006; 580: 1235-1238.

Carpene E, Andreani G, Isani G. Metalothionein functions and structura
characteristics. J Trace Elem Med Biol 2007; 21(1): 35-39.

Dutsch-Wicherek M, Sikora J, Tomaszewska R. The possible biologica role of
metallothionein in apoptosis. Front Biosci 2008; 13: 4029-4038.

Fan LZ, Cherian MG. Potential role of p53 on metallothionein induction in human
epithelial breast cancer cells. Br J Cancer 2002; 87: 1019-1026.

Genestra M. Oxyl radicals, redox-sensitive signaling cascades and antioxidants. Cell
Signal 2007; 19: 1807-1819.

Waalkes MP. Cadmium carcinogenesis. Mutat Res 2003; 533: 107-120.

Mena S, Ortega A, Estrda JM. Okxidative stress in environmental-induced
carcinogenesis. Mutat Res 2009; 674: 36-44.

Koedrith P, Seo YR. Advances in carcinogenic metal toxicity and potential molecular
markers. Int JMol Sci 2011; 12: 9576-9595.

Beyersmann D, Hartwig A. Carcinogenic meta compounds. recent insight into
molecular and cellular mechanisms, Arch. Toxicol 2008; 82: 493-512.

Shams T, Medha P, Shubha P, Mohd SK, Arivarasu NA, Syed KZ. Gene-environment
interactions in heavy metal and pesticide carcinogenesis. Mutation Research 2014; 760:
1-9.

Andrea H. Meta interaction with redox regulation: an integrating concept in meta
carcinogenesis? Free Radical Biology and Medicine 2013; 55: 63-72.

Aziza AS, El Sikaily AM, Kholeif SF, Mahrous HS, Al-Zabedi EMS, Kassem HA.
Biological activity resulting from exposure to aguatic environmental genotoxic
pollutants in northern Egypt. Eastern Mediterranean Health Journal 2010; 16(1): 82-90.

Aydogan B, Marshall DT, Swarts SG, Turner JE, Boone AJ, Richards NG, Bolch WE.
Site-specific OH attack to the sugar moiety of DNA: a comparison of experimental data
and computational simulation. Radiat Res 2002; 157: 38-44.

Dedon PC. The chemical toxicology of 2-deoxyribose oxidation in DNA. Chem Res
Toxicol 2008 21: 206-219.

Chan W, Chen B, Wang L, Taghizadeh K, Demott MS, Dedon PC. Quantification of the
2-deoxyribonolactone and nucleoside 5'-aldehyde products of 2-deoxyribose oxidation
in DNA and cells by isotope-dilution gas chromatography mass spectrometry:
differential effects of gamma-radiation and Fe?*-EDTA. J Am Chem Soc 2010; 132:
6145-6153.

Cadet J, Douki T, Ravanat JL. Oxidatively generated damage to the guanine moiety of
DNA: mechanistic aspects and formation in cells. Acc Chem Res 2008; 41:1075-1083.

Vo)



References

345.

346.

347.

348.

349.

350.

351.

352.

353.

354.

355.

356.

357.

358.

359.

360.

Cadet J, Douki T, Ravanat JL. Measurement of oxidatively generated base damage in
cellular DNA. Mutat Res 2011; 711: 3-12.

Cadet J, Douki T, Ravanat JL. Oxidatively generated base damage to cellular DNA.
Free Radic Biol Med 2010; 49: 9-21.

Cadet J, Ravanat JL, Tavernaporro M, Menoni H, Angelov D. Oxidatively generated
complex DNA damage: tandem and clustered lesions. Cancer Lett 2012; 327: 5-15.

Kryston TB, Georgiev AB, Pissis P, Georgakilas AG. Role of oxidative stress and DNA
damage in human carcinogenesis. Mutat Res 2011; 711: 193-201.

Holmes SS, Wise JP, Wise S. Carcinogenicity of hexavalent chromium. Ind J Med Res
2008; 128: 353-372.

Yao H, Guo L, Jiang BH, Luo J, Shi X. Oxidative stress and chromium (VI)
carcinogenesis. J. Environ Pathol Toxicol Oncol 2008; 27: 77-88.

Sobol Z, Schiest RH. Intracellular and extracellular factors influencing Cr(VI) and
Cr(I11) genotoxicity. Environ Mol Mutagen 2012; 53: 94-100.

Zhitkovich A, Song Y, Quievryn G, Voitkun V. Non-oxidative mechanisms are
responsible for the induction of mutagenesis by reduction of Cr(V1) with cysteine: role
of ternary DNA adducts in Cr(l11)-dependent mutagenesis. Biochemistry 2001; 40: 549
560.

Salnikow K, Zhitkovich A. Genetic and epigenetic mechanisms in metal carcinogenesis
and co carcinogenesis: nickel, arsenic, and chromium. Chem Res Toxicol 2008; 21: 28—
44,

Hartwig A. Mechanisms in cadmium-induced carcinogenicity: recent insights.
Biometals 2010; 23: 951-960.

Sedlaczek N, Hasilik A, Neuhaus P, Schuppan D, Herbst H. Focal overexpression of
insulin-like growth factor 2 by hepatocytes and cholangiocytes in viral liver cirrhosis.
British Journal of Cancer 2003; 88: 733 — 739.

Weber MM, Auernhammer CJ, Lee PD, Engelhardt D, Zachoval R. Insulin-like growth
factors and insulin-like growth factor binding proteins in adult patients with severe liver
disease before and after orthotopic liver transplantation. Hormone Research 2002; 57:
105-112.

Baddour NM, Zeid A, Farrag E, Taher Y. Possible role of P 21 RAS and IGF2 in the
pathogenesis of hepatocellular carcinoma occurring on top of HCV. Hepatol Int 2011;
5: 19-30.

Grisham JW. Molecular genetic aterations in primary hepatocellular neoplasm,
hepatocellular adenoma, hepatocellular carcinoma and hepatocellular  blastoma
Molecular basis of human cancer 2001; 9: 269-346.

Nardone G, Romano M, Calabro A. Caabro A, Pedone P. Activation of fetal promoters
of insulin-like growth factor 2 gene in hepatitis C virus-related chronic hepatitis,
cirrhosis and hepatocellular carcinoma. Hepatology 1996; 23(6): 1304-1312.

Couvert P, Carrie A, Tezenas du Montcel S, Vaysse J, Sutton A, Barget N, Trinchet JC,
Beaugrand M, Ganne N, Gira P. Insulin-like growth factor 2 gene methylation in
peripheral blood mononuclear cells of patients with hepatitis C related cirrhosis or
hepatocellular carcinoma. Clinics and Research in Hepatology and Gastroenterology
2012; 36: 345-351.

Yoy



References

361.

362.

363.
364.

365.

366.

367.

368.

3609.

370.

371.

372.

373.

374.

375.

376.

Hoshida Y. Molecular signatures and prognosis of hepatocellular carcinoma. Minerva
Gastroenterologica e Dietologica 2011; 57: 311-322.

Biliya S, BullaLA. Genomic imprinting: the influence of differential methylation in the
two sexes. Experimental Biology and Medicine 2010; 235: 139-147.

WWW.epigenome.org , 2013.

Price JA, Kovach SJ, Johnson T, Koniaris LG, Cahill PA, Sitzmann JV. Insulin-like
growth factor | is a co-mitogen for hepatocyte growth factor in a rat model of
hepatocellular carcinoma. Hepatology 2002; 36: 1089-1097.

Scharf JG, Ramadori G, Dombrowski F. Analysis of the IGF axis in preneoplastic
hepatic foci and hepatocel lular neoplasms developing after low-number pancreatic islet
transplantation into the livers of streptozotocin diabetic rats. Lab Invest 2000; 80: 1399
1411.

Eriksson T, Frisk T, Gray SG, Schweinitz D, Pietsch T, Larsson C. Methylation changes
in the human IGF2 p3 promoter parallel IGF-2 expression in the primary tumor,
established cell line, and xenograft of a human hepatoblastoma. Exp Cell Res 2001,
270: 88-95.

Kang-Park S, Lee JH, Shin JH, Lee YI. Activation of the IGF-II gene by HBV-X
protein requires PKC and p44/p42 map kinase signalings. Biochem Biophys Res
Commun 2001; 283: 303-307.

Kang-Park S, Lee YI. PTEN modulates insulin-like growth factor 1l (IGF-11)-mediated
signaling; the protein phosphatase activity of PTEN down regulates IGF-II expression
in hepatoma cells. FEBS Lett 2003; 545: 203-208.

Lee YI, Lee S, Das GC, Park US, Park SM. Activation of the insulin-like growth factor
[l transcription by aflatoxin B1 induced p53 mutant 249 is caused by activation of
transcription complexes; implications for a gain-of-function during the formation of
hepatocellular carcinoma. Oncogene 2000; 19: 3717-3726.

Clermont F, Nittner D, Marine. IGF-2: the Achilles’ heel of p53 deficiency? EMBO
Molecular Medicine 2012; 4: 688-690.

Heging S, Martin FL, Yanhua S. Environmental chemical stressors as epigenome
modifiers. a new horizon in assessment of toxicological effects. Chin Sci Bull 2014,
59(4): 349-355.

Lachner M, O’sullivan RJ, Jenuwein T. An epigenetic road map for histone lysine
methylation. J Cell Sci 2003; 116: 2117-2124.

Teneng I, Montoya-Durango DE, Quertermous JL. Reactivation of L1 retrotransposon
by benzo(a@)pyrene involves complex genetic and epigenetic regulation. Epigenetics
2011; 6: 355-367.

Lee DH, Jacobs DR Jr, Porta M. Hypothesis: a unifying mechanism for nutrition and
chemicals as lifelong modulators of DNA hypomethylation. Environ Health Perspect
2009; 117: 1799-1802.

Foley DL, Craig JM, Morley. Prospects for epigenetic epidemiology. Am J Epidemiol
2009; 169: 389-400.

Kim KY, Kim DS, Lee SK. Association of low-dose exposure to persistent organic
pollutants with global DNA hypomethylation in heathy Koreans. Environ Hedth
Perspect 2010; 118: 370-374.

Yoy



References

371.

378.

379.

380.

381.

382.

383.

384.

385.

386.

387.

388.

389.

390.

391

392.

393.

Rusiecki JA, Baccarelli A, Bollati V. Global DNA hypomethylation is associated with
high serum-persistent organic pollutants in Greenlandic Inuit. Environ Health Perspect
2008; 116: 1547-1552.

Wright RO, Schwartz J, Wright RJ. Biomarkers of lead exposure and DNA methylation
within retrotransposons. Environ Health Perspect 2010; 118: 790-795.

Castro R, Rivera |, Struys EA. Increased homocysteine and S adenosylhomocysteine
concentrations and DNA hypomethylation in vascular disease. Clin Chem 2003; 49:
1292-1296.

Krause B, Sobrevia L, Casanello P. Epigenetics. new concepts of old phenomena in
vascular physiology. Curr Vasc Pharmacol 2009; 7: 513-520.

Rahman |, Marwick J, Kirkham P. Redox modulation of chromatin remodeling: impact
on histone acetylation and deacetylation, NF-[kappa] B and pro-inflammatory gene
expression. Biochem Pharmacol 2004; 68: 1255-1267.

Naviaux RK. Mitochondrial control of epigenetics. Cancer Biol Ther 2008; 7: 1191-
1193.

Smiraglia DJ, Kulawiec M, Bistulfi GL. A novel role for mitochondria in regulating
epigenetic modification in the nucleus. Cancer Biol Ther 2008; 7: 1182-1190.

Wallace DC, Fan W. Energetics, epigenetics, mitochondrial genetics. Mitochondrion
2010; 10: 12-31.

Poirier LA, Vlasova Tl. The prospective role of abnorma methyl metabolism in
cadmium toxicity. Environ Health Perspect 2002; 110: 793-795.

Day JK, Bauer AM, des Bordes C Genistein. Alters methylation patternsin mice. J Nutr
2002; 132: 2419S-2423S.

Dolinoy DC, Weidman JR, Waterland RA. Maternal genistein aters coat color and
protects Avymouse offspring from obesity by modifying the fetal epigenome. Environ
Health Perspect 2006; 114: 567-572.

Hong T, Nakagawa T, Pan WJ. Isoflavones stimulate estrogen receptor-mediated core
histone acetylation. Biochem Biophys Res Commun 2004; 317: 259-264.

Wu Q, Ohsako S, Ishimura R. Exposure of mouse preimplantation embryos to 2,3,7,8-
tetrachlorodibenzo-p-dioxin (TCDD) alters the methylation status of imprinted genes
H19 and Igf-2. Biol Reprod 2004; 70: 1790-1797.

Sato K, Fukata H, Kogo Y. Neonatal exposure to diethylstilbestrol alters the expression
of DNA methyltransferases and methylation of genomic DNA in the epididymis of
mice. Endocr J 2006; 53:337- 442.

Li S, Hansman R, Newbold R. Neonatal diethylstilbestrol exposure induces persistent
elevation of c-fos expression and hypomethylation in its exon-4 in mouse uterus. Mol
Carcinogen 2003; 38: 78-84.

Newbold RR, PadillaBanks E, Jefferson WN. Adverse effects of the model
environmental estrogen diethylstilbestrol are transmitted to subsequent generations.
Endocrinology 2006; 147:11-17.

Mohammad HP, Baylin SB. Linking cell signaling and the epigenetic machinery. Nat
Biotechnol 2010; 28: 1033-1038.

Yot



References

394. Mahmoud Abdel-Hamid Khamis. Determination of urinary polycyclic aromatic
hydrocarbon metabolites as biomarkers, of exposure to environmental marine pollution.
M. Sc. Thesis Alexandria University, 2013, Applied Medical Chemistry, Medical
Research Institute.

395. Yang M, Kroft SH, Chitambar CR. Gene expression anaysis of gallium-resistant and
galium-sensitive lymphoma cells reveals a role for metal-responsive transcription
factor-1, metalothionein-2A, and zinc transporter-1 in modulating the antineoplastic
activity of gallium nitrate. Mol Cancer Ther 2007; 6: 633-43.

396. Yang M, Chitambar CR. Role of oxidative stress in the induction of metallothionein-2A
and heme oxygenase-1 gene expression by the antineoplastic agent gallium nitrate in
human lymphoma cells. Free Radic Biol Med 2008; 45(6): 763-772.

Yoo



Appendix

Questionnaire Sheet

- Name: - Smoking habit:

- Age: - Place of work:

- weight: - Working durations:
Residence: - Fish meals:

C/O:

History:

1. History of renal colics or pass stones ( )
2. History of hematuria: If present ( )

- Terminal (Prostate)

- All the stream (Kidney stones or tumor)
- At start (schistosomiasis)

- Painless (malignant prostate)

3. History of urine flow abnormalities as ( )
- Urgency (D.M.)

- Frequency  (Prostatitis or cystitis)

- Frothy urine (heavy proteinuria)

4. History of jaundice/change color of eye or urine. ( )
5. History of right & left hypochondrial pain or suprapubic pain ( )
6. History of fatty dyspepsia (discomfort after fatty meal) ( )
7. History of fatigue for long period unexplained (HCV) ( )
8. History of schistosoma (), HCV (), or HBV ( ) infection.

9. History of previous operation ()
10. History of blood transfusion ()
11. History of blood in stool: ( )
12. History of edemalower limb ()
13. Echymotic patches over the skin or bleeding tendency as bleeding gums or
epistaxsis (hypersplenism) ( )

14. History of D. M. ( )

15. History of hypertension ( )
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Background

Water pollution due to toxic heavy metals has been a major cause of concern
for chemists and environmental engineers. The development of modern industry has
been increasingly responsible for serious pollution in the environment inhabited by
humans, with significant health risks, including cancer . In general, the whole soft
tissue concentration of metals in marine organisms is many times greater than the
concentration of metals in the surrounding seawater. Often, the metal level in
organism is proportional to the metal level in seawater so that the organism can be
used as a biological indicator of metal pollution @ Metals interfere with many
celtular reactions. However, the molecular interactions leading to tumor formation
after exposure to metals are still not well understood. One mechanism proposed
frequently is an increase in oxidative DNA lesions attributable to metal exposure,
mediated either by an increased generation of highly reactive oxygen species and/or

interference with DNA repair processes @),

During chronic intoxication with heavy metals, liver damage occurs when
the capacity of liver to sequester free forms of metals is exceeded © Exposure to
hepatotoxins causes liver necrosis, fibrosis, cirrhosis, and subsequently

hepatocellular carcinoma @,

Several different growth factors and their respective receptors have been
identified and may act as positive or negative modulators of cell proliferation and
differentiation of malignant cell systems. Among these, the insulin-like growth

factors I and II (IGF-I and IGF-II), their receptors and their binding proteins play an
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increasingly recognized role, being implicated in tumor formation, growth and
metastasis in vivo ®. Most of the circulating IGF-I and IGF-TI is produced by the
liver, although other tissues are capable of synthesizing these peptides locally e
Insulin-like growth factor II (IGF-II) is a mitogenic polypeptide having structural
similarity to proinsulin and insulin-like growth factor I (IGF-T) “?. IGF-II
reactivation was reported to be a common phenomenon in hepatocarcinogenesis

irrespective of species and the process of hepatocarcinogenesis .

Metallothionein (MT) is a low molecular mass metal-binding protein that is
inducible by endogenous and exogenous stimuli such as heavy metals and
cytokines"". The protein consists of (61-68) amino acids, depending upon the
isoform, one third of which are cysteine residues without an interamolecular
disulfide bond. The cysteine residues are responsible for coordinately binding heavy
metals such as cadmium and znc ions ®V. MTs take part in multiple biological
processes. Examples are the homeostasis of essential metals, such as zinc and
copper, and the detoxification of toxic metals like cadmium and mercury 2 Other
examples would be the cell protection role against oxidative damage caused by free
radicals, pharmacological agents and mutagens, neuroprotection from ionizing
radiation, the modulation of the cell apoptosis. The exposure of an organism to toxic
factors, such as heavy metals, induces MT expression in different tissues @ *%.
Therefore, these proteins could be used for exposure assessment in free-living

mammals and environmental monitoring of pollution from various metals *?.
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Review: To the best of our knowledge several studies were interested in
Heavy metals pollution and their role in Carcinogenesis. Here we summarized the
most recent publications: Biomonitoring on carcinogenic metals and oxidative DNA
damage in a Cross-Section Study (Hiltrud M et al 2001)®, Molecular mechanisms
of metal toxicity and carcinogenesis (Suwei W & Xianglin S 2001)™%, Molecular
and cellular mechanisms of cadmium carcinogenesis (Michael W et al 2003)"%,
Inhibition of Apel nuclease activity by lead, iron and cadmium (Daniel RM et al
2004) 7 Free radicals, metals and antioxidant in oxidative stress-induced cancer
(Valko M et al 2006)"® and Serum cadmium levels in pancreatic cancer patients

from the East Nile Delta region of Egypt (Alison MK et al 2006)".

Other studies were interested in Metallothionein as a biomarker of heavy
mete;ls pollution, the most recent studies was carried out are: Metallothionein: An
intracellular protein to protect against cadmium toxicity (Curtis DK et al 199940
Hepatic metallothionein as a biomarker for metal contamination: age effects and
seasonal variation in European flounders (Pleuronectes flesus) from the Severn
Estuary and Brisol Channel (Rotchell JM et al 2001 A mediator role for
metallothionein in Tumor Necrosis Factor-induced lethal shock (Waelput W et al
2001)?, Metallothionein in liver of eels Anguilla anguilla from the Thames
Estuary: an indicator of environmental quality (Langston WJ et al 2002)*% Critical
exposure level of cadmium for elevated urinary metallothein-An occupational
population study in China (Liang C et al 2006)*", Metallothionein, antioxidant
enzymes and DNA strand breaks as biomarkers of Cd exposure in a marine crab,

Charybdis japonica (Luging P & Hongxia Z 2006)%.

S
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Some studies illustrate the involvement of IGF-II in human cancer some of these
literatures are: Altered transcriptional regulation of the insulin-like growth factor 2
gene in human hepatocellular carcinoma (Kosaki U et al 1997)%® and Role of the
insulin-like growth factor family in cancer development and progression (Herbert Y

& Thomas R 2000)*7.

This study is considered as a follow-up to fishermen works in El Maadiya
region suffering from Chromosomal Aberrations as a result of exposure to aquatic

pollution (M. Sc. Thesis by Hany A. Kassem 2005)

The broad long term benefits of the proposed research is surveying the
region under study and know if the heavy metals pollution causes alteration in
expression of IGF-II gene and this alteration can be used as a suitable marker for
very early detection of the cancerous process and can save numbers of future cancer

victims by very early detection of this disease.

Where, the literatures did not cited any study on this area and our study
considered as the first one interested with the relation between metals pollution and

expression of IGF-II gene.
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Aim

The ultimate aim of this study is to estimate the Metallothionein
concentration as a biomarker of metal pollution and the effect of heavy metals

exposure on the gene expression of Insulin-Like Growth Factor II (IGF-II).
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Methods

. Biological Matrix: Mussel samples will be collected from Mediterranean Sea

"El-Maadiya region" for Determination of Metallothionein “* Hence, Mussels
have been validating as a good biological matrix for the determination of

Metallothionein as a biomarker of response to metal pollution %

. Human Subjects: the study will include (50) male subjects with an age range of

(21-55) years; they will divided into two groups:

Group I. which will include (40) professional Fishermen volunteers works in

“El-Maadiya region".
Group II. which will include (10) healthy control volunteers.

Blood samples will be collected from human subjects for the following

investigations:

- Determination of Metallothionein *.

- Determination of Glutathione (GSH) content ©%.

- Determination of Glutathione Peroxidase (GPx) activity %,
- Determination of Catalase (CAT) activity ®%.

- Determination of Superoxide Dismutase (SOD) activity ©*.
- Determination of Malondialdehyde (MDA) ©¥.

- RNA will be extracted from peripheral blood mononuclear cells by
commercially available kit for study of Insulin-Like Growth Factor IT (JGF-
IT) expression level PCR e

r\/\f'ﬁ}/W ﬁ/{&‘l oo @A-‘?
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Analysis of results

The data obtained from this study will be statistically analyzed using SPSS
(version 10). One way ANOVA will be used to compare between the levels of the
different parameters in study groups. A difference will be considered as significant

atp<0.05.
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