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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 behavioral effects on the aquatic
biota which results in adverse effects on humans.

The contamination levels of the aquatic 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,
metallothioneins 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 I
contain 10 control subjects and group II 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 major zinc and copper binding protein in many tissues, and there
is a close 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 signal 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 also inhibit zinc finger-
containing DNA repair proteins.

In our laboratory, Aziza et al (2010) found that pollution of Abo Qir bay (El 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) is involved 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 al (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 tumoural 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 also
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 several 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. Initially, 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. Finally, 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 malondialdehyde 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 malondialdehyde, 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 al (2010) found
high frequencies of chromosomal aberrations in lymphocytes of peripheral blood of the same
group of fishermen in the same area.

o b e i k a n d l . c o m



Summary & Conclusion

١٣٠

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 also alter
epigenetic modification via mitochondrial dysfunction. To be inhibitors, isoflavones,
polyphenol, zinc and cadmium may inhibit DNA methyl transferases (DNMTs) 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 IGF-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 El 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.
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Appendix ١

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 schistosomal (     ), HCV (     ), or HBV ( ) infection.

9. History of previous operation       (      )

10. History of blood transfusion       (      )

11. History of blood in stool:            (      )

12. History of edema lower 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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الملخص العربى
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الملخص العربى

، والتآ
الأحياء المائية مما يؤثر على صحة الانسان.جداً علىضارةثار المخلفات آولهذه

بالإضافة إلى الأحياء الفلزات بتعين تركيزاتها فى المياه والرواسب البحرية أو النهرية وتقاس درجة التلوث بهذه
المائية.

عالية من الملوثات . ويعتبر المتالوثتحملها لتركيزات
.ثبات التعرض للفلزاتوى دقيق لإيحالبيئة بالفلزات الثقيلة ، حيث أنه يعتبر دليل 

الرخويات البحرية كدليل حيوى على تلوث خليج أبوقير (منطقة المعدية) بالفلزات الثقيلة.

عن تلوث خليج أبوقير (منأظهرت نتائج هذه الدراسة 
. هذه الحيوانات الأنسجةفى المتالوثيونين عالية من 

بوجود بعض من الفلزات الثقيلة فى أنسجة هذه الرخويات مثل الكادميوم والنحاس والكروم والرصاص والزنك.

ي

هوراسة جعل الهدف الثانى لهذه الدت مباشرة من الفلزات الثقيلة، مما البيئى بكميا

المتالوثيونين تعيين تركيز بالفلزات الثقيلة، وذلك 
ج

رأوكسديز يالجلوتاثيون ، وإنزيم الكاتالاز، وإنزيم الجلوتاثيون ب
.٢ه الأنسولينيشبعامل النمو ثير هذا على مستوى التعبير الجينى لأالمالون دى ألدهيد فى دم هؤلاء الصيادين وت

شخص مقسمة إلى مجموعتين:56تمت هذه الدراسه على 

غير الصيد ختلفه مأشخاص يعملون فى مهن 12المجموعة الأولى (المجموعة الضابطة) وتشمل 

صياداً محترفاً فى منطقة المعدية .44ية تتضمن والمجموعة الثان

––أسفرت نتائج هذه الدراسة عن وجود تركيز
مصاحب لإزنك ) فى دم الصيادين محل البحث –نحاس –

.ةبطة بالصيادين عنها فى المجموعة الضاالدم الحمراء الخاص

) ، -الانسان منها ( النحاس  للفلزات الضروريه فى جسمفى عمليات التوازن الحيوى المتالوثيونين يدخل 
يؤدى المتالوثيونينو الزياده الكبيره فى ،مرتبط بالنحاس والزنك فى معظم أنسجة الجسمىحيث يعتبر بروتين أساس

إلى تثبيط الموت المبرمج للخلايا.

اع مختلفة موقد أثبتت نتائج هذه الدراسة أن تعرض الصيادين لأنو

لكاتالاز).  والجلوتاثيون بيرأوكسديز وا
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شارات الخلوية المتبادلة التى بدورها مسئولة عن نمو الخلية وتطورها. الإ

ونات الحلقية طبية التطبيقية أثبتت تلوث منطقة المعدية بالهيدروكربوجدير بالذكر أن نتائج أبحاث بقسم الكيمياء ال
ستير)، ) ومواد عطرية أمينية (رسالة ماجستيرالعطرية (رسالة ماج

لااهذه المنطقة، ب
٢الجينى الحالية عن حدوث إرتفاع معنوى ملحوظاً فى مستوى التعبير 

٢عامل النمو شبية الانسولين نفس المنطقة.  ول
٢عامل النمو شبية الانسولين لبها، كما يعتبر التغيير فى التعبير الجينى 

٢
،السرطانية الكبدية

الدراسة.

. ٥٣pطريق تثبيط بروتين 
٥٣pو ٢

.٥٣pثبيط نشاط  يؤدى إلى تكوين الأورام بواسطة ت٢التعبير الجينى لعامل النمو شبية الانسولين 

يونين 
٢عامل النمو شبية الانسولين بير الجينى لوموسومى وزيادة التعالكرالزيغو

دوث أورام سرطانية فى المستقبل .عرضة مؤكدة لمخاطر ح

التوصيات
١.

للمخلفات قبل صرفها.
٢.

ظهور اى أمراض أو أورام.
٣.٢

.الخلية السرطانيةفى عملية تكوينباقى المحتوى الخلوى على مستوى الأنسجة لمعرفة دورة 
الأ.٤

كدليل مبكر لحدوث أورام سرطانية.٢الانسولين 
٥.

الأخرى.
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جامعة الإسكندریة
معھد البحوث الطبیة

قسم الكیمیاء الطبیة التطبیقیة

متالوثیونین كدلیل حیوي على التلوث بالفلزات و التعبیر الجینى لعامل النمو 
٢نسولین شبیھ الإ

رسالة مقدمة
جامعة الإسكندرية–معهد البحوث الطبية –بقسم الكيمياء الطبية التطبيقية 

ات درجةضمن متطلب

دكتوراه الفلسفة
فى

الكيمياء الطبية التطبيقية
من

ھانى عبد الحكیم امین قاسم
٢٠٠٥،تطبيقيةالطبية الكيمياء الماجستير 

معهد البحوث الطبية
جامعة الإسكندرية

٢٠١٥
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موافقونلجنة الإشراف

......................................................./ عزیزه عبد العظیم ابراھیم سعدأ.د

الكیمیاء  الحیویةمتفرغ أستاذ
قسم الكیمیاءالطبیة التطبیقیة

معھد البحوث الطبیة
جامعة الإسكندریة

.......................................................أ.د/ أمانى محمد أحمد السقیلى

التلوث البحرىذ و رئیس معمل اأست
المعھد القومى لعلوم البحار و المصاید

وزارة البحث العلمى

.......................................................د/ محمد صلاح الدین عبد اللطیف

مدرس المیكروبیولوجى 
كلیة العلوم الطبیة المساعدة

وس بالاسكندریةجامعة فار
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جامعة الإسكندریة
معھد البحوث الطبیة

قسم الكیمیاء الطبیة التطبیقیة

متالوثیونین كدلیل حیوي على التلوث بالفلزات و التعبیر الجینى لعامل النمو 
٢نسولین شبیھ الإ

رسالة مقدمة من

ھانى عبد الحكیم امین قاسم
للحصول على درجة دكتوراه الفلسفة

فى

الكیمیاء الطبیة التطبیقیة

التوقیعلجنة الحكم و المناقشة
أ.د/ عزیزه عبد العظیم ابراھیم سعد
أستاذ متفرغ بقسم الكیمیاء الطبیھ التطبیقیة

جامعة الاسكندریة–معھد البحوث الطبیة 
.......................................................

أ.د/ أمانى محمد أحمد السقیلى
أستاذ و رئیس معمل التلوث البحرى

المعھد القومى لعلوم البحار و المصاید
وزارة البحث العلمى

.......................................................

ماجده عبد الغنى مجاھدأ.د/
أستاذ و رئیس قسم الكیمیاء الحیویة

جامعة الاسكندریة–البحوث الطبیة معھد
.......................................................

نادیة إسكندر زخارىأ.د/
قوزیر البحث العلمى الأسب

أستاذ الكیمیاء الحیویة الطبیة 
المعھد القومى للأورام

جامعة القاھرة

.......................................................

١/٢٠١٥/  ٢٤التاریخ:     
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