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Abstract

Cytochrome P450 2C19 (CYP2C19) participates in the metabolism of many
clinically

important

drugs

and

many

xenobiotic

compounds.

Genetic

polymorphisms of the CYP2C19 gene are described to have possible effect on
drug treatment and increasing susceptibility to carcinogenic substances. The aim
of this study was to determine the frequencies of the major polymorphic CYP2C19
alleles (CYP2C19*2 and CYP2C19*3) and to investigate their association with
occurrence of childhood hematological malignancies and/or age of onset of the
disease in the investigated patients with comparison to normal subjects. The
polymorphism of CYP2C19 was analyzed by a genotyping technique, based on
polymerase chain reaction (PCR) followed by restriction enzyme analysis. EDTA
blood samples were obtained from 52 previously diagnosed hematological
malignancy children (45 from El-Nasser hospital and 7 from the European Gaza
hospital) and from 52 normal subjects. The DNA was extracted from the EDTA
blood sample for each child. The frequencies of each allele in the cancer group
and the control group were compared. In the patient group the frequencies of
CYP2C19*2 and CYP2C19*3 were 9.62% and 0.96%, respectively, while in the
control group the respective frequencies were 5.77% and 2.88%. These
percentages show that there is no significant difference between the control group
and the patient group in terms of the frequencies of CYP2C19*2 and CYP2C19*3.
The genotyping analysis showed the following results: 15.39% (1*/2*), 1.92%
(1*/3*), 1.92% (2*/2*), and 80.77% (1*/1*) in the patients while in the normal
subjects the results were 7.69% (1*/2*) , 5.77% (1*/3*), 1.92% (2*/2*), and 84.61%
(1*/1*). Data also showed that there is no significant Correlation between the onset
age and the polymorphism of the CYP2C19. Moreover, the frequency of affected
males was more than that of females. In conclusion, no significant association
was found between the CYP2C19 polymorphism and the occurrence or the onset
age of the childhood hematological malignancies. Further studies are needed to
investigate more CYP2C19 alleles and other important CYP genes polymorphisms
in cancer patients.
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اﻟﻤﻠﺨﺺ
ﯾﺸﺎرك اﻷﻧﺰﯾﻢ  CYP2C19ﻓﻲ ﻋﻤﻠﯿﺎت اﻟﺒﻨﺎء واﻟﮭﺪم ﻟﻜﺜﯿﺮ ﻣﻦ اﻷدوﯾﺔ و اﻟﻤﻮاد اﻟﻜﯿﻤﯿﺎﺋﯿ ﺔ اﻟﻐﺮﯾﺒ ﺔ
اﻟﺘﻲ ﯾﺘﻌﺮض ﻟﮭﺎ اﻹﻧﺴﺎن .وﻟﻘﺪ أﺷﯿﺮ إﻟﻰ اﺣﺘﻤﺎﻟﯿﺔ ﺗﺄﺛﯿﺮ ﺗﻌﺪد اﻷﺷﻜﺎل اﻟﺠﯿﻨﻲ ﻟﻠﺠﯿﻦ  CYP2C19ﻋﻠﻰ
اﻟﻌﻼج ﺑﺎﻷدوﯾﺔ وﻛﺬﻟﻚ ﻋﻠﻰ زﯾﺎدة اﻟﺤ ﺴﺎﺳﯿﺔ ﻟﻠﻤ ﻮاد اﻟﻤ ﺴﺮﻃﻨﺔ .وﻟ ﺬﻟﻚ ﻛ ﺎن اﻟﮭ ﺪف ﻣ ﻦ ھ ﺬه اﻟﺪراﺳ ﺔ
ﺗﺤﺪﯾﺪ ﻧﺴﺒﺔ وﺟﻮد اﻷﺷﻜﺎل اﻟﺠﯿﻨﯿﺔ اﻟﺮﺋﯿ ﺴﯿﺔ اﻟﻐﯿ ﺮ ﻃﺒﯿﻌﯿ ﺔ ﻟﻠﺠ ﯿﻦ  CYP2C19وھ ﻲ رﻗ ﻢ  2و رﻗ ﻢ 3

) (CYP2C19*2, CYP2C19*3واﻟﺒﺤﺚ ﻓﻲ ﻋﻼﻗﺘﮭﻤﺎ ﺑﺤﺪوث أﻣﺮاض اﻟﺪم اﻟﺴﺮﻃﺎﻧﯿﺔ ﻟﺪى اﻷﻃﻔ ﺎل
ﻣﻦ ﺟﮭﺔ وﻋﻼﻗﺘﮭﻤﺎ ﺑﻌﻤﺮ اﻷﻃﻔﺎل ﻋﻨﺪ اﻹﺻﺎﺑﺔ ﻣﻦ ﺟﮭﺔ أﺧﺮى وذﻟﻚ ﺑﺎﻟﻤﻘﺎرﻧﺔ ﻣﻊ أﺷ ﺨﺎص ﻃﺒﯿﻌﯿ ﯿﻦ
ﻏﯿ ﺮ ﻣ ﺼﺎﺑﯿﻦ ﺑ ﺄي ﻣ ﻦ ﺳ ﺮﻃﺎﻧﺎت اﻟ ﺪم .و ﻟﻘ ﺪ ﺗ ﻢ اﺳ ﺘﺨﺪام ﻃﺮﯾﻘ ﺔ  ) PCR-RFLPإﻛﺜ ﺎر اﻟﺠ ﺰء ﻣ ﻦ
اﻟﺤﺎﻣﺾ اﻟﻨﻮوي اﻟﺪﯾﺆﻛﺴﻲ رﯾﺒﻮزي )اﻟﺪﻧﺎ( وﻣﻦ ﺛﻢ ﻗﻄﻌﮫ ﺑﻮاﺳﻄﺔ إﻧﺰﯾﻤﺎت ﻗﺎﻃﻌﺔ ﻣﺘﺨﺼﺼﺔ( ،ﺣﯿﺚ
ﺗﻢ ﺟﻤﻊ  52ﻋﯿﻨﺔ دم ﻓﻲ أﻧﺎﺑﯿﺐ ﻣﺤﺘﻮﯾﺔ ﻋﻠﻰ ﻣﺎﻧﻊ اﻟﺘﺠﻠﻂ  EDTAﻣﻦ ﻣﺮﺿﻰ ﺳﺮﻃﺎﻧﺎت دم ﻣﺸﺨﺼﯿﻦ
ﻣﺴﺒﻘﺎ ﻣﻦ ﻣﺴﺘﺸﻔﻰ اﻟﻨﺼﺮ ﻟﻸﻃﻔﺎل ) (45وﻣ ﻦ ﻣﺴﺘ ﺸﻔﻰ ﻏ ﺰة اﻷوروﺑ ﻲ ) (7ﺑﺎﻹﺿ ﺎﻓﺔ إﻟ ﻰ ﺟﻤ ﻊ 52

ﻋﯿﻨﺔ دم ﻣﻦ أﺷﺨﺎص ﻃﺒﯿﻌﯿﯿﻦ .ﺛﻢ ﺗﻢ ﻓﺼﻞ اﻟﻤﺎدة اﻟ ﻮ راﺛﯿ ﺔ )اﻟ ـﺪﻧﺎ( ﻣ ﻦ ﻋﯿﻨ ﺎت اﻟ ﺪم .ﺗ ﻢ ﺗﺤﺪﯾ ﺪ ﻧ ﺴﺒﺔ
وﺟﻮد ﻛﻞ ﻣﻦ اﻟﺸﻜﻞ رﻗ ﻢ  2ورﻗ ﻢ  3ﻟﻠﺠ ﯿﻦ  CYP2C19ﻋﻨ ﺪ اﻟﻤﺮﺿ ﻰ وﻋﻨ ﺪ اﻷﺷ ﺨﺎص اﻟﻄﺒﯿﻌﯿ ﯿﻦ.
وﻟﻘﺪ وﺟﺪ أن ﻧﺴﺒﺔ وﺟﻮد اﻟﺸﻜﻞ  CYP2C19*2ﻋﻨ ﺪ اﻟﻤﺮﺿ ﻰ ﻛﺎﻧ ﺖ  %9.62ﺑﯿﻨﻤ ﺎ ﻛﺎﻧ ﺖ اﻟﻨ ﺴﺒﺔ ﻓ ﻲ
اﻟﻤﺠﻤﻮﻋﺔ اﻟﻀﺎﺑﻄﺔ  ،%5.77أﻣﺎ ﺑﺎﻟﻨ ﺴﺒﺔ ﻟﻠ ﺸﻜﻞ  CYP2C19*3ﻛﺎﻧ ﺖ اﻟﻨ ﺴﺒﺔ ﻟ ﺪى اﻟﻤﺮﺿ ﻰ %0.96

ﺑﯿﻨﻤﺎ ﻟﺪى اﻟﻤﺠﻤﻮﻋﺔ اﻟ ﻀﺎﺑﻄﺔ ﻛﺎﻧ ﺖ اﻟﻨ ﺴﺒﺔ  ،%2.88وﺗﺜﺒ ﺖ ھ ﺬه اﻟﻨ ﺴﺐ اﻧ ﮫ ﻻ ﯾﻮﺟ ﺪ ﻓ ﺮق ذو دﻻﻟ ﺔ
إﺣ ﺼﺎﺋﯿﺔ ﺑ ﯿﻦ اﻟﻤﺠﻤ ﻮﻋﺘﯿﻦ ﻓﯿﻤ ﺎ ﯾﺘﻌﻠ ﻖ ﺑﻨ ﺴﺒﺔ وﺟ ﻮد ﻛ ﻞ ﻣ ﻦ اﻟ ﺸﻜﻠﯿﻦ .وﯾ ﺸﯿﺮ اﻟﺘﻮزﯾ ﻊ اﻟﺠﯿﻨ ﻲ ﻟ ﺪى
ﻣﺠﻤﻮﻋ ﺔ اﻟﻤﺮﺿ ﻰ إﻟ ﻰ اﻟﻨﺘ ﺎﺋﺞ اﻟﺘﺎﻟﯿ ﺔ،(*2/*2) %1.92 ،(*3/*1) %1.92 ،(*2/*1) %15.39 :
 .(*1/*1) %80.77ﺑﯿﻨﻤﺎ ﻟ ﺪى اﻟﻤﺠﻤﻮﻋ ﺔ اﻟ ﻀﺎﺑﻄﺔ ﻛﺎﻧ ﺖ اﻟﻨﺘ ﺎﺋﺞ ﻛﺎﻟﺘ ﺎﻟﻲ%5.77 ،(*2/*1) %7.69 :

) .(*1/*1) %84.61 ،(*2/*2) %1.92 ،(*3/*1ﺗﺸﯿﺮ اﻟﻨﺘﺎﺋﺞ ﻛ ﺬﻟﻚ إﻟ ﻰ ﻋ ﺪم وﺟ ﻮد ﻋﻼﻗ ﺔ ﺑ ﯿﻦ اﻟﻌﻤ ﺮ
ﻋﻨﺪ ﺑﺪاﯾﺔ اﻹﺻﺎﺑﺔ ﺑﺴﺮﻃﺎﻧﺎت اﻟﺪم ﻗﯿﺪ اﻟﺪراﺳﺔ وﺗﻌ ﺪد اﻷﺷ ﻜﺎل ﻟﻠﺠ ﯿﻦ  ،CYP2C19وﻟﻘ ﺪ ﻛﺎﻧ ﺖ ﻧ ﺴﺒﺔ
اﻟﻤﺼﺎﺑﯿﻦ ﻣﻦ اﻟﺬﻛﻮر أﻛﺜﺮ ﻣﻨﮭﺎ ﻣﻦ اﻹﻧﺎث.
واﻟﺨﻼﺻﺔ أﻧﮫ ﻻ ﺗﻮﺟﺪ ﻋﻼﻗﺔ أو ارﺗﺒ ﺎط ذو دﻻﻟ ﺔ إﺣ ﺼﺎﺋﯿﺔ ﺑ ﯿﻦ ﺗﻌ ﺪد اﻷﺷ ﻜﺎل ﻟﻠﺠ ﯿﻦ  CYP2C19و
ﺣﺪوث ﺳﺮﻃﺎﻧﺎت اﻟﺪم ﻋﻨﺪ اﻷﻃﻔﺎل أو اﻟﻌﻤﺮ ﻋﻨﺪ اﻹﺻﺎﺑﺔ ﻟﺪﯾﮭﻢ .وﺗﺠﺪر اﻹﺷ ﺎرة ھﻨ ﺎ إﻟ ﻰ أﻧﻨ ﺎ ﺑﺤﺎﺟ ﺔ
ﻣﺎﺳ ﺔ ﻟﻠﻤﺰﯾ ﺪ ﻣ ﻦ اﻷﺑﺤ ﺎث و اﻟﺪراﺳ ﺎت ﻟﻤﻌﺮﻓ ﺔ اﻟﻤﺰﯾ ﺪ ﻋ ﻦ اﻷﺷ ﻜﺎل اﻟﻐﯿ ﺮ ﻃﺒﯿﻌﯿ ﺔ اﻷﺧ ﺮى ﻟﻠﺠ ﯿﻦ
 CYP2C19وﻟﺘﻌﺪد اﻷﺷﻜﺎل اﻟﺠﯿﻨﯿﺔ ﻟﺠﯿﻨﺎت ﻣﮭﻤﺔ أﺧ ﺮى ﻣ ﻦ اﻟ ـ  CYPﻋﻨ ﺪ ﻣﺮﺿ ﻰ ﺳ ﺮﻃﺎﻧﺎت اﻟ ﺪم
واﻟﺴﺮﻃﺎﻧﺎت اﻷﺧﺮى.
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Chapter one
Introduction

1.1. Overview
Cytochrome P450 (CYP) proteins are heme enzymes that function in diverse
pathways, from carbon source assimilation to hormone biosynthesis. In all P450s,
heme is bound in a structurally conserved protein core, allowing them to catalyze
regioselective and stereoselective oxidation of hydrocarbons. CYP enzymes,
named for the absorption band at 450 nm of their carbon-monoxide-bound form,
are one of the largest superfamilies of enzyme proteins. CYP enzymes
superfamilies are actively involved in drug and xenobiotic metabolism [1].

Humans have been estimated to have at least 57 different CYP genes (Table 1.1)
and 47 pseudogenes [2], but the major drug metabolizing human P450s are
CYP1A, CYP2B, CYP2C, CYP2D, CYP2E, and CYP3A [3, 4, 5].
The etiology of hematological malignancies is largely unknown. Biological and
epidemiological data implicate an important role of exogenous toxicants including
cytotoxic drugs, benzene, radiation and cigarette smoking. Most of these
substances are detoxified by CYP enzymes which are present mainly in the liver
cells [6].
Pediatric cancer is a treatable disease with cure being a realistically obtainable
goal. However, children still die of cancer and it is one of the leading causes of
death in childhood. It is a chronic illness with long term morbidity both from the
disease, and treatment or both [7]. Pediatric cancers differ from adult cancers and
different types of cancer occur at different ages. General aspects of childhood and
adult cancers are provided in Table 1.2.
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Table 1.1. Major CYP genes and their main functions.*
CYP Gene

Main functions

CYP1

Xenobiotic metabolism

CYP2

Xenobiotic metabolism, Arachidonic acid metabolism

CYP3

Xenobiotic and steroid metabolism

CYP4

Fatty acid hydroxylation

CYP5

Thromboxane synthesis

CYP7

Cholesterol 7-hydroxylation

CYP8

Prostacyclin synthesis

CYP11

Cholesterol side-chain cleavage, Steroid 11hydroxylation, Aldosterone synthesis.

CYP17

Steroid 17-hydroxylation

CYP19

Androgen aromatization

CYP21

Steroid 21-hydroxylation

CYP24

Steroid 24-hydroxylation

CYP26

Retinoic acid hydroxylation

CYP27

Steroid 27-hydroxylation

CYP46

Cholesterol 24-hydroxylation

CYP51

Sterol biosynthesis

* Compiled from Nelson, (1999) [8].
The CYP enzymes are the most important enzyme system that metabolize and
inactivate drugs, and in some cases activate them to active, toxic or carcinogenic
products [3, 8, 9]. Polymorphisms (the presence of more than one allele at a
particular locus at a frequency of 1% or higher in a population) have been shown
to affect the half-life, efficacy, and toxicity of clinically used drugs and affect
susceptibility to environmentally caused disease states such as cancer [10, 11].
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Polymorphisms in genes have developed during the evolution through various
events, such as point mutations (missense, nonsense, frameshift, and silent
mutation), gene conversions, deletions, and insertions. Numerous single
nucleotide polymorphisms (SNPs) are also found throughout the genome [12].

Most xenobiotic metabolizing enzymes (XMEs) have been found to display
considerable genetic heterogeneity. Environment and diet are thought to be
important modifiers during the evolution, the genome being adapted to the living
circumstances through natural selection [12].
Table 1.2. General aspects of childhood and adult cancers [7].

Parameter

Child

Adult

Primary site

Haemopoietic, CNS,
Lymphatic,
(mesodermal).

Breast, Lung, Colon
(ectodermal).

Stage at diagnosis

80% disseminated.

Local or regional.

Screening test

Usually not useful.

Useful
e.g; mammography, PAP
smear, self examination.

Early detection

Mostly accidental
Usually late.

Improves with education

Response

Very responsive to
chemotherapy.

Less responsive to
chemotherapy.

Outcome

~65% 5 yr survival
(all types).

<50% 5 yr survival (all
types).

Prevention

Unlikely

Many preventable.

In the Gaza Strip in the period (1995-2000) the incidence rate of the childhood
hematological malignancies were 31.4% (61.9% in males, 38.1% in females). Most
common types of pediatric cancer were lymphomas (27.3%), bone marrow
(23.8%), brain and nervous system (17.6%) [13].
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In the United States of America (USA) the most common childhood malignancies
are acute lymphoblastic leukemia, central nervous system (CNS) tumors and
lymphomas (Table 1.3). Together, these cancers account for 63 % of cases.
Childhood cancers occur at a slightly higher rate in males and at a significantly
higher rate in whites [14]. The incidence of leukemia and lymphoma is the highest,
representing 41.1% of all types of childhood cancers.

Table 1.3. The incidence of childhood cancers in the USA.*

Cancer

Incidence (%)

Leukemia

30.2

Central nervous system tumor

21.7

Lymphoma

10.9

Neuroblastoma

8.2

Soft tissue sarcoma

7.0

Renal tumor

6.3

Bone tumor

4.7

Others

11.0

*Adopted from Linet et.al. (1999) [15].

1.2. Scope
CYP2C19 gene is highly polymorphic and its polymorphism contributes to
assigning humans to different genotypes. The three normal alleles are functionally
active in metabolizing certain drugs and xenobiotic compounds which may be
carcinogenic. The other CYP2C19 alleles are functionally inactive. Accordingly,
the aim of this study is to investigate the occurrence of mutant (abnormal) alleles
in children with hematological malignancies in comparison to the normal
population. There are two main enzyme deficient alleles called CYP2C19*2
(CYP2C19m1) and CYP2C19*3 (CYP2C19m2). They represent more than 99% of
all the abnormal CYP2C19 alleles in Asian population and 87% in Caucasian
population [16, 17, 18]. In the present study the Identification of the various alleles
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will

be

done

by

polymerase

chain

reaction-restriction

fragment

length

polymorphism (PCR-RFLP) technique.

1.3. Objective
The overall aim of the study is to investigate the association between CYP2C19
gene polymorphism and occurrence of childhood hematological malignancies.
The specific objectives of the study are to:
•

Investigate the association between the major CYP2C19 alleles and
occurrence of childhood hematological malignancies.

•

Investigate the correlation between the major CYP2C19 alleles and the age
of onset of the disease in the investigated patients.

1.4. Importance of the study
The study will reveal the correlation between the childhood hematological
malignancies and the CYP2C19 polymorphism. This will help in identifying the
alleles that may predispose to childhood hematological malignancies.

The identification of susceptible populations through knowledge of their alleles
could lead to the elucidation of mechanisms of disease and help to design the
preventive strategies that are of greatest benefit.
The medical practice today focuses mostly on the “treatment after the disease
onset” while the molecular medicine promises “the prevention before the disease
onset”. Now the genes responsible for diseases are being mapped on
chromosomes and mutations precipitating the clinical conditions are being
identified [19]. The homozygous child for the defective CYP2C19 alleles may be
protected from exposure to the carcinogenic materials and drugs which are
metabolized by the CYP2C19 enzyme.
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Chapter 2
Literature Review

2.1. CYP enzyme system
CYPs are heme-thiolate proteins (Figure 2.1); their most conserved structural
features are related to heme binding and common catalytic properties, the major
feature being a completely conserved cysteine serving as fifth (axial) ligand to the
heme iron [1].

Protein chain= blue
Protoporphyrin = red
Iron (III) = silver
Thiocamphor = green
Figure 2.1. CYP Protein structure [20].
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The CYP genes are found in the genomes of virtually all organisms, but their
number has exploded in plants [1]. The human genome encodes more than 57
members of the family, whereas the genome of the plant Arabidopsis encodes
more than 250 members [21, 22]. In humans, the CYP genes are expressed in
numerous tissues that metabolize a large number of drugs and are under the
control of genetic and non-genetic factors [17].

In plants, chemical defense seems to be a major reason for CYP diversification. In
prokaryotes, CYPs are soluble proteins while in eukaryotes, they are usually
bound to the endoplasmic reticulum or inner mitochondrial membranes. The
electron carrier proteins used for conveying reducing equivalents from NAD(P)H
differ with the subcellular localization [1].

2.1.1. Nomenclature
The nomenclature of CYP enzymes are based on the similarity in the genetic
sequence: I) Isoenzymes with greater than 40% genetic sequence similarity are
grouped into families denoted by CYP, and a number e.g., CYP2. II) Isoenzymes
within a family that have greater than 55% sequence similarity are grouped in a
subfamily designated by a capital letter e.g., CYP2C. III) Individual isoenzymes
that have been specifically identified are given a further number e.g., CYP2C19
[23, 24].

2.1.2. Drug Interactions
In humans, the CYP gene family contains at least 57 different genes, of which only
a small group is involved in drug and chemical transformations [25]. The most
important CYP isoenzyme is CYP3A4 (50% of the CYP metabolism) followed by
CYP2D6 (20%), CYP2C9 and CYP2C19 (together 15%). The remaining is carried
out by CYP2E1, CYP2A6 and CYP1A2 [5].

CYP enzymes are present in every cell, but are primarily located in the
endoplasmic reticulum of the hepatocytes and in the small intestines, with smaller
quantities in the kidneys, lungs and brain. The liver is the main site of drug
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metabolism. CYPs in the gut are also involved in drug interactions, for example
constituents of grapefruit juice are known to inhibit the metabolism of some drugs
in the gut wall [23].

CYP enzymes play a dual role in the organism. On the one hand, they inactivate
the drug/xenobiotic and prepare it for excretion. On the other hand, they are also
capable of activating foreign chemicals to highly reactive toxic intermediates that
might act as carcinogens or mutagens [26].

2.1.3. Phase I and Phase II enzymes
The reactions catalyzed by xenobiotic-biotransforming enzymes are generally
divided into two groups, called phase I and phase II (Table 2.1). Phase I reactions
involve oxidation, reduction and hydrolysis. These reactions expose or introduce a
functional group (-OH, -NH2, -SH or -COOH) (Figure 2.2), and usually result in
only a small increase in hydrophilicity [26]. Phase II biotransformation reactions
include glucuronidation, sulfation, acetylation, methylation, conjugation with
glutathione (mercaptopuric acid synthesis), and conjugation with amino acids
(such as glycine, taurine, and glutamic acid) [26].

Among the phase I biotransformation enzymes, the CYP system ranks first in
terms of catalytic versatility and the sheer number of xenobiotics it detoxifies or
activates to reactive intermediates [26].

Phase I and Phase II enzymes do not act according to the highly specific "lockand-key" mode. Fortunately for us, they are capable of entering into a wide variety
of chemical reactions because they encounter an enormous range of natural and
man-made chemicals [27].
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Table 2.1. List of reactions catalyzed by some drug metabolizing enzymes [26].
Phase I reaction

Reaction type

Enzyme

Cytochrome P450monooxygenases

Oxidation

Hydroxylation, Noxidation, S-oxidation,
N-dealkylation, Odealkylation,
desamination,
desulfation, oxidative
dehalogenation
Dehydration

Alcohol dehydrogenase

dehydration of amines

Monoaminoxidases

Reduction

Dehalogenisation of
nitrogroups

Flavin
monooxygenases
Cytochrome P450monooxigenases

Hydrolysis

Hydrolysis of epoxides

Epoxide hydrolases

Oxidation of radicals

Superoxide dismutases

peroxidation

glutathione peroxidases

Glucosylation

UDPglucuronosyltransferase

sulfation

sulfotransferases

N-oxidation, S-oxidation

Others

Phase II reactions

Conjugation

O-, Nacetyltransferases
O-, N-, Smethyltransferases
glutathione Stransferases

acetylation
methylation
glutathione Sconjugation
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Figure 2.2. The catalytic cycle of cytochrome P450. The intermediate states
enclosed in dashed boxes have not been directly observed and are hypothetical
[28]. (I) As the substrate (RH) binds it converts the iron (III) from low spin 6 coord
to high spin ferric five coord. (II) The addition of an electron (NADH) to give the
high spin ferrous substrate bound enzyme. (III) Oxygen binding occurs to give a
ferric superoxide intermediate. (IV) Intermediate VI is less well characterized and
normally written as a ferricperoxide. (V) O-O bond cleavage occurs to give an
oxygen atom in formal oxidation state. (VI) The substrate (RH) is oxidized and
converted to (ROH). (VII) The final step is the releasing of the alcohol and the
resting state of the protein (CYP).
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2.2. CYP2C19
The human CYP2C subfamily consists of four members (CYP2C8, -9, -18, and 19), which share >82% amino acid identity [29].
The CYP2C19 gene is located within a cluster of CYP genes on the 4th band of
region 2 of the long arm of chromosome 10 (10q24) (Table 2.2). This gene
encodes a member of the CYP superfamily of enzymes [30].
Table 2.2. Description of the CYP2C19 gene [30].
Symbol
Gene name

Alternate Names

CYP2C19
Cytochrome p450, family 2, subfamily C,
polypeptide 19.
cytochrome P450, subfamily IIC (mephenytoin 4hydroxylase), polypeptide 19; flavoprotein-linked
monooxygenase; mephenytoin 4'-hydroxylase;
microsomal monooxygenase; xenobiotic
monooxygenase.

Location

10q24.1-q24.3.

Geneatlas name

Xenobiotic monooxygenase.

Synonym symbol(s)

CPC1, CYP2C, P450C2C, CPCJ.

DNA structure

90.21 kb, 9 Exons.

mRNA size

1473 bp.

Protein size

55.9 kDa, 490 aa.

2.2.1. History
By somatic cell hybridization and in situ hybridization, Riddell et al. (1987) and
Spurr et al. (1987) assigned a gene for the CYP with mephenytoin 4-primehydroxylase activity (CYP2C) to chromosome 10q24.1-q24.3. Shephard et al.
(1989) isolated and sequenced a cDNA clone that codes for a novel member of
the CYP2C subfamily in man. Studies of Wrighton et al. (1993) and of Goldstein
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et al. (1994) had demonstrated a correlation between the levels of CYP2C19
protein and microsomal S-mephenytoin 4-prime-hydroxylase activity in human
liver. The molecular defect in CYP2C19 responsible for the poor metabolizer (PM)
phenotype was determined by de Morais et al. (1994) [31, 32, 33, 34, 35, 36].

2.2.2. CYP2C19 Functions
CYP2C19 is responsible for the metabolism of a number of therapeutic agents
such as the anticonvulsant drug S-mephenytoin, omeprazole, proguanil, certain
barbiturates, diazepam, propranolol, citalopram and imipramine [37]. Drugs may
be themselves substrates for CYP2C19 enzyme and/or may inhibit or induce the
enzyme [38].

CYP2C19 is described according to the catalytic activity as: I) CYP 2C19 (EC
1.14.13.80) ((R)-limonene 6-monooxygenase) (EC 1.14.13.48). II) ((S)-limonene 6monooxygenase) (EC 1.14.13.49). III) ((S) - limonene 7-monooxygenase)
(CYP2C19) (P450-11A) (Mephenytoin 4 - hydroxylase) (CYP2C17) (P450-254C)
[30].

I.

(+)-(R)-limonene + NADPH + O2 = (+)-Trans- carveol + NADP (+) + H2O.

II.

(-)-(S)-limonene + NADPH + O2 = (-)-Trans- carveol + NADP (+) + H2O.

III.

(-)-(S)-limonene + NADPH + O2 = (-)-perillyl alcohol + NADP (+) + H2O.

2.2.3. CYP2C19 alleles
The wild type allele of CYP2C19 which was reported by Romkes et al. (1991)
[39], and has been designated CYP2C19*1A. A second wild type allele was
described by Richardson et al. (1995) [40], and has been designated
CYP2C19*1B. A third wild type allele was described by Blaisdell et al. (2002)
[41], and has been designated CYP2C19*1C. About 24 variants of CYP2C19 are
known (Table 2.3). The most important of these alleles are: CYP2C19*2
(681GàA), CYP2C19*3 (636GàA), and CYP2C19*4 (1AàG). The nucleotide
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changes in the CYP2C19*2, *3, and *4, lead to a splicing defect, stop codon, and
GTG initiation codon, respectively, and therefore to nonfunctional proteins [42, 43].

Table 2.3. The most important CYP2C19 allele nomenclature.
Allele

Major
Nucleotide
changes

Enzyme activity
Effect

Reference
In vivo

In vitro

Normal

Normal

[39]

CYP2C19*1A

None

CYP2C19*1B

99C>T;
991A>G

I331V

Normal

[40]

CYP2C19*1C

991A>G

I331V

Normal

[41]

CYP2C19*2A

681G>A

splicing
defect

None

[44]

CYP2C19*2B

276G>C;681G>
A

splicing
defect;
E92D

None

[45]

CYP2C19*2C
(also called
CYP2C19*21)

IVS1-231G>A;
IVS3-23A>G;
481G>C;
681G>A;
IVS5+228A>G;
IVS5-51C>G;
IVS6-196T>A;

A161P,
splicing
defect,
I331V

CYP2C19*3A

636G>A;
991A>G;
1251A>C

W212X;
I331V

CYP2C19*3B
(also called
CYP2C19*20)

-889T>G; IVS1340T>G; IVS1231G>A; IVS147G>A;
IVS3+332T>C;
636G>A; IVS4205A>G;
1078G>A

W212X;
D360N;
I331V

CYP2C19*4

1A>G; 99C>T,
991A>G

GTG
initiation
codon;
I331V

[46]

None

[36]

[46]

None
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[47]

The principal defect in CYP2C19 responsible for the S-mephenytoin PM
phenotype was discovered by de Morais et al. (1994) [36] to be a single
nucleotide (G-to-A) mutation in exon 5 which creates an aberrant splice site. The
change alters the reading frame of the mRNA starting with amino acid 215 and
produces a premature stop codon 20 amino acids downstream, resulting in a
truncated, nonfunctional protein [16].

2.2.4. Genetic polymorphism
Polymorphism within this gene is associated with variable ability to metabolize
mephenytoin, known as the PM and extensive metabolizer (EM) phenotypes [30].
PMs may suffer adverse effects when treated with a routine clinical dose of a drug
inactivated by CYP2C19 or may not gain therapeutic benefit from pro-drugs
activated by CYP2C19. For example, the antimalarial drug proguanil is
administered as the pro-drug and requires activation by CYP2C19. PMs were
found to totally lack the active metabolite cycloguanil in their plasma and are at risk
for failed protection from plasmodium infection by proguanil [48]. PM subjects may
be unable to detoxify some xenobiotic compounds which may be carcinogenic.

Genetic polymorphism in the metabolism of the anticonvulsant drug mephenytoin
exhibits marked racial heterogeneity, with a PM phenotype representing 13 to 23%
of Oriental populations, but approximately 2 to 5% of Caucasian populations. Two
defective CYP2C19 alleles (CYP2C19*2 and CYP2C19*3) account for more than
99% of Oriental PM alleles but only approximately 87% of Caucasian PM alleles
[16].

The predominant genetic polymorphisms in CYP2C19 are two null alleles, which
result in impaired metabolism of CYP2C19 substrates. The substitution of G681A
in exon 5 of CYP2C19*2 variant allele creates an aberrant splice site resulting in
an alteration of the reading frame of mRNA and consequently a truncated nonfunctional protein. The substitution of G636A in exon 4 of CYP2C19*3 allele
results in a premature stop codon, which is common in oriental populations but
very rare in Caucasians. PMs of CYP2C19 represent approximately 3-5% of
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Caucasians. Higher frequencies of PMs (13-23%) are found in most Asian
populations [49].

2.2.5. Genetic regulation of CYP2C19
CYP enzymes have a variety of gene regulatory mechanisms. Many of these
genes can be turned on or induced by a chemical signal. The steroid hormones
are under strict endocrine control. Their levels are tightly regulated. One example
is the induction of steroid biosynthetic CYPs by adrenocorticotropic hormone
ACTH. ACTH stimulates production of cyclic adenosine monophosphate (cAMP)
that presumably activates a protein kinase that phosphorylates some unidentified
protein, leading to an increase in gene transcription [21].

2.3. Chemical-induced diseases and mechanisms of chemical
carcinogenesis
Cancer is a genetic disease that proceeds in three main steps: initiation, promotion
and progression [50, 51]. Procarcinogen activators (including many XMEs) are
targets of research elucidating risk factors in carcinogenesis initiation [12]. Toxic
chemicals are active as such or are activated into reactive metabolites by XMEs
[12]. Toxicity affects target tissues by causing damage to cells, especially the
nucleus. The damage caused can be reversible or irreversible [12].

The basic association between metabolism of toxic substances and various toxic
outcomes is presented in Figure 2.3.
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Figure 2.3. Association between metabolism and toxicity of chemical compounds
[12].
In chemical carcinogenesis, metabolic activation of procarcinogens by XMEs is
often needed to initiate the process [12]. Procarcinogens converted to reactive
intermediates are usually electrophilic and bind covalently to DNA, thus damaging
the genetic material and activating oncogenes. Metabolic activation may produce
reactive oxygen species (ROS), which may directly damage the DNA or activate
carcinogens to reactive intermediates. A third way is through activation of the
protein kinase C cascade, leading to the phosphorylation of key nuclear proteins
(transcription factors) involved in the regulation of DNA replication, changes in the
epidermal growth factor, immunosuppression, dedifferentiation and hyperplasia
[52]. Briefly, the process of carcinogenesis is divided into the following steps: (I)
metabolic activation of carcinogens by XMEs, (II) DNA adduct formation, (III)
unsuccessful DNA damage recognition, (IV) unsuccessful DNA repair and (V)
failure of the Immune system to recognize tumor formation [12].

2.4. Role of genetic factors in chemical toxicity and carcinogenesis
Individuals are known to differ in their susceptibility to cancer and birth defects.
Genetic polymorphisms are often the reason for this phenomenon, including
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mutations in XME genes, oncogenes and tumor suppressor genes (e.g., p53, kras)

[12].

Variability

in

the

(mutation/deletions/insertions/DNA

genome

occurs

adducts)

or

at

the

levels

chromosomes

of

genes

(SCE,

sister

chromatid exchanges). Some of these changes may be associated with
interindividual differences in susceptibility to toxicity and tumor initiation [12].

Several epidemiological studies in cancer patients have shown that individual
susceptibility to cancer might partly depend on the genetically determined high or
low activity of certain enzymes. This association may be based on interindividual
variation in the metabolism of carcinogens that are either detoxified, or
metabolically activated to ultimate carcinogens [26]. However, the association
studies can produce spurious results if cases and controls have differing allele
frequencies for genes that are not related to the disease being studied [53, 54].

CYPs, epoxide hydrolases (mEHs), glutathione-S-transferases (GSTs), Nacetyltransferases (NATs) and NAD(P)H Quinone Oxidoreductase (NQO1) are the
main polymorphic XME groups found to be associated with certain diseases [12].

2.5. Cancer susceptibility related to ethnicity or race
Racial and ethnic groups can exhibit substantial average differences in disease
incidence, disease severity, disease progression, and response to treatment [55].
Epidemiological data show that ethnic and racial groups differ significantly in terms
of cancer incidence and mortality rates [26]. Cancer incidence rates of esophageal
cancer in black Americans are approximately three times higher than in white
Americans; incidence rates of multiple myeloma (mm), liver, cervical, and stomach
cancer are twice as high; and those of cancers of the oral cavity and pharynx,
larynx, lung, prostate, and pancreas are 50% higher. The incidence of chronic
lymphocytic leukemia and premenopausal breast cancer is also higher in black
Americans. In contrast, white Americans have higher incidence rates of
melanoma, leukemia, lymphoma, and cancers of the endometrium, thyroid,
bladder (in males), ovary, testis, and brain, as well as postmenopausal breast
cancer [26]. Also African Americans have the highest death rate from all cancer
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sites combined and from malignancies of the lung and bronchus, colon and
rectum, female breast, prostate, and cervix of all racial or ethnic groups in the
United States. The death rate from cancer among African American males is 1.4
times higher than that among white males; for African American females it is 1.2
times higher [56].

Among the biological factors that might contribute to the higher cancer risks in
certain ethnic or racial groups are variations in the prevalence of genetic traits
affecting carcinogen metabolism and DNA repair [26].

Genetic differences in the regulation, expression and activity of phase I and phase
II genes, encoding drug metabolizing enzymes might be crucial factors in defining
cancer susceptibility, as well as in determining the toxic or carcinogenic potential
of drugs and other environmental pollutants [26].

Metabolism of many drugs influences their pharmacological and toxicological
effects. One of the major causes of interindividual variation of drug effects is
genetic variation of drug metabolism. Polymorphisms, which cause decreased,
increased, or lacking enzyme expression or activity by multiple molecular
mechanisms, are generated by mutations in the genes for drug-metabolizing
enzymes [26].

2.6. Hematological malignancies
A malignant tumor is the result of a series of DNA alterations in a single cell, or
clones of that cell, which lead to loss of normal function, aberrant or uncontrolled
cell growth and often metastasis [57]. Hematological malignancies are the types of
cancer that affect blood, bone marrow and lymph nodes [58].
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2.6.1. Leukemia
Leukemia refers to a group of cancers which affect the white blood cells
(leukocytes), in other words it is a cancer of the blood or bone marrow
characterized by an abnormal proliferation of leukocytes [59]. It is clinically and
pathologically split into its acute and chronic forms.

Acute leukemias are characterized by the rapid growth of immature white blood
cells. This crowding makes the bone marrow unable to produce healthy cells. It is
a more common cause of death for children in the US than any other type of
malignant disease [59]. Chronic leukemias are distinguished by the excessive
buildup of relatively mature, but still abnormal white blood cells [59].

Leukemias are classified according to the type of abnormal cells found most in the
blood into lymphocytic leukemia and myelogenous leukemia.

There are two approaches appeared in classification of leukemia. One was
published by a cooperative group of hematologists and hematopathologists from
France, America, and Britain and was designated the French-American-British
(FAB) classification. The other was the WHO approach. Although the WHO
classification was never widely used, the FAB proposal was adopted
internationally. It provided long needed standard terminology for the acute
leukemias and was quickly accepted by most of the multiinstitutional study groups
[60].

The classification of acute leukaemias is now widely based on combined
morphological, cytochemical, immunophenotyping, and cytogenetics assessment
studies [60, 61]. The first two facets of the diagnosis of acute leukemia can be
achieved by careful morphological assessment of blood and bone marrow smears
and marrow trephine biopsy sections. The usual cytologic features of AML and
ALL are listed in Table 2.4 [60].
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Table 2.4. Usual cytologic features of AML and ALL.*

AML

ALL

Blast size

Large and uniform

Small to medium; variable

Chromatin

Finely dispersed

Rather coarse

Nucleoli

1 to 4, often prominent

Absent or 1 or 2; indistinct

Cytoplasm

Moderately abundant
Granules often present

Scant to moderate Granules
lacking in nearly all cases

Auer rods

60–70% of cases

Absent

Myelodysplasia Often present

Absent

*Adopted from Mckenna, (2000) [60].

Cytochemical stains are often useful in distinguishing poorly differentiated AML
from ALL and in identifying subsets of AML, Table 2.5 [60].

Table 2.5. Cytochemical profiles in acute leukemia.*
Myeloperoxidase and
Sudan Black B

Nonspecific
esterase

Periodic acid
Schiff (PAS)

AML

+

+
(Monocytic, diffuse)

±

ALL

-

±
(Focal)

+
(75%)

*Adopted from Mckenna, (2000) [60].
+ positive, - negative, ± not definitive.
The lineage of most cases of morphologically and cytochemically poorly
differentiated

acute

leukemia

can

be

accurately

characterized

by

immunophenotyping (involves the labeling of white blood cells with antibodies
directed

against

surface

proteins

on

their
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membrane).

Additionally,

immunophenotypic subsets of AML and ALL can be determined by this technique,
Table 2.6 [60, 62].

Table 2.6. Immunophenotypic classification of ALL.*
% of
ALL

FAB
category

T-cellassociated
antigens

B-cellassociated
antigens

Surface
Ig1

B-cell
precursor

>80

L1, L2

-

+

-

B cell

<5

L3

-

+

+

T-cell
precursor

15

L1, L2

+

-

-

*Adopted from McKenna, (2000) [60].
1. Ig, immunoglobulin.
-, negative;

+, positive

2.6.1.1. Acute lymphoplastic leukemia (ALL)
ALL is a cancer of the lymphocyte, characterized by the overproduction and
continuous proliferation of malignant and immature lymphocytes (lymphoblasts) in
the bone marrow. It is fatal if left untreated as ALL spreads into the bloodstream
and other vital organs quickly (hence "acute"). ALL can affect children at any age,
but is more common in children aged 1–4. ALL is more common in boys than girls
[63]. ALL is more common in children with certain chromosomal and genetic
abnormalities such as Down syndrome, Bloom syndrome, Ataxia-telangiectasia,
and Fanconi syndrome [64]. This leukemia is more common in males and in
whites [14].

2.6.1.2. Myeloid leukemias in children
The myeloid leukemias in childhood represent a spectrum of hematopoietic
malignancies. Over 90% of myeloid leukemias are acute and the remainders
include chronic and/or subacute myeloproliferative disorders such as chronic
myelogenous leukemia (CML) and juvenile myelomonocytic leukemia (JMML).
Myelodysplastic syndromes (MDS) are rare in children [65].
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2.6.1.3. Acute myeloid leukemia (AML)
AML is defined as a clonal disorder caused by malignant transformation of a bone
marrow-derived, self-renewing stem cell or progenitor, which demonstrates a
decreased rate of self-destruction and also aberrant differentiation [65].

2.6.1.4. Chronic Myelogenous Leukemia (CML)
Chronic myelogenous leukemia (CML) accounts for only 5% of all childhood
leukemia, and 80% of the cases occur after 4 years of age. The cytogenetic
abnormality most characteristic of CML is the Philadelphia chromosome, which
represents a translocation of chromosomes 9 and 22 [t(9;22)] resulting in a bcr-abl
fusion protein. CML is characterized by a marked leukocytosis and is often
associated with thrombocytosis, sometimes with abnormal platelet function. Bone
marrow aspiration or biopsy reveals hypercellularity with relatively normal
granulocytic maturation and no significant increase in leukemic blasts. Although
reduced leukocyte alkaline phosphatase activity is seen in CML, this is not a
specific finding [66].

2.6.2. Lymphoma
Lymphoma is any of a variety of cancers that begins in the lymphatic system. In
technical terms, lymphoma denotes malignancies of lymphocytes or, more rarely,
of histiocytes. Traditionally, lymphoma is classified as Hodgkin's lymphoma,
discovered by Thomas Hodgkin in 1832, and non-Hodgkin's lymphoma (all other
types of lymphoma). Modern classifications of lymphoma have moved away from
this artificial division [67].

The two main groups of lymphoma in humans are Hodgkin's disease
(characterized by the growth of Reed-Sternberg cells in the cancer) and the NonHodgkin's Lymphomas which lack the Reed-Sternberg cells, both types are very
rare in children aged less than 3 years. Boys are affected slightly more often than
girls [68].
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2.6.3. Genetic polymorphism and hematological malignancies
Several authors have studied the correlation between gene polymorphism and
hematological malignancies. For example Canalle et. al., (2004) and his
colleagues have shown that carriers of the rare GSTP1 V allele were at higher risk
for ALL while no difference has been found in the prevalence of the GSTM1 and
GSTT1 null genotypes between ALL patients and the controls. Moreover, no
association has been found between CYP1A1*2 and CYP2E1*3 variants and ALL
[69].

The frequency of an inactivating polymorphism in NQO1 appears to be increased
in a cohort of myeloid leukemia patients with abnormalities of chromosomes 5
and/or 7, but not in those with balanced translocations, other clonal abnormalities,
or normal karyotypes [70].

There

is

no

observed

differences

in

the

prevalence

of

either

the

methylenetetrahydrofolate reductase (MTHFR) 677 or 1298 genotypes between
the cases (ALL and AML) and controls in the total population [71].

2.7. CYP2C19 and cancer
The association between CYP2C19 polymorphism and hematological malignancy
has not been studied before, as no articles discussing this matter have been
published yet. There are, however, many articles that tackled the association
between the CYP enzymes and cancer.

Genetic polymorphisms, including SNPs, are extensively used in case-control
studies of practically all cancer types. They are used for the identification of
inherited cancer susceptibility genes and those that may interact with
environmental factors. However, being genetic markers, they are applicable only
on heritable conditions, which is often a neglected fact [72].
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Genetic polymorphism of CYPs can lead to severe toxicity or therapeutic failure of
medications as well as to a possible increase in an individual’s susceptibility to
certain types of chemically induced cancers and other diseases [73].

The CYP2C19 gene is involved in the primary route of metabolism of the
anticonvulsant phenytoin, the anxiolytic agent diazepam, tricyclic antidepressants,
proton pump inhibitors (PPI) such as omeprazole, lansoprazole and pantoprazole,
and the antimalarial drug proguanil [42].

Several epidemiological studies in cancer patients have shown that an individual
susceptibility to cancer might partly depend on the genetically determined high or
low activity of certain enzymes. This association may be based on inter-individual
variation in the metabolism of carcinogens that are either detoxified, or
metabolically activated to ultimate carcinogens [26]. CYP2C19 may participate in
the activation of procarcinogens of esophagus, stomach and lung cancers, but
may be involved in the detoxification of carcinogens of bladder cancer [74].
CYP2C19 polymorphism is associated with pharmacological effects of thalidomide
in prostatic neoplasm [74]. On the other hand, some CYPs remove cancercausing agents by turning them into benign chemicals within the body [75].

The variant m1 allele (CYP2C19*2A) of the CYP2C19 gene was evaluated for its
association with prostate cancer risk among a Swedish population, but no
significant differences were found between cancer patients and controls [76]. A
very small study on Japanese patients revealed a significant association of the
(PM) genotype with squamous cell carcinoma of the lung, but the association with
bladder cancer seen in Caucasians was not found [77]. CYP2C19 PM with HCVseropositive subjects was found to be associated with a higher risk for developing
hepatocellular carcinoma (HCC) [12].
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Chapter 3
Materials and Methods

3.1. Study population
The present study was carried out on 52 children (49 ALL, 2 Lymphoma, and 1
CML) and 52 unrelated children as a control. The patient's genotyping data will be
compared with that of the normal subjects.

3.1.1. Patients
All patients were collected from outpatient and inpatient hematological oncology
departments from El-Nasser hospital (45 patients) and the European Gaza
hospital (7 patients) from the period of June 2005 to November 2005. A copy of
the approval letter from MOH is given in Appendix A. All subjects were informed
about the contents and aims of the study and gave their written consent
(Appendix B). When the participants were under 18 years old, the written consent
was given by their parents. The study protocol was approved by the local ethics
committee (Palestinian National Authority - MOH - Helsinki Committee). A copy of
the approval letter is given in Appendix C.

The patient's data including: name, age, sex, disease, onset age, place of living,
and the family history were gathered and coded for each subject (Appendix D)
Table 3.1.

3.1.2. Controls (Normal subjects).
Controls were selected to be healthy individuals without a history of hematological
malignancies. Fifty two unrelated subjects from the European Gaza hospital, ElNasser hospital and Gaza diagnostic center were selected to be the normal control
for this study regardless of sex and age. The genotyping of the control was carried
out by Gharbiyoh A. (2006) [78].
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Table 3.1. Characteristics of the study subjects.
Patients

n

Mean age

Mean

North

Middle

South

(years)

Onset age

area

area

area

Total

52

8.5

5.7

30

13

9

Male

31

8.87

5.77

16

8

6

Female

21

8

5.63

14

5

3

Leukemia

49

8.72

5.81

28

13

8

Lymphoma

2

5.25

4

1

0

1

1

5

4

1

0

0

Meylocytic
leukemia

3.2. Materials
3.2.1. Chemicals
Chemicals and reagents used in this study are listed below (Tables 3.2 and 3.3).
All chemicals were of analytical and molecular biology grade.

3.2.2. PCR primers
All PCR primers are indicated from 5' to 3' end. Sense primers are marked with (F)
while antisense primers are marked with (R). The primer sequences were obtained
from published literature [44, 79] and are provided in Table 3.4.
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Table 3.2. Chemicals and reagents.
Chemicals and reagents

Supplier

Wizard Genomic DNA Purification Kit

Promega (Madison, USA)

PCR Master mix

Promega (USA)

Agarose gel

Promega (USA)

Nuclease free water

Promega (USA)

Sma I Restriction enzyme

New England Bio Labs (USA)

50 bp DNA ladder

New England Bio Labs (USA)

Low molecular weight marker

New England Bio Labs (USA)

BamH l restriction enzyme

Sigma diagnostics (USA)

PCR primers

Operon (Germany)

Table 3.3. Solutions and their contents.
Solution

Contents

DNA gel loading buffer

0.25% Bromophenol blue

(Bromophenol blue) (6X)

40% (w/v) sucrose in water

DNA gel loading buffer (Orange G)

0.2% Orange G

(10X)

40% (w/v) sucrose in water

Tris – Acetate – EDTA (TAE) (50X)
Ethidium Bromide (EtBr)

2M Tris base (pH 8), 1M Glacial acetic
acid, 0.05M EDTA (pH 8)
(10mg/ml)
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Table 3.4. PCR Primers used in the study.
Sequence Name

Nucleotide Sequence

CYP2C19*2 (F)

AATTACAACCAGAGCTTGGC

Reference

[44, 79]
CYP2C19*2 (R)

TATCACTTTCCATAAAAGCAAG

CYP2C19*3 (F)

AAATTGTTTCCAATCATTTAGCT
[79]

CYP2C19*3 (R)

ACTTCAGGGCTTGGTCAATA

3.2.3. Equipments
The experimental part of the work was done in the Islamic University genetics lab.
The important equipments that were used are listed in Table 3.5.

Table 3.5. List of the major equipments used in the study.
Instruments

Manufacturer

Thermocycler, mastercycler personal Eppendorf, Germany
Thermocycler, mastercycler gradient
Electrophoresis chambers and
Electrophoresis power supply

Eppendorf, Germany

Biorad, USA

Microcentrifuge

Sanyo, U.K

Hoefer MacroVue UVis-20

Hoefer, USA

Microwave oven

L.G, Korea

Digital camera

Canon (Japan)
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3.3. Methods
3.3.1. DNA extraction
3.3.1.1. Sample collection and preparation
About 2.5ml of venous blood were drawn into sterile EDTA tubes and mixed
gently. The blood samples were then stored at -70°C until time of DNA extraction
and purification.

3.3.1.2. DNA extraction and purification
Genomic DNA was isolated from blood using Wizard Genomic DNA Purification Kit
(Promega, USA), the contents of which are given in Table 3.6, according to the
manufacturer's protocol. The materials that should be supplied by the user are
indicated in Table 3.7.

Table 3.6. Wizard genomic DNA purification kit solutions.
Solutions

Volume

cell lysis solution

100 ml

nuclei lysis solution

50 ml

protein precipitation solution

25 ml

DNA rehydration solution

50 ml

RNase solution (4mg/ml)

250 µl

Table 3.7. Materials that should be supplied by the user.
Sterile 1.5 ml microcentrifuge tubes
Water bath, (37oC, 65 oC)
Isopropanol, room temperature.
70% ethanol, room temperature.
Microcentrifuge.

29
PDF created with pdfFactory Pro trial version www.pdffactory.com

3.3.1.3. Isolation of genomic DNA
A volume of 300µl well mixed blood were added to 1.5 ml microcentrifuge tube
containing 900 µl of cell lysis solution (lyses the red blood cells and white blood
cells), mixed by inverting the tube gently and the mixture was incubated at room
temperature for 10 minutes. During the incubation period the tube was periodically
mixed (2-3 times) by inversion.

The mixture was centrifuged at 13,000 rpm for 20 seconds, then the supernatant
was removed and discarded without disrupting the visible white pellet, after that
the white pellet was resuspended by vigorous vortexing (10-15 seconds).

A volume of 300 µl nuclei lysis solution (lyses the nuclear membrane of white
blood cells nuclei) were added to the resuspend pellet with pipeting the solution 56 times. The solution should become very viscous; the samples with visible clumps
should be incubated at 37oC until the clumps are disrupted.

A volume of 1.5 µl RNase solution (digests the RNA) was added to the nuclear
lysate and they were mixed by inverting 2-5 times, then incubated at 37oC for 15
minutes, and the mixture was cooled to room temperature.

One hundred µl protein precipitation solution (precipitates all the cellular and
nuclear proteins) were added to the cooled nuclear lysate and they were mixed
vigorously for 10-20 seconds by the vortex -Small protein clumps may be visible
after vortexing- then centrifuged at 13,000 rpm for 3 minutes. A dark brown protein
pellet should be visible.

The supernatant was then transferred to a clean 1.5 ml microcentrifuge tube
containing 300 µl isoprobanol and was mixed gently by inversion until white
thread-like strands of DNA form a visible mass, then centrifuged at 13000 rpm for
1 minute. The DNA will be visible as a small white pellet.
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The supernatant was removed and 300µl of 70% ethanol were added to the small
white pellet and gently inverted several times to wash the DNA pellet, then
centrifuged at 13,000 rpm for 1 minute.

The ethanol was aspirated carefully using a micropipette, and then the tube was
inverted on a clean absorbent paper. The pellet was air-dried for 10-15 minutes.

The DNA pellet was rehydrated by addition of 100µl DNA rehydration solution and
incubation at 65oC for 1 hour. The DNA pellet should be mixed periodically by
gently tapping the tube.
Finally The DNA was stored at 2-8oC until PCR analysis.

3.3.2. PCR procedure
The two most common allelic variants (CYP2C19*2 and CYP2C19*3) of CYP2C19
were investigated using PCR followed by restriction analysis i.e., PCR-RFLP [79].

For CYP2C19*2 detection (Figure 3.1), a segment of exon 5 which contains the
base pair substitution 681G>A was amplified using the primer set presented in
Table 3.4 and the PCR product (168bp) was restricted using Sma I restriction
enzyme which cuts the normal allele into two segments (118 bp and 50 bp) but
doesn't cut the abnormal allele. The CYP2C19*2 homozygotes should yield one
band (168 bp) while the CYP2C19*2 heterozygotes should produce three bands
(168 bp, 118 bp, and 50 bp).

For CYP2C19*3 detection, a segment of exon 4 which contains the base pair
substitution 636G>A was amplified using the primer set presented in Table 3.4
and the PCR product was restricted using BamH l restriction enzyme which cuts
the normal allele into two segments (175 bp and 96 bp) but doesn't cut

the

abnormal allele. The CYP2C19*3 homozygote should yield one band (271 bp)
while the CYP2C19*3 heterozygotes should produce three bands (271 bp, 175 bp,
and 96 bp).
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PCR Amplifies Target Sequence
using specific primers
Part of genomic
DNA

X

PCR
Restriction site
X

PCR product

Digest with
suitable restriction
enzyme
Heterozygous
Homozygous
normal

Homozygous
abnormal

Expected bands are visualized on
agarose gels
I) Heterozygote

II) Homozygote for normal allele

III) Homozygote for abnormal allele

Figure 3.1. The PCR-RFLP principle of detecting mutant and wild type alleles. I)
Heterozygote: three bands indicating that half of the PCR products were cut
(normal allele) and the other half weren't (abnormal allele).II) Homozygote for
normal allele: two bands indicating that the product was completely cleaved while
III) Homozygote for abnormal allele: one band indicating that there was no
cleavage happened.
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The amplicons of CYP2C19*2 and CYP2C19*3 were prepared separately using
the PCR master mix (Promega), Table 3.8, and appropriate primer sets at a
concentration of 0.4 μM each. The quantity of the DNA used was determined using
the spectrophotometer at 260 nm wavelength (1.0 absorbance = 50 µg/ml). The
concentrations and volumes of the PCR mix are presented in Table 3.9. The
negative controls (doesn't contain a DNA template) were applied with each PCR
run. Every homozygote and heterozygote sample was repeated in triplet for PCR
and restriction.

Table 3.8. PCR master mix buffers and solutions.
Concentration

Solution

50 units/ml

Taq DNA Polymerase [supplied in a
proprietary reaction buffer (pH 8.5)]

400 µM

Each: dATP, dGTP, dCTP, dTTP

3 mM

MgCl2

Table 3.9. The concentrations and volumes of the PCR mix for 25 µl reaction
volume.
Final
Component
Volume
Concentration
PCR master mix, 2x

12.5 µl

1x

Forward primer (10µM)

1 µl

0.4 µM

Reverse primer (10µM)

1 µl

0.4 µM

DNA template

4 µl

≈ 200 ng

Nuclease free water

6.5 µl
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3.3.2.1. CYP2C19*2 PCR-RFLP procedure
The PCR mix was amplified as follows: pre-heating (40 oC, 2 min), and initial
denaturation (94 oC, 5 min) were followed by 35 cycles of (denaturation at 94 oC
for 1 min, annealing at 54 oC for 1 min, and extension at 72 oC for 1 min) followed
by a final extension step (72 oC, 5 min) [79].

Electrophoresis was carried out on a Biorad electrophoresis setup and
electrophoresis power supply system. The chambers of the system were filled with
1x TAE buffer (pH 8.0). The PCR products were analyzed on 2% agarose gel
(1gm agarose, 1ml TAE (50X), and 49 ml distilled water) containing (2 µl of 10
mg/ml) ethidium bromide. 5.6 µl of the PCR product was mixed with 1.4 µl (10x
Orange G) and the mixture was loaded on the gel along with 100 bp DNA ladder
which is used for determining the size of the PCR product, then the gel was run on
80 volts for one hour. By using Hoefer MacroVue UVis-20 and Canon digital
camera the results of the migration were detected and documented. The PCR
product (168 bp) migrated just near the 200 bp ladder band. The PCR products
(168 bp) were cut with Sma I which cleaves the ccc/ggg sequence, Figure 3.2
shows the sequence, recognition site of Sma I and the location of the primers used
to amplify the CYP2C19*2 fragment. Figure 3.3 shows the recognition site for
Sma I restriction enzyme.

The restriction enzyme digestion of the PCR product for (CYP2C19*2) was
performed as follows: in a total of 25 µl volume, 10 µl PCR-amplified DNA were
mixed with 0.5 µl Sma I (20 µ/µl), 2.5 µl 10x enzyme buffer, and 12µl nuclease free
water, the reaction was incubated at 25 oC overnight, then the products were
analyzed by a 3% agarose gel electrophoreses (Figure 3.1), two fragments (118
bp and 50 bp) are produced from the digestion of the normal allele.
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AATTACAACCAGAGCTTGGCATATTGTATCTATACCTTTATTAAATGCTTTAATT
TAATAAATTATTGTTTTCTCTTAGATATGCAATAATTTTCCCACTATCATTGATT
ATTTCCCGGGAACCCATAACAAATTACTTAAAAACCTTGCTTTTATGGAAAGT
GATA

Figure 3.2. CYP2C19*2 product (168 bp) and Sma I recognition site underlined
with red color, PCR primers used are shown in blue color.

5'….CCC▼GGG….3'
3'….GGG▲CCC….5'
Figure 3.3. The Recognition site of Sma I restriction enzyme.

3.3.2.2. CYP2C19*3 PCR-RFLP procedure
The PCR protocol used for CYP2C19*3 was the same as that for CYP2C19*2
except that using the appropriate CYP2C19*3 primers set, and using the
Bromophenol blue (6X) as loading dye (2 µl 6x Bromophenol blue, 5µl PCR
product) which migrates with the 200bp DNA fragments while Orange G migrates
along with 50bp DNA fragments. Detection and documentation of the PCR
products were the same as described for CYP2C19*2. The products (271 bp) were
cut with BamH l which cleaves the G/GTACC sequence (Figures 3.4 and 3.5).

The restriction enzyme digestion of the PCR product for (CYP2C19*3) has been
performed as follows: in a total of 25 µl volume, 10 µl PCR-amplified DNA were
mixed with 1.5 µl BamH l (20 µ/µl), 2.5 µl 10x enzyme buffer, and 11 µl nuclease
free water. The reaction was incubated at 37°C overnight, and then the products
were analyzed by a 3% agarose gel electrophoresis. Figure 3.4 shows the
sequence, recognition site of BamH I and the location of the primers used to
amplify the CYP2C19*3 fragment. Figure 3.5 shows the recognition site for BamH
l restriction enzyme.
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AAATTGTTTCCAATCATTTAGCTTCACCCTGTGATCCCACTTTCATCCTGGGCT
GTGCTCCCTGCAATGTGATCTGCTCCATTATTTTCCAGAAACGTTTCGATTATA
AAGATCAGCAATTTCTTAACTTGATGGAAAAATTGAATGAAAACATCAGGATT
GTAAGCACCCCCTGGATCCAGGTAAGGCCAAGTTTTTTGCTTCCTGAGAAAC
CACTTACAGTCTTTTTTTCTGGGAAATCCAAAATTCTATATTGACCAAGCCCTG
AAGT

Figure 3.4. CYP2C19*3 product (271 bp) and BamH I recognition site underlined
with blue color, primers used are in blue color.

5'….G▼GATCC….3'
3'….CCTAG▲G….5'
Figure 3.5. The Recognition site of BamH l restriction enzyme.
Homozygotes for the mutant allele are predicted to have the PM phenotype. In all
other cases the subjects were assumed to have the EM phenotype.

3.4. Statistical analysis
The statistical packages SPSS, EPI INFO, and Excel were used to perform all the
analyses and charts. Descriptive statistics were reported as absolute frequencies
and percentages for qualitative data. Comparisons of genotypes between patients
and controls were performed by means of the odds ratio and the Chi-square (

)

test or Yates corrected Chi-square in the case of expected frequencies less than
10 or the Fisher’s exact test in the case of expected frequencies less than 5. All
the statistical tests were two sided; a p value of <0.05 was considered as
statistically significant. Multivariate analysis, correlation coefficient, odds ratios, p
value (two-sided tests) and 95% CI were used to describe the strength of
association.
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Chapter 4
Results

4.1. Patient's Personal data analysis
The total number of patients enrolled in this study was fifty two, 21 (40.38%) of
them were females and the other 31 (59.62%) were males (Table 4.1). Statistical
analysis showed that there is no significant difference between male and female
distribution (p > 0.05). The age of the subjects ranged from 3 to 20 years with a
mean of 8.52, the male's age mean was 8.87 while that of the females was 8.00
years (Table 4.2). There is no significant difference between males and female's
age means (p value > 0.05).

Table 4.1. Distribution of patients according to sex.
Sex

n

Percentage (%)

Male

31

59.62

Female

21

40.38

Total

52

100

P value

0.17

Table 4.2. Statistical analysis for male and female age means.
Sex

n

Mean + SD

Male

31

8.87 + 2.99

Female

21

Total

52

95% C I

P value

(0.31 - 1.44)

0.42

8.00 + 4.76

4.1.1. The onset age distribution
The onset age of hematological malignancies ranged from 1 to 16 years with a
mean of 5.70 years (Table 3.1). Male's onset age mean was 5.86 year, and that
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of the females was 5.63 years. Statistical analysis using ANOVA-I test indicated
that there is no significant difference between males and females in terms of the
age of onset of malignancy (p > 0.05), but there is a significant correlation between
the number of cases and the onset age (

= 43.39, p < 0.05) where 9 patients

have 5 years onset age, 7 patients have 3 years onset age, and 5 patients have 6
years onset age while the other onset age frequency have less than 3. There is
also no significant difference between the onset age and the type of disease (p>
0.05). According to the subjects sex (Table 4.3) there is no significant difference
between males and females and the onset age means (p > 0.05).

Table 4.3. Statistical analysis for male and female onset age means.
Sex

n

Mean + SD

Male

31

5.86 + 3.10

CI

(0.43 – 0.7)
Female

21

Total

52

P value

0.89

5.63 + 4.46

4.1.2. The living area
Distribution of the study subjects according to the living area showed that the
Northern area (Gaza city and north Gaza Strip) has the highest frequency (30) of
the cases representing 57.69%, followed by the Middle area with 13 cases (25%),
and finally by the Southern area (Rafah and Khanyouns) with 9 patients
representing 17.3% (Table 4.4). Statistically there is a significant difference
between the distribution of the hematological malignancies patients and the living
area in Gaza Strip (p < 0.05), but there is no significant difference between the
distribution of patients in Gaza Strip and the sex of the patient (p> 0.05). Also
there is no significant difference between the living area and the type of the
disease (P> 0.05).
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Table 4.4. Distribution of cases according to the living area.
Living area

n

Percentage (%)

Northern area

30

57.7

Middle area

13

25.0

P value

0.001
Southern area

9

17.3

Total

52

100%

4.1.3. The family history and the type of hematological malignancy
The family history of the patients shows that only two ALL patients were sibs
(brother and sister). According to the type of malignancy, 49 of the cases were
ALL representing 94.2%, 2 cases (3.85%) were Lymphoma, and one case was
CML which represented 1.92% (Figure 4.1). Statistically, there is a significant
difference between the types of the hematological malignancies (p < 0.05). Also
there is a significant difference according to the family history (p < 0.05).

CML
1.00 / 1.9%
Lymphoma
2.00 / 3.8%

ALL
49.00 / 94.2%

Figure 4.1. Distribution of patients according to the type of hematological
malignancy.
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4.2. CYP2C19 Genotyping results
DNA extraction, PCR amplification and restricted PCR products were done and
recorded for all samples. Figure 4.2 shows the DNA extracted from representative
patients samples. CYP2C19 exon 5 PCR products and the restricted PCR
products are presented in Figures 4.3 and 4.4, respectively. The PCR
amplification product and the restricted product of CYP2C19 exon 4 are presented
in Figures 4.5 and 4.6, respectively.

Figure 4.2. A photograph of DNA extracted from 10 EDTA - blood samples run on
1% ethidium bromide stained agarose gel and visualized by UV.

Figure 4.3. Amplification products of CYP2C19*2 by PCR. Amplified products of
each reaction were analyzed by electrophoresis on 2 % ethidium bromide
stained agarose gel. Lane M: 100 bp marker, lanes 1-4 amplified CYP2C19*2
fragment (168 bp). Lane 5: Negative control.
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Figure 4.4. Restriction products for CYP2C19*2 by Sma I. Restricted products
were analyzed by electrophoresis on 3% ethidium bromide stained agarose gel.
Lane M: 100 bp marker, lanes 1and 2: Heterozygote, lanes 3 and 4: Normal
Homozygote, lane 5: CYP2C19*2 homozygote.

Figure 4.5. Amplification products of CYP2C19*3 by PCR. Amplified products of
each reaction were analyzed by electrophoresis on 2 % ethidium bromide
stained agarose gel. Lane M: 50 bp DNA marker, lanes 1-9 are amplified
CYP2C19*3 fragment (271 bp), lane 10: Negative control.
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Figure 4.6. Restriction products for CYP2C19*3 by BamH I. Restricted products
were analyzed on 3% ethidium bromide stained agarose gel. Lane 1:
Heterozygote sample, lane 2: Normal Homozygote, lane 3: CYP2c19*3 PCR
product as a negative control without adding a BamH I restriction enzyme. Lane 4:
Normal homozygote, lane M: 100 bp marker.

4.3. Genotyping analysis
The genotyping (PCR-RFLP) analysis of patients DNA samples showed the
following results: heterozygotes (1*/2*): 15.39% (8/52), heterozygotes (1*/3*):
1.92% (1/52), homozygotes (2*/2*): 1.92% (1/52), and the remaining cases were
homozygotes (1*/1*): 80.77% (42/52) (Figure 4.7 and Table 4.5) while in normal
subjects (Figure 4.5 and Table 4.6) the following results were obtained by
Gharbyeh A. (2006) [78]: heterozygotes (1*/2*): 7.69% (4/52), heterozygotes
(1*/3*): 5.77% (3/52), homozygotes (2*/2*): 1.92% (1/52), and the rest of the cases
were normal homozygotes (1*/1*) 84.61% (44/52), no homozygotes for
CYP2C19*3 or compound heterozygotes (2*/3*) has been encountered in any of
the investigated individuals.
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84.62

80.77

(1*/1*)
(1*/2*)

%

(2*/2*)

100
90
80
70
60
50
40
30
20
10
0

(1*/3*)
(3*/3*)

5.77 7.69
0 0 1.92

15.39
1.92
1.92
0 0

Control subjects

Patients

(2*/3*)

Figure 4.7. Distribution of patients and normal subjects according to their
CYP2C19 genotypes.

The derived allele frequency for CYP2C19*2 (9.62%) in patients population was
calculated as follows:
The total number of the CYP2C19*2 alleles
10
-------------------------------------------------x 100% = ---------- =
The total number of the CYP2C19 alleles
52 x 2

10
----------- = 9.62%
104

The total number of the CYP2C19*2 alleles (10) was computed by adding the
number of alleles present in the heterozygotes (8) to the number of alleles present
in the homozygotes (2x1=2).

43
PDF created with pdfFactory Pro trial version www.pdffactory.com

Table 4.5. CYP2C19 genotypes and derived allele frequencies in the patients.

Allele

Derived
allele
frequency

15.39%

CYP2C19*1

89.42%

1

1.92%

CYP2C19*2

9.62%

CYP2C19*1/
CYP2C19*3

1

1.92%

CYP2C19*3

0.96%

CYP2C19*3/
CYP2C19*3

0

0%

CYP2C19*2/
CYP2C19*3

0

0%

Total

52

100%

Observed
frequency

Genotype

n

CYP2C19*1/
CYP2C19*1

42

80.77%

CYP2C19*1/
CYP2C19*2

8

CYP2C19*2/
CYP2C19*2

100%

The allele frequencies in both groups showed relatively similar distribution, for
CYP2C19*2, only 6 alleles (5.77%) were recorded in normal subjects however 10
alleles were encountered (9.62%) in patients. For CYP2C19*3 the normal subjects
showed higher frequency than the patients (3 alleles (2.89%) in normal subjects
and only one allele (0.96%) in patients). The other alleles, assumed to be normal
(CYP2C19*1), showed a distribution of 93 (89.42%) in the patients and 95
(91.35%) in the normal subjects (Tables 4.5 and 4.6 and Figure 4.8).

44
PDF created with pdfFactory Pro trial version www.pdffactory.com

Table 4.6. CYP2C19 genotypes and derived allele frequencies in the control
group.

Allele

Derived
allele
frequency

7.69%

CYP2C19*1

91.35%

1

1.92%

CYP2C19*2

5.77%

CYP2C19*1/
CYP2C19*3

3

5.77%

CYP2C19*3

2.88%

CYP2C19*3/
CYP2C19*3

0

0%

CYP2C19*2/
CYP2C19*3

0

0%

Total

52

100%

Observed
frequency

Genotype

n

CYP2C19*1/
CYP2C19*1

44

84.62%

CYP2C19*1/
CYP2C19*2

4

CYP2C19*2/
CYP2C19*2

100%

91.35

89.42

%

CYP2C19*1

100
90
80
70
60
50
40
30
20
10
0

CYP2C19*2
CYP2C19*3

2.88 5.77

0.96

Control subjects

9.62

Patients

Figure 4.8. Distribution of the CYP2C19 alleles in the patients and the control
subjects.
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The frequency of CYP2C19*2 in the control group versus the patients group was
not significantly different (p > 0.05) (Table 4.7). Also the frequency of CYP2C19*3
allele in the control (which is higher than that in patients), showed no significant
difference (p > 0.05) (Table 4.8).

Table 4.7. Comparison between patients and control subjects in terms of the
CYP2C19*2 allele frequency.
Group

CYP2C19*2 allele

Other alleles

Patients

10

94

Control

6

98

P value

0.435*
*Chi-square (Yates corrected).
Table 4.8. Comparison between patients and control subjects in terms of the
CYP2C19*3 allele frequency.
Group

CYP2C19*3 allele

Other alleles

Patients

1

103

Control

3

101

P value

0.621*

*Fisher exact test.
The comparison between the patients and the control subjects to evaluate the
association between the hematological malignancies patients and the CYP2C19*2
polymorphism was done statistically, the patients appear to have the CYP2C19*2
allele by 1.97 higher than the controls with relative risk of 1.8 (Table 4.9). In
contrast for CYP2C19*3, the patients appear to have the CYP2C19*3 allele by
0.32 higher than the control subjects with a risk factor of 0.33 (Table 4.10), but for
both alleles there is no significant difference between the patients and the control
subjects in terms of having the CYP2C19*2 and CYP2C19*3 alleles (p- value =
0.389 and 0.309, respectively).
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Table 4.9. Comparison between the patients and the control subjects in terms
of CYP2C19*2 allele distribution.
Group

With CYP2C19*2

Patients

Without CYP2C19*2

9

P value

43
0.389

Control
Odds ratio
Relative risk

5
= 1.97
= 1.8

47

0.54<OR<7.41
0.65<RR<5.01

Table 4.10. Comparison between the patients and the control subjects according
to the CYP2C19*3 distribution.
Group

With CYP2C19*3 Without CYP2C19*3

Patients

1

51

Controls

3

49

P value

0.309
Odds ratio
Relative risk

= 0.32
= 0.33

0.01<OR<3.65
0.04<RR<3.1

Regarding the metabolism phenotypes associated with CYP2C19 polymorphism,
comparison between the patients and the control subjects showed no difference
between the two groups, each having one CYP2C19*2 homozygous (2*/2*)
genotype (PM and all the other cases were considered EM Table 4.11).
Table 4.11. Comparison between the patients and the control subjects in terms of
the phenotypic distribution.
Group
Patients

PM

EM

1

51

P value
0.3

Controls
Odds ratio
Relative risk

1
= 1.0
= 1.0

51
0.0<OR<37.79
0.06<RR<15.57

In brief there is no significant difference between the patients and the controls
regarding all the obtained CYP2C19 genotypes (Table 4.12).
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Table 4.12. Comparison between the similar genotypes in the patients and the
controls. The p-value was calculated for each genotype.
Allele

CYP2C19*2
681 G→A

CYP2C19*3
636 G→A

Genotype

Patients

Controls

P value

GG (Normal)

42

44

0.8†

GA
(Heterozygote)

8

4

0.36†

AA (Mutant)

1

1

1.0†

GG (Normal)

42

44

0.8†

GA
(Heterozygote)

1

3

0.62*

AA (Mutant)

0

0

† Chi-square test.
* Fisher exact test 2-tailed.
Statistical analysis showed that there is no significant difference between the living
area and the CYP2C19*2 genotype (p > 0.05), there is also no significant
difference between the living area and the CYP2C19*3 genotype (p > 0.05).

Statistically there is no significant difference between males and females in terms
of having the CYP2C19*2 allele (p > 0.05) as shown in Table 4.13, the same is
also true for CYP2C19*3 (p > 0.05).

Table 4.13. CYP2C19*2 distribution in males and females.
CYP2C19*2
Sex

Total
1/1

1/2*

2*/2*

Male

25

6

0

31

Female

18

2

1

21

Total

43

8

1

52
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Moreover, there is no significant correlation between the type of the disease and
the presence of the CYP2C19*2 allele (p > 0.05) (Table 4.14).

Table 4.14. Type of hematological malignancy and CYP2C19*2 crosstabulation.
CYP2C19*2
Disease

Total
1/1

1/2*

2*/2*

ALL

41

7

1

49

Lymphoma

1

1

0

2

CML

1

0

0

1

Total

43

8

1

52

4.4. Correlation between CYP2C19*2 and the malignancy onset age
The mean onset age of the patients who were heterozygotes and homozygotes for
CYP2C19*2 was 5.72 years, while the other patients who don’t carry the
CYP2C19*2

allele had a mean onset age of 5.71 years. The statistical analysis

indicated that there is no significant correlation between the onset age and the
CYP2C19*2 allele frequency in the patients (Pearson correlation = 0.06, p = 0.66).
This shows that there is no significant difference between the means of the onset
age of the two groups of patients. In other words there is no significant association
between the onset age and the CYP2C19 polymorphism.
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Chapter 5
Discussion

In our opinion, after completion of the human genome project and the
improvement of genetic diagnosis, which overtime will be routine tests for
investigating and screening many cancers disposing genetic factors, studies
linking cancers with specific genotypes will be easier and more reproductive.

Investigating the association between CYP2C19 polymorphism and cancers have
important implications since cytochromes are actively involved in drugs,
carcinogens, and procarcinogens metabolism. Some are involved in the activation
of procarcinogens, while others may take part in the inactivation of carcinogens.
This depends on the kind of carcinogens, cancers, and on the kind of mechanism
of carcinogenesis [74].

The CYPs are the main drug metabolizing enzymes in human body and the
CYP2C19 is one of the most important enzymes in this large family of proteins.
The CYP2C19 is responsible for the metabolism of many drugs that some of which
are

used

in

treatment

of

the

hematological

malignanceis

such

as

cyclophosphamide and glucocorticoids. For the CYP2C19 which is a highly
polymorphic locus there is currently 27 alleles, only 3 of which are with normal
activity and one with high activity, the others are with no enzymatic activity [16,
42]. The major CYP2C19 abnormal alleles are CYP2C19*2 and CYP2C19*3
which account for about 99% of all the PM in the Asian population and 87% in the
Caucasian population [16].

The CYP enzymes have a multi-step role in the metabolism of drugs and
carcinogens, several enzymes in various stages are shared to metabolize a given
substance, therefore no specific enzyme metabolizes a specific target alone, but it
is a cumulative effect of many enzymes some of which are highly polymorphic and
many of them may have abnormal alleles e.g., CYP2C19, CYP2C9, CYP3A4, and
to a lesser extent other enzymes. Therefore, the metabolism of many chemicals
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doesn't depend on one specific enzyme and this highlights the need for
investigating all the possible enzymes simultaneously when examining drug
metabolism defects.

Our hypothesis postulated that heterozygosity and homozygosity for the base pair
substitution in exon 5 (681GàA) and exon 4 (636 GàA) of CYP2C19 could be
associated with a functional decrease in the amount of xenobiotic monooxygenase
activity therefore those individuals would have a markedly increased susceptibility
to the genotoxic and leukemogenic effects of cytotoxic and xenobiotic substances,
that they normally encounter in their daily life.

In this study the CYP2C19*2 frequency in the patients was (9.62%) (Table 4.5)
and in the controls was (5.77%) (Table 4.6). These frequencies are lower than
those reported in Caucasians (14.7%), Egyptian (11.0%), and Asians (30%).
Moreover, this study revealed that the CYP2C19*3 frequency in the patients was
(0.96%) (Table 4.5), and in the controls was (2.88%) (Table 4.6) and these
frequencies are higher than those recorded in Caucasians (0.04%), Egyptian
(0.2%), but lower than those reported in Asians (8%) [17, 80]. According to this
study the PM phenotype frequencies in the patients and in the controls were the
same (1.9 %) (Table 4.11) which are lower than those reported in Caucasians (2
to 5%), Saudi Arabians (2.06%), and in Orientals (13 to 23%) [16, 81]. The
difference in genotype frequencies between the different populations is not
unexpected and reflects the different genetic makeup of the different ethnic
groups.

Several

studies

on

CYP2C19

polymorphism

and

its

association

with

carcinogenesis have shown contradictory results. Although this study indicated
that the CYP2C19 polymorphism was not significantly associated with childhood
hematological malignancies other studies however, associated the CYP2C19
polymorphism with certain types of cancers e.g., esophagus, stomach, lung and
bladder

cancers

[82].

Other

authors

couldn’t

associate

the

CYP2C19

polymorphism with certain types of cancers e.g., Wadelius et.al. (1999) evaluated
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the association of the variant m1 allele (CYP2C19*2) of the CYP2C19 gene with
prostate cancer among a Swedish population, but no significant differences were
found between cancer patients and controls [76]. In addition, Bartsch and his
colleagues couldn’t find association between the PM genotype in Japanese
patients with bladder cancer, but they found a significant association between PM
genotype and squamous cell carcinoma of the lung [77]. Differences in
exposure/consumption of various chemicals (e.g., eating behaviors) could be one
explanation for those contradictory results.

Statistical analysis of the frequencies of PMs in the cancer and the control groups
showed no significant difference (Table 4.11). However, this doesn't exclude the
presence of other predisposing genetic factors to the hematological malignancies
that may be involved in the occurrence and progression of the cancer. Therefore,
association studies can produce spurious results if cases and controls show
different allele frequencies for genes that are not related to the disease being
studied [53, 54].

Although the reasons for the inconsistencies between the studies are not clear,
possible explanations: (I) low frequency of the at risk genotype, which reduces the
statistical power, (II) small size of the study population and (III) the type and even
the subtype of the hematological malignancies, for example studying the
correlation of CYP2C19 polymorphism with the morphological and immunological
subtypes of ALL, which may give more valuable results.

CYP2C19

polymorphism,

even

though

not

significantly

associated

with

hematological malignancies, should be considered an important public health
issue since they may predispose to other types of malignancies or complicate the
treatment of existing ones. Research on the role of CYP2C19 polymorphisms in
hematological malignancies is not in the last stages, because many genes are
involved in the initiation and progression of the hematological malignancy the
reason why it is called a multifactorial disease (i.e., determined by a combination
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of multiple factors, genetic and environmental) [50], and the CYP2C19
polymorphism could be one step in this process.

The results of the current study showed that there is no significant difference
between male and female in having the defective allele, the only patient (female)
who is a CYP2C19*2 homozygous (PM) died after a short peroid of time after
intiation of the induction therapy which included: dexamethazone, low dose
intrathecal methotrexate (MTX), asparaginase , cyclophosphamide, adrimicine,
and vincristine. The explanation for this observation could be: I) the drugs which
were used in treatment may not be metabolized properly by the CYP2C19
enzyme, so it could have been toxic for her or, II) the drugs may be induced
(rapidly converted from the inactive state to the active state) by the CYP2C19, so it
would have been useless in the treatment of the disease. One of these drugs is
the cyclophosphamide which is a substrate of the CYP2C19 [83]. Additionaly, this
homozygous patient suffered from Down's syndrome (trisomy 21). Hyperdiploid
ALL cells with extra copies of chromosome 21 generate higher levels of the active
MTX metabolite, MTX polyglutamates. This is on account of increased intracellular
transport of MTX via the reduced folate carrier (RFC) whose gene is localized to
chromosome 21 and may also account for the increased MTX-associated toxicity
of DS ALL patients [84]. But the dose of MTX she had been given is not toxic (low
dose intrathecal MTX (12 mg)), so the toxicity of the MTX was excluded. And the
toxicity of the other drugs such as cyclophosphamide could be attributed to the
absence of the CYP2C19 enzymatic activity [85]. Toxicity of drugs for individuals
with certain genotypes is well documented for 6-MP and genotyping for the
thiopurine methyltransferase (TPMT) gene is mandatory before administration of
this drug to ALL patients in many USA hospitals [86].

The polymorphism of CYP2C19 may relate to the type of the hematological
malignancy, to the suptypes of it, to the severity and progression of the
malignancy, and to the response to treatment. Consequently further studies are
needed to link certain genotypes with those variables.
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From the results of this study it is clear that the heterozygotes among the patients
and the normal subjects, particularly for CYP2C19 *1/*2, have considerable
percentages, and this will lead to an increase in homozygotes defective alleles
(PM) as a result of mating between carriers.

It appears from our results that the number of the male patients is more than that
of the females; this may indicate that males are more susceptible to the
hematological malignancies than females. This result is congruent with other
findings e.g., among newly diagnosed childhood cancers, the standardized (with
European reference) incidence rates for all participating registries in Europe yields
a boys to girls ratio of 1.22. The incidence of ALL among children younger than 15
years of age is consistently higher among males (approximately 20%) relative to
females [60].

Childhood cancers occur at a slightly higher rate in males and at a significantly
higher rate in whites [14]. The male predominance is a feature of cancer incidence
in all ages [60]. As observed from this study the hematological malignancies
appeared significantly higher in males than in females. Additionally, the Palestinian
MOH 1995 – 2000 cancer report showed that the sex distribution of hematological
pediatric malignancies is 61.9% in males and 38.1% in females [13]. This higher
rate could be due to the more frequent exposure of males to carcinogenic
materials, or due to the genetic and physiologic differences between sexes.
Genotype analysis of the CYP2C19 however, indicated an equal frequency of the
CYP2C19*2 and CYP2C19*3 in males and females.

The results also showed that the family history has no significant impact on the
occurrence of hematological malignancies because all the patients have no family
history of the disease except for one sib. Childhood cancers, with rare exceptions,
are not therefore inherited [60]. Rates of cancer among offspring of childhood
cancer survivors are reported to be similar to those for the general population
confirming the lack of a primary genetic cause for most childhood cancers [60].
This further confirms the multifactorial nature of haematological malignancies.
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The results of the present study showed that the onset age wasn’t affected by the
sex; the males' onset age mean was 5.77 while that of the females'

was 5.63

years. This may indicate that the sex has no role in the beginning of the
hematological malignancy. There is a significant correlation however, between
onset age of the malignancy and the number of patients where we have
encountered 9 patients with 5 years onset age, 7 patients with 3 years, and 5
patients with 6 years. This also indicates that the majority of the examined patients
(21 patients representing 40% of the study population) ranged from 3-7 years of
onset age which is relatively higher than the (2-5 years) reported by many other
investigators [87]. The environmental and genotypic differences among the
different populations should be responsible for such differences.

Regarding the living area of the patients, our results showed that there was a
significantly higher number of patients (30 patients representing 57.69%) from the
Northern area. This result could be due to environmental, chemical which may
include the chemicals used in agriculture and the close proximity to the green
area, and/or genetic factors, so these factors must be studied to determine the risk
factors in the Northern area.

Certain enzyme genotypes in people without cancer appear to be associated with
DNA damage that could lead to cancer. In other words normal human cells with
certain enzyme forms show higher levels of DNA mutations, and consequently
become predisposed to cancer, than human cells with different enzyme forms
[88].

The PCR-RFLP technique used in this study is quick and specific. The limitation of
this technique however is its inability to detect mutations which occur outside the
restriction enzyme recognition site.

Studies on CYP genes polymorphisms are important as they ultimately aim to
develop drugs that would accelerate the activity of these enzymes in patients
whose enzymes naturally work very slow. Other CYPs do the reverse, taking
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procarcinogens (potentially cancer-causing substances) and turning them into
cancer-causing chemicals that linger in the body where they can cause damage
[88].

This field needs more studies on the CYP2C19 (and other CYP genes)
polymorphism and their distribution in our population because of their importance
in drug and chemical metabolism. Many companies have developed tests for
clinical use to detect gene variations - including deletions and duplications - for the
CYP2D6 and CYP2C19 genes which is intended to be an aid for physicians in
individualizing treatment and dosing of drugs metabolized through these genes
[89].

The importance of this study emerges from its being the first in investigating the
correlation between the CYP2C19 polymorphism and childhood hematological
malignancies. Other reports and researches have focused on the correlation
between the CYP2C19 genetic polymorphism and solid tumors such as
esophagus, stomach, and lung cancers [74].

From our results, though not statistically significant, it is clear that the genotypic
characteristics of the CYP2C19 variants in the hematological malignancy patients
are different from those of the normal subjects. This makes the results of this study
promising but further studies are required for examining more patients and
perhaps more CYP genes polymorphisms.
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Chapter 6
Conclusions & Recommendations

The present study focuses on the polymorphism of CYP2C19 gene in 52
hematological malignancy children in Gaza Strip-Palestine. The results of the
study can be summarized as follows:

Comparison between the control group and the hematological malignancy patients
showed that there is no association present between the CYP2C19 polymorphism
and the occurrence of the hematological malignancies.

Analysis of data showed that hematological malignancies occur at higher
frequency in males but the difference is statistically insignificant.

The family history has no role in the occurrence of hematological malignancies,
and this proves the importance of the environmental, chemicals and physical
factors in the occurrence of ALL and other hematological malignancies.

Analysis of data according to the onset age showed a significant correlation
between the number of cases and the onset age where 21 patients have 3-6 years
onset age.

The correlation between the CYP2C19*2 allele and the onset age showed no
significant correlation. In other words the presence of the CYP2C19*2 allele
doesn't affect the onset age of the affected patients.

None of the patients or the normal subjects showed any compound heterozygous
genotype (2*/3*). Moreover, none of the 52 patients or the 52 control subjects was
homozygous for CYP2C19*3, which reflects the scarcity of this allele in the Gaza
Strip population.
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The abnormal homozygous phenotype (2*/2*) may affect the treatment of the
patients treated with Cyclophosphamide and other chemotherapeutic drugs.

In conclusion we recommend:
§

Investigating the correlations between CYP2C19 polymorphism and response
to chemotherapeutic drugs, the severity of the disease, and the survival rate
after diagnosis.

§

Investigating and determining the prevelance of other CYPs genes such as
CYP3A4, CYP2D6 in cancer patients as compared to normal individuals.

§

Studying of CYP2C19 genotyping of more patients undergoing chemotherapy
(mainly cyclophosphamide) to elucidate and prove the effect of the PM
phenotype on the survival rate of those patients.
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Appendix D

CYP2C19 Polymorphisms in Childhood
Hematological Malignancy

Islamic University-Gaza
Biological sciences
Master program
Hospital: ___________________

No.

Patient
no.

Age

Sex
m/f

Disease

Onset
age

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
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