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Abstract

component of public health care in most developed and some Mediterranean

countries. However, such screening is yet to be widely embraced in Irag. More than
442 variants of G6PD have been identified by various molecular methods. The aim of the
present study was to determine the normal values of G6PD and deficiency prevalence of this
enzyme in male neonates and then determination of the type molecular variant of G6PD
prevalence in Middle Euphrates Province of Irag.

Objective: The objective of this study was to investigate the molecular basis of glucose-6-
phosphate dehydrogenase (G6PD) deficiency in hyperbilirubinemic neonates in Middle
Euphrates province of Irag. Molecular methods (genomic DNA extraction, polymerase chain
reaction and restriction fragment length polymorphism analysis) and then investigate the type
of G6PD variant predominantly present have been performed.

Methods: The study included a total of 917 full-term male neonates which were divided into
two groups:

The first group which include 704 neonates (76.8%) associated with severe
hyperbilirubinemia were admitted in Middle Euphrates Province Teaching Hospitals of
Maternity and Pediatrics during 1% Oct., 2007 to 12" July, 2008 with age ranged between 1
— 28 days, their total serum protein , TSB levels > 15 mg/dl.

The second group which include 213 neonates (23.2%) with the same age ranged were
used as control group, their TSB levels <1 mg/dl. The blood sample taken from each neonate
was divided into two aliquots: the first aliquot was used for the determination of total and
serum conjugated bilirubin (TSB and SCB), and G6PD activity. The second aliquot was used
for molecular analyses including genomic DNA extraction and then application of
polymerase chain reaction (PCR) and restriction fragment length polymorphism (RFLP)
protocols.

Results and Discussion: Severe hyperbilirubinemic neonates were screened for erythrocyte
G6PD enzyme activity, severe G6PD deficiency was detected in 75 of 704
hyperbilirubinemic neonates included and their activity levels was significantly decreased (P
< 0.05) to less than 10% of that found in control group. Therefore, the incidence of severe
G6PD deficiency identified in Middle Euphrates Province of Iraq was 10.65%. TSB levels
were markedly elevated to ( > 15 mg/dl), whereas the mean + SD values of SCBiwere
significantly lower than that found in controls (P < 0.05) , SCB was undetectable in 32 of 75
(42.67%) of hyperbilirubinemic neonates with severe G6PD deficiency which imply;a partial
defect of bilirubin conjugation. The molecular part of the study involved the extraction of
genomic DNA from hyperbilirubinemic neonates with severe G6PD deficiency which was
detected by agarose gel electrophoresis and then amplified by PCR and finally was subjected
to digestion by endonuclease restriction enzymes to create RFLP and to enable the detection

B ackground: Neonates G6PD deficiency screening has been recognized as an essential
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of mutation that caused G6PD deficiency. The majority of affected severe G6PD deficient
neonates with hyperbilirubinemia in Middle Euphrates province — Iraq, were due to G6PD
Med variant (C563T, Ser 188 Phe) , of such 67 of 75 neonates (89.3%) have this type of
mutation, and 5 of 75 (6.67%) have G6PD A- variant (G202A ; A376G mutations), whereas
only 3 of 75 (5.3%) remain unknown G6PD variants which require future molecular studies.
Conclusion: The predominant G6PD gene detected in hyperbilirubinemic neonate with
severe G6PD deficiency in Middle Euphrates province was G6PD Med.variant.

Keywords : Hyperbilirubinemia, G6PD gene, Polymerase Chain Reaction , RFLP.
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Introduction

Glucose-6-phosphate  dehydrogenase
(G6PD) is an enzyme that catalyses the
rate-limiting step in the pentose phosphate
pathway, providing reducing power to all
cells in the form of NADPH (reduced form
of nicotinamide adenine dinucleotide
phosphate) ). NADPH enables cells to
counterbalance oxidative stress that can be
triggered by several oxidant agents, and to
preserve the reduced form of glutathione
and other sulfhydryl groups which was
essential for the reduction of hydrogen
peroxide and reactive oxygen species and
the maintenance of hemoglobin and other
red blood cell proteins in the reduced state.
By preserving and regenerating reduced
forms of glutathione as well as promoting
the stability of catalase, NADPH plays a
major role in the stability of cell to
withstand oxidative stress, since red blood
cells do not contain mitochondria, the
pentose phosphate pathway is their only
source of NADPH; therefore, defense
against oxidative damage is dependent on
G6PD activity @.

The normal and most common enzyme
variant is designated as G6PD B+ . G6PD
deficiency results from the inheritance of
any one of a large number of the
abnormalities of the structural gene that
codes the amino acid sequence of the
enzyme G6PD. G6PD deficiency was
discovered in 1950s, and was shown to be the
cause of hemolytic effect of primaquine @)
Hereditary genetic defect caused by
mutations in the G6PD gene, resulting in
protein variants with different levels of
enzyme activity, that are associated with a
wide range of biochemical and clinical
phenotypes. G6PD deficiency is actually
the most common clinically important
enzyme defect, not only in hematology,
but also among all human diseases
known®. The most common clinical
manifestations are neonatal jaundice and
acute hemolytic anemia, which in most
patients is triggered by an exogenous
agent®. The striking similarity between
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the areas where GG6PD deficiency is
common and Plasmodium falciparum

malaria IS endemic, provides
circumstantial  evidence that G6PD
deficiency confers resistance against

malaria®. The highest frequencies are
detected in Africa, Asia, the Mediterranean
region, and in the middle east; owing to
recent migrations, however, the disorder is
also found in North and South America
and in northern European countries.
Although the majority of people with this
disease are asymptomatic, some of the
clinical symptoms associated  with
deficiency are acute hemolytic anemia in
association with infection or following the
ingestion of some drugs or fava beans
(favism), neonatal jaundice and in severe

deficiency,  chronic  non-spherocytic
hemolytic anemia (CNSHA)".
Any gene located on the X-

chromosome is called an X-liked gene®.
The G6PD gene was cloned in 1986 and is
located at the telomeric region of the long
arm of the X chromosome (band Xg28),
close to the genes for hemophilia A,
congenital  dyskeratosis, and colour
blindness (Fig. 1)©.

It consists of 13 exons and 12 introns and
is 18.5 kb in length. ; it encodes 515 amino
acids, and a GC-rich (more than 70%)
promoter region. The active enzyme is
composed variably of two or four identical
515 amino acid subunits; each monomer
has a molecular weight of 59 kDa®”.

Deficient G6PD alleles are distributed
worldwide; a conservative estimate is that
at least 400 million people carry a
mutation in the G6PD gene causing
deficiency. The highest prevalence is
reported in Africa, Southern Europe, the

Middle East, Southeast Asia, and the
central and Southern Pacific Islands;
however, because of fairly recent

migration, deficient alleles are nowadays
quite prevalent in North and South
America and in parts of Northern
Europe™?.
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Figure 1. Location of G6PD gene on X chromosome®.

In most areas of high prevalence of
G6PD deficiency, several polymorphic
alleles are found and more than 442
variants of G6PD enzyme  were
investigated®®. Tropical regions of Africa
are one exception, where the African
variant, GGPD A- accounts for about 90%
of G6PD deficiency. G6PD A- is also
frequent in North and South America, in
the West Indies, and in areas where people
of African origin are present. Moreover,
G6PD A- is quite prevalent in Italy, the
Canary lIslands, Spain, and Portugal, and in
the Middle East, including Iran, Egypt, and
Lebanon®.

The second most common variant is
G6PD Mediterranean, G6PD Med, which
is present in all countries surrounding the
Mediterranean Sea, although it is also
widespread in the Middle East, India, and
Indonesia. In several populations, such as
the countries around the Arabic Gulf,
G6PD A- and G6PD Mediterranean
coexist at polymorphic frequencies ®2.

The aim of the present study was to
determine the mutations of G6PD gene in
severe G6PD deficient hyperbilirubinemic
neonates in Middle Euphrates province of
Iraq by using molecular techniques. In the
first step, we screened G6PD Med variant
because it is one of the most common
G6PD variants. Then other mutation of
G6PD , G6PD A- was also examined in
this area.
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Materials and Methods

The study included a total of 917 full-
term male neonates, 704 of them were
associated with severe hyperbilirubinemia
(TSB > 15 mg/dl) who were admitted to
each of:

1. Kerbala Pediatrics Teaching Hospital /
Kerbala

2. Babylon Teaching Hospital of Maternity
and Pediatrics / Babylon

3. Al-Zahra Teaching Hospital
Maternity and Pediatrics / Najef

4. Teaching Hospital of Maternity and
Pediatrics / Diwaniyah

during 1%, Oct., 2007 to 12", July, 2008
with age ranged between 1 — 28 days.
Their TSB levels > 15 mg/dl . Another 213
neonates were used as control group. The
cord blood sample taken from each
neonate was divided into two aliquots: the
first aliquot was used for total and
conjugated serum bilirubin (TSB and
SCB) and G6PD  activity
measurements. The second aliquot was
used for molecular analysis including
genomic DNA extraction and then
application of polymerase chain reaction
(PCR) and restriction fragment length
polymorphism (RFLP) protocols. All
samples were screened by fluorescent spot
test for G6PD detection, and then G6PD
activity was measured in those neonates
whose associated with severe deficient
G6PD. Activity of G6PD was measured
quantitatively by using Sigma kit (345-B)

of
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at 37 °C by the kinetic method modified by
Lohr and Waller 9.

Genomic DNA was extracted and
purified by salting out in several steps by
using Roche High Pure PCR Template
Preparation Kit, Germany and as described
by Vogelstein and Gillespie™. After
genomic DNA extraction , it has been
subjected to electrophoresis  through
agarose gels which was detected by
staining with the fluorescent dye ethidium
bromide ©.

According to the common distribution
of G6PD gene mutation in Middle East
Countries, two mutations were chosen for
the prevalence of molecular diagnosis and
amplification with PCR in neonatal
hyperbilirubinemia in Middle Euphrates
Province which are Mediterranean (G6PD
Med ,563 C—=T) and African (G6PDA— ,
202 G— A, 376 A— G) . Three
primer sets were chosen to amplify exons
6, 4, and 5 respectively. Table -1- shows
some of the molecular characteristics of
the three types of G6PD variants 2.

Table 1. Location of point mutations of G6PD variants under this study.

G6PD Exon Base Base Codon Amino acid Amino acid

Variant No. position | Change Change position substitution
Mediterranian 6 563 C—oT TCC—HTTC 188 Ser — Phe
African, A- 4 202 G- A | GTG—ATG 68 Val — Met
5 376 A—G | AATHGAT 126 Asn— Asp

The DNA region from the G6PD gene
encompassing each point mutation was
selectively amplified by PCR using
specific oligonucleotide primers, followed
by digestion with restriction enzyme.
Digestion products were analyzed on 2%
agarose gel®®. The sets of primers chosen
for PCR amplification of G6PD mutations
were designed by CinnaGen Co.-Tehran /
Iran as a lyophilized product of different
picomolar (pM) concentrations. The
lyophilized primers was dissolved in 1 ml
of distilled water or in 5 mM Tris-buffer,
pH 7.5 as a stock solution and stored at —
20 °C, then small aliquots were prepared to
a final concentration of 25 pM/ul to avoid
freezing and thawing and stored at — 20 °C.

The most convenient option of
digestion or cleavage of PCR products
directly after DNA amplification reaction
is the addition of a restriction enzyme
directly to the reaction tube after
completion of PCR. These endonucleases
which purchased from Fermentas Co.
included Mbo 11, Nla Il and Fok I. All
these enzymes were stable for short period
at — 20 °C and at — 70 °C for long period
(more than 30 days).
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All DNA samples were screened for the
C—T mutation at nucleotide 563, which is
characteristic of G6PD-Med, using F:
5'...CCCCGAAGAGGAATTCAAGGGG
GT...3, R: 5...GAAGAGTAGCCC-
TCGAGGGTGACT...3' primers and PCR
amplification followed by digestion by
Mbo II restriction endonuclease. To check
the activity of PCR component, two
external control samples were used : water
and positive control which produce
negative and positive results respectively.

The PCR reaction conditions used for
exon 6 amplification of G6BPD-Med variant
with two primer sets include denaturation
at 95 °C for 5 min followed by 35 cycles
of denaturation at 95 °C for 60 sec ,
annealing at 58 °C for 60 sec, extension at
72 °C for 60 sec, and final extension at 72
°C for 5 min. Amplification by using 5
unit of Taq DNA polymerase / ul in a final
PCR volume used 25 pl.

The G6PD-Med mutation at the base
position 563 creates one Mbo II site in
exon 6 and 7 of the G6PD gene®>?). The
recommended digesting DNA with a 2-
fold to 10-fold excess of enzyme in the
total volume of 20 ul using 0.2-1.5 pg of
DNA. The amplification product (10 pl)
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was digested with 5 - 10 U/1.0 pl of a
restriction endonuclease enzyme Mbo II
for 4 h at 37°C and the digestion products
were analyzed on 2% agarose gel %22,

The same samples which did not show
G6PD-Med mutation were looked for
G—A and A—G mutation at nucleotide
202 and 376 respectively which is
characteristics of G6PD A- by using
another two sets of specific primers and
PCR reaction conditions, then the PCR
amplification products were digested with
another restriction endonucleases. The
PCR amplification conditions for exon 4
of G6PD A- was performed by using
another two primer sets 4F: 5'-
GTCTTCTGGGTCAGGGAT-3" and the
reverse primer 4R: 5'-
GGAGAAAGCTCTCTCTCC-3'.
Denaturation at 94 °C for 2 min was
followed by 45 cycles of denaturation at
94 °C for 30 sec, annealing at 60 °C for 30
sec, extension at 72 °C for 60 sec, and
final extension at 72 °C for 4 min &,

Amplification on exon 5 of G6PD A-
was carried out by using another two
primer sets SF: 5'"-
CCTGTTCCCTCTGCCACA-3', and 5R:
5-GGGGGTCTCAAGAAGTAC-3'.
Denaturation at 94 °C for 2 min was
followed by 35 cycles of denaturation at
94 °C for 30 sec, annealing at 60 °C for 60
sec, extension at 72 °C for 30 sec, and a
final extension at 72 °C for 4 min

The reaction conditions used for Nla 111
and Fok 1| restriction endonucleases were
composed of the following : (1-2 ul of
PCR product ; 1 pl of restriction enzyme
buffer ; 0.2 pl of restriction enzyme and
6.8-7.8 ul D.W.), this components were
mixed by pipetting, then the tube was
closed and centrifuged for few seconds,
then incubated at 37 °C overnight. Then
proteinase was added and incubated at the
same temperature for further 2 hr. This
sample (10 ul) were applied to agarose gel
electrophoresis 2%,

After the digestion of both G6PD Med
and A- variants with endonucleases were
completed, their products with PCR
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amplification products (3 pl of PCR
product plus 1 pl loading buffer) and the
ladder markers were loaded and analyzed
by agarose gel electrophoresis (2% agarose
in 0.5X tris-borate ethylenediamine tetra
acetic acid (TBE) working buffer, and 0.5
ug/ml ethidium bromide) at 80 V and 95-
100 mA for 40 min , then the bands were
visualized on UV transluminator and then
photographed by using photo
documentation system.

Results and Discussions

G6PD deficiency occurs with increased
frequency throughout Africa, Asia, the
Mediterranean , and the Middle East.
Consistent with previous studies from Iraq
conducted by Amin-Zaki, et. al.®? :
Hamamy and Saeed,®® and Al-Naamah,
et. al.?®’. The present study indicated that
G6PD deficiency is common in lraqi
hyperbilirubinemic neonates of Middle
Euphrates province. Therefore, it is of
interest to establish whether the incidence
of G6PD deficiency is due to a single or
multiple G6PD mutation variants.

of 704 G6PD-deficient
hyperbilirubinemic neonates diagnosed,
only 75 (10.65%) neonates of them were
associated with severe G6PD-deficiency
and their G6PD activity levels was
decreased and reached to less than 10%
found in control neonates (see table-2-).
Bilirubin profile indicated that TSB levels
were markedly elevated while serum
conjugated  bilirubin (SCB) level was
decreased as compared with the control
group, as compared with that found in
control group as shown in (tables-3 and 4).

These results confirm with other studies
performed in Italy, and Taiwan which
suggest that the G6PD-deficient neonates
are at increased risk for
hyperbilirubinemia®”.  Therefore, data
presented in this study may probably
suggest that severe neonatal
hyperbilirubinemia may  continuously
cause a problem in this region of Iraq,
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which showing that those neonates with
severe G6PD-deficiency who developed
higher maximal TSB values had
significantly lower SCB fractions than
those who remained only moderately
jaundiced.  Serum  bilirubin  profile
demonstrated in  the  subsequently
hyperbilirubinemic with severe G6PD-
deficient neonates (high TSB, with low
SCB) is a reminiscent of that seen in
conditions of partial deficiency of the

bilirubin conjugating enzyme  UDP-
glucuronosyl transferasel Al (UGT1Al),
such as Gilbert's Syndrome “®.

The data observed in this study support
functionally the concept of the gene
interaction demonstrated between G6PD
deficiency and the variant promoter for the
gene encoding the bilirubin conjugated
enzyme UGT1Al and then diminished
bilirubin conjugation ability.

Table 2. Incidence of severe G6PD deficiency in full-term hyperbilirubinemic neonates
in Middle Euphrates Province Governorates of Iraq.

Group | Group 11
Healthy Control Full-term Neonates with Severe Hyperbilirubinemia
Middle TSB < 1.0 mg/dl , TSB >15 mg/dl
G6PD G6PD %
Euphrates . No. of - .
- activity activity Incidence of
Province Severe
Governorate No. Mean * Total G6PD Mean * severe
SD No. Deficient SD G6PD
U/g Hb U/g Hb deficiency
Kerbala 56 104 £ 197 18 0.56 £ 9.14%
1.78 0.32
Babylon 53 10.02 183 22 0.34 12.02%
+1.17 0.17
Najef 61 10.91 179 21 0.46 £ 11.7%
+1.56 0.41
Diwaniyah 43 9.95+ 145 14 041+ 9.66%
1.76 0.3
Total 213 704 75 10.65%

Table 3. Sample Distribution and TSB levels in severe neonatal hyperbilirubinemia
(TSB > 15 mg/dl) with G6PD deficiency in Middle Euphrates Province Governorates of

Iraq.
Group | Group 11
Middle Euphrates Healthy Control Full-term Neonates with
Province Governorate Severe Hyperbilirubinemia
TSB > 15 mg/dl
TSB No. of Neonates with TSB
No. levels Total Severe G6PD level
Mean No. Deficiency Mean
+SD +SD
mg/dl mg/dl
Kerbala 56 0.57 £ 197 18 20.26 £
0.25 4.96
Babylon 53 0.72 183 22 23.01 %
+0.24 5.0
Najef 61 0.58 £ 179 21 2129+
0.22 5.43
Diwaniyah 43 0.65 % 145 14 24.38 £
0.29 6.53
Total 213 704 75
873
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Table 4. Serum conjugated bilirubin in normal and in hyperbilirubinemic neonates with
severe G6PD deficiency in Middle Euphrates Province Governorates of Irag.

Group | Group 11
Healtr? Control Neonates with Severe Hyperbilirubinemia
. y TSB > 15 mg/dl
Mld(gle’oi?r?czrates SCB levels No. of Neonates SCB level
Governorate No. Mean £SD L(())tal W'th _Severe G6PD Mean £SD
mg/dl . Deficiency mg/dl
Kerbala 56 0.15+0.08 197 18 0.053 +0.046
Babylon 53 0.19+0.11 183 22 0.063 = 0.036
Najef 61 0.18 + 0.07 179 21 0.081 +0.051
Diwaniyah 43 0.21+0.09 145 14 0.094 + 0.055
Total 213 704 75
Gene variants is reported to be in are more  likely to develop

association with an increased risk for
neonatal hyperbilirubinemia include those
of :

(2(91)) The red blood cell enzyme (G6PD)

(2) The hepatic bilirubin-conjugating
enzyme UGT1A1 €9 ;

e hepatic organic anion
(3) The hepati i i
transporter polypeptidel Bl
(OATP1B1) GV,

G6PD gene variants may predispose to
neonatal hyperbilirubinemia via either an
acute hemolytic event with or without an
identifiable environmental trigger or a

low-grade hemolysis  coupled  with
UGT1A1 gene polymorphisms®?. More
recent findings suggested that gene

polymorphisms of OATP1B1 a putative
bilirubin transporter localized to the
sinusoidal membrane of hepatocytes (i.e,
the blood hepatocyte interface), may
predispose to neonatal hyperbilirubinemia
by possibly limiting hepatic bilirubin
uptake®®. The primary site of the
pathogenesis of the hyperbilirubinemia
therefore appears to be localized to a
deficiency in bilirubin conjugation. As a
result, G6PD-deficient neonates who
become hyperbilirubinemic have bilirubin
conjugation ability which is even more
inefficient than that of the physiological
immaturity of conjugation normally found
in neonates. Those with an excessively
immature bilirubin eliminating capacity
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hyperbilirubinemia than those with a more
mature ability. This mechanism may exist
to a certain extent in all neonates but may
be exacerbated in the G6PD deficiency
state because of increased hemolysis and
the resultant additional bilirubin load®.
Bhutani, et. al., in (1999) have
demonstrate that measuring the TSB level
and further testing (blood group, coombs
and G6PD tests) at the time / or before
infants are discharged from hospital is
helpful in predicting which infants will
experience severe hyperbilirubinemia and
to evaluate the risk and to prevent it®®.

Results in this study also show that
deficient bilirubin conjugation which was
reflected by low SCB values measured, is
a cardinal factor in the pathogenesis of
G6PD deficiency associated with neonatal
hyperbilirubinemia.

It is unknown at present time whether
the previous observations related to
hemolysis and bilirubin production®?, or
the deficient serum conjugated bilirubin
fractions described above are unique to
Sephardic Jews with G6PD Med or
whether they have global implications for
the hundreds of millions of people
worldwide estimated to have G6PD
deficiency®. Additional study of the
pathophysiology of this process may lead
to improved therapeutic or prophylactic
interventions in the clinical management of
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G6PD deficiency associated neonatal
hyperbilirubinemia.

These results indicated that there is a
significant negative correlation (P < 0.05)

between G6PD activity levels and TSB

concentrations elevated in severe G6PD-
deficient hyperbilirubinemic neonates with
the TSB > 15 mg/dl but not in control
individuals (see table 5).

Table 5. The correlation between G6PD activity levels and TSB conc. in severe G6PD-
deficient hyperbilirubinemic neonates in Middle Euphrates Province Governorates.

Full-term Neonates with Severe Hyperbilirubinemia

Middle TSB > 15 mg/dl
Euphrates No. of Severe | G6PD activity TSB levels, P r
Province G6PD Mean + SD mg/d| Value Value
Governorate Deficient Ulg Hb
Kerbala 18 0.56 +£0.32 20.47 +3.12 <0.05 - 0.551
Babylon 22 0.34+£0.17 23.01+5.0 <0.05 -0.203
Najef 21 0.46 £0.41 21.29+5.43 <0.05 -0.320
Diwaniyah 14 0.41+£0.3 24.38 + 6.53 <0.05 -0.367

The mechanism of the relationship and subsequently aggregative the high

between G6PD activity and neonatal
hyperbilirubinemia is not clear. The
presence of another genetic factors has
been postulated in the pathogenesis of
neonatal hyperbilirubinemia in G6PD
deficiency. Kaplan, et. al., (1997) reported
that UGT1A1 gene mutation, diminishing
the activity of the conjugated enzyme
UGT1A1, was associated with neonatal
hyperbilirubinemia in G6PD deficiency®®.
Weng, et. al., (2002) reported that the
expression of heme oxygenase-1 , a rate-
limiting enzyme in the production of
bilirubin and inducible under the exposure
to oxidative stress, was increased in G6PD
deficiency. Recent studies suggest that

bilirubin  was a strong endogenous
antioxidant®”. Therefore, it is reasonable
to suggest  that  the neonatal

hyperbilirubinemia caused by increased
heme oxygenase-1 in G6PD deficiency is
the consequence of genetic interaction to
compensate the decreased antioxidant
activity. Therefore, the low levels of
G6PD activity in male infants may play a
role in the interaction of different genes,
such as UGT1Al and heme oxygenase-1 ,
widespread in the middle east, including
Israel, where it accounts for almost all
G6PD deficiency in Kurdish Jews, India,
and Indonesia®® *®). In several populations,
such as the countries around the Arabian
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TSB levels.

Two G6PD variants were identified by
using a molecular diagnostic methods, 67
neonates (89.3%) was diagnosed to be
G6PD Med mutation in exon 6 (563C—T)
(Ser188Phe) ; and 5 neonates (6.67%) had
G6PD African deficient variant (G6PD A-)
in exons 4 and 5 (202 G —A) (Val68Met)
and exon 5 (376 A—G)(Asn126Asp); no
neonates has G6PD A+ mutation (202 G
— A) (see table-6-).

In most areas of high prevalence of
G6PD deficiency, several polymorphic
alleles are found ©®. Tropical regions of
Africa are one exception, where the G6PD
A— variant accounts for about 90% of
G6PD deficiency. G6PD A- is also
frequent in North and South America, in
the West Indies, and in areas where people
of African origin are present. Moreover,
G6PD A- is quite prevalent in lItaly, the
Canary Islands, Spain, and Portugal, and in
the middle east, including Iran, Egypt, and
Lebanon®*¥. The second most common
variant is G6PD Med, which is present in
all countries surrounding the
Mediterranean Sea although it is also
Gulf, G6PD A- and G6PD Med coexist at
polymorphic  frequencies®®.  Other
polymorphic variants are the Seattle and
Union variants, which have been reported
in southern ltaly, Sardinia, Greece, the
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Canary Islands, Algeria, Germany, Ireland
and China 7.

Blood samples of normal and
hyperbilirubinemic neonates with severe
G6PD deficiency were subjected to
genomic DNA extraction within 24-48
hours of aspiration. This method
eliminates the need for organic solvent
extractions and DNA precipitation,
allowing for rapid purification of many
samples simultaneously.

The concentration of genomic DNA
extracted was determined and the band
integrity were found to be different
according to the amount of genomic DNA
and its purity which depend upon the
amount of WBCs in neonatal sample used.
In addition, using fresh blood samples
were found to be better than that stored at -
20 °C for several days, therefore, the
genomic DNA should be applied as early
as possible.

The genomic DNA extracted were
subjected to electrophoresis through
agarose gels which was detected by
staining and then visualized by
illumination with UV light to confirm the
presence and integrity of the extracted
DNA®) The visualization method of
DNA extracted was performed by staining
with the fluorescent dye ethidium bromide
which is the most convenient and
commonly used method to visualize DNA
in agarose gels.

Molecular analysis by using thermo
cycler device with agarose electrophoresis
was accomplished for identification of the
G6PD variants in 75 hyperbilirubinemic
neonates with severe G6PD deficiency
obtained from Middle Euphrates province
and compared with that found in control
samples.

Lane:

marker

DNA L 1(376 bp) L 2 (276 bp)

Fig 2. PCR and RFLP digestion product for G6PD Med mutation variant

The results of the current study reveal that
G6PD mutation samples were amplified
by PCR through the use of specific
primers and it is shown that the PCR
products are :
1. For G6PD Med mutation single
band of 276 bp was observed as shown in
Lane 2 (Fig. 2).

The G6PD Med variant at base position
563 creates an Mbo Il site in exon 6 of
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G6PD gene. The results of successful PCR
amplification were treated by digestion
with Mbo 11 restriction enzyme. After the
end of the digestion period, DNA bands
were  separated by agarose  gel
electrophoresis ~ containing  ethidium
bromide and then visualized by photo
documentation system. The normal sample
showed 379 bp fragment (Fig.-2- lanel),
whereas the mutant samples showed 103
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bp and 276 bp fragments (L2) beside to
120, 60 and 24 bp fragments found in

24 379

normal and pathological
(Figure-3-).

samples, see

Normal

|”]

120

] e |

276

|
[ o J ool

Mutant

Fig. 3. Restriction sites for Mbo Il in G6PD Med variant at exons 6 and 7.

Three regions of G6PD gene were
amplified from genomic DNA using the
PCR method. AIll the genomic DNA
samples were screened firstly for the C—T
mutation at 563, which is characteristics of
G6PD Med variant using the two sets of
specific primers as indicated in Table-6-
and then PCR amplification followed by
digestion by Mbo Il  restriction
endonuclease.

The predominant G6PD mutation
variant in hyperbilirubinemic neonates
identified in Middle Euphrates Province in
Irag is G6PD Med. The severe G6PD
genotype contain 67 of 75 cases (89.3%)
of G6PD Med variant of the total severe
G6PD deficient neonates detected. The
incidence of G6PD mutations found in
Middle Euphrates province and that
reported in some neighboring countries
was indicated in (Table-6 and 7-).

2. The same samples which did not
show G6PD Med mutation were looked
for nucleotide 202 G—A mutation at exon
4 and for nucleotide 376 A—G mutation at
exon 5 which were characteristics for
G6PD A- by using another two sets of
specific primers and PCR reaction
conditions, then the PCR amuplification
products were digested with another
restriction endonucleases Nla I11 which
digest G6PD gene at exon 4 followed by
Fok I which digest G6PD gene at exon 5
(Fig. 4).

G6PD Mediterranean and G6PD A— were
the most commonly detected variants
among individuals with G6PD deficiency
in the Middle Eastern Gulf area as shown
in Table 7. Screening for the spectrum of
G6PD mutations in hyperbilirubinemic
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neonates of this study revealed that G6PD
Mediterranean (563 C—=T) is the most

common mutation (89.3%) in Middle
Euphrates Province : Iraq , followed by
G6PD A— (202 G—=A ; 376 A—>G )

mutations (6.67%).

Based on biochemical and genetic analysis
of a number of samples enrolled in
multiple studies, it had been assumed that
the common type present in the Eastern
Province is G6PD Med. G6PD Med and
G6PD A— are the most commonly detected
variants among individuals with G6PD
deficiency in the Middle Eastern Gulf area,
including Iran. These results are consistent
with  findings among other Arabic
populations in the region.

The molecular basis was found to be due
to a point mutation (C—T) at nucleotide
563 leading to serine to phenylalanine
replacement at amino acid 188 “Y. This
was found to be associated with another
but silent mutation at nucleotide 1311 in
those from Mediterranean region and
Middle East but not in those from India.
This does not support the original concept
of single origin of this variant but suggests
a possible independent origin of G6PD
Med in Middle East and Europe from that
of Indian subcontinent “V. Recently, no
other variant has been reported for this
population. However, studies in other parts
of the world have shown that a gene flow
due to population migration is common.
The analysis of a large number of G6PD-
deficient samples in this study revealed
that G6PD Med accounted for 89.3% of
the neonatal samples investigated.
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Lane: 1 2 3

Fig. 4. PCR product for GGPD A- mutation. Bands run on agarose gel 2%.
Lane 1 : DNA marker (50 bp) ; Lane 2, 3: G6PD A- PCR product.

Kaplan, et. al., in (1997) presented data
suggesting that the coexistence of G6PD
Med mutation type with the AT insertion
polymorphism of the promoter of the
UGT1ALl gene, which is associated with
Gilbert syndrome in adult, is responsible
for the development of neonatal
hyperbilirubinemias ©®.

This is the most devastating clinical
consequence of G6PD deficiency ; it can

be severe and result in kernicterus or even
death. It was also found that neither G6PD
deficiency nor the polymorphism of UDP
glucuronosyltransferase alone increased
the incidence of neonatal hyperbilirubi-
nemia, but in combination they did. They
suggested that this gene interaction may
serve as a paradigm of the interaction of
benign genetic polymorphisms in the
causation of disease.

Table 6. Incidence of G6PD mutation variants identified in 75 hyperbilirubinemic
neonates with severe G6PD deficiency in Middle Euphrates Province Governorates of
Irag by molecular methods.

Restriction
G6PD % Mutation Amplified Total endonuclease Middle Euphrates Province Governorates
Variants Exon Incidence enzyme
% Kerbala | Babylon Najef | Diwaniyah
G6PD Med | 67 | 563 C—T 6 89.3% Mbo |1 94.4% 86.4% 90.5%
G6PD A- 5 |202G—A 4 6.67% Nla 11 5.56% 4.55% 4.8%
376 A—G 5 Fok I
Unknown 3 53% | | e 9.1% 4.8%
G6PD
mutation
878
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Table 7. Prevalence of G6PD Med and African (A-) variants in some countries in

the world.
Percentage of G6PD variants
Country %G6PD Med %G6PD A-
Italy 80 - 84%
India 82%
Oman 75% 5%
Jordan 53.3% 3.6%
Iraq 84 - 92.6% 0.3%
Iran 79.4% 1.2%
UAE 55% 1.8%
Algeria 23% 46%
Saudi Arabia 47-84.2% 1.1- 4.6%
Kuwait 72.9 -74.2% 12.4 - 14.3%
Turkey 79 - 80%
Egypt 52.6% 1.9%

The other G6PD mutation detected in this
study by molecular technique was G6PD
A- mutation which was detected in only 5
neonate out of 75 (6.67%) patients of the
hyperbilirubinemic neonates studied. This
observation was nearly disagreed to that of
Hilmi, in (1998) who mentioned that the
frequency of G6PD A- has not reached
polymorphic frequency (0.3%)“®.

G6PD A- mutation has been reported in
Saudi Arabia with frequencies ranged
from 0.2-5% in various regions of the
Kingdom, while it was found in 3 (1.8%)
out of 166 UAE nationals “*4°).
Furthermore, G6PD A- variant was not
considered as the most common variant in
neither of the above two Gulf states.
However, in Algeria G6PD A- variant is
the most common variant (46%) of G6PD
deficiencies as determined by DNA studies
“9)Screening for the spectrum of G6PD
mutations in ethnic Kuwaitis revealed that
G6PD Mediterranean (563 C—=T) is the
most common mutation (74.2%), followed
by G6PD A— (202 G —=A; 12.4%).

Such differences in G6PD A-
distribution between Arabian countries in
Asia and those in Africa expected since
G6PD A- is widely spread through Africa,
and wherever there are immigrant
population of African origin, and in
tropical Africa G6PD A- accounts for
about 90% of G6PD deficient cases unlike
the situation in most areas of high G6PD
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deficient frequencies in which multiple
polymorphic alleles are responsible for
high prevalence rates “%. Despite the non
accurate  compared to molecular
techniques, the biochemical methods have
been utilized by most of the above
mentioned studies to detect G6PD
deficient variants. This fact might explain
the little differences of the percentage of
G6PD A- reported by the present study as
biochemical methods may misdiagnose the
type of G6PD mutations with others.
G6PD A- , but not G6PD A, was found to
be present in Kuwaiti and Jordanian
populations. A similar observation has
been made for Oman “9.

The data have shown that G6PD A-
variant, which is predominant in Africa, is
also present among 6.67% of the G6PD-
deficient full-term male hyperbilirubi-
nemic neonates of this study. Moreover, it
is also documented that G6PD A- is also
commonly encountered outside Africa.

Conclusion

In  conclusion, the most common
deficient G6PD mutation variants in
Middle Euphrates Province of Iraq based
on molecular characterization, is G6PD
Med which account of 89.3% of the severe
G6PD-deficient hyperbilirubinemic
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neonates and G6PD A-

variant which

constitutes 6.67% .

References

10.

11.

12.

13.

Matsubara, S. ; Takayama, T. and Iwasaki, R.
(2001) Enzyme — cytochemically detectable
G6PD in human villous macrophages
(Hofbaure cells). Placenta , 22 : 882-5.
Luzzatto, L. ; Metha, A. and Vulliamy, T.
(2001) Glucose 6-phosphate dehydrogenase
deficiency. In: Scriver CR, Beaudet AL, Sly
WS, et al, eds. The metabolic and molecular
bases of inherited disease, 8" ed. Columbus:
McGraw-Hill : 4517-53.

Beutler, E. (1959) The hemolytic effect of
primaquine and related compounds: a review.
Blood. ; 14 (2) : 103-139.

Pauling, L. ; Itano, H.A. and Singer S.J.
(1949) Sickle cell anemia a molecular disease.
Science. 25 ; 110 (2865) : 543-548.

Beutler, E. (2008) G6PD deficiency: a
historical perspective. Blood , 111 (1) : 16-24.
Cappadoro, M. ; Giribaldi, G. and O’Brien, E.
(1998) Early phagocytosis of G6PD deficient
erythrocytes parasitized by Plasmodium
falciparum may explain malaria protection in
G6PD deficiency. Blood ; 92 : 2527-34.
Mehta, A. Mason, P. and Vulliamy, T. (2000)
G6PD deficiency. Clin. Haematol. ; 13 : 21-
38.

Trask, B.J. ; Massa, H. ; Kenwrick, S. and
Gitschier, J. (1991) Mapping of human
chromosome Xq28 by two-color fluorescence
in situ hybridization of DNA sequences to
interphase cell nuclei. Am. J. Hum. Genet. ;
48 : 1-15.

Cappellini, M. and Fiorelli, G. (2008) G6PD
deficiency. Lancet, 371 : 64-74.

Persico, M. G.; Viglietto, G. ; Martini, G. ;
Toniolo, D. ; Paonessa, G. ; Moscatelli, C.;
Dono, R. ; Vulliamy, T. ; Luzzatto, L. and
D'Urso, M. (1986) Isolation of human G6PD
cDNA clones: primary structure of the protein
and unusual 5' noncoding region. Nucleic
Acids Res. , 25 ; 14(6) : 2511-2522.

Rakitzis, E. T.and Papandreou, F. T. (1989)
Ascorbate-induced generation of free radical
species in normal and glucose-6- phosphate
dehydrogenase-deficient erythrocytes.
Biochem. Soc. Trans. ; 17:371

Oppenheim A ; Jury, C.L. ; Rund, D. ;
Vulliamy, T.J. and Luzzatto, L. (1993) G6PD-
Med accounts for the highest prevalence of
G6PD deficiency in Kurdish Jews . Hum.
Gent., 91 : 293-4.

Doumas, B.T. and Wu, T.W. (1991)The
measurement of bilirubin fractions in serum.
Crit. Rev. Clin. Lab., 5-6, 415-445.

880

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

217.

Lohr, G.W. and Waller, H.D. (1974) G6PD.
In H.U. Bergmeyer, Editor, Methods of
Enzymatic Analysis. Academic Press,
New York, p.636.

Vogelstein, B. and Gillespie, D. (1979) Proc.
Natl. Acad. Sci. , 76 : 615-19.

Sambrook, J. and Russell, D.W. (2001)
Molecular cloning : A laboratory manual.
Vol. 1, 3" edition , Cold Spring Harbor
Laboratory Press, Cold Spring Harbor, New
York, USA , Chapter 5, pp. 11.

Usanaga, E.A. and Ameen, R. (2000) G6PD
deficiency in Kuwait, Syria, Egypt, Iran,
Jordan and Lebanon. Human Hered., 50 : 158
-61.

Poggi, V. ; Town, M. ; Foulkes, N.S. and
Luzzatto, L. (1990) Identification of a single
base change in a new mutant G6PD gene
by PCR amplification of the entire coding
region from genomic DNA. Biochem. J., 271:
157-60.

Brinkmann, B. (1998) Overview of PCR-
based systems in identity testing. Methods
Mol. Biol. ; 98 :105-19.

Andrea C. K.; Wanda K.; Josef P. and
Beutler, E. (1992) The Origin of Glucose-6-
Phosphate-Dehydrogenase (G6PD)
Polymorphisms in African-Americans. Am. J.
Hum. Genet. 50:394-398.

Kaeda, J.S. ; Chhotray, G.P. ; Ranjit, M.R. ;
Bautista, J.M. ; Reddy, P.H. ; Stevens, D. ;
Naidu, J.M. ; Vulliamy, T. ; Luzzatto, L. and
Mason, P.J. (1995) A new G6PD variant,
G6PD Orissa is the major polymorphic
variant in tribal populations in India, Am. J.
Hum. Genet. 57 : 1335-1341.

Mesbah-Namin, S. A. ; Sanati, M. H. ;
Mowjoodi, A. ; Mason, P. J. ; Vulliamy, T.
and Noori-Daloii, M. R. (2002) Three major
G6PD  deficient  polymorphic  variants
identified in Mazandaran state of Iran: Brit. J.
Haematol., 117 : 763-64.

Andrea C. K.; Wanda K.; Josef P. and
Beutler, E. (1992) The Origin of Glucose-6-
Phosphate-Dehydrogenase (G6PD)
Polymorphisms in African-Americans. Am. J.
Hum. Genet. 50:394-398.

Amin-Zaki. L. ; Taj-EI-Din, S. and Kubba, K.
(1972) G6PD deficiency among ethnic groups
in Irag. Bull. WHO , 47 : 1-5.

Hamamy, H. A. and Saeed, T. K. (1981)
G6PD deficiency in Irag. Hum. Genet. , 58 (4)
(Abstract).

Al-Naamah, L.M. ; Al-Sadoon, I.A. and Al-
Naamah, M.M. (1987) Neonatal jaundice and
G6PD deficiency in Basrah. Ann. Trop.
Paediat., 7 : 134-8.

Kaplan, M. and Hammerman, C. (2002)
G6PD deficiency : a potential sorce of severe

Karbala J. Med. Vol.3, No.3,4, Dec, 2010



Molecular Basis of G6PD Deficiency in Hyperbilirubinemic....

Fadhil Jawad Al-Tu'ma

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

neonatal hyperbilirubinemia and kernicterus.
Seminars in Neonatology. 7 (2) : 121-28.
Muraca, M. ; Fevery, J. and Blanckaert, N.
(1987)  Relationships  between  serum
bilirubins and production and conjugation of
bilirubin. Studies in Gilbert's syndrome,
Crigler-Najjar disease, hemolytic disorders
and rat models. Gastroenterology ; 92 :309-
317.

Kaplan, M. and Hammerman, C. (2005)
Bilirubin and the genome: the hereditary basis
of unconjugated neonatal hyperbilirubinemia.
Curr. Pharmacogenomics; 3 (1): 21-42.
Bosma, P.J. (2003) Inherited disorders of
bilirubin metabolism. J. Hepatol. ; 38 (1):
107-17.

Watchko, J.F. (2004) Genetics and the risk of
neonatal hyperbilirubinemia. Pediatr. Res.; 56
(5): 677-678.

Huang, C.S. ; Chang, P.F. ; Huang, M.J. ;
Chen, E.S. and Chen, W.C. (2002) G6PD
deficiency, the UDP-glucuronosyl transferase
1 A 1gene, and neonatal hyperbilirubinemia.
Gastroenterology ; 123 (1): 127-33.

Huang, M.J. ; Kua, K.E. ; Teng, H.C. ; Tang,
K.S. ; Weng, H.W. and Huang, C.S. (2004)
Risk factors for severe hyperbilirubinemia in
neonates. Pediatr. Res.; 56 (5): 682—-89.
Kaplan, M. ; Vreman, H.J. ; Hammerman, C.
; Leiter, C. ; Abramov, A. and Stevenson,
D.K. (1996) Contribution of haemolysis to
jaundice in Sephardic Jewish G6PD deficient
neonates. Br. J. Haematol. ;93 : 822-27.
Bhutani, V.K. ; Johnson, L.H. and Sivieri, E.
M. (1999) Predictive ability of a predischarge
hour specific serum bilirubin for subsequent
significant hyperbilirubinemia in healthy term
and near term newborns. Pediatrics, 103 : 6-
14,

Kaplan, M. ; Renbaum, P. ; Levy-Lahad, E. ;
Hammerman, C. ; Lahad, A. and Beutler, E.

(1997) Gilbert syndrome and G6PD
deficiency: a  dose-dependent  genetic
interaction crucial to neonatal

hyperbilirubinemia. Proc. Natl. Acad. Sci., 94
:12128-32.

Weng, Y.H. ; Chou, Y.H. ; Cheng, H.L. and
Chiu, D.T. (2002) Increased heme oxygenase
-1 expression in G6PD deficient human
fibroblasts. Pediatr. Res., 51 : 328.

Cappellini, M.D. ; Martinez di Montemuros,
F.; De Bellis, G. ; De Bernardi, S. ; Dotti, C.
and Fiorelli, G. (1996) Multiple G6PD
mutations are associated with clinical and
biochemical phenotype similar to that of
G6PD Mediterranean. Blood ; 87(9): 3953-
58.

881

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

Martinez di Montemuros, F. ; Dotti, C. ;
Tavazzi, D. ; Fiorelli, G. and Cappellini, M.D.
(1997) Molecular heterogeneity of G6PD
variants in Italy. Haematologica ; 82: 440-45.
Pinto, F.M. ; Gonzales, A.M. ; Hernandez, M.
Larruga, J.M. and Cabrera, V.M. (1996) Sub-
Saharan infl uence on the Canary Island
population deduced from G6PD gene
sequence analysis. Hum. Biol. ; 68: 517-22.
Kurdi-Haidar, B.; Mason, P.J. and Berrebi,
A.(1990) Origin and spread of G6PD variant
(G6PD Med) in the Middle East. Am. J. Hum.
Genet. ; 47 : 1013-109.

Bayoumi, R. ; Nur-E-Kamal, M. and
Tadayyon, M.  (1996) Molecular
characterization  of  erythrocyte  G6PD

deficiency among school boys of Al-Ain
district, United Arab Emirates. Hum. Hered .
;46 136-41.

Perng, L. ; Chiou, S. ; Liu, T. ; and Chang, J.
(1992) A novel C to T  substitution at
nucleotide 1360 of cDNA which abolishes a
natural site accounts for a new G6PD
deficiency gene in Chinese. Hum. Mol.
Genet. ; 1: 205-08.

Vulliamy, T. J. ; D'Urso, M. ; Battistuzzi, G. ;
Estrada, M. ; Foulkes, N.S. ; Martini, G. ; et.
al. (1988) Diverse point mutations in human
G6PD gene cause enzyme deficiency and
mild or severe hemolytic anemia. Proc. Natl.
Acad. Sci., 85:5171-75.

Hilmi, F. A. (1998) G6PD deficiency : studies
on the characterization of G6PD variants.
Ph.D. thesis. College of Medicine-Baghdad
University.

El-Hazmi, A. M. and Warsy, A. S.(1986)
G6PD polymorphism in Saudi population.
Human Hered. , 36 : 24-30.

Nafa, K. ; Reghis, A. and Osmano, N. (1994)
At least five polymorphic mutants account for
the prevalence of G6PD deficiency in Algeria.
Hum. Genet., 94 :513-17.

Daar, S, ; Vulliamy, T. J. ; Kaeda, J. ; Mason,
P. J and Luzzatto, L. (1996) Molecular
characterization of G6PD deficiency in Oman.
Human Hered. , 46 : 172-76.

Luzzatto, L. (2006) G6PD deficiency: from
genotype to phenotype. Hematology ; 2: 63—
68.

Persico, M. ; Viglietto, G.; Martini, G.,
Toniolo, D. ; Paonessa, G. and Moscatelli, C.
(1989) Isolation of human G6PD cDNA
clones: primary structure of the protein and
unusual 5" non-coding region. Nucleic Acid
Res. ; 14 : 2511-22.

Karbala J. Med. Vol.3, No.3,4, Dec, 2010



	B
	ackground: Neonates G6PD deficiency screening has been recognized as an essential component of public health care in most developed and some Mediterranean countries. However, such screening is yet to be widely embraced in Iraq. More than 442 variants ...

