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Background: Cerebrovascular stroke is a common critical complication of sickle cell
disease (SCD). Angiotensinogen (AGT) M235T gene polymorphism is associated
with risk of ischemic stroke and cardiovascular disease. Aim: We investigated the
potential association between angiotensinogen M235T gene polymorphism and sus-
ceptibility to cerebrovascular and cardiopulmonary complications in adolescents
with SCD. Methods: Forty-six patients with SCD in steady state were studied stress-
ing on history of stroke, hydroxyurea/chelation therapy, hematological profile, and
echocardiographic findings. Polymerase chain reaction-based restriction fragment
length polymorphism analysis was used to detect AGT M235T gene polymorphism.
Fifty sex- and age-matched healthy controls were enrolled for assessment of M235T
gene polymorphism pattern. Results: The distribution of AGT M235T gene polymor-
phism was similar between SCD patients and healthy controls. The frequency of T
allele of AGT M235T gene polymorphism (TT and MT genotypes) was significantly
higher among patients with history of manifest stroke (P < .001). Patients with TT
and MT genotypes had higher incidence of cardiopulmonary complications
(P=.041) as well as higher percentage of HbS (P < .001) and lower hemoglobin
level (P =.008) compared with those with MM genotype. Serum ferritin, liver iron
concentration, and cardiac T2* were not related to T alleles or genotypes. Logistic
regression analysis revealed that M235T genotype was a significant independent
factor related to the occurrence of stroke among patients with SCD (Odds Ratio
14.05, 95% confidence interval 3.82-28.91; P =.001). Conclusion: AGT M235T gene
polymorphism may represent a genetic modifier to vascular morbidities in Egyp-
tian patients with SCD.
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Introduction

Sickle cell anemia (SCA) is an inherited autosomal reces-
sive blood disorder due to mutations in the normal 3 glo-
bin gene' in which, the red blood cells (RBCs) are rigid,
sticky and can lodge in small blood vessels, which leading
to slow or blockage in the blood flow and decrease in oxy-
gen delivery to body tissues.” Sickle cell disease (SCD) is
remarkable for its clinical heterogeneity, even among indi-
viduals with identical genotypes. Some individuals experi-
ence morbidity and mortality in early childhood, while
others have a relatively mild course, and normal or near
normal life expectancy.” Cerebrovascular stroke is one of
the most common critical complications of children with
SCD with an incidence of .61 to .76 per 100 patients per
year in the first 20 years of life, which is 300 times higher
than that observed in children without SCD (.0023 per 100
patients per year)."” SCD-associated stroke is responsible
for 20% of mortality among SCD patients.”

Understanding the genetics underlying the heritable
sub-phenotypes of SCA would be prognostically useful,
could inform personalized therapeutics, and might help
the discovery of new “druggable” pathophysiologic tar-
gets. Genotype-phenotype association studies have been
used to identify novel genetic modifiers associated with
development of specific SCD related complications.””
Consequently, the stroke sub-phenotype of SCA could be
heritable and genetically modifiable.'” Currently, there
are no known genetic or molecular risk factors to predict
the susceptibility of stroke in patients with SCD. How-
ever, there are candidate genes and genetic modifiers for
increasing susceptibility to stroke including those impli-
cated in endothelial cell inflammation and adhesion.'"'*

Fetal hemoglobin concentration and coincident a-thal-
assemia are the major modulators of the phenotype of dis-
ease, but are unlikely to be the only ones."”'® These
variables do not explain all of the clinical heterogeneity of
SCD.” The presence of a-thalassemia may reduce risk of
stroke in SCD.'”"” However, the relation between HbF
and stroke, increased transcranial Doppler velocity or
silent infarction may be equivocal and no evidence of a
protective effect in infants with SCD but there is some evi-
dence of protection in adults."”***" Other genetic modi-
fiers include multiple gene such as VCAM]1, ILR4, ADBR?2,
HLA, and LDLR,'>?? but few have been validated.’

It has been reported that the presence of relative hyper-
tension is considered a risk factor for stroke in patients
with SCD.? The renin angiotensin system (RAS) is one of
the major control systems for blood pressure and sodium
homeostasis. These actions are coordinated through inte-
grated actions in the kidney, cardiovascular system, and
the central nervous sys’rem.y1 Angiotensinogen (AGT) is a
key component of the RAS.”*® The AGT M235T gene
polymorphism is a single base pair substitution of thy-
mine (T) with cytosine (C) in the nucleotide 704 (T704C)
at exon 2 of the angiotensinogen gene localized at
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chromosome 1q42-43, resulting in the substitution of
methionine with threonine in amino acid position 235 at
the pre-proangiotensinogen molecule (M235T). In addi-
tion, T235 alleles consider the mutant allele, while M235
alleles consider the wild type.”

AGT M235T gene polymorphism has been linked to
essential hypertensior1,28'30 ischemic stroke,*"*? risk of
myocardial infarction,>>* hypertrophic cardiomyopathy,3 5
and renal disease.”>” The current study aimed to investi-
gate the potential association between AGT M235T gene
polymorphism and susceptibility to cerebrovascular and
cardiopulmonary complications in adolescents with SCD.

Subjects and Methods
Participants

This case-control study included 46 patients with SCD
aged 12-18 years who were randomly recruited from the
regular attendants of the Pediatric Hematology Clinic, Pedi-
atrics Hospital, Ain Shams University over a 1-year period
after fulfilling inclusion criteria. Patients were diagnosed
with SCD based on complete blood picture, reticulocyte
count and markers of hemolysis as well as hemoglobin anal-
ysis using high performance liquid chromatography
(HPLC) and confirmed by genotyping based on identifica-
tion of (3-globin gene mutations by polymerase chain reac-
tion and subsequent reverse-hybridization to immobilized
allele-specific biotinylated oligonucleotide probes covering
the most common Mediterranean mutations.”””

Patients with comorbidities that may be unrelated to
SCD; infection, chronic inflammatory condition other
than SCD, renal or cardiac disease, rheumatoid arthritis
or other autoimmune diseases, hypothyroidism, diabetes
mellitus, or steroid therapy were excluded. Some of these
comorbidities may be associated with SCD or occur inde-
pendently and therefore, we excluded them to avoid any
confounding factors when studying the association
between SCD and AGT M235T gene polymorphism and
report the relation in a steady state SCD.

Fifty age-and sex-matched healthy individuals with no
obvious medical disorder who were proven to be healthy
after full clinical examination and laboratory investigations
and not receiving any medication served as a control group
for assessment of M235T polymorphism pattern in the
healthy Egyptian population. This group was recruited
from the same region as the case subjects; most were class-
mates or acquaintances of the case subjects. The clinical and
laboratory data of patients and controls are listed in Table 1.

The details of the study design and laboratory investi-
gations were explained to all individuals and/ or their
parents, and informed consent was obtained from each
patient, control, or their legal guardians before enrolment
in the study. The procedures applied in this study were
approved by the Ethical Committee of Human
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Experimentation of Ain Shams University, and are in
accordance with the Helsinki Declaration of 1975.

All included patients were subjected to detailed medical
history that obtained by reviewing the patients filing sys-
tem and by direct interviewing the patients and their
guardian with special emphasis on demographic character-
istics, smoking habits, family history of anemia and con-
sanguinity, and history of vaso-occlusive crisis or acute
chest syndrome. Transfusion history and treatment with
hydroxyurea, iron chelation therapy, and any concomitant
medications were obtained. The transfusion received was
calculated as the transfusion index: volume of transfused
packed red cells in ml per kg body weight per year
(expressed as the mean value of the last three years). His-
tory of stroke and the presenting clinical manifestation,
investigations and treatment given were recorded.

Thorough clinical examination was performed laying
stress on full neurological assessment. Blood pressure
measurements were obtained after 5 minutes of complete
physical and mental rest; three reading were recorded then
the average was calculated and plotted on the percentiles.
The percentile then categorized into; normal blood pres-
sure percentile (<90th), prehypertensive percentile (>90th-
<95th) and hypertensive percentile (>95th).*

Screening for pulmonary hypertension and cardiovascu-
lar abnormalities was performed by the non-invasive echo-
cardiography with different modalities (Doppler, 2D
imaging and M-mode) using Vivid E9 (GE Healthcare, Oslo,
Norway) to evaluate left ventricular function, pulmonary
artery pressure, tricuspid regurgitant jet velocity (TRV).
SCD patients with cardiopulmonary morbidity include
those with pulmonary hypertension risk and/or systolic left
ventricle (LV) dysfunction. A TRV >2.5 m/s was used as a
proxy for patients at risk for pulmonary hypertension.”**
Systolic LV dysfunction was defined by LV shortening frac-
tion <30% or LV ejection fraction <55%."

All SCD patients underwent magnetic resonance imag-
ing (MRI) examination with a 1.5-T scanner (Philips-
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Intera, Holland) Achieva MR Unit without any contrast
material using a 12-element phased array coil. Measure-
ments of live iron concentration (LIC) were conducted by
acquiring eight consequent T2* values and assessing T2*
decay. Liver T2* values were converted into LIC values
using the calibration curve.”* For the measurement of
myocardial T2*, a single short 20 seconds breath-hold axis
mid-ventricular slice was acquired at eight simulta-
neously acquired echo times (TEs 1.4-13.6 ms/echospacing
1.6 ms). The myocardial T2* was calculated using the
same method as that in the liver.*’

Peripheral blood samples were withdrawn prior to
blood transfusion and collected on potassium-ethylene
diamine tetra-acetic acid (K2-EDTA) (1.2 mg/mL) as an
anticoagulant for complete blood count (CBC), hemoglo-
bin analysis, and genotyping. For chemical analysis, clot-
ted samples were obtained and serum was separated by
centrifugation for 15 minutes at 1000 x g.

Laboratory investigations included CBC using Sysmex
XT-1800i (Sysmex, Kobe, Japan), examination of Leish-
man-stained smears for differential white blood cell
(WBC) count, hemoglobin analysis by HPLC using D-10
(BioRad, Marnes La Coquette, France). Liver and kidney
function tests and markers of hemolysis (lactate dehydro-
genase [LDH] and indirect bilirubin) were performed on
Cobas Integra 800 (Roche Diagnostics, Mannheim, Ger-
many). Serum ferritin was performed on Immulite 1000
analyzer (Siemens Healthcare Diagnostics, Marburg, Ger-
many). Serum ferritin level was measured at the start of
the study with calculation of the mean value of the last
year prior to the study in order to know the ferritin trend.

Genotyping of AGT M235T Gene Polymorphism

Genotyping was performed for SCD patients and
healthy controls as follow: DNA was extracted from
peripheral blood lymphocytes by spin column method of
Gene JET™ Genomic DNA purification kit (#K072, Pure

Table 1. Clinical and laboratory data and distribution of angiotensinogen M235T polymorphism in patients with sickle cell disease

and healthy controls

Variable Patients (n =46) Controls (n =50) P value
Age (years) 159+6.2 151+£54 512
Males 23 (50%) 23 (46%) .628
BMI (kg/m?) 182 +4.0 19.8 £5.3 127
WBC count (x 10°/L) 125 +4.6 8.1+£28 <.001
Hemoglobin (g/dL) 7015 12.7£3.5 <.001
Lactate dehydrogenase (IU/L) 650.5 = 187.3 285.1 £80.4 <.001
Indirect bilirubin (mg/dL) 1.98 £ 0.61 35+£.17 <.001
Genotypes MM 13 (28.3%) 13 (26%) 418
MT 23 (50%) 28 (56%)
TT 10 (21.7%) 9 (18%)
Alleles M 49 (49%) 54 (54%) 327
T 43 (43%) 46 (46%)

Abbreviations: BMI, body mass index; WBC, white blood cell. Data were expressed as mean £ SD where Student’s t-test was used for

comparisons or as number (percentage) where the chi-square (Xz) test was used.
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Extreme Fermentas Life Sciences, Thermo Scientific, Vil-
nius, Lithuania). Selection and synthesis of oligonucleoti-
des was genotyped according to the published nucleotide
sequences, and gene bank database of AGT gene polymor-
phisms.”” Primers used to generate AGT region harboring
M235T transition polymorphic locus were forward primer
5CTTGGGGAGCTGAAGGACTACTAC3 and reverse
primer 5 CACTTTGTGACCATTCCGGTTTG3'.

The PCR program (S24 thermal cycler, Quanta Biotech-
England, UK) was performed according to manufacturing
manual and yielded an amplified PCR fragment of 165 bp
in length for the fragment harboring AGT M235T gene
polymorphism. Restriction enzyme digestion was per-
formed and was analyzed using polymerase chain reac-
tion-based restriction fragment length polymorphism. Wild
type allele (235MM) yielded one fragment of 165 bp, while
the polymorphic mutated homozygous variant (235TT)
appeared as two fragments of 141 bp and 24 bp. The het-
erozygote (M235T) produced three fragments of 141 bp,
24 bp, and 165 bp.27 The genotypes of the PCR products
were determined by electrophoresis on 2% high resolution
agarose gels stained with ethidium bromide in 1xTris-
EDTA-Borate buffer against 50 bp ladder molecular weight
Gene Ruler 50 bp DNA ladder (Fermentas, #SMO0373,
Thermo Scientific/Fermentas, Vilnius, Lithuania). The PCR
products documented by Gel Documentation System and
Software for DNA analysis (In Genius Syngene, UK) and
the distribution of genotypes and allele frequencies were all
statistically compared in patients versus healthy controls.

Statistical Analysis

Statistical analysis was done through IBM software (IBM
Corporation, Armonk, NY). Kolmogrov-Smirnov test was
used to examine the normal distribution of variables.
Quantitative variables with normal distribution were pre-
sented as means and standard deviation. Variables with
skewed distribution were presented as median and inter-
quartile range (IQR; 75th and 25th percentiles). Compari-
son between two independent groups with quantitative
data and parametric distribution was done by using Inde-
pendent t-test. Categorical variables were described as
number and percent and compared using chi-square (x?)
test. The X test was also used to assess deviation of geno-
type distribution from Hardy-Weinberg equilibrium.
Logistic regression analysis was used to define risk factors
for stroke. Pearson correlation coefficients were used to
assess the relation between two studied parameters. The
confidence interval was set to 95% and consequently the
P-value was considered significant at the level of <.05.

Results

Characteristics of the Study Population

The mean age for SCD patients was 15.9 + 6.2 years and
their median (IQR) age at diagnosis was 1 (.71-3.7) years.
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They included 22 patients with SCA, 23 with sickle [3-thal-
assemia and one patient had sickle hemoglobin C disease.
All included subjects were Caucasian originally from
Egypt. Two patients (4.3%) were smokers. Family history
of SCD was positive in 28 (60.9%) patients and 31 (67.4%)
had positive parental consanguinity.

Mean systolic blood pressure was 106.9 £ 9.7 mmHg
while mean diastolic blood pressure was 67.8 &+ 7.5 mmHg.
Most of the patients (96%) had normal (<90th) blood pres-
sure, one patient (2.1%) was prehypertensive (>90th-<95th)
and only one patient was hypertensive (>95th).

According to the aforementioned definition of pulmo-
nary hypertension and LV systolic dysfunction, pulmo-
nary hypertension risk (elevated TRV >2.5 m/s) was
present in 17.4% of the patients (1 =8) while LV systolic
dysfunction was present in three (6.5%) patients (one of
them had pulmonary hypertension risk as well). The over-
all percentage of patients who had cardiopulmonary com-
plications (pulmonary hypertension risk and/or LV
systolic dysfunction) was 23.9%.

Six patients with SCA experienced attack of ischemic
stroke and none had hemorrhagic stroke. At the time of
stroke, headache and dysarthria were the presenting
symptoms in three of those patients while generalized
tonic clonic convulsions were the presenting symptoms in
two patients. Three patients had upper and lower limb
weakness affecting the left side in two of them and the
right side in one patient. All the six patients had con-
firmed radiological diagnosis of stroke and all had lacunar
infarctions (watershed infarctions). Two (33.3%) patients
had single attack of stroke and four (66.7%) had recurrent
stroke. At the time of assessment, SCD who experienced a
history stroke had no functional neurological deficit. They
had lower hemoglobin level and higher HbS values com-
pared with those without history of stoke.

All patients with SCD received blood transfusion; 39
patients were on regular transfusion, the 6 patients with
history of stroke received blood exchanges which started
therapy after they developed stroke and 1 patient was not
regularly transfused. Twenty-four (52.2%) patients were
on regular chelation and 35 (76%) patients received regu-
lar hydroxyurea with a dose ranged between 10 and 33
mg/kg/day but only 21 of them (60%) were complaint to
hydroxyurea. Median (IQR) duration of hydroxyurea
therapy was 5 (2-9) years. Concomitant medications used
were folic acid, L-carnitine and phenoxymethyl penicillin.

AGT M235T Gene Polymorphism among the Study
Population

The distribution of AGT M235T gene polymorphism was
similar between SCD patients and healthy controls
(Table 1). Comparison between patients who had homozy-
gous (TT) or heterozygous (MT) mutant genotype and
those who had wild type (MM) (Table 2) showed higher
incidence of cardiopulmonary complications (P =.041) as
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well as higher percentage of HbS (P < .001) and lower
hemoglobin level (P = .008) in patients with T allele of AGT
M235T gene polymorphism compared with those with
MM genotype. Serum ferritin, liver iron concentration, and
cardiac T2* were not related to T alleles or genotypes.

The frequency of T allele of AGT M235T gene polymor-
phism (TT and MT genotypes) was significantly higher
among patients with history of manifest stroke where five
of six patients who experienced stroke had TT genotype
and one patient had MT genotype (P < .001) (Fig 1 and
Table 2).

Logistic regression analysis was performed with the
occurrence of stroke as the dependent variable and
included all the significant variables between the two
groups with and without history of stroke. Logistic
regression analysis (Table 3) revealed that M235T geno-
type was a significant independent factor related to the
occurrence of stroke among patients with SCD (odds ratio
14.05, 95% confidence interval 3.82-28.91; P =.001).

Discussion

In our study, six patients with SCA (12%) had pervious
manifest ischemic stroke as confirmed by cerebral imag-
ing. This highlighted the importance of regular clinical
assessment including neurological examination in SCD
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patients. Globally, stroke affects up to 17% of patients
with SCD.*® Ischemic stroke is the most common type
caused via interruption of the blood supply, whereas
hemorrhagic stroke is much rarer.*” Ischemic strokes dis-
proportionately affect the youngest and oldest patients
with SCD, while hemorrhagic strokes have the highest
prevalence in patients between the ages of 20 and 29 years
with SCD.*

All the patients who had history of stroke in this study
started regular blood transfusion in form of manual blood
exchange and hydroxyurea. In spite of the implementa-
tion of these secondary preventive measures for them,
recurrence of stroke has occurred in 66.7% of patients.
Chronic transfusion therapy (CTT) has long been used to
prevent secondary ischemic strokes through adjusting the
levels of hemoglobin and HbS.***’ Recurrent stroke in
SCD can reach up to 60-80% within 3 years following the
first stroke if therapy is not engaged ***" but with CTT,
that risk is reduced to 10-20%. In a retrospective review of
137 pediatric patients treated at 14 centers with CTT due
to a history of ischemic stroke, 22% of the patients had a
recurrent stroke (2.2 per 100 person—years).5 % It has been
reported that vasculopathy and silent infarcts, when pres-
ent in patients who also have a history of acute stroke, can
progress despite optimal transfusion.”’”* Children with
more severe vasculopathy at initiation of CTT appear to

Table 2. Clinicopathological and radiological characteristics of the studied patients with sickle cell disease in relation to angioten-

sinogen M235T polymorphism

Variable TT & MT genotype (n=33) MM genotype (n=13) P-value
Age (years) 154+£42 16.5+£5.3 523
Males, n (%) 16 (48.5) 7 (53.8) 426
BMI (kg/m?) 18.9 £4.15 176 £4.1 371
Systolic BP (mmHg) 107.6 £ 11.2 106.1 £9.2 .529
Diastolic BP (mmHg) 69.8 £ 8.1 65.7+17.3 213
Delayed puberty, n (%) 9(27.3) 430.7) .618
Transfusion index (mL/kg/year) 240 (120-240) 185 (89-240) 425
Transfusion iron input (mg/kg/day) 0.32£0.12 31+£.13 738
History of sickling crisis >3/year, n (%) 17 (51.5) 8(61.5) .816
History of manifest stroke, n (%) 6(18.2) 0(0) <.001
History of acute chest syndrome, n (%) 4(12.1) 0(0) 223
Cardiopulmonary complications, n (%) 10 (30.3) 1(7.6) .041
HbS at study (%) 659+ 159 49.1 + 14.8 <.001
HbF at study (%) 10.1 (5-16.2) 13.9 (7.3-18.7) 376
HDbA at study (%) 24.1 £10.7 433 +£15.6 <.001
WBC count (x10°/L) 148 +4.9 11.6+5.1 078
Pretransfusion hemoglobin (g/dL) 6.5+0.7 74+1.0 .008
Lactate dehydrogenase (IU/L) 647.5 £194.5 600.5 £ 180.2 S11
Indirect bilirubin (mg/dL) 1.86 £0.73 2.1+045 271
Serum ferritin (JLg/L) 3008 (1967-5109) 2880 (1600-4910) 562
LIC (mg/g liver dry weight) 12.6 (8.7-25.0) 12.3 (6.9-18.5) 474
Cardiac T2* (ms) 31.7+7.7 29.8 +8.4 .561

Abbreviations: BMI, body mass index; BP, blood pressure; Hb: hemoglobin; WBC, white blood cell; LIC, liver iron concentration; IQR,
inter-quartile range. Data were expressed as mean =+ SD where Student’s #-test was used for comparisons or as median and IQR using Mann-
Whitney test for comparison unless specified as number (percentage) where the chi-square (x?) test was used.
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Figure 1. Genotype frequency of angiotensinogen M235T gene polymorphism in sickle cell disease patients with history of manifest stroke.

have a greater risk of progression. Regular transfusions to
maintain HbS <30% is the preferred first-line treatment
for children with first ischemic stroke.*® But, transfusion
alone is inadequate therapy for many patients as progres-
sive cerebral injury occurred in 45% (18/40) of well-trans-
fused children with median follow-up of 5.5 years.”

Stroke is a multi-factorial disease and the underlying
mechanisms of stroke comprised from both environmen-
tal and genetic factors,”* and some inherited susceptibility
genes with single nucleotide polymorphisms may repre-
sent their effects in the development of stroke” and might
help to identify those at increased risk of stroke in SCA
patients.™

In this study, the frequency of T allele of AGT M235T
gene polymorphism was significantly associated with
higher incidence of stroke as well as higher HbS and
lower hemoglobin level compared with those with MM
genotype. Of note, T alleles or genotypes were not related
to parameters of iron overload in our study implying a
mechanism related to HbS polymerization rather than
iron overload. Logistic regression analysis indicated that
AGT M235T gene polymorphism could represent a signifi-
cant contributing factor for stroke in SCD patients. To our
knowledge, this is the first study that assessed AGT
M235T gene polymorphism as a risk for cerebrovascular
stroke in SCD patients.

Fifteen molecular variants have been identified in
human AGT gene.”” The AGT M235T polymorphism has

been associated with increased salt sensitivity,5 7 essential
hypertension in Caucasian, African-Caribbean, Japanese,
and Taiwanese populations” and can modify the
response of angiotensin converting enzyme (ACE)-inhibi-
tors antihypertensive drugs.”® It has also been linked to
development of cardiovascular diseases,”” white matter
lesions and carotid plaques.™

Previous studies suggested that relative hypertension is
an increased risk factor for stroke in patients with SCD.*
An association was found between relative increased
blood pressure and the occurrence of occlusive stroke in
SCD patients even when their blood pressure is within a
normal range compared with normal population.®'

Over the last decades, many studies have localized their
efforts to know the association between stroke and AGT
M235T gene polymorphism.**** Our results were consis-
tent with other meta-analysis studies that confirmed a sig-
nificant association between AGT M235T gene
polymorphism and risk of stroke in Chinese, Asians, and
East Asians population.”*** The TT genotype and T
allele are risk factors for ischemic stroke®® but the relation
was not studied in SCD. Tang et al’” found a significant
association between another polymorphism (GT-repeat
polymorphism) within the AGT gene and the risk of
stroke in pediatric patients with SCD (21 stroke and 42
non-stroke subjects). Thus, determination of GT-repeat of
AGT gene may be a useful genetic marker to assess the
risk for stroke of patients with SCD.

Table 3. Multivariable logistic regression analysis of independent variables related to the occurrence of stroke among patients with

sickle cell disease

95% confidence interval for OR

Independent variable Odds ratio (OR) Lower Upper P value
Pretransfusion hemoglobin (g/dL) 1.87 .67 7.15 .356
HbS (%) 2.18 1.23 4.27 .01
M235T genotype 14.05 3.28 2891 .001
M235T allele 29.42 4.79 41.76 .001
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Nakase et al’® examined major clinical risk factors and

the AGT gene M235T polymorphism in 147 consecutive
stroke Japanese patients and 133 healthy age-matched
controls. The authors reported that the AGT gene M allele
significantly increased the risk of lacunar infarctions in
men, independent of hypertension.

In SCA patients, blood viscosity is a risk factor for
stroke but the pathogenesis is still unclear. Increased
blood viscosity lead to further impair the blood flow, and
in SCA patients, blood viscosity is dependent on a group
of risk factors including HbS concentration, total hemo-
globin concentration, and red blood cell deformability in
deoxygenated and oxygenated states.””*® We found that
HbS was a significant independent variable for the occur-
rence of stroke in SCD according to logistic regression
analysis. However, we could not find any significant asso-
ciation between the occurrence of stroke and the level of
pre-existing anemia which may be because all SCD
patients whether with or without stroke were transfused
at a low pretransfusion hemoglobin concentration around
7 g/dL. A previous Egyptian cross sectional study, on
same center, included 205 Egyptians B-T™M patients found
that patients transfused at low hemoglobin levels. The
authors explained this finding by the scarcity of blood
available for the patients, which may reflect negative cul-
tural attitudes toward blood donation as well as limited
resources and illustrates a significant public health con-
cern for a developing country like Egypt.*’

Other contributing risk factors for stroke include higher
baseline systolic blood pressure’’ but only one patient in
our study had blood pressure >95th percentile for age
and he did not experienced stroke. We also could not find
any relation between smoking and the occurrence of
stroke. This could be explained by the young age of the
studied group and that only two patients were smokers.

In this study, we found that the T allele of AGT M235T
gene polymorphism may be considered a genetic modifier
for cardiovascular morbidities in Egyptian patients with
SCD. Schelleman et al** showed that the risk of myocar-
dial infarction was increased in current use of ACE-inhibi-
tors with the MT or TT genotype of AGT M235T gene
polymorphism compared to ACE-inhibitors with the MM
genotype and stated that ACE-inhibitor users with at least
one copy of the 235T-allele of the AGT gene might have
an increased risk of myocardial infarction and stroke. It
has been reported that a combination of genotype variants
of the RAS genes is a powerful determinant of subclinical
progression of coronary artery atherosclerosis in type 1
diabetic patients.”

As regards the prospective biological efficacy of AGT
M235T gene polymorphism, the results from our study
suggest that T allele of AGT M235T gene polymorphism
was associated with higher incidence of stroke and cardio-
pulmonary complications. This emphasizes the potential
importance of RAS, and of this genomic region in particu-
lar, for early detection of these morbidities among SCD
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patients and, in the future, AGT M235T gene polymor-
phism may become an important part of the clinical pro-
cess of risk identification. It may also be a future
therapeutic target for prevention of these SCD-related
vascular complications. The mechanism(s) by which this
polymorphism affects stroke or cardiovascular morbid-
ities remain to be elucidated.

Limitations of the study include the small number of
SCD patients. Since the study was not a multicenter one,
we could not include except patients admitted to our hos-
pital as a sample of population in a developing Middle
East country with distinctive genetic background and
environmental factors. Although our findings were clear
and indicative of a significant association between AGT
M235T gene polymorphism and stroke as well as cardio-
pulmonary complications in pediatric patients with SCD,
they need to be confirmed in larger multicenter studies.

In conclusion, AGT M235T gene polymorphism pro-
vides further insights on the pathophysiology of cerebro-
vascular and cardiac morbidities in SCD. AGT M235T
gene polymorphism may represent a genetic modifier to
the occurrence of stroke and cardiopulmonary complica-
tions in Egyptian patients with SCD. Thus, it could pro-
vide wutility for vascular risk assessment. Larger
longitudinal studies are necessary to verify the role of
AGT M235T gene polymorphism in SCD and allow for
earlier therapeutic intervention. It would be of interest to
investigate the distribution of angiotensinogen M235T
polymorphism among Egyptian adults with and without
SCD and stroke.
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