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Introduction

Acute lymphoblastic leukemia (ALL) is characterized 
by the overproduction of immature cells of the white 
blood (lymphoblasts) in place were they produce, the 
bone marrow, and when it continuously multiplies causing 
death by inhibiting the production of normal cells if it is 
untreated (Travlos, 2006). Recovery rates for ALL patients 
have progressed from less than 15% to 90% (Pui et al., 
2012). Although GCs are essential for ALL treatment, 
they can generate critical short and long term side effects 
and about 20% of patients are associated of treatment 
failure (Pui et al., 2012). However, the annual count with 
leukemia patients who suffer from relapse after giving 
an initial therapy stays a major issue (American Cancer 
Society, 2018).

Individual response to the treatment relies on many 
agents, including genetic and biologic characteristics of 
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the leukemic blasts at the time of diagnosis and quality 
of the patient. Moreover, malignant cells are capable to 
integrate phenotypic alterations like mad that make them 
resistant to a group of constructional various agents of 
chemotherapeutic

Genetic variations, including nucleotide repeats, 
deletions, insertions, and single nucleotide polymorphism 
(SNPs) can change the amino acid sequence of the encoded 
proteins, RNA splicing, and transcription of gene. Such 
genetic polymorphisms have been actively explored 
in drug-metabolizing enzymes, molecular targets, and 
transporters regarding functional changes in phenotype 
(altered expression levels and/or activity of the encoded 
proteins) and their participation in variable drug responses 
(Lee et al., 2006).

Glucocorticoids (GCs) have different and essential 
effects on the human body and also play an important role for 
its survival. GCs also affect glucose and lipid metabolism, 
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anti-inflammatory, growth, immunosuppressive affect, 
and central nervous system (Ciriaco et al., 2013). 
Cortisol is the most abundant form of GCs in human 
and its elevation leads to neuropsychiatric disorder and 
cognitive impairment. The cortisol secretion in the body 
is controlled by the hypothalamic -pituitary-adrenal 
glands(HPA). Cortisol itself is the main induction of the 
negative feedback mechanism for the HPA axis (Kadmiel 
and Cidlowski, 2013).

The actions of GCs are mediated by the nuclear 
receptor protein called the glucocorticoid receptors (GR). 
This receptor is expressed by the GR gene (NR3C1) 
located on chromosome 5. This gene has a three-domain 
structure: amino transactivation domain, DNA-binding 
domain, and carboxy terminal ligand binding. During 
unliganded form of the GR, it is located in the cytoplasm in 
a large complex form of protein, after binding to cortisol, 
it dissociates and a conformational change occurs then 
the GR receptor translocate to the nucleus where it acts 
as a transcription factor to regulate the transcription of 
GR gene by several mechanisms. The first mechanism is 
interacting with specific DNA sequence (transactivation) 
and play a very important role on the side effect of GC 
treatment by transrepression occurs (Manenschijn et 
al., 2009; Revollo and Cidlowski, 2009). Secondly, the 
transcription factor interacts with other transcription 
factors such as nuclear factor κ B or activator protein1 
and represss their activity, leading to inhibition of the 
pro-inflammatory transcription factor (Oh et al., 2017). 
This mechanism explains the anti-inflammatory effect of 
GCs and extensively used GCs during inflammation and 
autoimmune disease. The third mechanism is nongenetic 
mediated and takes place through activation of nitric oxide 
synthase of endothelial cells which leads to a rapid effect 
of inflammation.

Mutation in GR receptor leading to disturbance of 
negative feedback mechanisms on HPA axis (reduced) 
and also loss its function resulting increase the secretion 
of cortisol and mineralocorticoid by the adrenal gland due 
to increasing secretion of ACTH adrenocorticotrophic 
hormone. On the other words, when GR receptor gene 
mutated, the cell will be more sensitive to the action of GC 
(Chen and Li, 2012). The sensitivity and resistance of the 
cell to GCs mechanisms are poorly understood till now. 
According to previous studies, some mutations in GR gene 
are linked with the general sensitivity syndromes (Yang 
et al., 2012; Vitellius et al., 2016). Beside the mutation in 
GR gene, there are also many polymorphisms of this gene 
(GR) has been discovered within this gene. 

The gene polymorphisms in GR changes the sensitivity 
and resistance of the cell to GCs treatment. The N363S 
polymorphism (rs6195) is located in codon 363 of exon2 
and consists of an A to G substitution (AAT→AGT) this 
change yields a change an amino acid in asparagine (N) 
to serine (S). This polymorphism shows an increase of 
transactivation and sensitivity to GCs in vivo (Lauten 
et al., 2003). Several studies on this polymorphism 
showed an association between the N363S polymorphism 
and increased body mass index and tendency toward 
decreased bone mineral density in tubular bone (Schoor 
et al., 2007). However, on the other hand, another study 

showed no association ..and BMI, serum lipid levels, and 
glucose tolerance status in male carries of the N363S 
(Savas and van Rossum, 2018). Since the carries of 
N363S polymorphism are sensitive to the GC action, it 
has been expected to be less susceptible to autoimmune 
disease. However, previous studies revealed no association 
between the N363S polymorphism and autoimmune 
disease (Herrera et al., 2018).

The BclI polymorphism (rs41423247) was described 
for the first as an RFLP of a fragment of 2-3kb and fragment 
of 4.5kb (Decorti et al., 2006). This polymorphism consists 
of a C to G substitution, 646 nucleotide downstream 
from exon 2 forming fragments of 2.2kb and 3.9kb with 
a sequence TGATCA to TGATGA. The cell that has this 
polymorphism is characterized by increased sensitivity 
to GC with respect to the adrenal negative feedback to 
the pituitary. The increased sensitivity to GC leads to 
high systolic blood pressure, hyperinsulinemia, increased 
BMI, and high abdominal fat distribution (Murray et al., 
1987; van Rossum et al., 2002). The C allele is the most 
frequent occurring and thus can be considered the wild 
type allele and G allele considered the polymorphic type. 
The carries of G allele of the BclI polymorphism showed 
a greater suppression after injected by 1 mg and 0.25mg 
of DEX. This correlation suggests a hypersensitivity 
to GC in relation to the negative feedback mechanism 
at the pituitary level. Also, several studies reported 
the association between the BclI polymorphism and 
autoimmune disease. It was found thatpatients with BclI 
polymorphism had a mild ophthalmopathy compared 
with patients with the wild-type and it was explained 
by the enhance the sensitivity to endogenous GC which 
leads to suppressing of immune system and inflammatory 
reaction (Russcher et al., 2005; Boyle et al., 2008). There 
is also an association between BclI polymorphism and 
autoimmune inflammatory bowel disease and Crohn’s 
disease (De Ludicibus, 2007). As well as, the patients 
carrying the BclI polymorphism responded better to GCs 
treatment and were less likely to need an additional course 
of steroid treatment (Halsall et al., 2000). Patients with 
cystic fibrosis and skin cancer also had an association 
between them and BclI polymorphism (Corvol et al., 
2007), as well as, a relationship between lung disease 
development and BclI polymorphism in cystic fibrosis 
patients and they explained that by alteration to the 
susceptibility to inflammation. Also, patients treated with 
GCs and developing a non-melanoma skin cancer (SCC) 
and polymorphism carrier BclI (Karagas et al., 1999; 
Sørensen et al., 2004; Savas and van Rossum, 2018). It 
was also demonstrated that patient with prolonged use 
of GCs had a higher risk of developing squamous cell 
carcinoma (SCC). They found no association between 
BclI polymorphism and the risk of developing SCC in 
the patient that are not taking GCs (Sørensen et al., 2004). 

The ER22/23EK polymorphism is also located in 
transcription domain in exon2 of the GR gene in two 
codons 22 and 23. The wild type of this polymorphism 
is GAG in codon 22 AGG in codon 23 and the exact 
sequence alteration is GAG AGG to GAA AAG, which 
is translated to produce a glutamic acid-Arginine (ER) 
to glutamic acid-lysine (EK) also known as (rs6189 and 
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completion of induction phase (treatment day 33). Clinical 
data were obtained retrospectively, reviewed by a pediatric 
oncologist, and were analyzed blindly for the genotype 
results. Toxicity data were obtained from the patient’s 
records and graded according to the NCI common toxicity 
criteria scales included in ALL 2000 protocols (CTC 
Version 2.0 1999). The common toxicities associated 
with GC treatment, including glucose abnormalities, 
liver toxicities, and infections were evaluated. Toxicities 
grades were used to dichotomize toxicities as “present” 
versus “absent”. The worst toxicity grade observed per 
patient during remission induction and reinduction was 
considered in this study. 

Glucose abnormalities defined as diabetes requiring 
insulin treatment with significant glycosuria for at 
least two days or requiring medical intervention or 
hyperglycemia (fasting glucose >11.1 mmol (200mg/
dl)). Hepatotoxicity was defined as elevated activities 
of alanine transferase (ALT) and aspartate transferase 
(AST), as well as high level of total bilirubin (TBIL). 
Severe toxicity was defined as AST or ALT higher than 
2.5 folds and /or TBIL higher than 1.5 fold of the normal 
level (grade 3 toxicity) according to Common Toxicity 
Criteria report (NCI-CTC). Considering different side 
effects induced by glucocorticoids treatment, infection 
has the highest incidence that can be due to the use of 
steroids. Patients were classified according to NCI-CTC 
criteria for incidence of infection and evaluated with 
different genotype.

Genetic Analysis
This study used bone marrow embedded in paraffin 

wax and bone marrow smear slides for the patients 
and EDTA blood samples for the control. For paraffin 
embedded sample, the blocks of fixed bone marrow 
biopsy, paraffin wax embedded were analyzed. For each 
case, four 5 µm thick slices were cut in triplicate. The 
area to be sectioned was examined carefully to ensure the 
inclusion of tissue and that an equal amount of tissue was 
included in each set. Thorough cleansing was performed 
between cases and a new set of cutting instruments was 
used for each case. All polymerase chain reactions (PCR) 
were carried out using stringent precautions to avoid cross 
contamination. DNA extraction, PCR reagent preparation, 
amplification, and amplicon analysis were performed in 
separate rooms. Disposable aero-guard pipette tips were 
used. A negative control was included after each fifth 
sample, and this included the DNA extraction and PCR 
reagents. In addition, all positive samples were repeated 
in a separate PCR run and all were reproducible. The 
commercial QIAamp DNA Mini Kit (Qiagen, Hilden, 
Germany) was used according to the manufacturer’s 
protocol. Bone marrow smears samples were collected at 
a complete remission. DNA was obtained by the standard 
ethanol method (DeMelo et al., 1992). In this method, 
DNA was isolated from unstained archived glass slide 
smears. Typically, one or two glass slide smears were 
scraped into a sterile 1.5 ml Eppendorf tube using a 
new razor place. The DNA was extracted from resulting 
powder with commercial DNA extraction kits (Wizard® 
Genomic DNA Purification Kit from Promega, WI, USA). 

rs6190) (Lauten et al., 2003). Previous studies showed a 
correlation betweenthe ER22/23 EK polymorphism and 
relative GCs-resistant. The ER-22/23EK polymorphism 
was associated with cortisol resistant and were found a 
correlation between the ER22/23EK polymorphism and 
favorable metabolic proliferation such as lower insulin 
level, increased insulin sensitivity and lower total and 
low density lipoprotein (LDL)- cholesterol level (Decorti 
et al., 2006) and this lower the risk of developing 
type2 diabetes mellitus or cardio vascular disease. The 
ER22/23EK polymorphism carrier show tendency to 
lower of c-reactive protein (CRP) as well as a decreased 
of total LDL-cholesterol level in elderly persons which is 
beneficial in developing inflammation and cardiovascular 
disorder (Koeijvoets et al., 2006). GCs are well known 
to repress in immune system through different many 
mechanisms as so that it is used in the treatment of 
autoimmune disease. Interestingly, heterozygous ER-
22/23EK polymorphism carriers increased risk of getting 
infected by staphylococcus aureus (S. aureus) this is can 
explain by ER-22/23EK polymorphism carrier leads 
to increased transrepression and there by an increase 
suppression of the immune system (van den Akker et 
al., 2006).

Although the clinical importance of the polymorphism 
of GC receptor genes on the childhood who suffer the 
ALL and their response to the treatment, there are a 
few studies on this gene worldwide and particularly this 
study can be considered the first investigation among the 
Saudi children. There is few published articles talking 
about the association between NR3C1 polymorphisms 
and treatment response in ALL children. Therefore, we 
demonstrated the possible association between three GR 
gene polymorphism and development of childhood ALL 
as well as the occurrence of side effects such as liver 
toxicity, glucose abnormality, and infection in Saudi 
children with ALL. 

Materials and Methods

Study population
There were 70 children, 43 male and 27 female 

subjects, with Pre-B ALL, standard risk, between 
2009-2013 and 60 healthy control were included in this 
study. Fifty of the patients subject were treated at the 
oncology unit of the king Faisal Hospital and research 
center (KFHRC), and 20 patients received their treatment 
at the King Abdulaziz University Hospital (KAUH). Fifty 
one patients were less than 10 years old and 19 were 
older than 10 years. This study was approved by the 
Medical Ethics Committee of KFHRC and KAU Hospital. 
Informed consents were obtained from ALL patients, or 
their parents, before recruiting for the study. Inclusion 
criteria: Patients were eligible for the treatment protocol 
of this study if they fulfilled the following criteria: (1) aged 
less than 18, (2) all patients with bone marrow blast cells ≥ 
20%, and (3) absence of other active malignancy. Patients 
were excluded if they died during induction therapy or 
lostfollow up routine examinations.

This study was performed using bone marrow 
aspirates that taken at diagnosis, on the 15th day and after 
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The scraped material was re-suspended in 400 µL of 6 
M guanidinium hydrochloride, 30 µL of 20 % of sodium 
sarcosyl, 30 µL of 7.5 M ammonium acetate, and 10 µL 
of proteinase K (10 mg/ml). The mixture was heated 
to 60 oC for 1 hr. If it was not completely dissolved, 
an additional 10 µL of proteinase K was added and the 
mixture was heated for another hour at 60 oC. The DNA 
was precipitated by addition of 1 ml of cold ethanol, gently 
homogenized, and the mixture left at -20o C overnight. 
After centrifugation for 20 minutes, the supernatant 
was discarded and the pellet re-suspended in 50 µL of 
water. The polymorphisms of the genes were determined 
by polymerase chain reaction and the applicant were 
sequenced for nucleotide by Dideoxy Sanger method. For 
the primers sequences and PCR conditions are in table 
1. DNA fragments from PCR reaction were separated 
in 1% agarose gel and examined under UV light gel 
documentation system. The sequences of primers used 
for amplification of genes involved in this study are listed 
in the Table 1.

PCR program, consisting of 95C for 7 min, 40 cycles 
of 94C for 1 min, 68C for 1 min, 72C for 1 min, and 1 
cycle of 72C for 7 min (Bachmann et al., 2005).

The PCR products were purified and sequenced at 
Macrogen Inc., Seoul, Republic of Korea. The sequence 
results were aligned with gene bank using nucleotide 
BLAST (blastn) software in htt://ncbi.nlm.nih.gov/blast.

Statistical Analysis
Allele frequencies of the studied genes were tested for 

Hardy- Weinberg equilibrium (HWE). The distribution 
of genotype of ALL patients and control subject were 
compared using Chi-square test or Fishers exact test. Any 
possible association between polymorphism in each gene 
and the glucose metabolism abnormalities, liver toxicity, 
and susceptibility to infection was investigated using 
Chi-square test .Unconditional logistic regression was 
used to calculate the odds ratio (OR) and 95% confidence 
intervals (CI) and using two-sided Fischer’s exact test, 
using SPSS (versions 23) ). P>0.05 (two-tailed ) was 
considered statistically significant.

Results

In this study, several polymorphisms were analyzed 
in genes of the possible relevance of glucocorticoids 
pharmacogenomics and or pharmacokinetics. For 
all examined polymorphism of genes, no significant 
differences were found ALL patients and control subjects.

Glucocorticoid Receptor Gene (NR3C1)
This study was performed in three SNPs in NR3C1 

glucocorticoid receptor gene, including ER22/23 EK, 
BclI, and N363S. In the following, ...

A) ER22/23EK SNP
The percentage of allele frequency polymorphism 

in ER22/23K SNPs in glucocorticoid receptor of ALL 
patients and control subject are represented in Figure 1. 
Figure 2 depicts different genotype sequences. Results 
on Allele and genotype frequencies of ER22/23Ek SNPs 

were consistent to Hardy-Weinberg equilibrium as 
shown in Table 2. Two different genotype patterns were 
detected, including wild type genotype and heterozygous 
genotype as reported in Table 1. The frequency of wild 
type waa 100% and 93.33% in ALL patients and control 
subjects, respectively. whereas it is estimated to 6.66% 
for heterozygous in control subjects only. No mutated 
sequence in ALL patients and control subject. 

B) BclI SNP
The percentage of allelic and genotype in BclI 

polymorphism of GC receptor (NR3C1) in ALL patients 
and control subjects are represented in Figure 1. and 
different genotype sequence in figure 3. The incidence of 
wild type (CC) pattern was 45% and 40% in ALL patients 

Table 1. Primers Used for Amplification of PCR 
Fragments

NR3C1 N363S F 5’-AGTACCTCTGGAGGACAGAT-3’

R 5’-GTCCATTCTTAAGAAACAGG-3’

BCLL F 5’-TGCTGCCTTATTTGTAAATTCGT-3’

R 5’-AAGCTTAACAATTTTGGCCATC-3’

ER22/23EK F 5’-GATTCGGAGTTAACTAAAAG-3’

R 5’-ATCCCAGGTCATTTCCCATC-3’

Figure 1. Genotype Distributions of Different SNPs in 
NR3C1 Gene of Control and All Patients

Figure 2. DNA Sequence of Different SNP in ER22/23EK 
(GR Gene) in All Patients
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and control subjects, respectively, whereas, incidence 
of the heterozygous pattern was 38.57% and 51.66%, 
respectively. The mutated genotype (GG) was almost two 
times higher in ALL patients when compared with the 
control group (15.71% and 8.33%, respectively) (Table 
2 and Figures 1 and 3).

C) N363S SNP
Results on Alleles and genotype frequencies for the 

N363S SNPs of glucocorticoid receptor were consistent 
to Hardy-Weinberg equilibrium as shown in Table 2. 
According to our results, two different alleles were 
exhibited in ALL patients with different alleles frequencies 
(Figure 1 to Figure 4). The frequency of genotype AA wild 
type was 92.8% in ALL patients and it was 97% in control 
subjects. The frequency of heterozygous genotype AG 
was 7.2% and 3% in ALL patients and control subjects, 
respectively. No mutated GG genotype was observed 
either the ALL group or the control group.

Glucocorticoids-induced Side Effect (Toxicity) 
The following clinical and laboratory data were 

collected retrospectively and scrutinized for potential 
adverse effects induced by glucocorticoids therapy.

1. Hepatic Toxicity
Hepatotoxicity was defined as elevated alanine 

transferase (ALT), aspartate transferase (AST) activities, 
and total bilirubin (TBIL) concentration. Severe toxicity 
was defined as AST or ALT higher than 2.5 folds and /
or TBIL higher than 1.5 fold of the normal level (grade 3 
toxicity) according to Common Toxicity Criteria report 
(NCI CTC).

The incidence of hepatic toxicity was insignificantly 
different between the studied three SNPs (p< 0.05) (Table 
3).

2. Glucose Metabolism Abnormalities
Glucose metabolism abnormalities were defined as 

diabetes requiring insulin treatment, significant glycosuria 
for at least two days, or requiring medical intervention or 
hyperglycemia (fasting glucose >200mg/dl).

Glucose metabolism abnormalities were observed 
more frequently among the patients carrying the N363S 
polymorphism (GR) than the non-carrier (2/5 and 4/65; 
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Table 3. Genotype (Wild vs.Hetero+Mutated) in 
ALL Children (n=70) with Liver Toxicity induced by 
Glucocorticoid Therapy

SNP Liver 
toxicity in 
wild type

Liver 
toxicity in 

SNP carrier

P 
Value
(0.05)

OR* (95% CI)

ER22/23K 50.70% 0.00% 1 0.971 (0.918-1.028)

BclI 46.90% 83.30% 0.198 2.667 (0.526-7.330)

N363S 47.70% 40% 0.356 1.097 (0.961-1.251)

SNP Glucose 
abnormality 
in wild type

Glucose 
abnormality 

in SNP carrier

P 
Value

OR* (95% CI)

ER22K 13.50% 0.00% 0.758 0.984 (0.954-1.015)

BCII 9.70% 33.30% 0.079 7.500 (1.039-54.116)

N363S 6.15% 40% 0.009* 10.167 (1.302-79.339)

*patients with liver toxicity versus total number of patients

Table 4. Genotype (Wild Vs. hetero +Mutated) in ALL 
Children (n=70) Experienced Glucose Toxicity Induced 
by Glucocorticoids Therapy

*, Significant level P≤ 0.05; **, patients with glucose toxicity versus 
total number of patients. 
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40% and 6.15% respectively, P= 0.009, OR= 10.167; 
1.302-79.339) (Table 4). Insignificant relationship was 
reported between the occurrence of glucose metabolism 
abnormalities and other studied gene polymorphisms and 
between age and gender.
3. Incidence of Infection

The incidence of infection was frequent that can be 
attributed to use of steroids. The incidence of infection was 
classified according to NCI-CTC criteria and evaluated 
with different genotype. This study showed non-significant 
differences concerning the incidence of infection between 
the patients who carried wild type of the genes versus 
heterozygous and mutated genotype (Table5).

Discussion

Glucocorticoids are important drugs for the treatment 
of ALL patients with multi drug protocols known to induce 
apoptosis of the blasts. In glucocorticoid sensitive cell, the 
apoptosis induction takes place in progressive steps. The 
first step is binding of glucocorticoids to glucocorticoid 
receptor. As the results of this binding a transactivation 
and/or transrepression of glucocorticoid responding gene. 
Leading to induce the apoptosis in glucocorticoid sensitive 
patients. In spite of GC benefits and efficacy, it often 
needs to be adjusted by intra-individual variability and 
can lead to treatment failure or induction of side effect. 
Despite the fact that glucocorticoid resistance is one of 
the main causes of the treatment failure in ALL patients, 
little information is known about the possible mechanism 
of resistant. Although a number of studies reflected the 
relation between the genetic polymorphisms and the drug 
outcomes in ALL patients, very few studies reflected the 
side effects induced by this drug.

This study investigated the presence of common SNPs 
in the GC receptor gene (NR3C1). Three polymorphisms 
in the coding region of GR gene were analyzed in 70 ALL 
patients and 60 control subjects. These genetic variations 
were identical to previously reported polymorphism 
ER22/23EK, BCII, and N3635. Previous studies showed 
that this polymorphism increased corticoid sensitivity 
(VanRossum and Lamberts, 2004; Rosmond et al., 2001). 

ER22/23EK polymorphism is located in transactivation 

domains of NC3R1 in codons 22 and 23 and they 
are usually studied together. Lately, the action of this 
polymorphism has been illustrated; it changes the balance 
of the NC3R1 protein translation isoforms A and B. 
This polymorphism prefers to translate initiation from 
GR-A than from GR-B, and consequently, a decrease in 
transactivation of this gene with relative glucocorticoid 
resistance and higher insulin sensitivity (Tissing et al., 
2003). This polymorphism is more frequent in elderly 
individuals and it may have a useful effect on survival. This 
study did not observe homozygous mutated ER22/23EK 
polymorphism in neither in ALL group nor in control 
group. Moreover, the heterozygous polymorphism was not 
found in ALL patients but in the control group with 6.66%. 
This result is in agreement with previous study that was 
found the minor allele of the ER22/23EK polymorphism 
in a lower percentage than in a healthy population of the 
same ethnicity (4% versus 7.4%, respectively). As well 
as the same finding was reported by (Tissing et al., 2005) 
who found the ER22/23EK polymorphism in only 4% of 
the ALL patients as compared with 6% and 7.4% in the 
normal and healthy population from the same ethnicity. In 
a Saudi population ( in this study) 6.66% the incidence of 
the ER22/23EK genotype is considered higher when it is 
compared with the Caucasian and Brazilian subpopulation 
(2%) and with Africans, Chinese, and other subset of 
Asians population where this polymorphism dot detected 
in this ethnicity (0%). The concept of the ER22/23EK 
carrier is resistant to the effects of glucocorticoids in 
children (central and systemic) has been getting attention 
by many authors. Finkin et al., (2007) recorded that that 
are carrying an ER22/23EK polymorphism showed 
complete growth between the age of three months and 
one year and also children with this polymorphism is 
taller than noncarrying this SNP. This study also showed 
that fasting insulin levels were lower in the ER22/23EK 
carrier. Both studies support the concept of GC-resistant 
of the carrier of this SNP.

BCII polymorphism is located in exon 2 of the 

Figure 3. DNA Sequence of Different SNP in BclI (GR 
Gene) in All Patients. 

Figure 4. DNA Sequence of Different SNP in N363S 
(GR Gene) in All Patients.

Gene infection 
incidence in 

wild type

infection 
incidence in 
SNP carrier

P 
value
(0.05)

OR* (95% CI)

ER22EK 49.30% 0.00% 0.514 0.972 (0.920-1.027)

BCII 4.70% 50% 0.635 1.065 (0.200-5.676)

N363 50.80% 50% 0.739 1.061 (0.064-17.657)

Table 5. Genotype (Wild vs. Hetero+ Mutated) in 
ALL Children Suffered From Infection Induced by 
Glucocorticoid Therapy
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NR3C1 gene. The nucleotide alteration was identified 
as a C → G substitution, 646 nucleotides downstream of 
exon 2 (intronic polymorphism). There is an association 
between the BCII polymorphism and younger age onset. 
Girls carrying BCII SNPs suffer from juvenile arthritis 
had shown higher inflammation rate (Kostik et al., 2011). 
Also, the homozygous mutated genotype of BCII (GG) 
reported more severe damage in their lungs in cystic 
fibrosis (Corvol et al., 2007). This finding supporting 
the possible decrease in glucocorticoid sensitivity in 
the children carrying this polymorphism. However, 
BCII GG genotype recorded an increase to response to 
glucocorticoid in children with Crohn’s disease. So, the 
BCII GG genotype can exert different behavior depending 
on the disease and ethnicity of the afflicted individual. 
BcII polymorphism is related to increased sensitivity to 
glucocorticoid as measured with the response of serum 
cortisol level after admistration of 1 mg of dexamethasone 
evening before in healthy adults (Van Rossum et al., 2003; 
Huizenga et al., 1998). This study results showing that 
heterozygous BcII genotype was the most prevalence 
genotype (51.66%) whereas the most prevalence genotype 
in ALL patients was the wild type (45.7%). However, the 
GG genotype (mutated) in ALL patients was recorded 
two times more than that of the control group 15.71% 
and 8.33% respectively .Statistics analysis showed no 
significant difference between two groups P= 0.285. In 
other words, BcII polymorphism had not contributed to 
the development in the childhood ALL. The results of 
this study are in agreement with a previous study done 
by Tissing et al., (2005) and Marino et al., (2009) on a 
different population. The incidence of G allele in the Saudi 
population (8.33%) was too low when compared with 
Asian population (33.33%) but its incidence was similar to 
Caucasian population (7%), African population (6%), and 
Brazilian population (7.5%) (Manoel Carlos et al., 2014). 
This study data show, it is clear that the Saudi population, 
like other Caucasian /African/ Brazilian populations, is 
significantly different than Asian population for genotype 
and allele frequency of the BcII polymorphism. BcII 
polymorphism is the most pertinent polymorphism of the 
GC gene clinically as reported in the literature (Tissing et 
al., 2005). In the past, this polymorphism was detected by 
RFLP-based technique, but now , the C/G exact mutation 
was found as a single nucleotide polymorphism in intron 
2, 646bp downstream from exon 2 by a sequencing 
techniques as well as a specific Real time PCR process has 
been developed. In the many studies, BcII polymorphism 
showed to increase the sensitivity of dexamethasone 
suppression test with the development of side effects 
of glucocorticoid (body mass index, abdominal obesity, 
and blood pressure (Rosmond et al., 2000; Ukkola et 
al., 2001) . However, this study toxicity data in a Saudi 
population . The BcII polymorphism was not associated 
with the liver toxicity, glucose abnormality, and infection 
in ALL patients.

N363S (A1220G) GR gene polymorphism is located 
in exon 2 of GC gene codon 363and results of this 
polymorphism the amino acid changes from asparagine 
(N) to serine (S). This polymorphism increases the 

sensitivity of GC receptor to interact with glucocorticoid 
hormone and also increase the action of the hormone. The 
N363S was detected in low frequencies (3% to 6%) in 
different populations and in the heterozygous form. The 
results of this showed the absence of mutated homozygous 
(GG) genotype in both control group and ALL group. The 
incidence of heterozygous allele was 7.2% in ALL patients 
and 3% in the control group, which is in accordance with 
the findings of different studies in randomly selected in 
the different healthy population before and also in the 
relation of this polymorphism with the childhood ALL 
(Van Rossum et al., 2003). As previously mentioned, no 
N363 polymorphism was detected in our study population, 
Brazilian subjects by Asian origin and also South Asian 
subjects living in Europe whom showing very low 
frequency of N363S polymorphism (0.2%) (Syed et al., 
2004) .Additionally, Japanese and Chinese population had 
not carried this polymorphism in the GC receptor gene 
(Koyano et al., 2005).

The different study linked between this polymorphism 
and different diseases around the world. In Australia, one 
study linked the N363S polymorphism with the raised 
body mass index and with the coronary artery diseases 
(Lin et al., 2003). As well as, N363Spolymorphism 
showed association with central obesity in males from 
England (Dobson et al., 2001), and overweight with 
Type 2 diabetes mellitus in French men (Roussel et al., 
2003). However, N363S polymorphism did not show any 
correlation with GCs sensitivity in Danish and Swedish 
populations (Echwald et al., 2001). The toxicology data 
in this study revealeda significant difference between ALL 
patients carrying N363S polymorphism and wild type 
(P= 0.009) and the high risk factor OR (CI 95%) = 10.167 
(1.302-79.339) in toxicity of glucose abnormality. 
Glucose abnormality during glucocorticoid treatment is 
steroid induce diabetes mellitus. There is a lack of the 
studies and literature on the role of higher sensitivity 
to glucocorticoids and N363S polymorphism and 
development of type 2 diabetes mellitus or other glucose 
metabolism abnormality. However, glucocorticoids 
might promote glucose production in the liver through 
gluconeogenesis and simultaneous insulin resistance 
leading to hyperglycemia (Tappy et al., 1998). 

In conclusion, in this study, the three studied SNPs 
in GR gene showed no contribution and association 
among them and development of ALL in the children. 
The ER22/23EK and BCII polymorphisms did not have 
any correlation with liver toxicity, glucose abnormality, 
and infection in ALL children during treatment by GCs. 
Patients carrying N363S polymorphism (homozygous and 
heterozygous) had a tendency to develop hyperglycemia 
during treatment with…. Nevertheless, this finding needs 
to be confirmed by conducting a study on larger population 
and establishing a strong relationship and associations 
between these polymorphisms genotypes that display this 
side effect toxicities of glucocorticoids therapy.
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