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Abstract
Objective: To investigate the relationship between bronchial asthma in children and glucocorticoid receptor (GR) gene bcl-I
single nucleotide polymorphism and to analyze the relationship between bronchial asthma and the plasma cortisol level.
Methods: Polymerase chain reaction-restriction fragment length polymorphism (PCR-RFLP) techniques were used to deter-
mine the GR gene bcl-I single nucleotide polymorphism in 76 children patients with asthma and 50 healthy controls. The plasma
cortisol levels were detected by radio immunoassay in two groups respectively.
Results: There were three genotypes found in bcl-I gene locus of these two groups, which were genotype CC, GG and CG. The
frequencies of CC, CG, GG genotypes were 48.7%, 27.6%, 23.7% in the asthma group and 76%, 20%, 4% in the control group.
The difference was of statistical significance (p < .05). The frequency of G allele in the asthma group was 37.5%, which was
significantly higher than 14% in the control group (p < .05), indicating that G allele was associated with asthma.
Conclusions: GR gene bcl-I polymorphism is significantly associated with the occurrence of bronchial asthma. G allele may
be a susceptibility gene for steroid-resistance in asthma. Steroid-resistance has no correlation to the plasma cortisol level.
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Bronchial asthma is a common and frequently-occurring
disease in childhood. It is a chronic inflammatory airway
disease involving various cells (such as mast cells, T cells,
neutrophils, eosinophils, airway epithelial cells, etc.) and
cellular components.[1] Glucocorticoid (GC), as one of the
main drugs for clinical treatment of asthma, can signifi-
cantly relieve symptoms such as wheezing, cough and ex-
pectoration, and help asthma patients with quality of life.
However, some patients, who have received a long-term or
a large-dose steroid therapy, are still subject to poor effi-
cacy, in which situation this type of disease is called steroid
resistant asthma.[2] The pharmacological and physiological

effects of glucocorticoids need to be mediated by the gluco-
corticoid receptor (GR). GR gene is located at 5q1−3, and
the study[3] indicates that a large number of genes are dis-
tributed on the long arm (5q) of chromosome 5, which may
play an important role in the regulation of IgE synthesis and
the development of allergy and asthma-related inflamma-
tion. Using polymerase chain reaction-restriction fragment
length polymorphism (PCR-RFLP) technique, the authors
determined the GR gene bcl-I single nucleotide polymor-
phism and explored its relationship with the occurrence of
bronchial asthma, which was reported as follows.
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1 Data and methods
1.1 General information

According to the criteria of “Guidelines for the Diagnosis
and Prevention of Bronchial Asthma in Children” revised
by the Chinese Medical Association in 2008,[4] 76 cases
of children who were diagnosed with asthma during outpa-
tient visits or hospitalization in the Fourth Hospital of Bao-
tou from October 2013 to October 2015 were selected as
the asthma group. Children patients in this group, aged 4
to 15, with an average age of (8.97 ± 2.93), contained 54
males and 22 females. 50 cases of healthy children dur-
ing the same period were selected as the control group, in
which children aged 5 to 16, with an average age of (9.08
± 3.00), 35 males and 15 females. There were no signifi-
cant differences in age and gender between these two groups
(p > .05). 44 children with steroid-resistance and their par-
ents agreed and cooperated with doctors to be treated with
oral prednisone 1 mg/kg/day for 7 days. Pulmonary func-
tion tests were required to be performed before and after
treatment, the standard of forced expiratory volume in one
second (FEV1) improved rate < 15% indicated that children
had steroid resistant asthma.[5]

1.2 Methods

2 mL EDTA peripheral blood (fasting blood) was required
of each subject in the morning for cell and plasma separa-
tion, and then stored in a refrigerator at -20°C. The detec-
tion of GR gene bcl-I single nucleotide polymorphism was
performed to the separated precipitations containing cellular
components, with the detection of the plasma cortisol level
performed to the plasma fraction.

The detection of GR gene bcl-I single nucleotide poly-
morphism was listed as follows: (1) Extraction of ge-
nomic DNA. DNA was extracted from mononuclear cells
in the separated precipitations containing cellular com-
ponents and stored at -20°C for examination. (2) PCR
amplification. The primers were designed according
to the reference[6] and synthesized by Sangon Biotech
(Shanghai) Co., Ltd., and the upstream primer was
5’-GAGAAATTCACCCCTACCAAC-3’, the downstream
primer was 5’-AGAGCCCTATTCTTCAAACTG-3’. The
reaction volume was 25 µl, including 2.5 µl 10 × buffer, 2.5
µl MgCl2, 2.0 µl dNTP, 1 µl of upstream primers and 1 µL
of downstream primers, 0.25 µl Taq enzyme, 3 µl DNA and
12.75 µl double distilled water. Reaction conditions were as
follows: initial denaturation at 94°C for 5 min, denaturation
at 94°C for 45 s, annealing at 57°C for 45 s, extension at
72°C for 45 s, 38 cycles in total, and extension at 72°C for
5 min. (3) PCR product digestion. 10 µl of PCR amplifi-
cation products were taken and added with 1.2 µl of bcl-I
restriction endonucleases, 2 µl of 10 × loading buffer and
7 µL of distilled water for a water bath at 37°C for 10 h.
(4) Electrophoresis. PCR markers were used as standard

reference for DNA fragments, with electrophoresis per-
formed by use of 2% agarose (4.0 g/dl) ethidium bromide
gel method (voltage 120 V, 20 min) for imaging on the UV-
transmission automated imaging analyzer. The results were
recorded accordingly.

Radio immunoassay was applied to the detection of the
plasma cortisol (Cor) level. The separated plasma was as-
sayed for the cortisol level according to the instructions of
Human Plasma Cortisol ELISA Kit (provided by Beijing
North Institute of Biological Technology).

1.3 Statistical methods

SPSS16.0 statistical software was applied to statistical treat-
ment, and the chi-square test was used in the comparison of
categorical data. The measurement data were represented
by mean ± standard deviation, with t-test and analysis of
variance used. The difference p < .05 was statistically sig-
nificant.

2 Results
The results of electrophoresis of PCR amplification prod-
ucts were shown in Figure 1. The comparison in genotypic
frequency and allele frequency of each group was shown in
Table 1. The electrophoresis analysis of PCR amplification
products in this study confirmed that there were three geno-
types of bcl-I genes in asthma children - homozygous CC,
homozygous GG and heterozygous CG. The frequency dis-
tribution of GG genotype in the asthma group was signifi-
cantly higher than that in the control group (p < .05); the fre-
quency of G alleles was 37.5% in the asthma group, which
was also significantly higher than 14% in the control group
(p < .05). This indicated that there was a correlation between
G allele and the occurrence of asthma. The determination
results of the plasma cortisol level in these two groups were
shown in Table 2. The number of steroid-sensitive cases in
CC group was 19, the number of steroid-insensitive cases
was 4 and the proportion of steroid sensitivity was 82.61%;
in GG group and GC group were 6 cases of steroid sensi-
tivity, 15 cases of steroid insensitivity, and the proportion of
steroid sensitivity was 28.57%. The proportion of steroid
sensitivity in CC group was significantly higher than that
in GG and GC groups (p < .01). There were no significant
differences in the cortisol level in different steroid therapy
groups (see Table 3).

3 Discussion
3.1 The effect of genovariation on GR gene func-

tion

The biological effects of GC need to be mediated by
GR. GR, a ligand-activated endogenous transcription factor,
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mainly located in the cytoplasm, belongs to the family of
nuclear receptors and has been formally named NR3C1 (nu-
clear receptor subfamily 3, group C, member 1).[7] Human
NR3C1 has 10 exons in total,[8] in which the 9th exon can
generate two types of homologous mRNA and protein iso-
forms (i.e., GRα and GRβ) by alternative splicing, and GR
subunits combine with heat shock protein 90 (HSP90) and
heat shock protein 70 (HSP70) to form a complex, which
is inactivated; GC is diffused into the cytoplasm and bound
to GR-Hsp with Hsp isolated. GC and GR complexes enter
into the nucleus and bind to GRE of the target gene pro-
moter sequence to activate or inhibit the transcriptional ac-
tivity of the target gene and regulate the synthesis of pro-
tein, which is so-called “the mechanism of genomic effect”
of GC.[9] Therefore, abnormalities in protein structure or
changes in gene expression caused by GR genovariation will
affect the amount and the binding of receptors, thereby af-
fecting the action of GC and resulting in causing steroid-
resistance. Tuckemann et al.[10] used selective GR mutant
mice to study the anti-inflammatory mechanism of steroids,
and found that mice with depletion in DNA Ligases be-
tween glucocorticoid receptors showed resistance to steroid
therapies. Polymorphic GR genes can also cause the over-

expression of related cytokines (such as IL-4) or various key
molecules inducing steroid resistance,[11] which may be re-
lated to the decrease in GC sensitivity.

Figure 1: Electrophoresis results of PCR amplification
products
Note. M stands for marker; 2, 3, 5, 6, 7, 10, 11, 12 are wild
type CC; 1, 4, 9 are heterozygous CG; 8, 13 are mutant
type GG.

Table 1: Comparison in genotypic frequency and allele frequency between the asthma group and the control group at
bcl-I locus [n (%)]

 

 

Group  n 
Genotypic Frequency  Allele Frequency 

CC CG GG  C G 

Asthma Group  76 37 (48.7)* 21 (27.6)* 18 (23.7)*  95 (62.5)* 57 (37.5)* 

Control Group  50 38 (76.0) 10 (20.0) 2 (4.0)  86 (86.0) 14 (14.0) 

Note. In comparison with the control group, *p < .05 

 

Table 2: Comparison in the distribution of bcl-I polymorphism and the plasma cortisol level in 2 groups (ng/ml)
 

 

Group  n  Plasma Cortisol Level  CC  CG  GG  

Asthma Group  76  123.74 ± 40.40  119.60 ± 44.8  124.78 ± 42.60  130.97 ± 26.40  

Control Group  50  109.35 ± 46.19  103.40 ± 47.3  123.91 ± 39.21  150.27 ± 32.97  

 

Table 3: Relationship between steroid sensitivity and cortisol level
 

 

Group  n  Plasma Cortisol Level X  ∑X  ∑X
2 
 σ  σ-1  

Steroid Sensitivity Group  25  120.96 ± 43.38  3,024.08  412,856.46  43.38  44.28  

Steroid Insensitivity Group  19  117.98 ± 31.81  2,241.56  283,680.14  31.81  32.68  

 

3.2 GR gene bcl-I single nucleotide polymorphism
and steroid resistance in asthma

Hurley et al.[12] found that GR genovariation can lead to
familial glucocorticoid resistance. Studies have shown that
GR genovariation can cause structural and functional abnor-

malities in GR genes, leading to familial glucocorticoid re-
sistance or acquired glucocorticoid resistance. At present,
researches on GR gene polymorphism at home and abroad
mainly focus on the three aspects, i.e., bcl-I, ER22/23EK
and N3635 polymorphism, with a large amount of reports
on both positive and negative results.
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The bcl-I polymorphism refers to a mutation at nucleotide
646 in the downstream of the 2nd exon in GR gene, namely
C→G (TGATCA→TGATGA).[13] As early as 1992, Weaver
et al.[14] firstly studied the bcl-I polymorphism and found
that subjects with homozygous mutant genes of bcl-I poly-
morphism had a higher fasting serum insulin level and in-
sulin resistance index. In 2006, Anja Rogausch et al.[15]

made a study on bcl-I polymorphism and smoking behav-
ior in patients with bronchial asthma, COPD and other air-
way obstructive diseases, and found that the existence of this
type of polymorphism was associated with the dependence
of the population on nicotine and its severity. In addition,
the fact that patients with pulmonary fibrosis had inconsis-
tent responses to GC treatment made Harriet Corvol and
other scholars speculate that GR gene polymorphism may
induce changes in the inflammatory reaction in patients with
pulmonary fibrosis, influencing the sensitivity of patients to
GC. Harriet Corvol et al.[16] detected 4 types of GR gene
polymorphism (i.e., Tthlll, ER22/23EK, N363S and bcl-I)
in 255 young patients with pulmonary fibrosis and followed
up their disease evolution processes. It was found that in
patients with bcl-l genes, FEV1 and forced vital capacity
(FVC) showed a downward trend, in which GG patients
showed a more significant decline trend in bcl-I than GC and
CC patients. It was speculated from the experimental results
that the bcl-I polymorphism may be related to the inflamma-
tory reaction regulating fibrotic pulmonary tissues. It can in-
terfere with GC to play an anti-inflammatory role normally
and accelerate the exacerbation of pulmonary function in
patients with pulmonary fibrosis. The potential relevance of
bcl-I polymorphism in various metabolic and functional dis-
orders in body mass index, blood pressure and cholesterol
level has been extensively studied.[17–19] Tadeusz Pietras et
al.[6] conducted a preliminary study on the relationship be-
tween the GR gene bcl-I single nucleotide polymorphism
and asthma, and the results showed that the bcl-I polymor-
phism was associated with the resistance in asthma.

Of 76 children with asthma in this study, 44 patients agreed
and cooperated with the test for steroid resistance, 19 of
which showed steroid resistance consequently. By perform-
ing an analysis on GR gene bcl-I single nucleotide polymor-
phism, the authors found that 4 out of the 19 patients showed
CC genotype, and the remaining 15 patients were GG and
CG genotypes in which GR genes contained G alleles. How-
ever, the average cortisol level in children with steroid resis-
tance was not increased. According to the author’s analy-
sis, allele C is mutated to G, which leads to changes in GR
structure and function, reduces the pharmacological effects
of the binding to glucocorticoid and results in steroid resis-

tance. The bcl-I single nucleotide polymorphism is not only
related to the occurrence of bronchial asthma in children,
but also allele G may be a susceptibility gene for steroid re-
sistance in asthma. This conclusion is consistent with the
research conducted by Tadeusz Pietras et al.[6]

It is well-known that the onset of asthma is the result pro-
duced by multiple genes and factors. The relationship be-
tween the presence of genetic polymorphism at other lo-
cuses of GR gene and asthma remains to be further explored.
It is necessary to further expand the amount of specimens or
conduct a multi-center research with a large amount of spec-
imens.

3.3 bcl-I single nucleotide polymorphism, steroid
resistance in asthma and plasma cortisol level

Cortisol, in the glucocorticoid class of hormones, is mainly
produced by the zona fasciculata of the adrenal cortex. It
is a 21-carbon steroid hormone. Currently, glucocorticoid
resistance is clinically divided into primary glucocorticoid
resistance and acquired glucocorticoid resistance. The for-
mer is mostly familial, with elevated plasma cortisol levels
and no Cushing syndrome, characterized by the resistance
of the axis of hypothalamus-hypophysis-adrenal glands to
DXMS and defects in GR affinity. Most patients with fa-
milial glucocorticoid resistance have defects in GR function
due to GR genovariation. In this experiment, the plasma
cortisol level was measured in 76 children with asthma and
50 healthy children, with a statistical analysis performed to
the experimental results. It was found that there was no sig-
nificant difference in the plasma cortisol level between dif-
ferent groups and different genotypes in each group, indicat-
ing that the patients showed a normal endogenous corticos-
teroid secretion and metabolic function, without any clinical
characteristics of adrenal cortex insufficiency and manifes-
tations of absorption disorder, metabolic acceleration and
clearance speed-up etc. in glucocorticoid. It is indicated
that steroid resistance in asthma is not related to the plasma
cortisol level. Therefore, the authors initially consider that
GR gene bcl-I single nucleotide polymorphism is an impor-
tant factor leading to steroid resistance in asthma, for which
allele G may be a susceptibility gene.
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