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GLCCI1 rs37973
A potential genetic predictor of therapeutic response
to inhaled corticosteroids in Chinese asthma patients
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Abstract
Glucocorticoids are the primary anti-inflammatory therapy for asthma, but their effects are characterized by some interindividual
variability that might have a genetic basis.
We aimed to determine the relationship between pulmonary function change and the variant of the glucocorticoid-induced

transcript 1 (GLCCI1) gene in patients with asthma receiving long-term ICS treatment, the association ofGLCCI1 genotypes and the
level of GLCCI1 expression and cytokines production.
A total of 418 patients with asthma, including 25 individuals from 11 families with a history of asthma, were enrolled. The effects of

single-nucleotide polymorphisms (SNPs) in GLCCI1 on changes in lung function in response to inhaled glucocorticoids were
assessed. The expression levels of GLCCI1 mRNA and cytokines were also measured.
The SNP rs37973 in GLCCI1 was independently associated with changes in forced expiratory volume at one second (FEV1) and

FEV1%pred. Individuals homozygous for the wild-type allele who had a percent FEV1 change greater than 5% were more common
than individuals homozygous for the rare allele. When patients were stratified according to genotype, GLCCI1 expression was
enhanced upon administration of low-dose dexamethasone among patients with the rs37973 A allele; however, GG homozygotes
required high-dose dexamethasone to achieve enhanced GLCCI1 expression. Furthermore, the levels of some cytokines were
significantly reduced after glucocorticoid treatment in individuals with the AA and AG genotypes.
The genetic variant rs37973 in GLCCI1 is associated with poorer clinical therapeutic response to inhaled glucocorticoids in a

Chinese asthma population.

Abbreviations: FEV1 = forced expiratory volume at one second, GLCCI1 = glucocorticoid-induced transcript 1, ICS = inhaled
corticosteroid, SNP = single-nucleotide polymorphisms.
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1. Introduction

Asthma is a chronic disease that affects about 300 million people
worldwide[1] and is characterized by airway inflammation and
hyper-responsiveness, reversible airway obstruction, and airway
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remodeling. The efficacy of asthma treatment relies both on the
control of environmental factors and pharmacological inter-
ventions.[2] Currently, many studies have shown that the
response to inhaled corticosteroid treatment is remarkably
variable.[3,4] To achieve the objective of personalized treatment
for each patient, studies of the genetic influences on drug
responsiveness are necessary.[5–7]

Inhaled corticosteroid (ICS) is the most commonly used and
effective clinicalmedication for asthma therapy. ICS canalleviate the
clinical symptoms of asthma, improve pulmonary function, and
suppress airway inflammation.[8,9] The side effects of normal ICSuse
are modest, including hoarseness and oral ulcers,[10,11] whereas
high-dose and sustained use of ICS is associated with more serious
adverse effects.[12–15] However, many studies have found heteroge-
neity in the therapeutic responses to ICSamongasthmapatientswho
show poor improvements in the forced expiratory volume at one
second (FEV1), even though they are highly compliant with
medication use.[4,16] Thus, identifying those patients who do not
benefit from ICS andmodifying their treatment regimens to improve
health outcomes would be meaningful. Increased FEV1, which is
influenced by genetic factors, indicates the improvement of lung
function. As the response to inhaled corticosteroid treatment in a
given patientwith asthma is highly reproducible,[17] and as FEV1 is a
heritable trait,[18,19] it is plausible that genomic factorscandetermine
drug responsiveness.[20,21] Therefore, we hypothesized that single
nucleotide polymorphisms (SNPs) in genesmight be associatedwith
the therapeutic response to this class of asthmatic drugs.
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Glucocorticoid induced transcript 1 (GLCCI1) is located on
7p21.3, induced by glucocorticoids, and might be an early
marker for glucocorticoid-induced apoptosis.[22,23] A recently
reported genome-wide association study identified one SNP,
rs37972, located in the promoter ofGLCCI1 that was associated
with changes in lung function after ICS treatment. Further studies
confirmed that another functional GLCCI1 promoter variant,
rs37973, which is in complete linkage disequilibrium, was
associated with a reduced response to ICS as measured over 4 to 8
weeks among 935 white non-Hispanic adults and children. In
vitro experiments showed that both the rs37972 and rs37973
variants were associated with reduced GLCCI1 expression and
that SNP rs37973 was significantly associated with reductions in
luciferase reporter activity. Thus, the functionalGLCCI1 variant
rs37973 was associated with substantial reductions in the
response to ICS in patients with asthma.
The present study aimed to investigate whether responses to

glucocorticoid treatment were associated with the polymor-
phisms rs37973 in the GLCCI1 gene among adult patients,
including a randomized asthma population and 25 individuals
from 11 families after 24 weeks treatment with ICS in a Chinese
population. Additionally, we sought to characterize the function
of the rs37973 SNP by using dexamethasone stimulation in vitro
cell approaches.

2. Methods

2.1. Subjects

This study includeda total of 418 subjects, including25 individuals
from 11 families, who were recruited from an outpatient clinic at
Tongji Hospital, Tongji Medical College, Huazhong University of
Science andTechnology from January 2011 toDecember 2012.At
enrollment, 611 individuals were diagnosed as asthmatic first time
based on clinical symptoms and positive results of bronchial
provocation or dilation tests according to the GINA guidelines.[24]

Participants were ruled out if they were current smokers or ex-
smokers with a history more than 10 pack-years, had a course of
oral or inhaled corticosteroids, or complicated with other
respiratory diseases. At the first visit, 2 mL venous blood was
obtained in Eathylene diamine tetraacetic acid blood collection
tubes from those subjects and was then sent to a laboratory for
genotyping. Additionally, a questionnaire asked about family
history of asthma, basic demographic information, and the
frequency of acute asthma attacks. Among them, 424 eligible
asthmatics received inhaled fluticasone propionate/salmeterol
combination (250/50 mg, twice daily) for the next 24 weeks
consistently. Follow-up visits occurred at 4, 12, and 24 weeks,
during which medication usage in the interval periods and asthma
control testswere reviewed and lung function testswere performed
using the same type of spirometer used at the first visit. All clinical
data were recorded by the same physician, who was blinded to the
genotype of patients. Additionally, 10 mL blood was drawn from
those subjects who signed informed consent forms at the last visit
for peripheral blood mononuclear cell (PBMC) isolation.
The study was approved by the Human Assurance Committee

of Tongji Hospital, Tongji Medical College, Huazhong Univer-
sity of Science and Technology and informed consent was
obtained from all study subjects.

2.2. SNP selection and genotyping

Rs37973, which were highly associated with changes in lung
function in response to inhaled glucocorticoids and were located
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on chromosome 7p21, were selected for testing linkage to
GLCCI1 based on the study of Tantisira et al. Genomic DNA
was extracted from peripheral blood using an extraction kit
(Tiangen Biotech, Beijing, China) according to the manufac-
turer’s instructions. SNPs were genotyped using a TaqMan
Genotyping master mix-based method on an ABI 7900 HT
TaqMan sequence detection system (Applied Biosystems, Foster
City, CA). Probes and primers were purchased from Applied
Biosystems (Assay ID: rs37973, AHUACTL). The polymerase
chain reaction amplification mixture (12.5mL) contained 50 ng
DNA, 300nM of each specific probe, and 6.25mL Taqman
Universal PCR Master Mix (Applied Biosystems). Amplification
was carried out under the following conditions: 95°C for 10
minutes followed by 45 cycles of 95°C for 15 seconds and 60°C
for 1minute. Data were analyzed by using an Allelic Discrimina-
tion Program (Applied Biosystems).
2.3. Peripheral blood mononuclear cell culture

Peripheral blood mononuclear cells were isolated from blood
samples by gradient centrifugation using lymphoprep (Ficoll–
Hypaque, TBD, China) and were centrifuged at 500g for 20
minutes. The gray mononuclear cell coats were carefully removed
and thenwerewashed 3 timeswith physiological saline. Cells were
resuspended to 2�106cells/mL with RPMI 1640 medium. Cell
viability was determined using the Trypan Blue Dye exclusion test
and was found to be greater than 90% in all experimental
conditions.Cells from the samepatientwere seeded in6-well plates
(Corning, Corning, NY) and divided into 2 groups: the control
group cultured with RPMI 1640 medium containing 10% heat-
inactivated fetal calf serum and the asthma-like group cultured
with RPMI 1640 medium containing 10% asthmatic serum (AS
group). The asthmatic serum was obtained from different allergic
asthmatic patients with serum IgE levels >1000 IU/mL and
blended thoroughly to homogenize. Both groups were incubated
with varying concentrations of dexamethasone (Sigma; 0, or 10�7

–

10�6M) using dimethyl sulfoxide (DMSO) as a solvent at 37°C in
the presence of 5% CO2 for 24hours.
2.4. Quantitiative real-time polymerase chain
reaction (PCR)

After 24hours incubation, cells were harvested for RNA
extraction. Total RNA was extracted using RNAiso Plus (Total
RNA extraction reagent, TaKaRa, Shiga, Japan), and cDNA was
generated from 500 ng RNA using a Prime Script RTMaster Mix
kit (TaKaRa). Real-time PCR was performed following the
manufacturer’s instructions using SYBR Premix Ex Taq (Takara)
with an ABI Prism 7500 detection system. Data were analyzed
using the 2-DDCt method and were presented as arbitrary units.[25]

The following oligonucleotide primers specific for genes were used
in this study: GLCCI1, sense 50-CGGAGGAGCAGCTCACCT-
GAG-30 and antisense 50-CGTGGCCACTGTCCTGTGAGGTA-
30; b-actin, sense 50-AGCGAGCATCCCCCAAAGTT-30 and
antisense 50-GGGCACGAAGGCTCATCATT-30.
2.5. Measurements of cytokine production

Levels of IL-4, IL-5, IL-6, IL-8, IL-9, IL-10, IL-13, and INF-g in
the culture supernatants were quantified using enzyme-linked
immunosorbent assay (ELISA) kits according to the manufac-
turer’s protocol (NeoBioscience, China). The minimum detect-
able concentrations of the assays for IL-4, IL-5, IL-6, IL-8, IL-9,



Table 1

The demographic characteristics of study subjects according to the rs37973 genotype of GLCCI1.

rs37973
Total AA AG GG

N 418 104 213 101
Age, years 44.39±14.09 46.23±13.97 43.51±14.01 44.37±14.35
Male, % 171 (40.91) 47 (45.19) 85 (39.91) 39 (38.61)
BMI, kg/m2 23.13±3.64 23.43±4.00 23.09±3.49 22.90±3.58
FEV1at baseline, L 2.17±0.81 2.16±0.86 2.17±0.77 2.18±0.86
FVC at baseline, L 2.99±1.01 2.95±1.05 3.03±1.00 2.95±1.04
FEV1/FVC at baseline, % 72.99±15.17 73.59±16.14 72.29±15.26 73.86±13.98
FEV1, %pred at baseline 76.59±23.41 77.93±24.15 75.91±20.88 76.62±27.54
ACQ score 1.63±0.26 1.65±0.11 1.60±0.15 1.68±0.65
Smoking status (pack-years) 5.00±1.75 5.31±1.41 4.18±1.75 6.42±2.10

Data are presented as mean± standard deviation. P> .05 for all characteristics according to Student’s t-test or Fisher’s exact test. %pred=percentage of predicted value, ACQ=Asthma Control Questionnaire,
BMI=body mass index, FEV1= forced expiratory volume in one second, FVC= forced vital capacity.
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IL-10, IL-13, and IFN-g were 8, 8, 8, 8, 24, 8, 15, and 8pg/mL,
respectively.
2.6. Statistical analysis

Continuous data were presented as means ± standard deviation
(SD). Categorical data were presented as frequencies and
percentages. Baseline values that were stratified by genotype
were compared using Fisher’s exact test (categorical variables) or
an independent sample Student’s t-test (continuous variables). All
SNP markers were tested for deviation from Hardy–Weinberg
equilibrium using a goodness-of-fit x2 test with one degree of
freedom. The changes in FEV1 and FEV1%pred in response to
inhaled glucocorticoids were compared according to genotype
using an independent sample Student’s t-test because the data
were normally distributed. SPSS software version 20.0 (SPSS Inc.,
Chicago, IL) was used for statistical evaluations of the above
data. Probability (P) values of <0.05 were considered to indicate
statistically significant differences.
Table 2

The demographic characteristics of 25 individuals from 11 families a

Family no. Relationship rs37973 Sex Ag

Family 1 Mother AG F 62
Daughter AA F 42
Daughter AA F 41
Son AG M 38

Family 2 Mother AG F 45
Daughter GG F 22

Family 3 Sister AG F 38
Brother AG M 35

Family 4 Uncle AG M 53
Nephew AG M 28

Family 5 Mother GG F 49
Son GG M 21

Family 6 Mother AA F 46
Daughter AG F 23

Family 7 Brother AA M 32
Sister GG F 29

Family 8 Mother GG F 52
Daughter GG F 31

Family 9 Elder sister AA F 34
Younger sister AA F 29

Family 10 Mother AA F 51
Son AA M 30

Family 11 Father AG M 60
Son AG M 38
Daughter AA F 36

FEV1= forced expiratory volume at one second.
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3. Results

3.1. Subject characteristics

Demographic data and spirometry for the recruited subjects are
shown in Table 1. Among the 611 enrolled asthmatics, 424
participants received ICS treatment consistently during the whole
follow-up period. There were 6 individuals who lacked either
baseline or endpoint FEV1 measurements. Thus, a total of 418
patients were analyzed. More females (59.09%) than males were
recruited and the mean patient age was 44.4 years old. The mean
body mass index (BMI) was 23.13. Participants only received
short-actingb-agonist therapy or no drug. Patients were stratified
by genotype and tests for homogeneity did not identify
statistically significant deviations for the key demographics.
Among the 418 patients, there were 25 individuals who were

from 11 families in which a first or second degree relative had a
family history of asthma. These patients were treated with inhaled
glucocorticoids, similarly to other individuals, and pulmonary
function was tested before and after treatment (Table 2).
ccording to the rs37973 genotype of GLCCI1.

Before treatment After treatment
e FEV1 FEV1%pred FEV1 FEV1%pred

0.70 30 0.79 34
1.40 54 1.79 69
3.12 89 3.22 92
2.44 105 2.54 109
2.18 94 2.31 99
2.27 108 2.39 114
1.67 56 1.81 61
2.03 70 2.32 80
3.01 73 3.33 81
3.34 94 3.53 99
1.95 99 1.88 95
3.72 104 3.93 112
2.19 92 2.34 98
2.65 90 2.65 90
2.79 85 3.06 93
2.07 76 2.33 85
1.79 82 1.61 74
2.35 100 2.35 100
2.18 90 2.48 102
1.93 84 2.27 99
2.46 87 2.52 89
2.63 97 2.83 104
2.20 87 2.21 88
2.23 74 2.14 71
2.93 114 3.38 125

http://www.md-journal.com


Figure 1. Association of rs37973 genotypes and changes in lung function after 24 weeks of inhaled corticosteroid therapy in 418 asthma patients. (A) The
association between the rs37973 polymorphism and change in FEV1. (B) The association between the rs37973 polymorphism and change in FEV1 (% of predicted);
∗
P< .05. FEV1= forced expiratory volume in one second.
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3.2. Genotype and allele frequencies

Among the 418 genotyped patients for rs37973, 104 (24.9%) were
major AA homozygotes, 213 (51.0%) were AG heterozygotes, and
101 (24.2%) were minor GG homozygotes. None of the
polymorphisms significantly deviated from Hardy–Weinberg
equilibrium. Both SNPs had a call rate >95% and a genotyping
accuracy>99%.Theminor allele frequency for rs37973was0.496.
3.3. Association of genotypes and lung function changes

We examined changes in FEV1 and FEV1%pred according to
genotype following a 24-week intervention (Fig. 1). We found
that there was a strong effect of the rs37973 genotype on changes
in FEV1 and FEV1%pred. Homozygotes for the wild-type allele
of rs37973 were associated with a significant improvement in
FEV1 (0.18±0.28L) compared to homozygous for the rare allele
(0.09±0.28L, P< .05). For the FEV1%pred change (defined as
FEV1%predtreatment– FEV1%predbaseline), homozygotes for the
major allele had a FEV1%pred change of 9.82%±14.51%
versus 6.33%±11.28% for homozygotes for the minor allele
(P< .05).
Furthermore, we analyzed the percent FEV1 change defined as

(FEV1treatment – FEV1baseline) / FEV1baseline. There were great
differences among different individuals after a 24-week ICS
treatment. Although most individuals exhibited improved lung
function, some did not benefit from ICS treatment. Homozygotes
for the wild-type allele who had a percent FEV1 change greater
Figure 2. The distribution of FEV1 changes stratified by GLCCI1 rs37973
genotype in 418 patients with asthma after inhaled corticosteroid therapy.

4

than 5% were more common than were homozygotes of the rare
allele (rs37973, AA 67.01% vs GG 49.49%, P< .05, Fig. 2).

3.4. Lung function changes in individuals with a family
history of asthma

We analyzed FEV1 and FEV1%pred improvement in individuals
who had a family history of asthma. There were 25 individuals
from 11 families, including fathers or mothers, sons or daughters,
and brothers or sisters. In all families, individuals who were
homozygous carriers of the wild-type allele had an increased
pulmonary function change (FEV1 and FEV1%pred) compared
with those who were homozygous for the mutant allele or were
heterozygous (Table 2).
Furthermore, the numbers of AA, AG, and GG individuals at

rs37973 were 9, 10, and 6, respectively, in these families. FEV1

improved in response to inhaled glucocorticoids in homozygous
carriers of the wild-type allele, as compared to individuals who
were homozygous for the mutant allele or were heterozygous
(P< .05), consistent with the initial association detected among
all participants. The rare allele carriers at rs37973 (GG) were
associated with less improvement in predicted FEV1% compared
with wild-type allele homozygotes or heterozygous individuals
(P< .05, Fig. 3).

3.5. Functional characterization

We hypothesized that rs37973 polymorphisms might influence
GLCCI1 expression. At the final visit, 31 patients given written
informed consent and provided blood for PBMC isolation and
culture. By real-time PCR, mRNA levels of GLCCI1 in PBMCs,
using b-actin as a reference gene, were measured and stratified by
genotype (Fig. 4A). The expression of GLCCI1 was enhanced in
the cells treated with 10�7M dexamethasone compared to sham-
treated cells for each genotype (AA, 1.72-fold; AG, 1.48-fold;
GG, 1.19-fold). Individuals homozygous for the major allele or
heterozygotes exhibited greater expression compared to those
who were homozygous for the mutant allele.
However, GG homozygotes were less sensitive to glucocorti-

coid therapy, exhibited elevated concentrations of dexametha-
sone (10�6M), and showed greater expression compared to 10�7

M dexamethasone-treated cells (1.869- vs 1.003-fold, P< .01,
Fig. 4B). These findings demonstrated that individuals with a GG
genotype required a high dose of glucocorticoids.



Figure 3. Changes in lung function stratified by genotype after 24 weeks of inhaled corticosteroid therapy in 25 subjects from 11 families with a history of asthma.
(A) The association between the rs37973 polymorphism and change in FEV1. (B) The association between the rs37973 polymorphism and change in FEV1 (% of
predicted);

∗
P< .05. FEV1= forced expiratory volume in one second.
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3.6. Cytokine production in individuals with different
genotypes

Treatment with dexamethasone resulted in the inhibition of
cytokine secretion. The concentrations of IL-6, IL-8, IL-10, and
IL-13 were reduced after stimulation with dexamethasone, not
only in the control group but also in the asthma-like group.
Additionally, production of these cytokines was significantly
reduced after dexamethasone stimulation in cells from AA and
AG genotype patients (Fig. 5); however, there was a trend for less
cytokine suppression induced by dexamethasone in PBMCs from
GG genotype patients (P> .05). We also measured levels of other
cytokines, including IL-4, IL-5, IL-9, and IFN-g; however, the
levels of these cytokines were too low to be detected.

4. Discussion

Our findings demonstrated that a genetic variant in GLCCI1
rs37973 is associated with clinical responses to inhaled
corticosteroids in a Han Chinese population. Homozygotes for
the mutant allele showed a poorer improvement in FEV1

compared with homozygous for the wild-type allele. After
induced by dexamethasone in vitro, the expression of GLCCI1
was higher, and the production of cytokines was significantly
Figure 4. The expression of GLCCI1 mRNA induced by dexamethasone (DEX) in
rs37973 genotype induced by 10�7M dexamethasone with or without asthma
expression of GLCCI1 in patients with the GG genotype (10�7M vs. 10�6M); ∗∗
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reduced in patients with the rs37973 A allele, including both
wild-type homozygotes and heterozygotes.
The response to ICS, which represents the cornerstone for

controlling and managing asthma, is characterized by high
interindividual variability, which is likely to have a genetic basis.
Genes are important for predicting the efficiency of ICS treatment
and genetic variants predict patients who are non-responsive to
ICS treatment and who should receive extra medical care.[26] A
tailored treatment for each patient is beneficial for reducing cost
and improving viability. Tantisira et al[27] showed that rs37972
and rs37973 were associated with changes in FEV1 after the
administration of ICS in 3 of the 4 observed populations under an
additive genetic model. Furthermore, rs37973 was in complete
linkage disequilibrium with rs37972, and caused a reduced
response to inhaled glucocorticoids in patients with asthma by
causing changes inGLCCI1 expression. However, a recent study
did not confirm that the rs37973 polymorphism influences
treatment responses to inhaled corticosteroids in white subjects
with asthma.[28] Cheong et al[29] examined the effect ofGLCCI1
SNPs on steroid-responsiveness in nephrotic syndrome and found
no clinically actionable effect. Another study showed that
rs37972 was associated with the treatment effects of adjunct
dexamethasone therapy in bacterial meningitis.[30] Hu et al[31]
vitro mononuclear cells. (A) The expression of GLCCI1 mRNA stratified by the
tic serum (AS); (B) Elevated dexamethasone concentrations increased the
P< .01.

http://www.md-journal.com


Figure 5. Cytokine production stimulated by 10�7M dexamethasone (DEX) with or without asthmatic serum (AS). The concentrations of (A) IL-6, (B) IL-8, (C) IL-10
and (D) IL-13 stratified by GLCCI1 rs37973 genotype after cultured for 24hours with dexamethasone.

∗∗
P< .01;

∗∗∗
P< .001. AS=asthmatic serum, DX=

dexamethasone.
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reported several SNPs in GLCCI1 were associated with ICS
response in Chinese asthma patients. Our study verifies that
GLCCI1 rs37973 polymorphisms are associated with cortico-
steroid treatment responses in a Chinese population with asthma.
Our study population included 11 families with a history of

asthma, including a father or mother and their son, daughter,
brothers, or sisters. Each member of the family had a similar or
different genotype. However, subjects expressing the rs37973 A
allele, including wild-type homozygotes and heterozygotes,
exhibited improved pulmonary function after treatment with
ICS. This finding is consistent with those for all participants, and
subjects who were heterozygous also exhibited an exacerbated
response to ICS. The genetic causes of asthma are not fully
known, but many studies have suggested that asthma is
genetically associated with ORMDL3, CHI3L1, PDE4D, and
RAD50-IL13;[32–35] however, few genes have been identified that
affect the response of an individual to treatment. In this present
study, we chose a family-based design in an effort to increase our
power to detect genetic associations, and patients with the
rs37973 A allele showed a better response to treatment from
these families, including parents and their first-degree relatives.
An important finding of our study is that GLCCI1 expression

can be enhanced by dexamethasone (10�7M) in patients with the
rs37973 A allele, including both wild-type homozygotes and
heterozygotes. However,GLCCI1mRNA from homozygotes for
the rare allele was not significantly enhanced by stimulation with
low-dose dexamethasone (10�7M). For PBMCs isolated from
patients with a GG genotype, high-dose dexamethasone (10�6M)
significantly enhanced the mRNA levels of GLCCI1 compared
with low-dose dexamethasone (10�7M). Therefore, it seemed
likely that patients with a GG genotype were relatively insensitive
to glucocorticoid treatment, and that these patients needed
comparatively higher doses of corticosteroids to control airway
inflammation.
6

Chronic inflammation in airway is the core pathology of
asthma, and glucocorticoids are the dominant agent used to treat
asthma.[36] However, it has been recognized that glucocorticoids
do not work well in 5–10% of all asthmatics, suggesting a
reduced response to glucocorticoids.[37] Furthermore, some
patients do not even respond to high doses of glucocorticoids.[38]

The ultimate physiological responses to glucocorticoids are
determined not only by the concentration of glucocorticoids, but
also by differences between individuals in glucocorticoid
sensitivity, which is influenced by multiple factors. The GC
receptor gene (NR3C1) and corticotropin releasing hormone
receptor 1 (CRHR1) have been found to be associated with
reduced responses to glucocorticoids.[39,40] In our present study,
levels of GLCCI1 expression induced by dexamethasone were
associated withGLCCI1 genotypes, which suggested that genetic
factors might determine glucocorticoid responsiveness by altering
the expression of GLCCI1.
Another important finding of our study was that the levels of

cytokines vary according to genotypes in response to glucocorti-
coids. The expression levels of some cytokines were significantly
reduced after glucocorticoid treatment in subjects with the
rs37973 A allele, including wild-type homozygotes and hetero-
gyzotes. We also found reduced expression levels of cytokines in
AS from stimulated peripheral blood mononuclear cells from
these patients. The expression levels of these cytokines were
significantly increased after AS treatment, and were reduced after
the addition of glucocorticoids in wild-type homozygote and
heterozygote individuals. However, subjects who were homozy-
gous for the mutant allele showed no changes in response to low-
dose glucocorticoid stimulation. Passive sensitization of human
airway cells with serum from allergic patients provides an
opportunity to study the interactions between allergic factors and
cell behavior, immediate hypersensitivity,[41] or altered respon-
siveness to nonspecific agonists prior to antigen challenge.[42] In



[12] Saag KG. Glucocorticoid-induced osteoporosis. Endocrinol Metab Clin
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this present study, passively sensitized human peripheral blood
mononuclear cells were used to study the response to treatment.
Asthma is characterized by variable degrees of chronic

inflammation, and cytokines are immunomodulatory proteins
that are important in regulating airway inflammation.[43]

Cytokines are produced and released by a variety of cell types,
including immune cells, which include macrophages, lym-
phocytes, and mast cells, and structural cells, which include
endothelial cells, fibroblasts, and epithelial cells. The
inflammatory process underlying asthma is coordinated by
cytokines. Modulating this cytokine network with biological
therapies represents a new paradigm for asthma treatment. In
our present study, different genotypes were found to respond
differently to glucocorticoid therapy. Our finding of differ-
ences in the expression of inflammatory cytokines after
glucocorticoid treatment provides evidence that could guide
the selection of different doses of glucocorticoids for therapy
or other treatments.
There are also some limitations in our study. Because part of

the patients refused to provide blood for PBMC isolation and
culture in the last callback, only 31 independent experiments
were conducted. Low sample size makes it difficult to obtain
reliable statistical results. Althoughwe observed homozygous for
the major allele or heterozygotes exhibited greater GLCCI1
expression compared to those who were homozygous for the
mutant allele, there was no significant difference. However, the
study might be underpowered to detect this association and a
larger study could confirm such an association. A prospective
study would provide a stronger evidence for the relationship
between rs37973 and response to ICS. Further studywill focus on
evaluation of the individual asthma therapy based on the
rs37973 SNP.
In conclusion, the genetic variant rs37973 in GLCCI1 is

associated with poorer clinical responses to corticosteroid
therapy in a Chinese population, which resulted in reduced
expression of GLCCI1 and altered production of cytokines.
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