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Long non-coding RNA growth arrest specific-5: a potential
biomarker for early diagnosis of severe asthma
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Background: The diagnosis of severe asthma (SA) is difficult due to a necessary long-term treatment
history currently, while there are few studies on biomarkers in the diagnosis of SA. Long non-coding RNA
(IncRNA) growth arrest specific-5 (GASS5) has the potential of playing this role because its binding with
glucocorticoid receptor (GR). The purpose of this article is to explore the possibility of IncRNA GASS
acting as a biomarker for early diagnosis of severe asthma (SA).

Methods: Peripheral blood was obtained from healthy volunteers, patients with non-severe asthma (nSA)
and SA, and peripheral blood mononuclear cells (PBMCs) were separated. Twenty-four female BALB/
¢ mice (aged 6 weeks) were randomly and averagely divided into 3 groups, i.e., control group, asthma
group and dexamethasone group. The mice were sensitized and challenged with ovalbumin (OVA) and
lipopolysaccharide (LPS) to establish a murine model of steroid-insensitive asthma. Human bronchial
epithelial cells (HBECs) were cultured, transfected with miR-9 mimics, JNK1 inhibitor and treated with
interleukin (IL)-2 + IL-4 and dexamethasone. Western blot was used to detect glucocorticoid receptor
phosphorylation at serine 226 (GR***), and quantitative real-time PCR was used to detect GASS level.
Results: The level of GASS5 in PBMCs from nSA group elevated 20-fold higher after dexamethasone
treatment 7z vitro, while it reduced 15-fold lower in SA group (P<0.001). The expression of GR*"**
in PBMCs from SA group was significantly higher than that from control group and nSA group after
dexamethasone treatment (P<0.001). In the lung tissue of mice, the GAS5 level of dexamethasone group was
lower than that of asthma group (P<0.001) and control group (P<0.05). Both treatment with IL-2 + IL-4 and
transfection of miR-9 mimics could increase the expression of GR**** in HBECs (P<0.001). The GAS5 level
in HBEC:s after IL-2 + IL-4 + Dexamethasone treatment was lower than that in HBECs only treated with IL-2
+ IL-4 (P<0.001). Similarly, dexamethasone treatment also decreased the level of GAS5 in HBECs transfected
with miR-9 mimics (P<0.05). Moreover, transfecting with JNKI1 inhibitor could reverse the expression of GASS
in HBECs transfected with miR-9 mimics and treated with dexamethasone. However, the level of GASS5 in
HBEC: interfered with IL-2 + IL-4 + Dexamethasone was not affected by JNKI inhibitor.

Conclusions: The expression of GASS is different in PBMCs between nSA and SA, and is affected by
glucocorticoids treatment, which is due to GR*™** phosphorylation. GASS can be used as a potential
biomarker for diagnosis of severe asthma by comparing GASS5 level in PBMCs from patients before and after

glucocorticoids treatment iz vitro.
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Introduction

Bronchial asthma is a chronic airway inflammation disease
with heterogeneity in etiology, pathogenesis, clinical
manifestations and prognosis. Severe asthma (SA) is a subset
of asthma, which is the main reason for death and disability
caused by asthma.

Glucocorticoid resistance is a key feature of SA.
Glucocorticoids bind to and activate glucocorticoid
receptor (GR) in cytoplasm. Activated cytosolic GR
translocates to nucleus and combines with glucocorticoid
response element (GRE), consequently promoting the
transcription of anti-inflammatory genes and repressing
the transcription of pro-inflammatory genes. So that
interfering with the binding of GR to DNA can act as an
inhibitor of steroid action (1). The molecular mechanisms
that contribute to glucocorticoid resistance are complicated
and have not been fully clarified, although several possible
molecular mechanisms have been presented (2). Currently,
glucocorticoid receptor phosphorylation at serine 226
(GR*™*) is thought to play a vital role in glucocorticoid
resistance. Over expression of interleukin (IL)-2 and
IL-4 is found in the airways of patients with steroid-
resistant asthma (3). IL-2 plus IL-4 in combination reduce
GR nuclear translocation by phosphorylation of the
GRa*™* through p38 mitogen-activated protein kinase o
(p38MAPKo0) pathway in T cells, which can be blocked by
p38MAPK inhibitor (4-6). A large proportion of patients
with SA demonstrate reduced GR nuclear translocation and
GRE binding activity in peripheral blood monocular cells
(PBMCs) after intervention with glucocorticoid, which can
be explained by phosphorylation of GRa*** (7). p38MAPK
inhibitor inhibits GR*?*, resulting in increased nuclear
translocation (8). GR can also be phosphorylated directly
by another MAPK, namely c-Jun N-terminal kinase (JNK),
which is involved in GR phosphorylation in PBMCs from
patients with SA (9). Moreover, a recent study has found
the serine/threonine phosphatase protein phosphatase
2A (PP2A) can dephosphorylate GR*™** through JNK1
pathway in PBMCs from patients with SA (10).

A study revealed that miR-9 expression was increased
in pulmonary macrophages and lung samples from
interferon-y (IFN-y)/lipopolysaccharide (LPS)-induced
steroid-resistant mouse model and in sputum samples from
patients with neutrophilic asthma (11). MiR-9 decreased
PP2A activity and dexamethasone-induced GR nuclear
translocation through targeting protein phosphatase 2
regulatory subunit B 8 isoform (PPP2R5D), a key regulator
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of PP2A. Decreased PP2A led to increased phosphorylation
of p38MAPKy and JNKI, and further led to an increased
phosphorylation of GR*"*** (11). But p38MAPKy mainly
exists in skeletal muscle tissue while lung tissue mainly
expresses p38MAPKa (12,13), therefore, miR-9 regulates
GR phosphorylation mainly from JNKI1 pathway (Figure I).

Long non-coding RNAs (IncRNAs) are a diverse class
of RNA transcripts with a length of >200 nucleotides that
do not encode proteins (14). LncRNAs are important
regulators of gene expression and cellular function (15).
Growth arrest specific-5 (GASY) gene is a small nucleolar
RNA host gene, containing multiple C/D box small
nucleolar RNA genes in its introns (16). Part of its
secondary RNA structure of the encoded transcript
mimics GRE which means it can bind to DNA binding
domain (DBD) of GR (17). This action blocks GR from
being activated and thereby stops it from regulating the
transcription of its target genes, thus implicating a potential
promising role in the regulation of glucocorticoid sensitivity
and resistance. There are two isoforms of GAS5, GAS5a
and GASS5b, and the GAS5 GRE-mimic is located in exon
12, which is found in both isoforms (17). Human bronchial
epithelial cells (HBECs), PBMCs, and mice lung tissue
mainly express GAS5a (16), and the following GASS is all
referring to GAS5a.

Finding a biomarker to evaluate the glucocorticoid
responsiveness is extremely important for diagnosis and
treatment of patients with SA. However, till now, few
effective and sure-enough biomarkers to evaluate the
glucocorticoid responsiveness of patients with asthma can
be available. Based on above elaboration, the present study
aimed to illuminate the role of GASS in patients with SA
and to verify the possibility of GASS5 as a biomarker for
diagnosis of SA.

Methods
Clinical subjects

Five adult patients with SA, twenty non-severe asthma
(nSA) and twenty control subjects were recruited from the
Affiliated Changzhou No. 2 People’s Hospital of Nanjing
Medical University. The diagnosis of SA was according
to 2014 European Respiratory Society (ERS)/American
Thoracic Society (ATS) guidelines (18), and the inclusion
criteria were as follows: (I) FEV, >40% predicted, and
FEV, >55% predicted after bronchodilator treatment;
(IT) less than 6 times of acute exacerbations in the last
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Figure 1 Pathways lead to steroid resistance. IL-2 plus IL-4 in combination reduce GR nuclear translocation by phosphorylation of the
GRo*** through p38 mitogen-activated protein kinase o (p38MAPKa) pathway, and miR-9 decreased PP2A activity and further led to an

increased phosphorylation of GR**** through JNK1 pathway.

6 months and no acute exacerbation in previous 1 month
before grouping; (III) no hospitalization for asthma in the
last 6 months; (IV) no tracheal intubation due to asthma in
the last 1 year; (V) oral administration of prednisolone less
than 20mg per day; (VI) non-smoking patients. Asthmatic
patients not meeting the criteria of SA were considered as
nSA. Control subjects were healthy volunteers who had no
history of asthma, allergic and immune system diseases, and
were non-smokers. Participants with cardiac insufficiency,
abnormal liver function, pulmonary embolism, coinfection,
tuberculosis, blood system diseases, malignant tumor, and
other diseases were not included. This study was approved
by the ethics institute of Affiliated Changzhou No.2
People’s Hospital of Nanjing Medical University and the
signed informed consent was obtained from all participants
(KY2018_016).

PBMCs separation and culture

PBMCs were enriched by Ficoll (GE Healthcare,
Massachusetts, USA) gradient centrifugation within
4 hours. The cell viability determined by trypan blue
exclusion assay was greater than 95%. PBMCs were washed
twice with phosphate buffer saline (PBS, Beyotime Institute
of Biotechnology, Shanghai, China), and then cultured in
6-well plates (1x10*/well) at 37 °C, 5% CO, in RPMI-1640
(Gibco, Invitrogen, UK) containing 10% foetal bovine
serum and 1% penicillin, streptomycin. Twenty-four hours
later, 100 nmol/L dexamethasone was added to each well
and cells were incubated for another 24 hours.
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Human bronchial epithelial (16HBE) cells culture,
transfection and interoperations

16 HBE cells were purchased from Zhong Qiao Xin
Zhou Biotechnology Co., Ltd (Shanghai, China). Cells
were seeded on 6-well plates (1x10%well) in RPMI-1640
medium at 37 °C, 5% CO,in a humidified incubator. Cells
between passages 4 to 10 were used for all experiments.
MiR-9 mimic and JNKI1 inhibitor were transfected into
16HBE cells using Lipofectamine 2000 reagent (Invitrogen,
Carlsbad, USA), according to the kit instructions and
incubated for 2 days at 37 °C or in the presence of IL-2
(50 IU/mL; R&D Systems, Abingdon, United Kingdom)
and IL-4 (50 IU/mL; R&D Systems, Abingdon, United
Kingdom), cells were cultured for 48 hours at 37 °C. All
nucleic acids were purchased from GenePharma company
(Shanghai, China) if not particularly indicated.

Establisbment of mouse model of steroid-insensitive
asthma

Twenty-four female BALB/c mice (aged 6 weeks) were
purchased from Lingchang Biotechnology Co., Ltd
(Shanghai, China), and were randomly and averagely
divided into 3 groups, i.e., control group, asthma group and
dexamethasone group. All animal studies were approved
by the Institutional Animal Care and Use Committee
of the Affiliated Changzhou No.2 People’s Hospital of
Nanjing Medical University. A murine model of steroid-
insensitive asthma was established in accordance with the
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Table 1 Primer sequences used for gene amplification in human PBMCs and murine model

Primer name Forward sequence Reverse sequence
Human
ue CGCTTCGGCAGCACATATAC TTCACGAATTTGCGTGTCATC
miR-9 TGAAGACCAATACACTCATACAGC GGAAGCGAGTTGTTATCTTTGGT
GAS5 GATTTCCTTCCGGCACGTCG GTCCAGTCAAGGAGCAGCAC
Mouse
ue CGCTTCGGCAGCACATATAC TTCACGAATTTGCGTGTCATC
GAS5 CTGAAGAAGGTGGGGCTTGAG GGCCCGAAGCCATAACATACT

method described by Komlési ez /. (19). Briefly, on days
1 and 14, the mice in asthma group and dexamethasone
group were sensitized by intraperitoneal injection of 20 pg
ovalbumin (OVA) (Grade V; Sigma, USA) emulsified in
2.25 mg aluminium hydroxide (Thermo Fisher Scientific,
Waltham, MA, USA) in a total volume of 0.1 mL PBS.
On days 28, 29 and 30, the mice were placed in a plastic
chamber and challenged with aerosolized 1% OVA for
20 min per day. On day 27, the day before the first OVA
challenge, the mice were instilled intranasally with 10 pg
(60 pL) lipopolysaccharide (LPS) (Beyotime Institute of
Biotechnology, Shanghai, China). On days 29 and 30, the
mice in dexamethasone group were injected subcutaneously
with dexamethasone (Fengyuan Inc., Ma’anshan, China),
5 mg/kg/day with a total volume of 0.1 mL. Other groups
received 0.1 mL normal saline as placebo. The mice in
control group received the same schedule for sensitization
and challenge with an equivalent amount of PBS instead of
OVA and LPS. On day 31, 24 h after last challenge, mice
were sacrificed, and lung tissue samples were collected and
preserved in liquid nitrogen.

Analysis of bronchoalveolar lavage fluid (BALF)

BALF were collected by lavaging the lungs 3 times with
0.5 mL of ice-cold 0.9% sodium chloride. The BALF was
centrifuged (1,000 g, 15 min, 4 °C), and the supernatant
were stored at —-80 °C for further detection. The resulting
pellets were resuspended in PBS for total inflammatory
cell counts with a hemocytometer and a microscope. The
levels of IL (interleukin)-4, IL.-13 and IFN-y (interferon-y)
in BALF were detected by enzyme-linked immunosorbent
assay (MultiSciences, Hangzhou, China) according to the
manufacturer’s instructions.
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Lung histology

The left lung was obtained from the sacrificed mice and
fixed in 10% neutral-buffered formalin. The lung was
thoroughly dehydrated prior to embedding in paraffin.
Paraffin sections (5 pm) were then stained with either
hematoxylin-eosin (HE) or periodic acid-Schiff (PAS).
To quantify airway global cells, we used a 5-point grading
system: 0, no goblet cells; 1, <25% of the epithelium; 2,
25-50% of the epithelium; 3, 50-75% of the epithelium;
4, >75% of the epithelium. Scoring of goblet cells was
performed in at least three different fields for each lung
section.

RNA isolation and quantitative real-time PCR (qRT-PCR)
analysis

Total RNA was extracted using a TRIzol reagent
(Invitrogen, Carlsbad, USA), and first-strand ¢cDNA
was synthesized using first Strand ¢cDNA Synthesis Kit
(Vazyme, Nanjing, China) according to the manufacturer’s
instructions. The expression of RNA was measured by
qRT-PCR (ABI PRISM7500, USA) with AceQ qPCR
SYBR Green Master Mix (Vazyme, Nanjing, China).
Relative expression of GAS5 was normalized with U6. The
comparative Ct (AACt) method was used for quantification
of gene expression. The primers used for qRT-PCR were
designed and synthesized by GenePharma Co., Ltd (Suzhou,
China) (Tible 1).

Protein extraction and Western blot

Total protein from PBMCs and 16HBE cells was obtained
using Protein Extraction Kit (Beyotime Institute of
Biotechnology, Shanghai, China) supplemented with
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Table 2 Characteristics of subjects
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Characteristics Healthy control (n=20) Non severe asthma (n=20) Severe asthma (n=5) P

Age 38.1+14.04 38.65+12.64 39.8+11.85 0.614
Female/male 10/10 10/10 2/3 0.915
BMI, kg/m’ 24.74+2.51 23.96+3.10 25.13+3.45 0.596
EOS (x10°%L) 0.31+0.09 0.50+0.28 0.42+0.18 0.019
FeNO (ppb) 9.10+4.97 72.10+42.10 57.60+38.62 0.000
FEV,% (of predicted) 103.05+9.14 85.69+7.45 68.60+11.87 0.000
FEV,/FVC% 96.31+8.62 82.07+10.14 57.23+5.20 0.000

Data presented as mean + SEM. BMI, body mass index; EOS, eosinophils; FeNO, fractional exhaled nitric oxide; FEV,;% (of predicted),
percent of predicted forced expiratory volume in 1 second; FEV,/FVC%, FEV, as percentage of forced vital capacity.
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Figure 2 Relative expression of GAS5 in PBMCs before and
after dexamethasone treatment in vitro. The level of GASS in
the PBMCs from SA was higher than that in nSA. One day
after treatment with dexamethasone (100 nmol/L) for 24 h, the
expression of GASS decreased in SA while increased in nSA.
*P<0.05, **P<0.001. Control group, healthy volunteers; SA, severe
asthma; SA + D, severe asthma with dexamethasone treatment;
nSA, non-severe asthma; nSA + D, non-severe asthma with

dexamethasone treatment.

a phosphatase inhibitor cocktail (Beyotime Institute
of Biotechnology, Shanghai, China). The cell lysates
were subjected to Western blot using the anti-phospho-
glucocorticoid receptor (Ser226) antibody (Cell Signaling
Technology, Boston, USA), anti-GAPDH antibody (Abcam,
Cambridge, UK), and mouse anti-rabbit horseradish
peroxidase-conjugated IgG (Santa Cruz Biotechnology). The
intensity of each protein band was visualized by FlourChemQ
system (Proteinsimple, CA, USA) and quantitated against the
internal loading control GAPDH with Image]J version 1.48
(National Institutes of Health, Bethesda, MD, USA).
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Statistical analysis

Differences between two groups were analyzed by z-test.
Differences among more than two groups were assessed
by one-way analysis of variance (ANOVA) followed by
the Bonferroni multiple comparison tests, and differences
between gender was assessed by Chi-square test. Data were
expressed as mean * standard error of the mean (SEM).
A P values <0.05 was considered statistically significant.
Statistical analysis was done by using SPSS software (version
21.0; IBM, Chicago, IL, USA).

Results
Characteristics of experimental subjects

As shown in Tible 2, there were no statistically significant
differences in age, gender, EOS, FeNO, BMI between SA
and nSA group. Patients with SA had lower FEV /FVC%,
and FEV % (of predicted) as compared to nSA.

Levels of GASS and GR*** in PBMCs before and after

dexamethasone treatment in vitro

As shown in Figure 2, the level of GASS in the PBMCs
from SA was higher than that in nSA (P<0.05). Surprisingly,
after treatment with dexamethasone (100 nmol/L) for 24 h
in vitro, the expression of GASS5 in SA decreased over
15-fold lower, while increased over 20-fold higher in nSA
(P<0.001). Moreover, the expression of GR*** in SA group
was higher than that in nSA group after dexamethasone
treatment (P<0.001, Figure 3).
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Comparison of IFN-y, IL-4 and IL-13 in BALF of mouse
model

The expression of IFN-y of asthma and dexamethasone
group was lower than that of control group (P<0.05),
conversely, the expression of IL-4 of asthma and
dexamethasone group was higher than that of control group
(P<0.001), and IL.-13 showed similar trend (P<0.05), while
there is no significant difference between asthma group and
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Figure 3 Expression of GR** in PBMCs after dexamethasone
treatment in vitro. The expression of GR**** in SA group was
higher than that in nSA group after dexamethasone treatment.
**P<0.001, compared with nSA + D group. Control group, healthy
volunteers; SA + D, severe asthma with dexamethasone treatment;

nSA + D, non-severe asthma with dexamethasone treatment.
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dexamethasone group in IFN-y, IL-4 and IL-13 expression
(Figure 4).

HE and PAS of lung tissue of mouse model

Asthma group showed an increased level of airway
inflammation in lung tissue of mice in HE staining,
while dexamethasone group non-significantly attenuated
airway inflammation (Figure 5), and there is no significant
difference between asthma group and dexamethasone group
in mucus score (Figure 6).

Expression of GASS in the lung tissue of mouse model

The expression of GASS5 in the lung tissue of murine
model of steroid-insensitive asthma was higher significantly
than that of controls (P<0.001, Figure 7). When treated
with dexamethasone, the expression of GASS in steroid-
insensitive asthmatic mice decreased dramatically (P<0.001),
even lower than that in controls (P<0.05).

Expression of GASS and GR**** in 16HBE cells

Treating 16HBE cells with IL-2 plus IL-4 increased
the expression of GASS5 (P<0.001), but when adding
dexamethasone, the expression of GASS decreased
remarkablely (P<0.001, Figure §). Similarly, the GASS level
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Figure 4 Comparison of IFN-y, IL-4 and IL-13 in BALF of mouse model. The expression of IFN-y of asthma and dexamethasone group

was lower than that of control group, conversely, the expression of IL-4 and IL.-13 of asthma and dexamethasone group was higher than that

of control group. *P<0.05, **P<0.001.
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Figure 5 HE of murine model of Steroid-insensitive asthma (x200).
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Figure 6 PAS and mucus score of murine models of steroid-insensitive asthma. There is no significant difference between asthma group and

dexamethasone group in mucus score (x200). **P<0.001.

in 16HBE cells transfected with miR-9 mimics was also
reversed by dexamethasone (P<0.05, Figure §). Furthermore,
both treatment with IL-2 plus IL-4 and transfection of
miR-9 mimics could evaluate the GR*** level in 16HBE
cells (P<0.001, Figure 9).
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Role of NK1 inbibitor in the expression of GASS in
16HBE cells

As shown in Figure 10, the expression of GASS in IL-2
+ IL-4 + dexamethasone group was not affected by
transfection of JNKI1 inhibitor. However, transfection of
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JNKI inhibitor could reverse the expression of GASS5 in
miR-9 mimics + dexamethasone group (P<0.001).

Discussion

In the present study, we found an increased expression
of GASS in the PBMCs from patients with SA when
compared with that from patients with nSA. After treatment
with dexamethasone in vitro, the expression of GASS was
downregulated in SA, while it was upregulated in nSA.
Moreover, the expression of GR*® in SA was higher than
that in nSA after dexamethasone treatment iz vitro. In a
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Relative expression of GAS5

Figure 7 Comparison of GASS5 expression in lung tissue of mice.
The expression of GASS in the lung tissue of murine model of
steroid-insensitive asthma was higher than that of controls. When
treated with dexamethasone, the expression of GASS5 in steroid-
insensitive asthmatic mice decreased, even lower than that in
controls. Asthma group: steroid-insensitive mouse model. *P<0.05,
compared with control group; **P<0.001, compared with control

group and dexamethasone group.
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mouse model of steroid-insensitive asthma, dexamethasone
treatment also decreased the expression of GASS5, which was
consistent with the results from PBMCs. Both treatment
with IL-2 plus IL-4 and transfection of miR-9 mimics could
increase the expression of GR™*, and the expression of
GASS was downregulated by dexamethasone intervention.
Transfection with JNKI1 inhibitor could not affect the
expression of GASS in IL-2 + IL-4 + dexamethasone treated
16HBE cells, but reverse the expression of GASS5 in miR-
9 mimics + dexamethasone intervened 16HBE cells. To our
knowledge, these results were the first time to demonstrate
that, GASS was differently expressed between SA and
nSA, and was affected by dexamethasone intervention,
highlighting a potential role of GASS as a biomarker for
diagnosis of SA.

GASS5 was first found in growth arrest cells when the
concept of IncRNA is merging in 1988 to 1992 (20,21),
but the researches that follows are mainly about the role
of GASS5 acting as tumor suppressor of various kinds of
tumors. Studies between GASS5 and asthma was first seen
in 2018 (22), GASS promoted airway smooth muscle cell
proliferation in asthma and knockdown of GASS decreased
airway hyperresponsiveness in asthmatic rats. And several
studies indicated that GASS associated with glucocorticoid
resistance (17,23). Therefore, GASS5 could be seen an
offensive factor in asthma. Growth arrest by serum
starvation or treatment with inhibitors of protein translation
is associated with attenuated translation of 5"TOP RNAs
and the inhibition of their degradation, resulting in marked
accumulation of spliced, mature GAS5 (17). We found
dexamethasone could elevate the expression of GASS in
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Figure 8 Expression of GASS5 in 16HBE cells after treating with IL-2 plus IL-4 and transfecting with miR-9 mimics, and the effect
of dexamethasone. Treating 16HBE cells with IL-2 plus IL-4 increased the expression of GASS, but when adding dexamethasone,
the expression of GASS decreased remarkablely. The GASS level in 16HBE cells transfected with miR-9 mimics was also reversed by
dexamethasone. *P<0.05, **P<0.001. IL-2 + IL-4 + D, IL-2 + IL-4 + dexamethasone; miR-9 mimics + D, miR-9 mimics + dexamethasone.
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Figure 9 Expression of GR*? in dexamethasone interfered
16HBE cells after treating with IL-2 plus IL-4 and transfecting
with miR-9 mimics. Both treatment with IL-2 plus IL-4 and
transfection of miR-9 mimics could evaluate the GR**** level in
16HBE cells. **P<0.001.

PBMC:s of patients with nSA, which was consistent with
the findings in airway epithelial cells by Keenan ez a/. (24)
and findings in nucleus of HeLa cells by Kino ez a/. (17).
However, they did not illustrate the possible reason why
dexamethasone could elevate the expression of GAS5. We
thought it was attributed to glucocorticoid-induced reduced
lifespan of various type of cells (25,26). Glucocorticoids
affect cell survival decisions through causing apoptosis
by themselves or through changing the vulnerability of
cells to apoptotic stimuli (27). GASS is so named because
it accumulated in growth-arrested cells, and it promotes
apoptosis in many cells, e.g., cardiomyocyte (28), malignant
melanoma cell (29), macrophage and vascular endothelial
cell (30). It is possible that glucocorticoid induces apoptosis
by upregulating GASS, and the role of GASS playing in
the mechanisms of glucocorticoid-induced apoptosis needs
further research. On the contrary, Lucafo et a/. reported
that a slight reduction of GASS5 expression after treatment
with methylprednisolone for 72h in PBMCs from healthy
volunteers was observed (23). We hold the opinion that
the treatment time of glucocorticoid might be the reason.
In other words, the upregulation of GASS5 mediated
by glucocorticoid might be transient and continuous
glucocorticoid intervention could not keep GASS at high
level. Further experiments should be carried out to clarify
the effect of different treatment time of glucocorticoid on
GASS expression.

It is worth noting that the expression of GASS in
PBMCs from patients with SA was sharply decreased
after dexamethasone treatment, considering the strong
relationship between GASS5 and phosphorylation of
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GR*™, we guessed that high expression of GR*"™*’
might be the reason for the low expression of GASS in
SA after dexamethasone treatment. Failed translocation
of GR*™** to nucleus could not elevate the expression of
GAS5, but GASS could still bind to the DBD of GR*™*,
which resulted in a remarkable decrease of GASS level.
To verity our speculation, we established a mouse model
of steroid-insensitive asthma and found the similar sharp
decrease in this model. To further verify the results in
PBMC:s from patients with SA, we used 16HBE cells as
cell model to perform in vitro experiment. Both treated
with IL-2 plus IL-4 and transfected with miR-9 mimics
could elevate the expression of GR**** in 16HBE cells,
however, miR-9 mimics elevate the level of GR*™*
through JNK1 pathway while IL-2 plus IL-4 elevate the
expression of GR*** through p38MAPKa pathway. On
the foundation of elevated expression of GR*™*’, the GASS
expression decreased much lower in 16 HBE cells after
dexamethasone treatment, which meant we could duplicate
the downregulation of GASS5 in SA after dexamethasone
treatment by increasing the level of GR*?*. In addition,
the expression of GASS after blocking JNKI1 pathway
by JNKI1 inhibitor was reversed in miR-9 mimics +
dexamethasone group, but the level of GASS in IL-2 +
IL-4 + Dexamethasone group was not affected by JNKI1
inhibitor, which further verified our speculation. Overall,
upregulation of GR*”* might be the reason for the low
expression of GASS in SA after dexamethasone treatment.
The prevalence of SA was estimated between 5% and
10% of all asthmatic patients (31). Although the proportion
is not high, SA accounts for huge medical expenses
because of frequent acute exacerbation and emergency
hospitalization (32). According to the ERS/ATS guidelines,
SA is defined as asthma which requires high dose inhaled
corticosteroids plus a second controller or treatment with
systemic corticosteroids for >50% of the previous year
to control, or which remains uncontrolled despite this
therapy (18). The diagnosis of SA needs a medication
history of 6 months or more. However, what clinical
history provides is a vague impression on responsiveness
to glucocorticoid of patients with SA, and is indistinct
due to many other reasons such as treatment adherence,
inhaler technique and coexisting conditions (33,34). It is
very likely for clinicians to have cognitive bias towards
glucocorticoid sensitiveness of patients with SA. Efforts
have been made on finding biomarkers for the prognosis
of SA (35). For example, when diagnosis of SA was
confirmed, high level of FeNO could identify those
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with more severe symptoms and frequent exacerbation,
but no difference was found in the FeNO level of SA as
compared with nSA (36). Elevated sputum neutrophils
with or without concurrent eosinophilia have been
found to be associated with a more SA phenotype (37).
In addition, elevated level of periostin, a matricellular
protein which is secreted by bronchial epithelial cells and
lung fibroblasts in response to Th2 cytokines, has been
found to be associated with more severe and eosinophilic
asthma (38). However, these biomarkers are all based on the
confirmed diagnosis of SA and not efficient to distinguish
SA from nSA. In this study, we found higher expression of
GASS5 in SA than that in nSA. But the cutoff value of GASS5

© Journal of Thoracic Disease. All rights reserved.

was hard to be defined due to individual difference, and
could not be used as a biomarker to distinguish SA from
nSA efficiently. However, upregulation of GASS in nSA
and downregulation in SA after dexamethasone treatment
in vitro formed a sharp contrast, which could be used as a
potential biomarker for diagnosis of SA.

Till now, there is no satisfactory way to quantify the
sensitivity of glucocorticoid in patients with SA. It has
reported that halving GASS level in airway epithelial cells
by GAS5-targeting siRNA can double dexamethasone
induced GRE activity (24), which suggests a direct
quantitative relation between GASS level and GRE activity,
and reflects the process of competitive binding to the DBD
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of GR by GASS5. So that GASS5 might be used as a marker to
quantify the sensitivity of glucocorticoid. But glucocorticoid
resistance can be caused by reduced recruitment and
disfunction of histone deacetylase 2, which is a key factor
of inflammatory gene repression by glucocorticoid after
binding to GRE (2,39). Further experiments should be
carried out to illuminate the complex mechanisms.

However, our study had limitations. First, the sample size of
SA was relatively small, which may be prone to false negatives
due to low statistical power or fortuitous false-positive results.
Second, asthma is a chronic disease, acute phase such as animal
experiment and in vitro cell experiment are not necessarily to
fully reflect this process. Third, the distribution of GASS in
lung tissue by immunostaining was not available.

Conclusions

Taken together, we conclude that GASS5 can be used as
a potential biomarker for diagnosis of SA. In addition,
our results suggest the different expression of GASS may
be caused by phosphorylation of GR, which provides a
theoretical basis for further quantification of glucocorticoid
sensitivity.
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