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Abstract

Background: Asthma is a chronic disease that seriously harms the health of patients. Oxidative stress is involved in
asthma. As an oxidative stress-inducible protein, sestrin2 is elevated in oxidative stress-related diseases. We aimed to
explore whether sestrin2 was involved in asthma.

Methods: Seventy-six subjects (44 in the asthma group, 32 in the control group) were recruited in this study. Plasma
sestrin2 levels, peak expiratory flow (PEF), forced expiratory volume in 1 s (FEV;) % predicted, forced vital capacity
(FVQ) % predicted and FEV,/FVC ratio were measured in controls and in asthmatics both during an exacerbation and
when controlled after the exacerbation.

Results: The asthma group had a significant higher sestrin2 level than the control group (asthmatics during
exacerbation, 1.7540.53 ng/mL vs. 1.32+0.48 ng/mL, p <0.001; asthmatics when controlled after the exacerbation,
1.564+0.46 ng/mL vs. 1.324+0.48 ng/mL, p=0.021, respectively). In addition, sestrin2 was negatively correlated with
FEV,% predicted and FEV,/FVC ratio in asthmatics during exacerbation (r=—0.393, p=0.008; r=—0379,p=00171;
respectively). Moreover, negative correlations between sestrin2 and FEV,% predicted and FEV,/FVC ratio also existed
in asthmatics when controlled after the exacerbation (r=—0.543, p<0.001; r=—0.433, p=0.003 respectively). More

importantly, multiple linear regression analysis demonstrated that FEV,% predicted was independently associated
with sestrin2 in asthmatics both during exacerbation and when controlled after the exacerbation.

Conclusions: Sestrin2 is involved in asthma. Sestrin2 levels increase in asthmatics both during exacerbation and
when controlled after the exacerbation. In addition, sestrin2 is independently associated with FEV,% predicted.
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Background

Asthma is a common disease clinically characterized by
recurrent wheeze, shortness of breath, chest tightness
and cough [1]. Currently, 235-334 million people
worldwide suffer from this disease which seriously
endangers their health and even causes death [2, 3].
According to WHO, the estimated death due to asthma
in 2015 was 383,000 [2]. Asthma is usually characterized
by chronic airway inflammation which leads to airway
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remodeling and fixed airflow limitation followed by poor
asthma control [1]. Accordingly, airway inflammation is
one of the most important targets of asthma treatment.
Currently, the diagnosis and treatment of asthma are
usually based on the pattern of symptoms in combination
with lung function. However, symptoms and lung
function, to some extent, may not fully reflect the level of
inflammation [4]. Biomarkers can partly reflect the level
of airway inflammation [5]. In addition, biomarkers may
provide assistance for diagnosis, targeted treatment and
monitoring of asthma [6]. Recently, several biomarkers
have been reported, including immunoglobulin E (IgE),
eosinophil, neutrophil, periostin, dipeptidyl peptidase 4,
protein YKL-40, cluster of differentiation 93 (CD93), etc.
[4, 7-9].
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Sestrin2, also known as hypoxia-inducible protein 95,
is an oxidative stress-inducible protein whose expression
is regulated by p53 [10-12]. In mammals, sestrin2 has
two biochemical functions. Firstly, as an antioxidant that
controls peroxidase activity, sestrin2 scavenges reactive
oxygen species (ROS) to reduce oxidative stress [12].
Secondly, in the case of oxidative stress, p53-induced
sestrin2 activates AMP-dependent protein kinase
(AMPK) and inhibits mammalian target of rapamycin
protein to up-regulate autophagy catabolism [11, 13, 14].
In addition, sestrin2 increases in oxidative stress-related
diseases such as COPD [15].

It was reported that oxidative stress increased in
asthma and caused airway inflammation and airway
remodeling [16, 17]. Therefore, we speculated that
sestrin2 might also be involved in asthma. The aim of this
study was to explore whether sestrin2 was involved in
asthma to set the stage for future study.

Methods

Subjects

All 76 subjects were recruited from the First Affiliated
Hospital of Kunming Medical University. 44 patients were
from the outpatient service or hospital admission for
asthma exacerbation treatment, and 32 healthy subjects
were from the Health Examination Center of hospital.
Comprehensive physical examination, laboratory test and
medical history collection were performed for all patients
prior to enrollment.

Inclusion criteria: (1) Patients visited a doctor for
asthma exacerbation; Exacerbations of asthma are
episodes characterized by progressive increase in
symptoms of shortness of breath, cough, wheezing
or chest tightness and progressive decrease in lung
function, which means the current treatment needs to
be changed to meet the patient’s requirements according
to the Global Strategy for Asthma Management and
Prevention (GINA) guidelines [1]. (2) Patients who
had been diagnosed with asthma prior to enrollment
according to clinical history of symptoms with airflow
limitation and positive bronchial provocation or
bronchodilatation test. Positive bronchodilatation was
defined that the FEV, increased >12% and 200 ml from
baseline, 10—15 min after 200-400 mcg albuterol being
inhaled, and positive provocation was defined that FEV,
decreased by 15% of baseline with hypertonic saline
challenge according to the GINA guidelines [1]. (3) The
lung function data [peak expiratory flow (PEF), forced
expiratory volume in 1 s (FEV,;) % predicted, forced vital
capacity (FVC) % predicted and FEV,/FVC ratio] were
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available at exacerbation and relief from exacerbation
with treatment.

Exclusion criteria: (1) Patients who suffered from
lung diseases other than asthma; (2) Patients with
cardiovascular system diseases, kidney disease, or
metabolic diseases, etc.; (3) Pregnant patients.

This study was approved by the Ethics Committee of
Hospital, and informed consent was obtained before the
study.

Treatment of asthma exacerbation

The treatments were divided into three levels. First
level: patients were treated with inhaled salbutamol or
budesonide/formoterol at the time of first arrival to the
outpatient service or admission. Second level: the efficacy
of the first level treatment was evaluated 1-2 h later. If
the patient’s symptoms didn’t improve, the doxofylline
accompanied with inhaled budesonide and terbutaline
were added. Third level: the efficacy of the second
level treatment was evaluated 4—6 h later, and oral or
intravenous methylprednisolone and montelukast would
be used on the basis of second level treatment if the
patient’s symptoms still didn’t improve. The patients who
couldn’t be improved with treatment of the three levels
or patients who needed mechanical ventilation were
excluded from this study.

Relief of asthma exacerbation

At any level of the treatment above, if the patient’s
symptoms were improved, the treatment would be
maintained until the patient’s symptoms disappeared.
Then the treatment of asthma exacerbation was completed
and the patients were discharged. The subsequent
treatment was changed to inhaled corticosteroids (ICS)/
long-acting beta2-agonist (LABA). In the following
4 weeks of discharge, the patients who met with the
GINA criteria for well or partly controlled asthma were
included in this study [1]. The patients whose asthma was
uncontrolled were excluded from this study.

Blood test

Venous blood samples were obtained at two time spots:
first arrival to the outpatient service before treatment
or at the time of admission before treatment; at the end
of the treatment in hospital. Following a centrifugation
at 3000 rpm for 20 min, the supernatant was taken
and stored at —80 °C for testing. Plasma sestrin2
concentrations were detected using an ELISA kit
(Mlbio, China). The lung function test was completed
by the laboratory of First Affiliated Hospital of Kunming
Medical University.
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Statistical analysis

The data were expressed as mean =+ standard deviation,
and the one-sample Kolmogorov—Smirnova method
was used to detect whether the data were normally
distributed. Normally distributed data were compared
using an unpaired t test. Paired ¢ test was used in
comparison between before and after treatment, and
rank sum test was used for non-normal distribution
data. Spearson’s correlation analysis was used to test
the correlations between sestrin2 and age, gender, body
mass index (BMI), smoking index, PEF, FEV,% predicted,
FVC% predicted, and FEV,/FVC ratio. Multiple linear
regression analysis with stepwise selection was used
to determine the relationships between sestrin2 and
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age, BMI, smoking index, FEV,;% predicted, PEF, FVC%
predicted, and FEV,/FVC ratio. Statistical analyses were
performed with SPSS17.0.

Results
Seventy-six subjects were enrolled in the study and
divided into asthma group (n=44) and control group
(n=32). The demographic characteristics, results of lung
function and sestrin2 test were listed in Table 1.
Comparisons between sestrin2 concentrations in
control group and in asthma group (during exacerbation
and when controlled after the exacerbation) were
presented in Fig. 1. Both during exacerbation and when
controlled after the exacerbation, the asthma group had

Table 1 Demographic characteristics, lung function tests, sestrin2 results of the asthma and control groups

Control group (n=32) Asthma group (n=44) p value

Age (years) 41.66+7.74 4295+847 0496
Gender, male (n, %)? 15 (46.88) 21(47.73) 0.563
BMI (kg/mz) 2645+3.06 27.26+398 0.338
Smoking index (pack year) 322+£791 2.52+£6.06 0.665
Treatment before enroliment

ICS (never/former or current) - 19/25 -

LABA (never/former or current) - 28/16 -

SABA (never/former or current) - 7/37 -

LAMA (never/former or current) - 21/13 -
Causes of exacerbation
Allergen exposure - 9 -
Poor adherence - 18 -
Respiratory infection - 13 -
Undistinguishable - 4 -
PEF (I/min) 3188+£47.91 243.75+£43.18 <0.001*

311.75+£36.11"

FEV1% predicted (%)

Before treatment 91.57+13.68 67.90+15.66 <0.001*

After treatment - 7235+11.78" -
FVC% predicted (%)

Before treatment 95.75+11.06 82.94+£1254 <0.001*

After treatment - 90.30£10.84° -
FEV1/FVC ratio (%)

Before treatment 88.80+5.29 77.35£14.54 <0.001*

After treatment - 8298+2.11% -
Sestrin2 (ng/mL)

Before treatment 1.324+048 1.754+0.53 <0.001*

After treatment - 1.5640.46" -
Treatment time in hospital (days) - 3.6441.95 -

Data are presented as mean+SD

BMI body mass index, PEF peak expiratory flow, FEV, forced expiratory volume in 1s, FVC forced vital capacity, ICS inhaled corticosteroids, LABA long-acting beta2-

agonist, SABA short-acting beta2-agonist, LAMA long-acting muscarinic antagonist
* Statistically significant difference
# P<0.05, vs. before treatment

@ Data are presented as number and rate
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Fig. 1 Concentrations of sestrin2 in the asthma and control groups

Table 2 Spearman’s correlations between sestrin2 and the
other factors

Asthma
when controlled

Asthma
during exacerbation

r p value r p value
Age 0.209 0.173 0.034 0.825
Gender —0.014 0.929 —0.057 0.712
Body mass index 0.144 0.351 —0.026 0.868
Smoking index 0.099 0.524 —0.028 0.855
PEF —0.309 0.041* —0.237 0.121
FEV,% predicted —0.393 0.008* —0543 <0.001*
FVC% predicted —0.264 0.083 — 0424 0.004*
FEV,/FVCratio —0379 0.011% —0433 0.003*

PEF peak expiratory flow, FEV, forced expiratory volume in 1's, FVC forced vital
capacity

* Statistically significant difference

significant higher sestrin2 level than that of the control
group (asthma during exacerbation, 1.75+0.53 ng/mL vs.
1.32+0.48 ng/mL, p <0.001; asthma when controlled after
the exacerbation, 1.56+0.46 ng/mL vs. 1.32+0.48 ng/
mL, p=0.021, respectively). Compared with the sestrin2
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level in asthmatics during exacerbation, the sestrin2 level
decreased in asthmatics when asthma was controlled after
the exacerbation (1.75£0.53 ng/mL vs. 1.56+0.46 ng/
mL, p=0.035).

Correlations between sestrin2 and lung function
parameters were listed in Table 2. The level of sestrin2
was negatively correlated with PEF, FEV,% predicted
and FEV,/FVC ratio in asthmatics during exacerbation.
Moreover, negative correlations between sestrin2 and
FEV,% predicted and FEV,/FVC ratio also existed
in asthmatics when asthma was controlled after the
exacerbation (Table 2).

The multiple linear regression analysis with stepwise
selection demonstrated that sestrin2 was independently
associated with FEV ;% predicted in asthmatics both
during exacerbation and when controlled after the
exacerbation (Table 3).

Discussion

The present study demonstrated that the level of sestrin2
in patients with asthma was significantly higher than
that of the healthy subjects. In addition, sestrin2 was
negatively correlated with FEV,% predicted and FEV,/
FVC ratio in asthmatics both during exacerbation
and when controlled after the exacerbation. More
importantly, multiple linear regression analysis showed
that sestrin2 was independently associated with FEV,%
predicted in asthmatics both during exacerbation and
when controlled after the exacerbation.

It was reported that oxidative stress was involved in
the pathogenesis of asthma [16, 17]. Airway oxidative
stress results from a variety of causes, including excessive
exposure to environmental pro-oxidants, airway
infiltration of inflammatory cells, metabolic disorders, and
decreased levels of antioxidants [18, 19]. Oxidative stress
may be the result of inflammation and may also trigger and
increase inflammation [17]. Sestrin2 has been found as a
stress-responsive protein which was strong associated with
excessive oxidative stress, hypoxia, and DNA damage [20].
In addition, hypoxia causes up-regulation of sestrin2 [10,
21, 22]. Hypoxia stimulates the mitochondria and increases
ROS, results in hypoxic stress, and induces elevated level

Table 3 Stepwise multiple regression model of sestrin2 levels in the asthma exacerbation and controlled asthma

Asthma during exacerbation (adjusted R2=0.134)

Asthma when controlled (adjusted R2=0.279)

B (SE) B p value B (SE) B p value
Constant 2.656 (0.334) <0.001* 3.096 (0.372) <0.001*
FEV,% predicted —0.013 (0.005) —0.393 0.008* —0.021 (0.005) —0.543 <0.001*

Independent variables considered: age, body mass index, FEV,, peak expiratory flow (PEF), forced vital capacity (FVC), FEV,/FVC ratio, smoking index

SE standard error, FEV, forced expiratory volume in 1s

* Statistically significant difference
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of sestrin2 [11]. When asthma is exacerbated, airflow
is significantly limited, resulting in increased hypoxia,
leading to oxidative stress [23]. When asthma is controlled,
oxidative stress tends to decrease and may still exist [24].
Therefore, we speculated that the increase in sestrin2 of
asthma patients might be related to the aggravation of
hypoxia caused by airflow limitation.

FEV,% predicted is an important indicator of airway
function, and the more FEV,;% predicted decrease, the
more severe the asthma is [1]. In this study, sestrin2
was negatively correlated with FEV,% predicted, and
multiple regression analysis showed that sestrin2 was
independently and negatively associated with FEV,;%
predicted, which meant that sestrin2 might be helpful
to assess the FEV;% predicted and accordingly to assess
the severity of asthma, especially for the patients whose
FEV,% predicted could not be obtained because of
the inability to perform lung function testing, such as
patients who cannot cooperate, etc. It also meant that
sestrin2 might be useful for guiding the treatment of
asthma. In addition, studies had shown that sestrin2 could
up-regulate autophagy through activating AMPK [25, 26].
Increasing studies suggested that the level of autophagy in
airway smooth muscle cells was significantly increased in
asthma [27, 28]. Therefore, the role of sestrin2 in asthma
needs further researches to confirm.

It was reported that sestrin2 could inhibit the signal
transduction of platelet-derived growth factor receptor-
beta (PDGFRp), an upstream regulator in the alveolar
damage repair process [15]. Studies on asthma suggested
that inhibition of PDGFRp signaling, in the context of
exposure to chronic air allergens, can lead to increased
lung dysfunction and thickening of airway smooth
muscles, resulting in airflow limitation [29]. The present
study shows that sestrin2 is independently associated
with FEV,% predicted which is an indicator of the
severity of airflow limitation. Accordingly, we speculate
that sestrin2 might be involved airway remodeling and
airflow limitation in asthma.

Some limitations exist in this study. Firstly, this study
is not a randomized research and the sample size is
small. Secondly, we didn't investigate the effects of
related treatments on sestrin2, such as glucocorticoids,
[2-adenosine receptor agonists, etc. In addition, another
limitation was that time of discharge from hospital might
not be the ideal time to capture the well controlled asthma
data, though asthma control was assessed within 4 weeks
after discharge, which resulted in the inclusion of some
partly controlled asthma patients in this study. Nonetheless,
our study shows that sestrin2 level significantly increases in
asthma, which indicates that sestrin2 is involved in asthma.
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Conclusions

Sestrin2 is involved in asthma. Sestrin2 levels increase
in asthmatics both during exacerbation and when
controlled after the exacerbation. In addition, sestrin2 is
independently associated with FEV,% predicted.

Abbreviations

AMPK: AMP-dependent protein kinase; BMI: body mass index; CD93: cluster of
differentiation 93; COPD: chronic obstructive pulmonary disease; FEV1: forced
expiratory volume in 1 s; FVC: forced vital capacity; ICS: inhaled corticosteroids;
GINA: global strategy for asthma management and prevention; LABA:
long-acting beta2-agonist; LAMA: long-acting muscarinic antagonist;

PDGFRR: platelet-derived growth factor receptor-beta; SABA: short-acting
beta2-agonist.

Acknowledgements
Not applicable.

Authors’ contributions

SS designed the study. SS, CC, XH, XD, HZ, YF, XY and WY coordinated the
overall undertaking of the study. SS and YK performed statistical analyses.
YK and SS wrote the manuscript. All authors contributed to the revision. All
authors read and approved the final manuscript.

Funding

This study was supported by Scientific Research Fund of Yunnan Provincial
Department of Education (No. 2017zzx201) and Teaching and Reform Program
of Kunming Medical University (No. 2017-JY-Y-040).

Availability of data
The data that support the findings of this article are included within the article
(Tables 1,2, 3).

Ethics approval and consent to participate

This study was approved by Ethics Committee of the First Affiliated Hospital
Kunming Medical University, and conformed to the declaration of Helsinki.
Written informed consent was obtained from each subject.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details

! Department of Respiratory and Critical Care Medicine, First Affiliated Hospital
Kunming Medical University, No.295, Xichang Road, Wuhua District, Kunming,
China. 2 2015 Innovation Class, Kunming Medical University, Kunming, China.

3 School of Pharmaceutical Science & Yunnan Key Laboratory of Pharmacology
for Natural Products, Kunming Medical University, Kunming, China.

“ Department of Respiratory Medicine, Beijing Friendship Hospital, Capital
Medical University, Beijing, China.

Received: 26 January 2019 Accepted: 9 August 2019
Published online: 14 August 2019

References

1. Global Initiative for Asthma. Global strategy for asthma management and
prevention. 2018. http://www.ginasthma.org/. Accessed 12 Dec 2018.

2. World Health Organization. Asthma. 2017. http://www.who.int/en/news-
room/fact-sheets/detail/asthma. Accessed 31 Aug 2017.
Oliveira P, Costa GNO, Damasceno AKA, Hartwig FP, Barbosa GCG,
Figueiredo CA, et al. Genome-wide burden and association analyses
implicate copy number variations in asthma risk among children and
young adults from Latin America. Sci Rep. 2018;8:14475.


http://www.ginasthma.org/
http://www.who.int/en/news-room/fact-sheets/detail/asthma
http://www.who.int/en/news-room/fact-sheets/detail/asthma

Kang et al. Allergy Asthma Clin Immunol

(2019) 15:46

Sigari N, Jalili A, Mahdawi L, Ghaderi E, Shilan M. Soluble CD93 as a
novel biomarker in asthma exacerbation. Allergy Asthma Immunol Res.
2016;8:461-5.

Lee, Lee JH, Yang EM, Kwon E, Jung CG, Kim SC, et al. Serum levels of
eosinophil-derived neurotoxin: a biomarker for asthma severity in adult
asthmatics. Allergy Asthma Immunol Res. 2019;11:394-405.

Diamant Z, Vijverberg S, Alving K, Bakirtas A, Bjermer L, Custovic A, et al.
Towards clinically applicable biomarkers for asthma-An EAACI position
paper. Allergy. 2019. https://doi.org/10.1111/all.13806.

Kim H, Ellis AK, Fischer D, Noseworthy M, Olivenstein R, Chapman KR, et al.
Asthma biomarkers in the age of biologics. Allergy Asthma Clin Immunol.

2017;13:48.

Uwaezuoke SN, Ayuk AC, Eze JN. Severe bronchial asthma in children: a
review of novel biomarkers used as predictors of the disease. J Asthma
Allergy. 2018;11:11-8.

Konradsen JR, James A, Nordlund B, Reinius LE, Soderhéll C, Melén E, et al.

The chitinase-like protein YKL-40: a possible biomarker of inflammation
and airway remodeling in severe pediatric asthma. J Allergy Clin
Immunol. 2013;132:328-35.

Budanov AV, Lee JH, Karin M. Stressin’Sestrins take an aging fight. EMBO
Mol Med. 2010;2:388-400.

. Budanov AV. Stress-responsive sestrins link p53 with redox regulation

and mammalian target of rapamycin signaling. Antioxid Redox Signal.
2011;15:1679-90.

Budanov AV, Sablina AA, Feinstein E, Koonin EV, Chumakov PM.
Regeneration of peroxiredoxins by p53-regulated sestrins, homologs of
bacterial AhpD. Science. 2004;304:596-600.

Budanov AV, Karin M. p53 target genes sestrin1 and sestrin2 connect
genotoxic stress and mTOR signaling. Cell. 2008;134:451-60.

Lee JH, Budanov AV, Park EJ, Kim TE, Perkins GA, Ocorr K, et al. Sestrin as a
feedback inhibitor of TOR that prevents age-related pathologies. Science.
2010;327:1223-8.

Heidler J, Fysikopoulos A, Wempe F, Seimetz M, Bangsow T, Tomasovic
A, et al. Sestrin-2, a repressor of PDGFR signalling, promotes cigarette-
smoke-induced pulmonary emphysema in mice and is upregulated in
individuals with COPD. Dis Model Mech. 2013;6:1378-87.

Al-Harbi NO, Nadeem A, Al-Harbi MM, Imam F, Al-Shabanah OA,
Ahmad SF, et al. Oxidative airway inflammation leads to systemic and
vascular oxidative stress in a murine model of allergic asthma. Int
Immunopharmacol. 2015;26:237-45.

Nadeem A, Chhabra SK, Masood A, Raj HG. Increased oxidative stress
and altered levels of antioxidants in asthma. J Allergy Clin Immunol.
2003;111:72-8.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

Page 6 of 6

. Kratzer E, Tian Y, Sarich N, Wu T, Meliton A, Leff A, et al. Oxidative stress

contributes to lung injury and barrier dysfunction via microtubule
destabilization. Am J Respir Cell Mol Biol. 2012;47:688-97.

. Holguin F. Oxidative stress in airway diseases. Ann Am Thorac Soc.

2013;10(Suppl):S150-7.

Chuang YC, Yang JL, Yang DI, Lin TK, Liou CW, Chen SD. Roles of

Sestrin2 and ribosomal protein S6 in transient global ischemia-induced
hippocampal neuronal injury. Int J Mol Sci. 2015;16:26406-16.

Essler S, Dehne N, Brune B. Role of Sestrin2 in peroxide signaling in
macrophages. FEBS Lett. 2009;583:3531-5.

Olson N, Hristova M, Heintz NH, Lounsbury KM, van der Vliet A. Activation
of hypoxia-inducible factor-1 protects airway epithelium against
oxidant-induced barrier dysfunction. Am J Physiol Lung Cell Mol Physiol.
2011;301:L993-1002.

Sahiner UM, Birben E, Erzurum S, Sackesen C, Kalayci O, et al. Oxidative
stress in asthma. World Allergy Organ J. 2011;4:151-8.

Riedl MA, Nel AE. Importance of oxidative stress in the pathogenesis and
treatment of asthma. Curr Opin Allergy Clin Immunol. 2008;8:49-56.
Pasha M, Eid AH, Eid AA, Gorin'Y, Munusamy S. Sestrin2 as a novel
biomarker and therapeutic target for various diseases. Oxid Med Cell
Longev. 2017;2017:3296294.

Ishihara M, Urushido M, Hamada K, Matsumoto T, Shimamura Y, Ogata

K, et al. Sestrin-2 and BNIP3 regulate autophagy and mitophagy in

renal tubular cells in acute kidney injury. Am J Physiol Renal Physiol.
2013;305:F495-509.

Racanelli AC, Kikkers SA, Choi AMK, Cloonan SM. Autophagy and
inflammation in chronic respiratory disease. Autophagy. 2018;14:221-32.
Pham DL, Ban GY, Kim SH, Shin YS, Ye YM, Chwae YJ, et al. Neutrophil
autophagy and extracellular DNA traps contribute to airway
inflammation in severe asthma. Clin Exp Allergy. 2017;47:57-70.
Johnson JR, Folestad E, Rowley JE, Noll EM, Walker SA, Lloyd CM, et al.
Pericytes contribute to airway remodeling in a mouse model of chronic
allergic asthma. Am J Physiol Lung Cell Mol Physiol. 2015;308:L658-71.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://doi.org/10.1111/all.13806

	Sestrin2 is involved in asthma: a case–control study
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Methods
	Subjects
	Treatment of asthma exacerbation
	Relief of asthma exacerbation
	Blood test
	Statistical analysis

	Results
	Discussion
	Conclusions
	Acknowledgements
	References




