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OBSERVATIONAL STUDY

A Systemic Inflammatory Endotype of Asthma With More
Severe Disease ldentified by Unbiased Clustering of the
Serum Cytokine Profile

Zhenyu Liang, PhD, MD, Laiyu Liu, PhD, MD, Haijin Zhao, PhD, MD, Yang Xia, PhD, MD,
Weizhen Zhang, MD, Yanmei Ye, Bachelor, Mei Jiang, PhD, and Shaoxi Cai, PhD, MD

Abstract: Asthma is considered as a clinical and molecularly hetero-
geneous disorder. Systemic inflammation is suggested to play an
important role in a group of asthma patients. We hypothesized that
there is a subgroup of patients with asthma characterized by systemic
inflammation. In this study, we aimed to discriminate asthma subtypes
based on circulating biomarkers and to determine whether a systemic
inflammatory endotype of asthma could be identified. In the present
cross-sectional study, 50 patients with untreated asthma were prospec-
tively recruited from a single academic outpatient clinic, and charac-
terized with respect to clinical, functional, and inflammatory
parameters. The expression profiles of 20 serum cytokines were
assessed by anti-human cytokine antibody array. Then, hierarchical
clustering analysis was performed based on principal component
analysis (PCA)-transformed data to classify the clinical groups. PCA
showed that 6 independent components accounted for 80.113% of the
variance, and PCA-based hierarchical clustering identified 3 endotypes.
One of the endotypes was evidenced by elevated systemic inflammation
markers such as leptin, vascular endothelial growth factor (VEGF), and
reduced levels of soluble receptor for advanced glycation end products
(sRAGE), an anti-inflammatory molecule. More female patients were
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included, with higher circulating neutrophil counts and more severe
symptoms. In conclusion, we identified an endotype of asthma charac-
terized by systemic inflammation and severe symptoms. Increased
levels of VEGF, leptin and decreased level of SRAGE may contribute
to the systemic inflammation of this asthma endotype.

(Medicine 95(25):e3774)

Abbreviations: ACQ-5 = 5-item Asthma Control Questionnaire,
BMI = body mass index, EGF = epidermal growth factor,
FEV1%pred = forced expiratory volume in one second in
percentage of predicted, FVC = forced vital capacity, FVC%pred
= forced vital capacity in percentage of predicted, GM-CSF
Granulocyte-macrophage colony-stimulating factor, IL
interleukin, SRAGE = Soluble receptor for advanced glycation
end products, TGF-B1 = transforming growth factor-beta 1, TSLP
= Thymic stromal lymphopoietin, VEGF = Vascular endothelial
growth factor, WBC = white blood cell.

INTRODUCTION

sthma is a heterogeneous condition with complex under-

lying mechanisms.' Asthma endotypes are defined based on
distinct pathophysiological mechanisms, therefore reflecting the
corresponding mechanisms.' > Analysis of endotypes might help
better understand asthma mechanisms. Recently, the role of
systemic inflammation in patients with asthma has attracted
increasing attention. For instance, Wood et al showed that
augmented systemic inflammation (elevated IL-6 and high-sen-
sitivity C-reactive protein levels) characterized a group of asth-
matic patients with neutrophilic airway inflammation, and was
associated with worse clinical outcomes.* In addition, a conco-
mitant deficiency of soluble receptor for advanced glycation end
products (SRAGE) was observed in neutrophilic asthma.*>

Therefore, we inferred that systemic inflammation might
play an important role in a group of asthma patients, thus
representing an endotypic characteristic of asthma. We hypoth-
esized that there is an asthma endotype with relatively high
grade of systemic inflammation. To test our hypothesis, we
assessed the profiles of circulating cytokines in patients with
well-characterized asthma using cytokine microarray analyses,
and performed unbiased/unsupervised cluster analysis on the
profiles data. The cytokines studied included common markers
of systemic inflammation (interleukin [IL]-6, tumor necrosis
factor [TNF]-a, IL-8, and leptin), a THl-specific cytokine
(interferon [INF]-y), Tu2-related cytokines (IL-4, IL-5, IL-
13, granulocyte-macrophage colony-stimulating factor [GM-
CSF], thymic stromal lymphopoietin [TSLP], and IL-33), Th17/
Treg cytokines (IL-17, IL-23, and IL-10), growth factors (vas-
cular endothelial growth factor [VEGF], epidermal growth
factor [EGF], and transforming growth factor [TGF]-B1),
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anti-inflammatory (sSRAGE), and others (IL-9 and IL-1B). To
take into consideration the redundancy of multiple variables,
principal component analysis (PCA) was performed before
clustering analysis, and clinical systemic inflammatory charac-
teristics were compared among clusters.

PATIENTS AND METHODS

Patients

In the present prospective cross-sectional study, 50
untreated asthmatics in the nonacute episode phase were
recruited at the Department of Respiratory and Critical Care
Medicine, Nanfang Hospital, Southern Medical University
(Guangzhou, China) between July 2012 and July 2013.
Inclusion criteria were: age >18 years; initially diagnosed in
our facility according to the Global Initiative for Asthma
(GINA) guidelines®; positive bronchodilator reversibility test
(>12% and 200-mL increase in forced expiratory volume in one
second (FEV)) after a 400-.g salbutamol inhalation) or metha-
choline provocation test; and steroid-naive. Exclusion criteria
were: respiratory tract infection based on chest x-ray (every
patient underwent chest x-ray) within the past 4 weeks; any
airway disease other than asthma; peripheral white blood cell
(WBC) count outside the normal range; or currently smoking.
Informed consent was obtained from all patients. The study was
approved by the ethics committee of Southern Medical Uni-
versity (approval No.: 2012-072).

Data collected at enrollment included patient demographic
characteristics, pulmonary function data, 5-item asthma control
questionnaire (ACQ-5),” and symptom score (daytime and
nighttime)®~'? of asthmatics before induction of sputum, which
was collected for cell differential count. Venous blood samples
were collected from all subjects and separated at the same visit.
Serum total IgE concentrations and cytokine profiles were
determined using electrochemiluminescence and customized
Quantibody array, respectively.

Pulmonary Function Tests

Spirometry was performed before sputum induction using
the Jaeger Masterscope spirometry system (Jaeger, Wuerzburg,
Germany) according to the American Thoracic Society (ATS)
guidelines.'!

Blood Samples, Sputum Induction, and
Processing

Venous blood samples were collected in ethylenediamine
tetraacetic acid (EDTA) anticoagulation tubes before sputum
induction. Then, differential white blood cell count was carried
out on a Coulter instrument (Sysmex-XE2100, Kobe, Japan).

Sputum induction and processing were performed follow-
ing the guidelines suiggested by the Task Force of the European
Respiratory Society.'>!?

Microarray Analysis of Serum Cytokine Profiles
Thelevels of INF-y,1L-4,1L-5,1L-13, GM-CSE TSLP,1L-33,
IL-17,1L-23,1L-10, IL-6, TNF-a, IL-8, leptin, VEGF, EGF, TGF-
B1,1L-9,IL-1p3, and sSRAGE in serum samples were determined in
duplicate with a customized microarray (Human Cytokine Anti-
body Microarray slides; RayBiotech, Inc. Norcross, GA, USA).

Statistical Analysis

Data are expressed as mean = SD for continuous variables,
and comparisons among groups were performed by I-way
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TABLE 1. Demographics and Clinical Characteristics of all

Subjects

Characteristic n=>50
Age, y 39.7+12.4
Sex, M/F 24/26
BMI, kg/m> 21.95+3.25
Atopy (Y/N) 27/23
Smoking, n (never/ex) 36/14
Duration, y 2.0 (0.5-8.0)
Serum total IgE, TU/mL 171.15 (62.00—345.60)
Blood WBC (x10° cells/L) 6.63+1.44
Blood eosinophil (x 10° cells/L) 0.27+0.19

Blood neutrophil (x 107 cells/L)
Blood basophil (x10° cells /L)
Sputum eosinophil (%)
Sputum neutrophil (%)
Sputum macrophage (%)
Sputum lymphocyte (%)
Baseline FVC, L

Baseline FVC%pred (%)
Baseline FEV,, L

Baseline FEV%pred (%)
Daytime symptom score
Nighttime symptom score
ACQ-5

4.01 (2.96-4.73)
0.02 (0.02-0.04)
8.25 (2.88-27.50)

64.25 (45.38-79.13)
14.75 (6.50-24.88)
1.00 (0.00—2.50)

3.024+0.86
81.60 4+ 19.58
2.36£0.74
81.60 + 19.58
6.00 (4.00—8.00)
1.00 (0.00-2.25)
2.01+1.25

ACQ-5=5-item Asthma Control Questionnaire, BMI = body mass
index, FEV%pred = forced expiratory volume in one second in per-
centage of predicted, FEV; = forced expiratory volume in 1 second,
FVC%pred =forced vital capacity in percentage of predicted,
FVC = forced vital capacity, WBC = white blood cell.

analysis of variance (ANOVA) with the least significant differ-
ence (LSD) post hoc test. Variables with skewed distribution
were expressed as median [interquartile range (P25—-P75)], and
comparisons among groups were carried out using the Kruskal-
Wallis test with the Nemenyi post hoc test. For categorical
variables, the number of observations and percentages were
given in each category. All statistical analyses were performed
with the SPSS software (version 19.0; SPSS Inc, Chicago, IL).

Eigenvalue

T 1T 17T 17T 17T 17T 17T 17T 17T 17T 17T 7T 17T 17T 7T T T°1

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
Component Number

FIGURE 1. Screeplot of principal component analysis. Six com-

ponents had eigen values >1 (dotted line, and because 0.981 is

approximately equal to 1, we also captured the sixth component))

and explained 80.113% of the variance.
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Unbiased/unsupervised agglomerative (‘“‘bottoms-up’’)
hierarchical clustering was performed on Z standardized data
by using the uncentered correlation as the similarity metric
(EisenLab Cluster version 2.11; Eisen Lab, Stanford, CA,
USA). The dendrogram and resulting heatmap were visualized
using TreeView (version 1.60; Eisen Lab, Stanford, CA, USA).
PCA was performed on these variables, and hierarchical clus-
tering was carried out on principal components of the PCA.

RESULTS

Hierarchical Clustering Without PCA
Pretreatment

The clinical characteristics of the 50 asthma subjects are
shown in Table 1. Mean age was 39.7 4 12.4 years and the sex
ratio was nearly 1. Most patients had a normal body mass index
(BMI), with a mean of 21.95 £3.25. Atopy was present in 27
(54%) patients.

To confirm the PCA yield as a preliminary step before
hierarchical clustering, we performed hierarchical clustering
analysis based on the total number of initial variables without
PCA pretreatment. Using the hierarchical clustering approach, a
dendrogram and a heat map were generated (Figure S1, http://
links.lww.com/MD/A994). Based on Figure SI1, http://
links.lww.com/MD/A994, 3 clusters were identified, and the
cytokine levels and clinical features in the 3 groups were
compared with one another. As shown in Table S1, http:/
links.lww.com/MD/A994, 14 (EGF, GM-CSF, IFN-y, IL-4,
IL-5, 1IL-6, IL-8, IL-9, IL-10, IL-13, IL-17, IL-23, TGF-B1,
and TNF-a) of 20 cytokines were statistically different among
these groups (all P <0.05), whereas most demographic and
clinical parameters (age, gender, BMI, family history, atopy,
smoking history, and biochemistry) were similar among the
groups (Table S2, http://links.Iww.com/MD/A994). These find-
ings suggested that the subtypes identified by clustering without
the initial PCA might be less clinically relevant because of the
lack of differences among the groups in clinical characteristics.

PCA

Cytokine profile data were processed with PCA, and the 6
largest principal components extracted explained 80.113% of
the information contained in the original data (Figure 1, Tables
S3 and S4, http://links.lww.com/MD/A994), suggesting that
these 6 components alone explained most of the variability
among groups.

Hierarchical Clustering Based on PCA

Using PCA, 3 endotypes of asthmatics with distinct mol-
ecular characteristics were identified based on the 6 principal
components obtained using hierarchical clustering analysis
(Figure 2).

Molecular Characteristics of the 3 Endotypes
Post-hoc analyses of between-group differences were per-
formed. Compared with endotypes 2 and 3, endotype 1 showed
relatively high levels of proinflammatory cytokines (IFN-y, IL-
4, IL-5, IL-6, IL-9, IL-17, IL-23, EGF, GM-CSF, and TNF-«)
and relatively high levels of anti-inflammatory cytokines (IL-
10, TGF-B, and sRAGE). Compared with endotypes 1 and 3,
endotype 2 showed relatively low levels of proinflammatory
cytokines (INF-v, IL-4, IL-5, IL-6, IL-8, IL-9, IL-13, IL-17, IL-
23, EGF, GM-CSF, TNF-a, and VEGF), and relatively low

Copyright © 2016 Wolters Kluwer Health, Inc. All rights reserved.
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FIGURE 2. Hierarchical clustering based on PCA. Each columnis a
component, and each row is an individual patient. Numbers at the
right side of the heat map are the patient numbers. Left, dendro-
gram showing similarity of groups. Right, 3 endotypes are indi-
cated by vertical bars.

levels of anti-inflammatory cytokines (IL-10 and sRAGE).
Compared with endotypes 1 and 2, endotype 3 displayed
relatively high levels of leptin and VFGF, but low sRAGE
levels (Table 2 and Figure 3). These results suggest distinct
patterns of cytokines among there 3 endotypes.

Clinical Characteristics of the 3 Endotypes

To determine whether the patients within these endotypes
represented clinically distinct subgroups of asthma, the clinical
features of the 3 endotypes were analyzed (Table 3 and
Figure 4). Endotype 1 showed a higher proportion of males,
low blood basophil levels, high baseline forced vital capacity
(FVC), high baseline FEV1, and low ACQ-5. Endotype 2
showed high blood neutrophil levels, high blood basophil
levels, high FVC, high FEV1, and low ACQ-5. Finally, endo-
type 3 showed a high proportion of females, high blood
neutrophil levels, low blood basophil levels, low baseline
FVC, low baseline FEV1, high datime symptom score, and
high ACQ-5 score. Therefore, both endotypes 1 and 2 had a
higher frequency of patients with relatively normal lung func-
tion and moderate symptoms, although endotype 1 contained
significantly more male patients. Endotype 3 had a higher-
frequency female patients, and was characterized by decreased
lung function and more severe symptoms (Figure 4).
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TABLE 2. Comparison of the Serum Cytokine Concentrations Among the 3 Endotypes Identified by the PCA-based Hierarchical
Clustering (pg/mL)

Cytokine Endotype 1 (n=19) Endotype 2 (n=13) Endotype 3 (n=18) P
EGF 23.09 (3.59-67.17) 1.59 (1.33-8.53) 15.98 (2.05-68.49) 0.017
GM-CSF 4.94 (3.37-6.96) 2.25 (1.69-3.30) 3.79 (2.67-4.90) <0.001
IFN-y 27.58 (20.93-33.70) 8.73 (0.91-14.05) 5.94 (12.29-23.74) <0.001
IL-1B 0.00 (0.00-0.10) 0.00 (0.00—-0.08) 0.00 (0.00—-0.08) 0.965
IL-4 0.97 (0.65-1.27) 0.27 (0.17-0.63) 0.32 (0.07-0.93) 0.001
IL-5 2.29 (1.93-3.23) 1.15 (0.78-1.63) 1.99 (1.76-2.66) <0.001
IL-6 3.80 (1.69-4.69) 1.08 (0.00-2.44) 2.80 (1.09-3.55) 0.021
IL-8 1.16 (1.00-1.36) 0.77 (0.64-0.98) 1.46 (1.07-2.21) <0.001
1IL-9 185.23 +52.38 94.22 +28.85 140.82 +-48.49 <0.001
IL-10 4.69 (3.85-5.74) 2.71 (2.00-3.19) 4.45 (3.65-7.94) <0.001
IL-13 0.70 (0.36—-1.09) 0.28 (0.08-0.37) 0.74 (0.32-1.47) 0.003
1L-17 3.85 (3.51-5.07) 2.78 (2.23-3.62) 3.21 (2.49-4.49) 0.010
1L-23 98.99 (67.38-125.62) 22.96 (9.17-51.13) 88.87 (62.42-113.22) <0.001
IL-33 0.19 (0.12-0.74) 0.90 (0.00—1.82) 0.49 (0.09-2.33) 0.627
Leptin 202.04 (64.87-531.65) 523.32 (272.84-756.99) 1560.42 (715.69-2188.00) <0.001
sRAGE 463.24 +181.39 300.574+173.53 318.78+153.63 0.013
TGF-B1 53523.36 (47347.77-62502.48) 16000.50 (5664.37-21837.43) 43862.38 (33401.00-66158.02) <0.001
TNF-a 42.22 (39.72-51.94) 24.69 (21.36-30.11) 40.17 (36.13-44.80) <0.001
TSLP 0.00 (0.00—-0.00) 0.00 (0.00-0.03) 0.00 (0.00-0.07) 0.585
VEGF 82.77 (68.74—107.35) 69.07 (44.99-82.98) 137.79 (78.63-188.05) 0.001
EGF = epidermal growth factor, FVC = forced vital capacity, GM-CSF = granulocyte-macrophage colony-stimulating factor, IFN = interferon,

IL = interleukin, SRAGE =soluble receptor for advanced glycation end products, TGF-B1 = transforming growth factor-beta 1, TNF = tumor
necrosis factor, TSLP = thymic stromal lymphopoietin, VEGF = Vascular endothelial growth factor.
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FIGURE 3. Pairwise comparisons of serum cytokine concentrations between endotypes. Data were analyzed with 1-way analysis of
variance with the least significant difference post hoc test. E=endotype, EGF=epidermal growth factor, GM-CSF = Granulocyte-
macroprhage colony-stimulating factor, IFN = interferon, IL = interleukin, SRAGE = soluble receptor for advanced glycation end products,
TGF-B1 =transforming growth factor-beta 1, TNF =tumor necrosis factor, VEGF = vascular endothelial growth factor.
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TABLE 3. Comparison of Demographic and Clinical Characteristicc among the 3 Endotypes Identified by the PCA-based

Hierarchical Clustering

Feature Endotype 1 (n=19) Endotype 2 (n=13) Endotype 3 (n=18) P

Age, y 37.42+£12.59 35.92+11.51 4483 £11.78 0.083
Sex, M/F 14/5 6/7 4/14 0.007
BMI, kg/m? 21.20+2.26 21.86+4.03 22.80+3.50 0.334
Family history of asthma (Y/N) 7/12 3/10 4/14 0.551
Atopy (Y/N) 9/10 7/6 11/7 0.704
Smoking, n (never/ex) 11/8 10/3 15/3 0.204
Smoking exposure pack-years 0.00 (0.00—20.00) 0.00 (0.00-1.25) 0.00 (0.00-0.00) 0.132
Age of onset, y 30.00 (20.00—47.00) 35.00 (21.50—39.00) 36.00 (22.25-44.75) 0.794
Duration, y 1.00 (0.10—8.00) 2.00 (0.75-5.00) 2.75 (1.00-17.25) 0.135
Serum total IgE, ITU/mL 117.70 (41.06—348.30) 151.30 (43.47-399.30) 263.00 (121.91-368.35) 0.411
Blood WBC, x10° cells/L 6.131+1.46 6.66 1+ 1.42 7.15£1.33 0.098
Blood eosinophil (x 10° cells/L) 0.25+0.18 0.334+0.22 0.26+0.18 0.412
Blood neutrophil (x10° cells/L) 3.48 (2.68-4.04) 4.10 (3.19-5.24) 4.26 (3.90-5.01) 0.027
Blood basophil (x10° cells/L) 0.02 (0.01-0.02) 0.04 (0.02—0.05) 0.02 (0.02—0.04) 0.036
Sputum eosinophil (%) 5.00 (0.00—23.00) 10.00 (5.25-47.75) 9.00 (4.38-26.25) 0.126
Sputum neutrophil (%) 64.50 (60.00—80.50) 42.00 (31.50-79.25) 69.25 (47.75-74.63) 0.269
Sputum macrophage (%) 14.50 (10.50-21.00) 20.00 (5.75-33.25) 12.50 (5.75-23.13) 0.728
Sputum lymphocyte (%) 1.50 (0.50-2.50) 0.50 (0.00—1.25) 1.50 (0.38-3.13) 0.163
Baseline FVC, L 3.414+0.64 3.164+0.73 2.504+0.93 0.003
Baseline FVC%pred (%) 88.33+£16.78 90.70 £ 18.47 81.52+21.64 0.370
Baseline FEV, L 2.67+0.67 2.47+0.57 1.96 +0.77 0.010
Baseline FEV%pred (%) 83.36 £ 19.79 85.33£21.45 77.06+18.14 0.460
Baseline PEF, L/s 6.31+1.91 6.014+1.49 482+221 0.060
Baseline MMEF, L/s 2.39+1.03 2.42+1.06 1.78 £0.92 0.115
Daytime symptom score 5.00 (3.00-6.00) 5.00 (4.00-6.50) 8.00 (6.50—10.25) 0.002
Nighttime symptom score 0.00 (0.00-2.00) 1.00 (0.00-2.00) 1.00 (0.00—3.00) 0.406
ACQ-5 1.57+0.88 1.51+£0.86 2831143 0.001

ACQ-5 = 5-item Asthma Control Questionnaire, BMI = body mass index, FEV1%pred = forced expiratory volume in 1 second in percentage of
predicted, FEV1 = forced expiratory volume in 1 second, FVC%pred = forced vital capacity in percentage of predicted, FVC = forced vital capacity,
MMEF = maximal mid-expiratory flow, PEF = peak expiratory flow, WBC = white blood cell.

DISCUSSION

In the present exploratory study, 20 biological variables
were quantitatively analyzed for studying asthma endotypes
using clustering analysis based on PCA, which has been seldom
used previously to assess asthma subtypes in patients.'* We
provide herein the first preliminary evidence for circulating
biological variables for identifying asthma subtypes. Despite
the small sample size, the results are very promising. As shown
above, 3 distinct clinical groups of asthma patients were ident-
ified. The endotype 1, high proinflammatory and anti-inflam-
matory subtype, was enriched in male patients with relatively
normal lung function and moderate symptoms. The lower
proinflammatory and anti-inflammatory (IL-10 and sRAGE)
subtype, endotype 2, was also enriched in patients with rela-
tively normal lung function and moderate symptoms. The
systemic inflammatory subtype, endotype 3, exhibited the
characteristics of systemic inflammation, as evidenced by
increased systemic inflammation markers such as leptin, VEGF,
and circulating neutrophils concomitant with decreased sSRAGE
levels; endotype 3 patients were mainly female with lower lung
function and more severe symptoms, but the lower lung func-
tion might be because of the higher proportion of females,
which will need further exploration. Therefore, as underlined by
Haldar et al,'* PCA offers new opportunities to achieve a better
characterization of asthma, which might lead to new treatment
approaches. However, differences in patient populations and

Copyright © 2016 Wolters Kluwer Health, Inc. All rights reserved.

variables make the direct comparison difficult between the 2
studies, and additional studies are necessary.

To reduce the redundancy of asthmatic serum microarray
data, PCA was used before clustering analysis, unlike many
clustering analyses of asthma phenotypes. Indeed, the present
study suggested that subtypes identified by clustering without
initial PCA may be less clinically relevant, and data redundancy
should be taken into consideration.'>'¢

As predicted, a special subtype (endotype 3) of more
severe asthma was found, in which systemic inflammation
might play a role. In 2012, Wood et al* reported an association
between neutrophilic asthma and systemic inflammation. In
fact, multiple chronic noncommunicable diseases (CNCDs)
such as type 2 diabetes mellitus, cardiovascular diseases, and
cancer have been reported to be associated with chronic low-
grade systemic inflammation.'” Moreover, leptin has been
demonstrated to be involved in systemic inflammation.'®!"
As shown above, endotype 3 displayed high levels of serum
leptin and circulating neutrophil counts, and was enriched in
female patients with low lung function and relatively severe
symptoms. In addition, a positive correlation was observed
between serum leptin levels and blood neutrophil counts
(r=0.312, P=0.028; female: r=0.459, P=0.018). In line
with previous findings,? these data indicated that leptin may
be involved in the systemic inflammation and severity of
asthma. However, endotype 3 subjects did not show higher
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FIGURE 4. Pairwise comparisons of clinical parameters between endotypes. Data were analyzed with one-way analysis of variance with
the least significant difference post hoc test. ACQ-5 = 5-item Asthma Control Questionnaire, FEV1 =forced expiratory volume in 1 second,

FVC =forced vital capacity

BMI, in agreement with previous findings indicating that leptin
may be critically involved in the pathogenesis of asthma?!;
therefore, endotype 3 represented a systemic inflammatory
subtype, independent of obesity. However, all subjects in this
study were Asians, which have been reported to have lower
BMI but higher percent body fat, compared with whites.>>

Notably, serum VEGF was increased in endotype 3. Park
et al* reported that serum VEGF is associated with the severity
of systemic inflammation in patients with inflammatory lung
disease. In addition, leptin increased the gene expression and
protein level of VEGF in human hepatic stellate cells.** In
concert, our data bring strong evidence suggesting that VEGF
may also contribute to systemic inflammation and asthma
severity.

As shown above, both endotypes 1 and 3 showed high
levels of proinflammatory cytokines. However, endotype 1 also
displayed high sSRAGE levels, whereas endotype 3 had rela-
tively low levels. The receptor for advanced glycation end-
products (RAGE) is a pattern-recognition receptor accounting
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for the host response to injury, infection, and inflammation.
Indeed, the ligand-RAGE pathway has been recognized as a key
pathway in a wide range of chronic diseases. RAGE is a
membrane receptor, but also has soluble forms (sSRAGE), which
can function as decoy receptor of RAGE,” competitively
binding to damage-associated molecular patterns such as
HMGBI1 and HSP70 and blocking the induced inflam-
mation.'®*?® Deficiencies in SRAGE are associated with
increased inflammation in various chronic conditions, including
chronic obstructive pulmonary disease (COPD).>*’ As
deficiencies in sRAGE are linked to neutrophilic asthma,
COPD, and other chronic inflammatory diseases,5 27 our results
suggested that SRAGE deficiency may be the reason behind the
development of systemic inflammation in a special group of
asthma patients.

Several limitations of the current exploratory study should
be mentioned. First, this was a cross-sectional study, and it is
possible for asthma treatments to have disease-modifying
effects that affected the molecular characteristics of disease

Copyright © 2016 Wolters Kluwer Health, Inc. All rights reserved.
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subtypes. Second, this study was performed on subjects with
untreated asthma, and longitudinal follow-up study is needed to
improve our knowledge of treatment response and natural
history of subjects within these endotypes. Third, because of
the small sample size, it is possible that more endotypes were
not identified. Fourth, inclusion of other biological markers, for
example, exhaled nitric oxide fraction (FeNO) and circulating
C-reaction protein, may increase our knowledge of the clinical—
biological characteristics of the endotypes.

CONCLUSION

Overall, unbiased analysis of serum cytokine profiles
contributed to identifying a clinically and biologically distinct
subtype of asthma. Despite the small sample size, the results are
very promising. A more severe asthma endotype with systemic
inflammation was identified, with increased leptin, VEGF,
circulating neutrophil levels, and decreased level of SRAGE,
an anti-inflammatory molecule; the patients of this endotype
suffered from rather poor lung function and more severe
symptoms. These results provide the first evidence suggesting
that analysis of serum cytokine profiles is useful for asthma
endotyping. The systemic inflammatory endotype of asthma
identified in this study represents a specific subtype with
different underlying pathophysiology compared with milder
subtypes. Future studies should include larger sample size
and prospective follow-up studies with a focus on treatment
response and natural history, to eventually design targeted
treatment or personalized therapy for asthma.

REFERENCES

1. Lin TY, Poon AH, Hamid Q. Asthma phenotypes and endotypes.
Curr Opin Pulm Med. 2013;19:18-23.

2. Lotvall J, Akdis CA, Bacharier LB, et al. Asthma endotypes: a new
approach to classification of disease entities within the asthma
syndrome. J Allergy Clin Immunol. 2011;127:355-360.

3. Anderson GP. Endotyping asthma: new insights into key pathogenic
mechanisms in a complex, heterogeneous disease. Lancet.
2008;372:1107-1119.

4. Wood LG, Baines KJ, Fu J, et al. The neutrophilic inflammatory
phenotype is associated with systemic inflammation in asthma.
Chest. 2012;142:86-93.

5. Sukkar MB, Wood LG, Tooze M, et al. Soluble RAGE is deficient
in neutrophilic asthma and COPD. Eur Respir J. 2012;39:721-729.

6. Global Initiative for Asthma (GINA): Global strategy for asthma
management and prevention; 2012. Available at: www.ginasth-
ma.org.

7. Juniper EF, Svensson K, Mork AC, et al. Measurement properties
and interpretation of three shortened versions of the asthma control
questionnaire. Respir Med. 2005;99:553-558.

8. Santanello NC, Barber BL, Reiss TF, et al. Measurement character-
istics of two asthma symptom diary scales for use in clinical trials.
Eur Respir J. 1997;10:646-651.

9. Fletcher CM, Elmes PC, Fairbairn AS, et al. The significance of
respiratory symptoms and the diagnosis of chronic bronchitis in a
working population. Br Med J. 1959;2:257-266.

Copyright © 2016 Wolters Kluwer Health, Inc. All rights reserved.

20.

21.

22.

23.

24.

25.

26.

27.

. Hou C, Zhao H, Liu L, et al. High mobility group protein Bl

(HMGB1) in Asthma: comparison of patients with chronic obstruc-
tive pulmonary disease and healthy controls. Mol Med. 2011;17:
807-815.

. Miller MR, Hankinson J, Brusasco V, et al. Standardisation of

spirometry. Eur Respir J. 2005;26:319-338.

. Paggiaro PL, Chanez P, Holz O, et al. Sputum induction. Eur Respir

J Suppl. 2002;37:3s-8s.

. Pizzichini E, Pizzichini MM, Leigh R, et al. Safety of sputum

induction. Eur Respir J Suppl. 2002;37:9s—18s.

. Haldar P, Pavord ID, Shaw DE, et al. Cluster analysis and

clinical asthma phenotypes. Am J Respir Crit Care Med. 2008;178:
218-224.

. Paoletti M, Camiciottoli G, Meoni E, et al. Explorative data analysis

techniques and unsupervised clustering methods to support clinical
assessment of Chronic Obstructive Pulmonary Disease (COPD)
phenotypes. J Biomed Inform. 2009;42:1013-1021.

. Burgel PR, Paillasseur JL, Caillaud D, et al. Clinical COPD

phenotypes: a novel approach using principal component and cluster
analyses. Eur Respir J. 2010;36:531-539.

. Mathur N, Pedersen BK. Exercise as a mean to control low-grade

systemic inflammation. Mediators Inflamm. 2008;2008:109502.

. Bullo M, Garcia-Lorda P, Megias I, et al. Systemic inflammation,

adipose tissue tumor necrosis factor, and leptin expression. Obes
Res. 2003;11:525-531.

. Maachi M, Pieroni L, Bruckert E, et al. Systemic low-grade

inflammation is related to both circulating and adipose tissue
TNFalpha, leptin and IL-6 levels in obese women. Int J Obes Relat
Metab Disord. 2004;28:993-997.

Scott HA, Gibson PG, Garg ML, et al. Airway inflammation is
augmented by obesity and fatty acids in asthma. Eur Respir J.
2011;38:594-602.

Tsaroucha A, Daniil Z, Malli F, et al. Leptin, adiponectin, and
ghrelin levels in female patients with asthma during stable and
exacerbation periods. J Asthma. 2013;50:188-197.

Wang J, Thornton JC, Russell M, et al. Asians have lower body
mass index (BMI) but higher percent body fat than do whites:
comparisons of anthropometric measurements. Am J Clin Nutr.
1994;60:23-28.

Park HY, Hahm CR, Jeon K, et al. Serum vascular endothelial
growth factor and angiopoietin-2 are associated with the severity of
systemic inflammation rather than the presence of hemoptysis in
patients with inflammatory lung disease. Yonsei Med J.
2012;53:369-376.

Aleffi S, Petrai I, Bertolani C, et al. Upregulation of proinflamma-
tory and proangiogenic cytokines by leptin in human hepatic stellate
cells. Hepatology. 2005;42:1339—-1348.

Di Candia L, Saunders R, Brightling CE. The RAGE against the
storm. Eur Respir J. 2012;39:515-517.

Hou C, Zhao H, Li W, et al. Increased heat shock protein 70 levels
in induced sputum and plasma correlate with severity of asthma
patients. Cell Stress Chaperones. 2011;16:663—671.

Smith DJ, Yerkovich ST, Towers MA, et al. Reduced soluble
receptor for advanced glycation end-products in COPD. Eur Respir
J. 2011;37:516-522.

www.md-journal.com | 7



	A Systemic Inflammatory Endotype of Asthma With More Severe Disease Identified by Unbiased Clustering of the Serum Cytokine™Profile
	INTRODUCTION
	PATIENTS AND METHODS
	Patients
	Pulmonary Function Tests
	Blood Samples, Sputum Induction, and Processing
	Microarray Analysis of Serum Cytokine Profiles
	Statistical Analysis

	RESULTS
	Hierarchical Clustering Without PCA Pretreatment
	PCA
	Hierarchical Clustering Based on PCA
	Molecular Characteristics of the 3 Endotypes
	Clinical Characteristics of the 3 Endotypes

	DISCUSSION
	CONCLUSION


