Ann Allergy Asthma Immunol xxx (2014) 1-6

Contents lists available at ScienceDirect

Annals of Allergy, Asthma
&Immunology

_ACAAI @

Plasma connective tissue growth factor levels as potential biomarkers
of airway obstruction in patients with asthma

Masato Kato, MD, PhD *'; Tomoyuki Fujisawa, MD, PhD *; Dai Hashimoto, MD, PhD *;

Masato Kono, MD, PhD *¥; Noriyuki Enomoto, MD, PhD *; Yutaro Nakamura, MD, PhD *;

Naoki Inui, MD, PhD ?; Etsuko Hamada, PhD ¥; Osamu Miyazaki, PhD ¥; Syunsuke Kurashita, BS ’;
Masato Maekawa, MD, PhD *; and Takafumi Suda, MD, PhD *

*Second Division, Department of Internal Medicine, Hamamatsu University School of Medicine, Hamamatsu, Japan

T Department of Respiratory Medicine, Seirei Mikatahara General Hospital, Hamamatsu, Japan

Department of Laboratory Medicine, Hamamatsu University School of Medicine, Hamamatsu, Japan

S Department of Clinical Pharmacology and Therapeutics, Hamamatsu University School of Medicine, Hamamatsu, Japan

Y Tsukuba Research Institute, Research & Development Division, Sekisui Medical Company Ltd, Ryugasaki, Japan

I Diagnostic Products Development Department, Research & Development Division, Sekisui Medical Company Ltd, Tokyo, Japan

ARTICLE INFO ABSTRACT
Article history: Background: Bronchial asthma is a chronic inflammatory disorder characterized by airway hyper-
Received for publication March 26, 2014. responsiveness and airflow limitation. Connective tissue growth factor (CTGF), one of the key profibrotic

Received in revised form May 12, 2014.

o factors associated with transforming growth factor §, may be related to airway remodeling in asthma.
Accepted for publication May 29, 2014.

However, no data are available on the association between plasma CTGF levels and clinical and physiologic
parameters in patients with asthma. Recently, we developed a novel subtraction method for determination
of plasma CTGF levels.
Objective: To investigate the utility of plasma CTGF level as a surrogate biomarker in asthma.
Methods: Plasma CTGF levels were measured in 67 patients with stable asthma and 81 healthy volunteers,
using the subtraction method. We evaluated correlations between plasma CTGF levels and clinical and
physiologic parameters in patients with asthma.
Results: Plasma CTGF levels were higher in patients with asthma than in healthy volunteers. Asthmatic
patients with a percentage of predicted forced expiratory volume in 1 second (FEV;) less than 80% had
significantly higher levels of plasma CTGF than those with a percentage of predicted FEV; of 80% or more. In
patients with asthma, plasma CTGF levels had significantly negative correlations with forced vital capacity
(FVC), FEV}, percentage of predicted FEV;, FEV1/FVC ratio, forced expiratory flow at 50% of the FVC (FEFs5qg),
percentage of predicted FEFsqy, forced expiratory flow at 75% of the FVC (FEF;s), and percentage of predicted
FEF;54, parameters that reflect the degree of airway obstruction. Plasma CTGF levels were negatively
correlated with Asthma Control Test scores, a patient-based index of clinical control of asthma.
Conclusion: Plasma CTGF may be a potential biomarker for stable asthma when evaluating the degree of
persistent airway obstruction.
Trial Registration: umin.ac.jp/ctr Identifier: UMIN0O00013081

© 2014 American College of Allergy, Asthma & Immunology. Published by Elsevier Inc. All rights reserved.

Introduction control and the quality of life in patients with asthma.! However,
even if inhaled corticosteroids are administered, persistent airway
inflammation cannot always be completely controlled, leading to
irreversible airway obstruction due to airway structural changes,
referred to as airway remodeling.” These changes include epithelial
detachment, goblet cell hyperplasia, increased smooth muscle mass,
and subepithelial fibrosis.> To assess the degree of airway obstruc-
tion and evaluate the clinical control of asthma, noninvasive physi-
Reprints: Tomoyuki Fujisawa, MD, PhD, 1-20-1 Handayama, Higashi-ku, Hama- ologic studies, such as pulmonary function tests, are usually
matsu 431-3192, Japan; E-mail: fujisawa@hama-med.ac.jp. performed; however, the results have test-retest variability because
Disclosures: Authors have nothing to disclose. of their dependence on the patient’s condition. Therefore, surrogate

Bronchial asthma is a chronic inflammatory disorder character-
ized by airway hyperresponsiveness and reversible airflow
obstruction. Current asthma practice guidelines emphasize the
importance of inhaled corticosteroids (ICSs) as an anti-inflammatory
therapy, which substantially contributes to improving the disease
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biomarkers are being sought to further evaluate airway obstruction
and disease control to provide appropriate treatments.

Connective tissue growth factor (CTGF) is a 38-kDa, cysteine-
rich secreted peptide that was originally isolated from human
umbilical vein endothelial cells.” It is a member of the CCN family of
immediate early proteins and comprises 4 modules: an insulin-like
growth factor—binding protein domain (module 1), a von Wille-
brand factor domain (module 2), a thrombospondin-homology
domain (module 3), and a cysteine knot, heparin-binding domain
(module 4).°~'° The biological functions of CTGF include angio-
genesis and chondrogenesis, as well as cell adhesion, migration,
proliferation, and differentiation.” '° In the clinical setting, over-
expression of CTGF has received attention as a biological marker for
some fibrotic diseases.’"'® Plasma CTGF exists as an N-terminal
CTGF fragment, which is considered to be an important factor in
fibrosis because CTGF binds to transforming growth factor
B (TGF-B) as an essential cofactor through the N-terminal von
Willebrand factors domain (module 3) to augment TGF-§ activity.
Platelet-derived CTGF, which exists as full-length CTGF and is
released into the plasma by platelet activation during or after blood
collection, may interfere with determination of plasma CTGF levels
existing as N-terminal fragments; thus, accurate measurement of
plasma N-terminal CTGF levels requires subtraction of the platelet-
derived full-length CTGF level from the total CTGF level. We have
recently developed a novel subtraction method for determination
of N-terminal CTGF levels.”” Using this method, we found that
plasma N-terminal CTGF levels were increased in idiopathic pul-
monary fibrosis, a major fibrotic lung disease, and negatively
correlated with 6-month changes in forced vital capacity (FVC) in
patients with idiopathic pulmonary fibrosis, which indicated that
plasma CTGF is a potential biomarker for idiopathic pulmonary
fibrosis.'®

Previous studies found that CTGF was up-regulated in smooth
muscle cells and fibroblasts isolated from patients with asthma,'%°
which induced cell proliferation and extracellular matrix synthesis.
These findings suggest that CTGF plays a role in the development of
airway remodeling and that CTGF levels could be a clinical
biomarker to evaluate the impairment of pulmonary functions and
disease severity in patients with asthma. However, no reports are
available on the association between plasma CTGF levels and clin-
ical and physiologic parameters in patients with asthma, perhaps
because of the lack of an accurate method for measuring plasma N-
terminal CTGF levels. In the present study, we measured plasma
CTGF levels using the novel subtraction method!” and evaluated
correlations between plasma CTGF levels and clinical physiologic
parameters in patients with stable asthma.

Methods
Patients

A total of 67 patients with asthma, whose disease was classified
as “controlled” under adequate treatment according to the Global
Initiative for Asthma criteria for asthma control,' were included in
the study (30 men and 37 women). Briefly, the patients were free of
asthma symptoms, activity limitations, and exacerbation and had
no more than 2 rescue treatments a week, if any. Each patient had
received ICSs, the mainstay of anti-inflammatory therapy in
asthma, or ICSs plus other antiasthmatic drugs for 1 year or more,
with no change in dose within the previous 8 weeks. Patients who
met the following criteria were excluded from this study: (1)
treatment with oral or intravenous corticosteroids in the previous 4
weeks, (2) a smoking history of more than 10 pack-years, or (3)
other pulmonary diseases, including chronic obstructive pulmo-
nary disease. The study also included 81 healthy volunteers (37
men and 44 women with a mean [SD] age of 48.7 [14.4] years) as a
control group. No patients had any other fibrotic diseases, such as

skin, pancreas, heart, liver, or kidney fibrosis, that might cause
elevated N-terminal CTGF levels.

The study protocol was approved by the Ethical Committee of
the Hamamatsu University School of Medicine (approval 19—88),
and written informed consent was obtained from each patient. The
study was registered in the UMIN Clinical Trials Registry system
(Identifier: UMINO00O013081).

Data Collection

Clinical data were collected from medical records. Laboratory
data, pulmonary function tests, and Asthma Control Test (ACT)
scores were obtained at the time of measurement of plasma
N-terminal CTGF levels. Pulmonary function tests were performed
using an Auto-Spirometer System 7 (Minato Medical Science Co,
Osaka, Japan), according to the recommendations of the American
Thoracic Society guidelines. FVC, forced expiratory volume in 1
second (FEVy), forced expiratory flow at 50% of the FVC (FEFsqg),
and forced expiratory flow at 75% of the FVC (FEF;54) were assessed.

Assay for N-terminal CTGF Levels in Plasma

We obtained whole blood samples from peripheral venous
blood with sodium EDTA. The plasma samples were separated by
centrifugation at 2,080g for 15 minutes at 4°C, stored frozen
at —80°C, and then thawed by incubating at 25°C for 5 minutes in a
water bath just before the CTGF assay.

Anti-CTGF antibodies were prepared, and each sandwich
enzyme-linked immunosorbent assay (ELISA) was performed as
described previously.'”!® The full-length CTGF levels were deter-
mined by a sandwich ELISA using 2 monoclonal antibodies against
modules 1 and 4. Total CTGF levels were determined by a sandwich
ELISA using 2 monoclonal antibodies against modules 1 and 2. N-
terminal CTGF levels were calculated using a subtraction method,
as follows: (N-terminal CTGF Level) = (Total CTGF Level) — (Full-
Length CTGF Level). All assays were performed in duplicate, and the
mean value is reported for each.

Statistical Analysis

Statistical analysis was performed using JMP Start Statistics (SAS
Institute Inc, Cary, North Carolina). Normally distributed variables
were expressed as means and SDs. Nonnormally distributed vari-
ables were expressed as medians with interquartile ranges. Dif-
ferences among the groups were assessed using an unpaired t test.
The continuous data from the 3 groups were compared using a 1-
way analysis of variance test. When the result was significant,
each paring was examined using an unpaired t test. Correlations
among different parameters were evaluated with the Spearman
correlation test. For all analyses, P <.05 was considered significant.

Results
Baseline Characteristics

Baseline characteristics of patients with asthma are summarized
in Table 1. Briefly, 30 men and 37 women with a mean (SD) age of
64.9 (12.8) years were enrolled. The median duration of asthma was
15 years. Twenty-seven patients were atopic, as judged by clinical
manifestations and positive specificlg antibodies to at least 1
common inhalant allergen. Modest decreases were observed in the
percentage of predicted FEV;, FEV1/FVC ratio, percentage of pre-
dicted FEFsq%, and percentage of predicted FEF;sy, which suggests
the presence of a certain level of obstructive impairment in the
central and peripheral airways. Sixty of the 67 patients had ACT
scores higher than 19, which indicates that the asthma of most of
the patients in the present study was well controlled.?! All patients
were treated with inhaled corticosteroids (ICSs), which are the
mainstay drug of anti-inflammatory therapy for asthma, and the
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Table 1
Baseline characteristics

Characteristic Asthmatic patients (N = 67)

Age, mean (SD), y 64.9 (12.8)
Female sex, No. 37

Former smokers, No. 18

Patients with atopy, No. 27

Duration of asthma, median (IQR), y 15 (10-22)
FVC, mean (SD), L 2.69 (0.83)
FVC, mean (SD), % predicted 94.0 (16.0)
FEV;, mean (SD), L 1.78 (0.72)
FEV;, mean (SD), % predicted 76.5 (20.6)
FEV;/FVC ratio, mean (SD), % 65.8 (13.9)
FEFs0%, mean (SD), L/s 1.56 (1.12)
FEF50% mean (SD), % predicted 49.5 (32.1)
FEF;5% mean (SD), L/s 0.46 (0.49)
FEF75%, mean (SD), % predicted 38.2 (24.9)
ACT score, median (IQR) 23 (21-24)
Patients with ACT scores >19, No. 60

Total IgE level, median (IQR), [U/mL 258 (75—531)
Patients taking ICSs, No. 67

ICS dose, median (IQR), ug/d* 400 (200—800)
Patients taking long-acting $2-agonists, No. 44
Leukotriene receptor antagonists, No. 27

Abbreviations: ACT, Asthma Control Test; FEFsqy, forced expiratory flow at 50% of
the FVC; FEF;sy, forced expiratory flow at 75% of the FVC; FEV,, forced expiratory
volume in 1 second; FVC, forced vital capacity; ICS, inhaled corticosteroid; IQR,
interquartile range.

?Fluticasone equivalent.

median dose of ICS was 400 ug (fluticasone propionate conversion).
Forty-four patients were treated with inhaled long-acting (-
agonist add-on therapy in addition to ICSs. Leukotriene receptor
antagonists were used in 27 patients.

Plasma N-terminal CTGF Levels in Bronchial Asthma and Healthy
Controls

Patients with asthma had significantly higher levels of plasma
N-terminal CTGF than healthy controls (1,389 [454] pmol/L vs 1,135
[287] pmol/L, P <.001). We divided the patients with asthma into 2
groups, percentage of predicted FEV; of 80% or greater (n = 33) and
percentage of predicted FEV; less than 80% (n = 34), and compared
the plasma N-terminal CTGF level among healthy controls, asth-
matic patients with percentage of predicted FEV; of 80% or greater,
and asthmatic patients with percentage of predicted FEV; less than
80%. As shown in Figure 1, asthmatic patients with percentage of
predicted FEV; less than 80% had significantly higher level of
plasma N-terminal CTGF (1,578 [471] pmol/L) than not only healthy
volunteers (1,135 [287] pmol/L, P < .001) but also asthmatic pa-
tients with percentage of predicted FEV; of 80% or greater (1,198
[340] pmol/L, P <.01). There was no statistical difference in plasma
N-terminal CTGF levels between asthmatic patients with percent-
age of predicted FEV; of 80% or greater and healthy volunteers.

Association Between N-terminal CTGF Levels and Clinical
Parameters in Bronchial Asthma

We next examined the association between plasma N-terminal
CTGF levels and various clinical and physiologic parameters in pa-
tients with asthma (Table 2). Plasma N-terminal CTGF levels were
significantly correlated with percentage of predicted FVC
(r = —-0.44, P < .001), FEV; (r = —0.49, P < .001), percentage of
predicted FEV; (r = —0.44, P <.001), FEV¢/FVC (r = —0.49, P < .001),
FEF50%4 (r = —0.56, P < .001), percentage of predicted FEFs50py
(r=-0.47, P <.001), FEF75¢ (r = —0.49, P <.001), and percentage of
predicted FEF7sy4 (r = —0.36, P = .004) (Fig 2). In addition, ACT
scores were negatively correlated with plasma CTGF levels
(r=-0.44, P <.001) (Fig 3). A weak correlation was found between
duration of asthma and plasma CTGF level (r = —0.30, P = .02). No
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Figure 1. Plasma N-terminal connective tissue growth factor (CTGF) levels in pa-
tients with asthma and healthy volunteers. The patients with asthma were divided
into 2 groups, percentage of predicted forced expiratory volume in 1 second (FEV;)
of 80% or greater (n = 33) and percentage of predicted FEV; less than 80% (n = 34),
and the plasma N-terminal CTGF levels were compared among healthy volunteers,
asthmatic patients with percentage of predicted FEV; of 80% or greater and those
with percentage of predicted FEV; less than 80%. Asthmatic patients with percent-
age of predicted FEV; less than 80% had significantly higher levels of plasma N-
terminal CTGF (mean [SD], 1,578 [471] pmol/L) than not only healthy volunteers
(1,135 [287] pmol/L, P < .001) but also asthmatic patients with percentage of pre-
dicted FEV, of 80% or greater (1,198 [340] pmol/L, P < .01). Each dot represents an
individual patient, and horizontal lines indicate means and SDs. *P < .001, **P < .01.
NS indicates not significant.

correlation was observed between plasma CTGF levels and serum
IgE levels.

Discussion

In the present study, we measured plasma N-terminal CTGF
levels, using a novel subtraction method, in patients with stable
asthma and investigated the correlations between plasma CTGF
levels and clinical and physiologic parameters. To our knowledge,
this is the first time that plasma CTGF levels in asthmatic patients
with percentage of predicted FEV less than 80% were found to be
significantly higher than those in asthmatic patients with per-
centage of predicted FEV; of 80% or greater and healthy volunteers

Table 2
Association between plasma n-terminal connective tissue growth factor levels and
clinical and physiologic parameters in patients with asthma

Parameter Correlation coefficient P value
Duration of asthma 0.30 .02
Pulmonary function tests
FvC -0.24 .051
FVC, % predicted —0.44 <.001
FEV; -0.49 <.001
FEV;, % predicted —-0.53 <.001
FEV;/FVC ratio -0.44 <.001
FEF50% —0.56 <.001
FEFs0y, % predicted —0.47 <.001
FEF759 -0.49 <.001
FEF75%, % predicted —-0.36 .004
ACT scores —0.44 <.001
Total IgE level 0.09 .56

Abbreviations: ACT, asthma control test; FEFsqg, forced expiratory flow at 50% of the
FVC; FEF;sg, forced expiratory flow at 75% of the FVC; FEV;, forced expiratory vol-
ume in 1 second; FVC, forced vital capacity.
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Figure 2. Correlation between plasma N-terminal connective tissue growth factor (CTGF) levels and parameters of pulmonary function tests in patients with asthma. Sig-
nificant negative correlations were found between plasma N-terminal CTGF levels and percentage of predicted forced vital capacity (FVC) (r = —0.44, P <.001) (A), percentage
of predicted forced expiratory volume in 1 second (FEV;) (r = —0.53, P <.001) (B), FEV;/FVC ratio (r = —0.44, P <.001) (C), percentage of predicted forced expiratory flow at 50%
of the FVC (FEFso%) (r = —0.47, P < .001) (D), and percentage of predicted forced expiratory flow at 75% of the FVC (FEF7s4) (r = —0.36, P = .004) in patients with asthma.

and that plasma CTGF level was negatively correlated with pa-
rameters of the pulmonary function test (percentage of predicted
FVC, FEV4, percentage of predicted FEV;, FEV{/FVC ratio, FEFs5qy,
percentage of predicted FEFsqy, FEF75%, and percentage of predicted
FEF759%) and ACT scores, a self-assessment tool for asthma control, in
patients with asthma. These findings demonstrate that plasma N-
terminal CTGF levels reflect the degree of airway obstruction and
asthma control and that they may be useful as surrogate bio-
markers in patients with asthma.

We found that asthmatic patients with percentage of predicted
FEV/ less than 80% had significantly higher levels of plasma CTGF
compared with those with percentage of predicted FEV{ of 80% or
higher and healthy volunteers and that plasma CTGF levels were
negatively correlated with FEVy, FEV{/FVC ratio, FEF50y and
FEF75%, indicating that plasma CTGF levels reflect the degree of
airway obstruction in patients with stable asthma. CTGF is an
angiogenetic and profibrotic factor that is linked to many fibrotic

diseases.!?" 141822 geyeral studies have found that CTGF may
participate in the development of airway remodeling and patho-
genesis of asthma.'”?%2324 Burgess et al** reported that the
expression of CTGF in asthmatic human airway smooth muscle
cells was greater than that in nonasthmatic smooth muscle cells.
CTGF expression, induced by TGF-6 in smooth muscle cells and
fibroblasts isolated from asthmatic patients, promoted accumu-
lation of extracellular matrix, such as fibronectin and collagen
11920 Deposition of extracellular matrix and connective tissue
components onto airway walls is clinically known as subepithelial
fibrosis,?>*® which is one of the major findings of airway remod-
eling in asthma and leads to loss of lung function and the devel-
opment of progressive airflow obstruction.’’”® These findings
suggest that CTGF plays a role in the development of airway
remodeling and airflow limitation in the asthmatic airway. How-
ever, little is known about the clinical implications of plasma CTGF
levels in patients with asthma. To our knowledge, the present
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Figure 3. Correlation between plasma N-terminal connective tissue growth factor
(CTGF) levels and Asthma Control Test (ACT) scores in patients with asthma. Plasma
N-terminal CTGF levels were negatively correlated with ACT scores in patients with
asthma (r = —0.44, P <.001).

study is the first to find that an increase in plasma CTGF level was
significantly correlated with decreases in FEV;, FEV{/FVC ratio,
FEFs50%, and FEF754 levels in patients with stable asthma, indicating
that plasma CTGF level could be a surrogate biomarker for
assessing airflow limitation in patients with asthma. Recently,
Weng and colleagues®® compared the expression of CTGF in
circulating fibrocytes from healthy people, patients with asthma
with no obstruction (FEV; >80% predicted), and patients with
chronic obstructive asthma (postbronchodilator FEV; <60% pre-
dicted). They reported that the percentage of CTGF expression in
fibrocytes after 14 days in culture was significantly higher in pa-
tients with chronic obstructive asthma than in healthy people and
in those with asthma with no obstruction, which suggests that
CTGF contributes to the pathogenesis of airway obstruction in
patients with chronic obstructive asthma. The present findings of
negative correlations between plasma CTGF levels and FEV+, FEV1/
FVC ratio, FEFs50%, and FEF;54 may support a role for CTGF in the
development of airflow limitation and airway remodeling in
asthma.

In the present study, we used the new subtraction method for
measurement of plasma CTGF levels. The CTGF level in blood,
existing as N-terminal CTGF fragments, is considered to reflect
fibrosis in a variety of organs.' !> CTGF is also known to be present
in platelets at a very high level, and it is released into the blood
plasma as a result of platelet activation during or after blood
collection.>*3! Therefore, accurate determination of plasma CTGF
levels requires inhibition of CTGF released from platelets. The
subtraction method that we previously developed enabled us to
measure plasma N-terminal CTGF levels precisely.”” By using this
method, we found significant correlations between plasma CTGF
levels and clinical and physiologic parameters (eg, pulmonary
function tests and ACT scores) in patients with stable asthma,
suggesting that the plasma N-terminal CTGF level has potential as a
new clinical biomarker in patients with stable asthma, reflecting
airway obstruction and clinical control of asthma.

The ACT is a short and simple patient-based, 5-item question-
naire to assess clinical control of asthma,? which has been widely
used in clinic practice. Although the ACT does not include a pul-
monary function test, ACT scores have been reported to be corre-
lated with percentage of predicted FEVy, peak expiratory flow, and
airway inflammation in patients with asthma,*?—>* which indicates
that persistent airflow limitation and airway inflammation impair
clinical control of asthma. Interestingly, the present study found
that plasma CTGF levels were negatively correlated with ACT
scores, as well as parameters of pulmonary function tests. Given

that CTGF may play an important role in the development of airway
remodeling and chronic airway obstruction,>”> it is reasonable
that CTGF levels are related not only to airflow limitation but also to
the clinical control of asthma, which would ensure the usefulness
of plasma CTGF level as a clinical biomarker of asthma. Further
studies using large sample sizes are required to validate whether
plasma CTGF levels reflect clinical control of asthma.

There were some limitations in the present study. First, this was
a single-institution study, and the sample size was relatively small.
Second, we did not investigate the association between plasma
CTGF level and pathologic changes in airway remodeling in asthma.
Bronchomucosal biopsies using bronchoscopy are required to
provide pathologic evidence of airway remodeling; however, it is
difficult to perform the biopsies in patients with asthma because of
the invasiveness of the procedure. Future studies will be required to
determine whether plasma CTGF levels are associated with path-
ologic changes in airway remodeling, leading to persistent airflow
limitation in patients with asthma. Third, it is unclear whether the
plasma CTGF levels vary in the patients with asthmatic attack and
unstable asthma because we did not examined the plasma CTGF
level in those patients in the present study. That will be a topic of
the future studies to evaluate the plasma CTGF levels in various
conditions of asthma.

To summarize, plasma N-terminal CTGF levels were elevated in
patients with stable asthma and were correlated with parameters
of pulmonary function tests and asthma control. Plasma N-terminal
CTGF levels detected using the novel subtraction method may be a
useful surrogate marker for evaluation of persistent airway
obstruction and disease control in asthma.
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