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Abstract
Airway in�ammation in patients with chronic obstructive pulmonary disease (COPD) is an ampli�ed
response of the normal immune system that occurs as a result of chronic irritation by toxic substances,
such as cigarette smoke. This leads to the characteristic pathological changes in the in�ammatory cells
of COPD patients. ADAM33 has been reported to be involved in the pathogenesis of COPD in East Asia by
affecting airway in�ammation and other immune responses. The aim of this study was to determine the
potential role of ADAM33 (mRNA and soluble levels) as a biomarker of in�ammation in COPD patients.
This is a case-control study using consecutive sampling. The COPD case and control (non-COPD) groups
comprised 37 and 29 patients, respectively. We used univariate analysis to assess differences in the
parameters between the groups and bivariate analysis to non-parametrically compare these parameters
between the two groups. We observed signi�cantly higher mRNA levels of ADAM33 in the COPD patients
(10.39 ± 1.76) as compared to that in the non-COPD individuals (6.93 ± 0.39; p < 0.001). The levels of
soluble ADAM33 were also signi�cantly higher in the COPD patients (2.188 ± 1.142 ng/ml) compared to
the non-COPD individuals (0.487 ± 0.105 ng/ml; p < 0.001). The mRNA and soluble ADAM33 levels were
signi�cantly higher in COPD patients compared to those in the parameter-matched non-COPD individuals.
Thus, ADAM33 is a potential biomarker and treatment for in�ammation in COPD patients.

Introduction
Chronic obstructive pulmonary disease (COPD) is a chronic lung disease that manifests with persistent
respiratory symptoms and expiratory air�ow limitation. Exposure to harmful particles or toxic gases
results in abnormalities in the airways or alveoli that lead to COPD [1, 2]. Airway in�ammation in COPD
patients is an ampli�ed in�ammatory response to chronic irritation, such as cigarette smoke. Among
several studies, Wang et al. reported the involvement of ADAM33 in the pathogenesis of COPD in the East
Asian population: ADAM33 regulates airway in�ammation and immune response in COPD patients.
Laxmi et al. showed a signi�cant correlation between the genetic polymorphisms in ADAM33 S1-A/G and
S2-C/G and pathophysiology of COPD in the South Indian population. The in�ammatory response
associated with COPD includes changes in pro-in�ammatory or anti-in�ammatory cytokines and occurs
predominantly in the presence of ADAM33 polymorphisms [3, 4, 5].

Kim et al. demonstrated that active vitamin D3 regulates vascular endothelial growth factor (VEGF) that
stimulates ADAM33 expression and proliferation in smooth muscle cells; this can be used to in�uence the
treatment outcome in patients with asthma [6]. Zhang et al. showed that lipopolysaccharide decreases
the proliferation and functionality of human primary lung �broblasts (important targets in patients with
COPD) [7]. Increased mRNA and soluble levels of ADAM33 can serve as bridges for these cytokines that
results in damage to the matrix. In this study, we investigated the role of ADAM33 (mRNA and soluble
form) in matrix damage as part of the pathomechanism involved in COPD.

Methods
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Study design and population
This is a case control study using consecutive sampling. The COPD case group included 37 patients, and
the control group consisted of 29 non-COPD patients who were healthy people living near the hospital.
We used IBM SPSS Statistics version 23 in this study. Univariate analysis was used to evaluate the
differences in the parameters between groups. Bivariate analysis was performed to compare these
parameters between two groups by non-parametric statistics. The study was performed in accordance
with the ethical standards of the Declaration of Helsinki (1964) and its subsequent amendments.

ADAM33 mRNA levels
The mRNA levels of ADAM33 were determined by extracting nucleic acids using the method described in
previous study [8, 9]. Brie�y, ~ 100 µl of peripheral blood was incubated with 900 µl of a solution
consisting of guanidium thiocyanate. Subsequently, a 20-µl suspension consisting of 50 ml of H2O and
500 µl of 32% (w/v) diatom was added to the solution. We removed the supernatant and washed the
sediment with a buffer followed by two washes with 1 ml of 70% ethanol and 1 ml of acetone. The
resulting solution was heated in a water bath at 56°C for 10 minutes and added to 60 µl of TE buffer
consisting of 1 mM EDTA in 10 mM Tris HCl (pH 8.0). The supernatant from this mixture was transferred
into a fresh tube for nucleic acid isolation and stored at -80°C until subjected to polymerase chain
reaction (PCR) [8, 9].

The expression pro�le of target genes was determined using real-time PCR (qRT-PCR). Expression was
represented as a ratio of expression of the primary oligonucleotide-speci�c gene to that of GAPDH
(housekeeping gene). ADAM33 mRNA was detected using speci�c forward (5′-
CAGGAATGCCAGCTATTATC-3′) and reverse (5′-GTTTGGTGTGGTTCAAGTTT-3′) primers. GAPDH was
detected using speci�c forward (5′-GGCCAAAAGGGTCATCATC-3′) and reverse (5′-
GTGATGGCATGGACTGTGG-3′) primers. The PCR thermal protocol was as follows: for ADAM33, 38 cycles
of 94°C for 3 minutes and 54°C for 30 seconds; for GAPDH, 32 cycles of 94°C for 10 seconds and 54°C
for 30 seconds according to the protocol described by Kim et al. [6]. qRT-PCR was performed with the
One-Step SYBR Green qRT-PCR kit optimized for the Real-Time PCR CFX 6400 thermal cycler [6.10]. The
total reaction volume was 25 µl (including experimental RNA) with 12.5 µl of the 2× SYBR Green qRT-PCR
master mix and “x” µl of the concentration-optimized primer stocks. Subsequently, “x” µl of nuclease-free
water along with concentration-optimized �nal primers, 0.375 µl of the reference dye solution from stage
1 (optional), and 1 µl of the RT/RNase block enzyme mixture were added to a total reaction volume of 50
µl. The reaction was mixed slowly to avoid frothing (without rotating) and “x” µl of the RNA-solution
mixture was added to individual experimental PCR tubes. The reaction was mixed slowly, brie�y
centrifuged, and placed in the instrument. The PCR program was run using a real-time PCR machine (CFX
Connect system, Bio-Rad Laboratories, Real-Time PCR, 96 wells, 0.1 ml, USA) [6, 9, 10, 11].

Levels of soluble ADAM33
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Levels of soluble ADAM33 were measured by enzyme-linked immunosorbent assay (ELISA). Patient
serum samples were prepared using an ADAM33 kit at room temperature. Each sample was analyzed in
duplicates to ensure the validity of the data obtained by ELISA. Initially, 100 µl of the Assay Diluent-
containing protein buffer was added to each well. Next, 100 µl of Standard �uid-containing recombinant
human target from a predetermined kit or diluted patient serum samples (1:10) was added to each well.
The plate was then incubated for 2 hours at room temperature. The liquid was removed and each well
was washed four times with sterile phosphate-buffered saline. Then, 200 µl of Conjugate buffer with
horseradish peroxidase-streptavidin was added to each well, the plate was covered with a plastic lid, and
incubated at room temperature for 2 hours. The liquid was removed and plate was washed four times
with sterile phosphate-buffered saline. Next, 200 µl of Substrate Solution containing TMB was added to
each well. The plate was incubated at room temperature for 20 minutes in the dark. After incubation, the
reaction was stopped by adding 50 µl of Stop Solution containing H2SO4 to each well following which
levels were measured within 30 minutes using the ELISA Reader 270 (Biomerieux, France) at a
wavelength of 450 nm. The target soluble protein concentration was represented in ng/ml [7, 12, 13, 14].

Results
Table 1 shows that there were more males with COPD as compared to females with COPD. Patients with
COPD were between 60 and 80 years and were presented to our hospital at an average age of 65.68
years. In comparison, the non-COPD patient controls were between 60 and 81 years with an average age
of 67 years. The highest Brinkmann index (3) was found in patients with COPD and non-smokers (0) in
non-COPD control individuals. There were no differences in patient characteristics between groups (p > 
0.05). Individuals in both groups were homogeneous based on sex, age, and Brinkmann index.

 
Table 1

Basic characteristics of COPD patients and non-COPD individuals
Patient characteristics Group P-value

COPD (Cases; n = 
37)

Non-COPD (Control; n = 
29)

Gender Male 33 89.19% 25 86.20% 0.471

Female 4 10.81% 4 13.79%

Age (years old): Mean (SD)/min–
max

65.68(5.40)/60–80 67(6.63)/60–81 0.269

Brinkmann Index 0 5 17 0.973

1 6 4

2 9 6

3 17 2
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The mRNA levels of ADAM33 were signi�cantly higher in COPD patients (10.39 ± 1.76; 95% con�dence
interval (CI): 9.802–10.981) as compared to that in non-COPD individuals (6.93 ± 0.39; 95% CI: 6.780–
7.079; p < 0.001; Fig. 1). Similarly, the levels of soluble ADAM33 were also signi�cantly higher in COPD
patients (2.188 ± 1.142 ng/ml; 95% CI: 1.807–2.569) as compared to that in non-COPD individuals (0.487 
± 0.105 ng/ml; 95% CI: 0.447–0.526; p < 0.001; Fig. 2).

Discussion
The results of this study were in accordance with those reported by Shamara and Fachri (2014): majority
of COPD patients were stable (37 people, 86%) and 60–69 years (16 people, 37.2%). Moreover, 19 stable
COPD patients (44.2%) each manifested with a moderate (2) or severe (3) Brinkmann Index owing to
cigarette smoking [15, 16]. The results of the present study were also in accordance with those seen in
COPD patients treated in the Department of Pulmonology, Faculty of Medicine, Persahabatan Hospital,
Indonesia: majority of the COPD patients were males (86.2%) and this can be attributed to the difference
in the percentage of male and female smokers [17]. Similarly, Suradi et al. showed that the prevalence of
COPD was greater in men than in women comprising a cohort of 49 men and 16 women of which 47 men
(72%) were smokers with acute exacerbation of COPD and positive sputum cultures of Mycobacterium
tuberculosis in both DM and without type 2 DM [18, 19, 20, 21]. The present study also revealed a role for
ADAM33 as a biomarker of in�ammation in COPD patients. We found higher levels of ADAM33 mRNA
and soluble ADAM33 in COPD patients than that in non-COPD individuals (p < 0.01).

Among the numerous studies that have examined the role of ADAM33 mRNA and soluble ADAM33 levels,
most are limited to patients with asthma. Foley et al. showed that the mRNA levels of ADAM33 in in vitro
cultured primary bronchial epithelial cells from asthma patients were higher than that in donor epithelial
cells from asthma patients and cells from normal individuals [22]. Ito et al. compared ADAM33 mRNA
levels in smooth muscle cells from asthma patients to that in controls by determining the percentage of
the total smooth muscle cells both groups; the ratio of positive/total smooth muscle cells was higher in
patients with asthma than that in control individuals. The mRNA levels of ADAM33 were higher in smooth
muscle cells from patients with asthma than that in control individuals (p = 0.002) [23]. Puxeddu et al.
demonstrated an increase in the levels of soluble ADAM33 and its role in angiogenesis; ADAM33 acts as
a remodeling gene that functions independent of airway in�ammation in airway obstruction through an
in�ammatory mechanism. Thus, ADAM33 contributes to the pathogenesis of asthma and COPD by
interactions between genetic and environmental factors [24]. Taken together, to the best of our
knowledge, this is the �rst report of the mRNA and soluble ADAM33 levels in COPD patients and control
individuals.

Conclusion
COPD patients showed signi�cantly higher mRNA and soluble ADAM33 levels as compared to that in
non-COPD individuals. Thus, ADAM33 may serve as an in�ammatory biomarker in COPD patients.
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Figures

Figure 1

Boxplot for the levels of ADAM33 mRNA in COPD patients and non-COPD individuals.
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Figure 2

Boxplot for the levels of soluble ADAM33 in COPD patients and non-COPD individuals.


