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Abstract

Background and aim: Chronic Obstructive Pulmonary Disease (COPD) is characterized by
exacerbation and stable periods. Early diagnosis in the exacerbation period of COPD can reduce
morbidity and mortality rates. The aim of this study is to investigate the relationship between
Proteoglycan 4 (PRG4) and other parameters, including Procalcitonin (PCT) and C-reactive protein
(CRP) levels and White Blood Cell (WBC) count, in the exacerbation period.

Materials and methods: This preliminary study was conducted on patients admitted to the Emergency
Department and Chest Diseases Department in University Medical Faculty Hospital. Patient
demographics, spirometric measurements, clinical scoring used for COPD classification and laboratory
test results were recorded for each patient. The final diagnosis of COPD was made by pulmonary
physicians.

Results: A total of 78 patients (38 in exacerbation and 40 in stable period) with COPD were included in
the study. PRG4 levels of patients in the exacerbation period (183.7 + 9.4 ng/ml) were significantly
higher than those of patients in the stable period (177.1 + 15.9 ng/ml; p=0.034). The sensitivity of PRG4
(88.9%) was equal to that of PCT (88.9%) and higher than that of CRP (86.1%) and WBC (80.6%); the
specificity of PRG4 (50%) was higher than that of the other parameters (33.3%, 43.0%, and 40.0%,
respectively).

Conclusion: PRG4 can be used for discriminating between the exacerbation and stable periods of COPD

and is superior in diagnosing the exacerbation period compared with other laboratory parameters.

Keywords: Chronic obstructive pulmonary disease, Exacerbations, Proteoglycan-4.

Introduction

Chronic Obstructive Pulmonary Disease (COPD) is a
progressive disease characterized by stable or exacerbation
periods [1]. Although its pathophysiology has not yet been
fully elucidated, it has been reported that circulating levels of
molecules such as TNF-o, IL-1p, IL-6, and IL-8 that are
produced in the process of developing systemic inflammation
tend to increase, which in turn trigger acute-phase reactants
such as C-Reactive Protein (CRP), fibrinogen, serum amyloid
A, and protein D. This continues in the course of chronic
systemic inflammation of the disease, and becomes even more
pronounced during the exacerbation period [1-4]. Increased
mortality and morbidity rates can be reduced by rapid and
accurate diagnosis of patients in the exacerbation period [1,2].
Spirometric measurements, through which respiratory
functions are evaluated, are used in the diagnosis and follow-
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up of the disease [1]. In addition, immediate spirometric
measurements cannot be taken for patients presenting with
COPD in the exacerbation period to the Emergency
Department; in order to make a definitive diagnosis of the
exacerbation period, detailed clinical evaluation, various
laboratory tests, and radiodiagnostic examination should be
performed. Although many factors play a role in the
development of the exacerbation period in patients with
COPD, the most important factor is infection [1,2]. Infections
coupled with chronic inflammatory process present in patients
with COPD may result in misleading laboratory results. This
may lead to certain doubts about diagnosis, delay of diagnosis,
and request for additional diagnostic examinations, which in
turn causes loss of time and increase in expenditure [1,2].

Proteoglycans are biological molecules produced by eukaryotic
cells and have been shown to be associated with various
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pathologies. In various studies, Proteoglycan-4 (PRG4) has
been found in several organs such as the lung, heart, liver,
bone, and cartilage and has several biological functions such as
immunoreactivity, cytoprotection, lubrication, and matrix
binding [5-7].

The aim of this study is to investigate whether PRG4 can be
used to differentiate exacerbation and stable periods of COPD.

Materials and Methods

Study design

This study was approved by the Local Ethics Committee (No.
2016-05/06). This prospective study included patients
diagnosed with COPD who were admitted to the Emergency
Department and Chest Diseases Department of Kirikkale
University Medical Faculty Hospital between May 2016 and
May 2017. Patients gave voluntary consent to participate in the
study, and the study was conducted in accordance with the
principles of the Declaration of Helsinki.

Selection of patients

This study included patients with exacerbation and stable
periods who were previously diagnosed with COPD. The
definitive diagnosis and the final decision of the assignment of
patients to different groups for evaluation were made by
pulmonary physicians.

* Patients in the exacerbation period: Patients who were
previously diagnosed with COPD and who were admitted to
the Emergency Department with acute onset dyspnea,
decreased daily activity, increased sputum volume and changed
color, increased cough, high fever, and/or impaired mental
functioning were diagnosed to be in the exacerbation period.

* Patients in the stable period: Patients who were previously
diagnosed with COPD and who presented to the Chest
Diseases Polyclinic for routine control or prescribed with
COPD drugs and who had no active complaints were
considered to be in the stable period.

Patient demographics (age, gender, Body Mass Index (BMI),
smoking status, physical examination findings, COPD
duration, and number of attacks per year), spirometric
measurements (Global Initiative for Obstructive Lung Disease
(GOLD) stage), Modified Medical Research Council (mMRC
grade) dyspnea scale, COPD Assessment Test (CAT score) and
Combined Assessment of COPD (mortality risk) score,
laboratory parameters (CRP, PCT, biochemistry, hemogram,
and arterial blood gas results), and PRG4 levels were recorded
for each patient.

Patients were excluded if they showed any signs of pulmonary
infection or any systemic infection, including any
inflammatory disease, which would affect PRG4 levels.
Patients with cancer; liver, heart and kidney failure; or any
musculoskeletal system disorders that might affect PRG4
levels were also excluded from the study.
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Measurement of PRG4 level

Blood samples taken from patients were centrifuged at 4500
rpm for 10 min and were stored at -80°C. These samples were
analysed using the Human PRG4 Elisa kit (Elabscience
Biotechnology Co., Ltd, Wuhan, China; Catalog No: E-EL-
H1675, Lot: AK0O016JULO05007). The results are presented as
“ng/ml”.

Statistical analysis

Data were analysed using SPSS 23.0 software (Statistical
Package for the Social Sciences Inc.; Chicago, IL, USA). The
Kolmogorov-Smirnov test was used to evaluate the distribution
of data. Average and standard deviation were used in the
representation of parametric data; median and Interquartile
Range (IQR) were used in the representation of non-parametric
data; and number (n) and percentage (%) were used in the
representation of categorical variables. Student’s t-test and
ANOVA were used for the analysis of parametric data; Mann-
Whitney U test was used for the analysis of non-parametric
data; and Pearson’s chi-square and Fisher’s exact tests were
used for the analysis of categorical variables. Spearman’s rho
correlation test was used to compare quantitative data. ROC
curves were used to assess cut-off, sensitivity, and specificity
of the data. Results were evaluated in a 95% Confidence
Interval (CI). A value of p<0.05 was considered to be
statistically significant.

Results

A total of 78 patients (38 patients in the exacerbation period
and 40 in the stable period) with COPD were included in the
study. Ten patients (six in the exacerbation period and four in
the stable period) were excluded from the study as their PRG4
levels could not be measured because of hemolysis in the blood
samples.

Table 1. Comparison of exacerbation and stable periods in COPD.

Data of patients (n=78) EP (n=38) SP (n=40) P
mean * SD mean * SD

Age 65.0+11.3 65.0+9.9 0.991
BMI (kg/m?) 259+55 27659 0.206
Smoking time (y) 27.9+123 26.6+12.5 0.878
Duration of COPD (y) 9.3+43 84+45 0.743
Number of attacks per year 9.2 +2.1 71128 0.651
CAT score 16.5+14.9 18.0+8.9 0.756
PRG4 (ng/ml) 183.7+9.4 177.1+£15.9 0.034"
PCT (ng/ml) 0.192 £ 0.07 0.07 £ 0.02 0.073
CRP (mg/l) 39.7+9.1 78+34 0.034f
WBC (103/mm3) 9555 96+54 0.139
Neutrophil (%) 70.3+11.1 67.8+11.2 0.337
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Monocyte (%) 6.2+3.6 11971 0.004
Lymphocyte (%) 16.8 + 14.4 22.7+16.2 0.069
Hemoglobin (g/dl) 144+1.8 149+24 0.303
Creatinine (mg/dl) 0.89+0.21 0.82£0.22 0.121
pH (arterial blood gas) 747 +£0.1 7.48+0.1 0.488
Oxygen saturation (%) 81.4+6.2 86.1+3.4 0.056

COPD: Chronic Obstructive Pulmonary Disease; EP: Exacerbation Period; SP:
Stable Period; BMI: Body Mass Index; SD: Standard Deviation; PRG4:
Proteoglycan-4; PCT: Procalcitonin; CRP: C-Reactive Protein; WBC: White
Blood Cell; CAT: COPD Assessment Test; "Student t-test; tMann-Whitney U
test.

The mean age of the patients was 65.0 = 10.6 y, and 79.5%
were male. The mean age of the patients in the exacerbation
period was 65.0 + 11.3 y and that of the patients in the stable
period was 65.0 £ 9.9 y. There was no statistically significant
difference between the groups with respect to age (p=0.991). In
terms of gender, 84.2% (n=32) of the patients in the
exacerbation period were male, whereas 75% (n=30) of the
patients in the stabilization period were male. There was no
statistically significant difference between the groups with
respect to gender (p=0.314).

When patients with COPD in the exacerbation period and those
in the stable period were compared, no significant between-
group difference was found with respect to BMI, smoking
time, duration of COPD, number of attacks per year, and CAT
score (p>0.05; Table 1). No statistically significant between-
group difference was found in terms of PCT level, WBC count,
neutrophil count, lymphocyte count, hemoglobin level,
creatinine level, arterial blood pH value, and oxygen saturation
(p>0.05; Table 1). However, in patients in the exacerbation
period, the rates of spirometric measurement, mMRC dyspnea
scale, and Combined Assessment of COPD score were
determined to be significantly higher (p<0.01, 0.022, 0.014,
respectively; Table 2).

PRGH results

PRG4 levels of patients in the exacerbation period (183.7 = 9.4
ng/ml) were significantly higher than those of the patients in
the stable period (177.1 £ 15.9 ng/ml; p=0.034; Table 1). No
significant correlation was determined between PRG4 levels
and smoking, spirometric measurement, nMRC dyspnea scale,
and combined assessment of COPD score (Table 3). In
addition, no correlation was found between PRG4 level and
PCT and CRP levels, WBC count, and CAT score (p>0.05;
Table 4).

Other Iaboratory results

CRP levels of patients in the exacerbation period (39.7 £ 9.1
mg/L) were significantly higher than those in the patients in the
stable period (7.8 £ 3.4 mg/L; p=0.034; Table 1). However,
there was no significant difference between PCT level and
WBC count between patients in the exacerbation and stable
periods (p=0.073 and 0.139, respectively; Table 1).

A positive correlations were found between PCT and CRP
levels (p=0.014; Table 4). A positive correlations were found
between CRP levels and WBC count (p=0.022; Table 4). A
positive correlations were found between CRP levels and CAT
score (p=0.006; Table 4).

Cut-off value of PRG4 and other parameters

For a PRG4 cut-off value of 175.2 ng/ml, sensitivity was
calculated as 88.9% and specificity as 50%. For a PCT cut-off
value of 0.031 ng/ml, sensitivity was 88.9% and specificity
was 33.3%. For a CRP cut-off value of 3.45 mg/L, sensitivity
was 86.1% and specificity was 43%. For a WBC cut-off value
of 8045/mm3, sensitivity was 80.6% and specificity was 40%
(Table 5).

Table 2. Comparison of COPD classification scores between exacerbation and stable periods.

Classification EP (n=38) n (%) SP (n=40) n (%) P
Spirometric measurement (GOLD stage)

.l 1(2.6) 4(1.0) <0.01"
.l 13 (34.2) 28 (70.0)

ol 11 (28.9) 11 (27.5)

‘v 13 (34.2) 2(0.5)

mMRC dyspnea scale (grade)

o1 3(7.9) 4(10.0) 0.022"
.2 13 (34.2) 24 (60.0)

-3 18 (47.4) 11 (27.5)

o4 4 (10.5) 1(2.5)
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Combined assessment of COPD ( risk category)

<A 2(5.3) 1(2.6) 0.014’
-B 5(13.2) 17 (43.6)

e 7 (18.4) 5(12.8)

D 24 (63.2) 16 (41.0)

COPD: Chronic Obstructive Pulmonary Disease; EP: Exacerbation Period; SP: Stable Period; "Student t-test.

Table 3. The relation between PRG4 and clinical scores used in the

evaluation of COPD.

Evaluation criteria

PRG4 (ng/ml) P

an increase in PRG4 levels in patients with COPD as the
disease progressed and reported that this was due to
overstressing of respiratory muscles and impairment of lung
compensation because of long-term use of corticosteroids for
treatment [7]. Frevert et al. reported that proteoglycans

mean * SD
: released from the respiratory tract epithelium provided both
Smoking status Yes (n=66)  182.0+8.2 biomechanical and structural support for the lung tissue and
No(n=12)  180.0%142 0533 showed that PRG4 levels increased in lung infections [17].
Soromet  (GoLD 1(nes 41188 03000 Another study by Lee et al. demonstrated that PRG4 levels in
Irometer measuremen n= 1+8. . . . . . . .
stZQe) ( (n=6) patients with COPD were significantly higher in smokers
2 (n=40) 177.8 £16.2 compared with non-smokers [18].
3 (n=17) 181.2£94 Table 4. The relationship between CAT scores and laboratory
4 (n=15) 185.0 £8.5 parameters.
mMRC dyspnea scale (grade) 1(n=7) 183.0£108  0.3567 Laboratory parameters PRG4 PCT CRP WBC CAT score
2(n=37) 1785+ 16.1 PRG4 r 1 0.002 0063 0.131 0.083
3(n=28)  180.6£106 p 0984 0583 0252 047
4 (n=6) 189.4£13.4 PCT r 1 0301 0118  0.226
Combined assessment of COPD (risk A (n=4) 181.2+4.5 0.400t b 0.014 0346 0068
category) ) ) )
B(n=22)  177.9:17.9 CRP r 1 0259  0.309
C (n=12) 179.9+11.2 b 0022  0.006
D (n=40) 1914 +11.3 WBC r 1 0.067
PRG4: Proteoglycan 4; COPD: Chronic Obstructive Pulmonary Disease; GOLD: 0.56
Global Initiative for Obstructive Lung Disease; mMRC: modified Medical P ’
Research Council; SD: Standard Deviation; "Student t-test; TANOVA. CAT score  r 1

Discussion

The results of this study suggest that PRG4 may be a useful
biomarker in distinguishing the exacerbation period from the
stable period of COPD. In addition, when we compare PRG4
with the other parameters (PCT and CRP level and WBC
count), the specificity of PRG4 was found to be higher,
whereas its sensitivity was similar to other parameters in the
assessment of the exacerbation period. This proves PRG4 to be
superior compared with other parameters in the diagnosis of
the exacerbation period of COPD. Literature review revealed
that several laboratory parameters (CRP, PCT, nitric oxide,
galectin-3, L-arginine, changes in leukocyte count or formula,
etc.) have been investigated in order to distinguish the
exacerbation and stable periods of COPD [8-14]. However,
there are only few studies investigating the relationship
between PRG4 and COPD, and the results show that PRG4
levels increase in patients with COPD [15,16]. Lee et al. found
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PRG4: Proteoglycan 4; PCT: Procalcitonin; CRP: C-Reactive Protein; WBC:
White Blood Cell; COPD: Chronic Obstructive Pulmonary Disease; CAT: COPD
Assessment Test; r: Spearman’s rho correlation coefficient.

In studies investigating the effects of growth factors such as
transforming growth factor-pl1 (TGF-B1) in patients with
COPD, the effect of TGF-B1 on cytokine regulation was
associated with PRG4, thereby leading to the conclusion that
TGF-B1 and indirectly PRG4 played a protective role in
patients with COPD [19-21]. In their study investigating the
effect of proteoglycans on the hematopoietic system, Novince
et al. showed that proteoglycans could stimulate hematopoiesis
via mRNA in the bone marrow [22]. These results suggest that
the damage pattern caused in the lung tissue may be associated
with PRG4 and that PRG4 may be a biomarker that indicates
lung inflammation and damage. In our study, PRG4 levels in
patients in the exacerbation period were higher than those in
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the patients in the stable period, and this increase was
statistically significant. Respiratory tract infections are the
leading cause of COPD exacerbation [1,2]. The reason for the
higher levels of PRG4 in patients in the exacerbation period
may be direct damage due to respiratory tract infections in the
lungs or damage to the lung tissue due to reasons such as

Table 5. Analysis of the laboratory parameters.

coughing and respiratory distress or excessive stress on the
respiratory muscles. In addition, the aggravation of chronic
inflammation in patients in the exacerbation period may be
considered to be another reason for the increase in PRG4 levels
in order to induce hematopoiesis in the bone marrow.

Parameters Area Cut-off Sensitivity Specificity Asymptotic 95% CI
Lower bound Upper bound

PRG4 (ng/ml) 0.627 175.2 88.9 50 0.485 0.769

PCT (ng/ml) 0.629 0.031 88.9 33.3 0.494 0.764

CRP (mg/l) 0.65 3.45 86.1 43 0.515 0.784

WBC (mm3) 0.62 8045 80.6 40 0.484 0.757

PRG4: Proteoglycan-4; PCT: Procalcitonin; CRP: C-Reactive Protein; WBC: White Blood Cell; COPD: Chronic Obstructive Pulmonary Disease; Cl: Confidence of

Interval.

Previous studies have shown that PRG4 levels are higher in
patients with COPD who are smokers than in those who are
non-smokers [7,18]. The results of this study support this
conclusion. However, this increase, which was identified in
smokers, was not statistically significant. When we look at the
mMRC dyspnea scale that evaluates the dyspnea level in
patients with COPD, the Combined Assessment of COPD risk
category used in clinical and risk assessment, and PRG4 levels
measured in the spirometric evaluation methods used in the
diagnosis and management of the disease, we found that
although the highest PRG4 levels were measured in stages with
the highest severity or the worst clinical impact of the disease
(mMRC grade: 4, Spirometric GOLD stage: 4) or higher
mortality/morbidity risk (Combined assessment of COPD risk
category: D), the difference was not significant when these
stages were compared among themselves with respect to their
PRG4 levels. In a previous study by Lee et al. a similar result
was obtained where PRG4 levels in patients in stages 3 and 4
were found to be higher than those in stages 1 and 2 [7].
Although this result, namely the increase in PRG4 levels in the
later stages of the disease, suggests that measuring serum
PRG4 levels may be instructive for clinical follow-up and
identification of risk category of patients with COPD, the
inconsistency between PRG4 levels in patients in the mild and
severe stages in different classifications through which
diagnosis, follow-up, and risk assessment of COPD is made
leads us to question this notion. Nevertheless, further studies
are required that investigate the effect of PRG4 levels on
clinical follow-up and mortality risk.

When we analyse other biochemical parameters used in our
study to differentiate between stable and exacerbation periods
of patients with COPD, while a significant increase was found
in CRP levels during the exacerbation period, there was no
significant difference between PCT level and WBC count in
both periods. CRP is a positive acute-phase reactant and is one
of the tests used to indicate inflammation (infectious or non-
infectious) [2,8-10]. There may be a slight increase in basal
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CRP levels in patients with COPD due to increased
inflammation over time. However, studies have shown that
CRP levels also increase in patients during the exacerbation
period because of the severity of the disease [2,23,24]. Pinto-
Plata et al. reported that serum CRP levels were higher in
patients with COPD than in those in the control group [10]. In
our study, there was a significant increase in CRP levels in
patients in the exacerbation period, which was consistent with
the literature. This increase may be due to infectious or non-
infectious causes, in addition to the gradual increase in baseline
CRP levels in patients with COPD. However, the fact that the
increase in CRP level in patients in the exacerbation period is
correlated with CAT score, which assesses daily activity in
patients with COPD, suggests that a possible infectious cause
may be also related.

PCT, especially in the presence of bacterial infection, can be
released from the lungs, liver, and intestines [25]. Although it
is recommended that PCT is studied to clarify the etiology of
the disease and the treatment choice during the exacerbation
period of COPD, the gradual bacterial colonization that occurs
in COPD renders it difficult to use PCT in the diagnosis
[25-28]. Flattet et al. reported that PCT levels were not
significantly elevated during the exacerbation period of COPD,
whereas Civelek et al. found that PCT levels were particularly
high in exacerbations caused by infections [11,26]. Chang et
al., on the other hand, did not find a relationship between PCT
level and exacerbation period [8]. In our study, while PCT
levels measured in patients in the exacerbation period were
higher than those in the patients in the stable period, no
statistical difference was found between the two groups. The
reason for this can be interpreted as the absence of statistical
difference between PCT levels in the two groups due to the
lack of elevation of PCT levels associated with viral pathogens
or non-infectious causes in some of the patients in the
exacerbation period, which also reduces the average PCT level
calculated during the exacerbation period, or the increase in
PCT levels caused by the gradual increase in bacterial
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colonization in patients in the stable period, which in turn
increases the average PCT level calculated in the stable period.

WBC count is another indicator of infection, and its level in the
blood increases because of cytokines such as IL-1 and IL-8 that
are released by macrophages [2]. No consensus has been
reached till date in studies regarding the diagnostic value of
WBC count in the exacerbation period of COPD. While two
studies reported that the WBC count increased because of
systemic inflammation during the exacerbation period and this
increase was proportional to the severity of exacerbation
[29,30]. Chang et al. stated that there was no relationship
between the WBC count and exacerbation period [8]. Civelek
et al. reported that the increase in the WBC count during the
exacerbation period was not statistically significant [11]. In our
study, there was no significant difference in the WBC count
between patients in the exacerbation period and those in the
stable period. We consider that this result is because of the
non-microbial causes in the exacerbation period or the lack of
an adequate immune response in some infected individuals
(immunosuppression, steroids or other drugs use, etc.).

Limitations

There are certain limitations of our study. First, because the
number of patients with COPD during the exacerbation period
who present to our Emergency Department particularly
increase in the winter season, we tried to select patients who
are similar to those in the stable period with respect to age and
gender during this limited period. This prevented us from
including a larger patient sample. Second, because this is a
preliminary study, changes in PRG4 levels and other laboratory
parameters of patients during or after treatment, especially in
patients admitted during the acute exacerbation period, were
not evaluated. Last, the causes that may account for changes in
PRG4 levels in our study were identified by considering the
detailed medical history of the patients and the records
obtained from the hospital information system; moreover, the
exclusion criteria were not scientifically proven.

Conclusion

Our study is a preliminary study and our results show that
PRG4 can be a useful biomarker in distinguishing between the
exacerbation and stable periods of COPD. In addition, PRG4
appears to be a more specific biomarker that indicates the
exacerbation period compared with other biochemical
parameters we examined. However, the results obtained in this
study were preliminary; therefore, further studies are required
for a better understanding of the role of PRG4 in patients with
COPD.
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