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ABSTRACT

Chronic Obstructive Pulmonary Disease (COPD) is ohthe major causes of increased morbidity andtatity in

the world and it is characterized by persistent gressive airflow limitation accompanied by enhanced
inflammatory response with enhanced levels of inffeatory mediators. The aim of our study was tordete
levels of IL-6 and CRP as biomarkers in clinicahlesation of COPD patients. This study included fidividuals:

12 patients with COPD exacerbation, 20 patientshwdevere to very severe COPD, 20 patients with raild
moderate COPD and 19 healthy controls (smokersrammdsmokers). Serum levels of IL-6 and CRP werkiatet

by ELISA. The results showed that both IL-6 and ®@RRe significantly increased (p<0.05) in serumGQ®PD
patients (5.08 #2.36 pg/mL), (14.12 #10.90 mg/L)ypectively as compared with healthy controls. COPD
exacerbations showed also significant increasedltesf IL-6 (7.35 +1.77 pg/mL) and CRP (30.39 %6 mg/L) as
compared to healthy controls and to stable COP@easa This indicates the systemic inflammation asset with
COPD and suggests the possibility to use IL-6 aRP@s diagnostic biomarkers for COPD and to evauhte
inflammatory response in COPD patients.
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INTRODUCTION

Chronic Obstructive Pulmonary Disease (COPD) isfifte cause of morbidity and mortality in the déweed

world [1] and according to the Global Initiativer f@hronic Obstructive Lung Disease (GOLD) guidetin€OPD

will become the third cause of death worldwide 2@ As defined by the GOLD, “COPD is characteribgd
persistent airflow limitation that is not fully rexsible and usually progressive and associated avitenhanced
chronic inflammatory response in the airways amditimg to noxious particles or gases”[2].

In order to diagnose COPD, an assessment of lumgifun parameters is required using spirometer kvhiassifies
COPD into four stages (table 1). Furthermore, tefadecline in lung function accompanied by incesbsespiratory
symptoms including dyspnea, cough, sputum volunt @urulence, is associated with COPD exacerbatgn [
which is defined as “a sustained worsening of tl#P0O patient’s condition from the stable state aegbibd normal
day-to-day variations that is acute in onset ang werrant additional treatment” [4].
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Table 1: Classification of COPD (adapted from the GOL D guidelines 2015)

Stage | Mild FEV,4/FVC < 0.7C

FEV, >80% predicted

Stage I Moderate | FEV,/FVC <0.70

50%< FEV,< 80% predicted
Stage lll | Severe FEV,/FVC < 0.7(

30%< FEV;< 50% predicte
Stage IV | Very severg FEV,/FVC <0.70

FEV,< 30% predicted or FEM 50% predicted plus chronic respiratory failure

The main pathologic characteristics of COPD arepmiar bronchitis and lung emphysema which are resoit
chronic inflammation and structural changes thigcafthe airways of COPD patients [5].

COPD is associated with systemic inflammation dnisl &ssociation has been evaluated in COPD patietisre
activation of circulating inflammatory cells andcieased levels of pro-inflammatory cytokines andtephase
reactants were shown as well as increased oxidatiness[6]. While C-reactive protein is the mosidsd

biomarker in COPD population, also many other imflaatory markers have been evaluated such as IL-8, |
TNF-a and others[7]. Their increased levels in bothlst&OPD and exacerbation highlight their importaoié in

the inflammatory response seen in COPD, espeaidtly the relation between inflammation intensitydattisease
severity[8]. The importance of studies evaluatingse inflammatory biomarkers is in improving CORBgdosis,
COPD progression and trying to identify effectivesef anti-inflammatory therapy in COPD[9].

The aim of this study was to evaluate serum legélgterleukin-6 (IL-6) and CRP in COPD patientsdéferent
stages of the disease and in exacerbations, asradidr the inflammatory response accompanying CQPall
stages and in attempt to use these inflammatoméikers in supporting the diagnosis of COPD.

EXPERIMENTAL SECTION

Study Subjects:71 individuals (49 men and 22 wonpamicipated to this study and all of them sigaednformed
consent. They were divided into five groups: healtlon-smokers volunteers (n=9), smokers not suifefrom

COPD (n=10), mild to moderate COPD patients (n=28yere to very severe COPD patients (n=20) arémnat
with COPD exacerbations (n=12). Exclusion criténeluded the use of immune-modulatory drugs (eterogls)

within the past 14 days, history of asthma, autoimendiseases, lung diseases or any cardiopulmaopargrbidity.

Lung functions parameters (FEM-VC and FEV/FVC) were measured using a spirometer.

Sampling: Blood samples were collected and aftatrfegation, serum was acquired and aliquots vetoeed at -
20°C until assays were done.

Assays: Serum levels of IL-6 and CRP were deterchime using Enzyme-Linked Immunosorbent Assay (ELISA
kits. The IL-6 Human ELISA Kit (abcam, UK) utilizeen antibody specific for human IL-6 coated on anafil
plate. The hsCRP ELISA kit (DRG, USA) utilizes aique monoclonal antibody directed against a distinc
antigenic determinant on the CRP molecule. Absarbameasured at 450 nm.

Statistical analysis: data were analyzed using E&@07) and SPSS version 13.0.Results were predexst mean
+SD. Comparisons between the means of two indemerleups were performed using Student’s t-testafalyze
the variables, one-way analysis of variance (ANOWAth Bonferroni post-hoc test correction was uskte area
under ROC curve was concluded to determine thenditiy value for IL-6 and CRP. P-value <0.05 wassatered
significant.

RESULTSAND DISCUSSION
Serum levels of IL-6in COPD patients and control group:

The mean of IL-6 serum levels was significantlytdgin COPD patients(5.08 £2.36 pg/mL) than congnaup
(0.47 £0.26 pg/mL), (p<0.05), figure (1).
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Serum levels of IL-6 were 7.35 + 1.77 pg/mL in E@YR.55+2.03 pg/mL in COPD llI-1V, 4.25 £2.17 pg/nih
COPD I-1l, 0.58+0.27 pg/mL in healthy smokers an840+0.19 pg/mL in healthy non-smokers, figure (2).
Statistically significant differences were foundween healthy non-smokers and COPD I-11, healthy-simokers
and COPD llI-1V, healthy non-smokers and ECOPD Jthgasmokers and COPD I-1l, healthy smokers and DOP
-1V, healthy smokers and ECOPD and also betwe€OPD and COPDI-Il, ECOPD and COPD llI-IV, tablé.(2
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Figure 1: Serum levelsof IL-6 in COPD patientsand control group
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Figure 2: Serum levelsof IL-6 in the 5 studied groups

Serum IL-6 sensitivity and specificity for differentiation between COPD patients and healthy controls:

Some cut-offs values of serum IL-6 sensitivity aspkcificity were shown in table (3). The best pmipoality
between sensitivity which was 96.2 % and specyfisihich was 100 % was given at the cut-off value395pg/mL
which showed anexcellent differentiation betweenPOpatients and control group. In our study, théswhe best
value that represents the threshold (diagnostiageyabetween COPD patients and control group. Tha ander
ROC curve was 0.995, figure (3).
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Table 2: Significance of differences of meansof |L-6 levelsbetween the 5 studied groupsusing the Bonferroni post-hoc test correction

. Difference Statisticall
The studied Group (1) Group (J) between Standard p- significanty
parameter Error value )
two means (1-J) differences
COPD II-IV 2.81 0.64 0 Yes
COPD I-1I 3.1 0.64 0 Yes
Healthy smokers 6.77 0.75 0 Yes
ECOPD Healthy non-smokers 7.01 0.77 0 Yes
Concentration ofL -6 COPD I-1I 0.29 0.55 1 No
Healthy smokers 3.96 0.68 0 Yes
COPD llI-IV Healthy non-smokers 4.2 0.7 0 Yes
Healthy smokers 3.67 0.68 0 Yes
COPD I-1I Healthy non-smokers 3.91 0.7 0 Yes
Healthy smokers Healthy non-smokerg 0.24 0.81 No

Table3: IL-6 sensitivity and specificity of differentiation between COPD patients and healthy controls at some cut-offs values

Cut-Off | Sensitivity | Specificity
0.7165 0.981 0.789
0.7265 0.981 0.842
0.744 0.981 0.895
0.8185 0.981 0.947
0.9915 0.962 0.947
1.1395 0.962 1
1.262 0.942 1
1.5145 0.923 1
1.892 0.904 1
2.3285 0.885 1
2.574 0.865 1
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Figure 3: ROC curvefor IL-6 between COPD patientsand control group

Serum IL-6 sensitivity and specificity for differentiation between ECOPD and COPD I-I1:

Some cut-offs values of serum IL-6 sensitivity apkcificity was shown in table (4). The best proipoality
between sensitivity which was 100% and specifigityich was 55% was given at the cut-off value 4.12d4mh
which showed a moderate differentiation between ED@nd COPD I-II. In our study, this was the bedtie that
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represents the threshold (diagnostic value) betvig#e®@PD and COPD I-ll. The area under ROC curve @v846,
figure (4).

Table4: |L-6 sensitivity and specificity of differentiation between ECOPD and COPD I-11 at some cut-offsvalues

Cut-Off | Sensitivity | Specificity
3.0835 1 0.3
3.300¢ 1 0.3t
3.512¢ 1 04
3.616 1 0.45
3.6965 1 0.5
4.121 1 0.55

4.8 0.917 0.55
5.17¢ 0.83¢ 0.5¢
5.44: 0.83¢ 0.€
5.744 0.833 0.65
5.8665 0.833 0.7

ROC Curve
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Figure4: ROC curvefor IL-6 between ECOPD and COPD I-II

Serum | L-6 sensitivity and specificity for differentiation between ECOPD and COPD II1-1V:

Some cut-offs values of serum IL-6 sensitivity apkcificity was shown in table (5). The best proipoality
between sensitivity which was 83.3% and specifigityich was 70% was given at the cut-off value 5@fL
which showed a moderate differentiation between ED@nd COPD III-IV. In our study, this was the bealue
that represents the threshold (diagnostic valugyden ECOPD and COPD llI-IV. The area under ROG&wras
0.842, figure (5).

793



Hanine Al-Kayal et al J. Chem. Pharm. Res., 2015, 7(3):789-799

Table5: IL-6 sensitivity and specificity of differentiation between ECOPD and COPD I11-1V at some cut-offsvalues

Cut-Off | Senditivity | Specificity
4.611 0.917 0.3
4.7995 0.917 0.35
4.9885 0.917 0.4
5.328¢ 0.83: 0.4%
5.668 0.833 0.5
5.828 0.833 0.55
5.9035 0.75 0.55
6.0075 0.75 0.55
6.272 0.667 0.6
6.47 0.667 0.6%
6.507¢ 0.58:¢ 0.7
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Figure5: ROC curvefor IL-6 between ECOPD and COPD I11-IV

Serum levels of CRP in COPD patients and control group:

The mean of CRP serum levels was significantly éigh COPD patients (14.12 +10.90 mg/L) than cdrgroup
(2.39 £2.75 mg/L), (p<0.05), figure (6).

Serum levels of CRP were 30.39 + 6.54 mg/L in ECOPM53 +6.27 mg/L in COPD llI-IV, 7.95 +5.82 mgih
COPD I-ll, 2.77 +2.62 mg/L in healthy smokers an®71 +2.99 mg/L in healthy non-smokers, figure (7).
Statistically significant differences were foundtéween healthy non-smokers and COPD IlI-IV, healtion-
smokers and ECOPD, healthy smokers and COPD IIkB4lthy smokers and ECOPD and also between ECOPD
and COPDI-II, ECOPD and COPD llI-IV, table (6).
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Table 6: Significance of differences of means of CRP levels between the 5 studied groups using the Bonferroni post-hoc test correction

Figure 7: Serum levelsof CRP in the 5 studied groups

Difference Statisticall
. The Group (1) Group (J) between two Standard P- significanty
studied parameter Error value )
means (1-J) differences
COPD lI-IV 19.86 2.01 0 Yes
COPD I-11 22.44 2.01 0 Yes
Healthy smokers 27.62 2.35 0 Yes
ECOPD Healthy non-smokers 28.43 2.43 0 Yes
Concentration o€ERP COPD I-lI 2.58 1.74 1 No
Healthy smokers 7.76 2.13 0.00% Yes
COPD llI-IV Healthy non-smokers 8.57 2.21 0.00p Yes
Healthy smokers 5.18 2.13 0.177 No
COPD I-lI Healthy non-smokers 5.98 2.21 0.086 No
Healthy smokers Healthy non-smokers 0.8 2.53 1 No

Serum CRP sensitivity and specificity for differentiation between COPD patients and healthy controls:

Some cut-offs values of serum CRP sensitivity apelciicity was shown in table (7). The best projorality
between sensitivity which was 86.5% and specifigityich was 73.7 % was given at the cut-off valuény/L
which showed agood differentiation between COPDep&t and control group. In our study, this washhst value
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that represents the threshold (diagnostic valugydren COPD patients and control group. The areauRDC

curve was 0.898, figure (8).

Table 7: CRP sensitivity and specificity of differentiation between COPD patientsand healthy controlsat some cut-offs values

Cut-Off | Sensitivity | Specificity
1.63 0.962 0.526
1.85 0.962 0.579
2 0.942 0.579
2.25 0.942 0.632
2.45 0.904 0.632
2.6 0.865 0.737
2.8 0.846 0.737
2.95 0.827 0.737
3.35 0.788 0.737
3.9 0.788 0.789
4.15 0.769 0.789
ROC Curve
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Figure8: ROC curvefor CRP between COPD patientsand control group

Serum CRP sensitivity and specificity for differentiation between ECOPD and COPD | -11:

Some cut-offs values of serum CRP sensitivity apelcHicity was shown in table (8). The best projorality
between sensitivity which was 100% and specifigityich was 100% was given at the cut-off value 18¢@L
which showed an excellent differentiation betwe€@OPD and COPD I-1I. In our study, this was the hedtie that
represents the threshold (diagnostic value) betvi#e®@PD and COPD I-lIl. The area under ROC curve @80,

figure (9).
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Table 8: CRP sensitivity and specificity of differentiation between ECOPD and COPD I -11 at some cut-offsvalues

Cut-Off | Senditivity | Specificity
9.95 1 0.65
13.45 1 0.7
15.15 1 0.8
16.1 1 0.8¢
16.75 1 0.95
18.3 1 1
21.75 0.917 1
23.95 0.833 1
24.9 0.75 1
26.0¢ 0.661 1
28.% 0.58% 1
ROC Curve
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Figure 9: ROC curvefor CRP between ECOPD and COPD I-11

Table 9: CRP sensitivity and specificity of differentiation between ECOPD and COPD I11-1V at some cut-offs values

Cut-Off | Sensitivity | Specificity
16.3 1 0.7
16.55 1 0.75
16.7 1 0.8
16.95 1 0.85
17.35 1 0.9
18.6 1 0.95
19.65 0.917 0.95
21.8 0.917 1
23.95 0.833 1
24.9 0.75 1
26.05 0.667 1
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Serum CRP sensitivity and specificity for differentiation between ECOPD and COPD I11-1V:

Some cut-offs values of serum CRP sensitivity apelcHicity was shown in table (9). The best projmovality
between sensitivity which was 100% and specifigibjch was 95% was given at the cut-off value 18gLnwhich
showed an excellent differentiation between ECORD @OPD IlI-IV. In our study, this was the bestualthat
represents the threshold (diagnostic value) betwe@®PD and COPD llI-IV. The area under ROC curves wa
0.996, figure (10).
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Figure 10: ROC curvefor CRP between ECOPD and COPD II1-1V

Our results showed a clear increase in the serusislef IL-6 and CRP in COPD patients compareddotrol
group (p<0.05)and significant increases were shamEBECOPD compared to healthy smokers and non-sracieat
compared to stable COPD in all stages but not letwgéable COPD stages.

These increased levels of both IL-6 and CRP in CQRibents is associated with the systemic inflanwnat
accompanying the disease which is shown by eleVatezls of acute phase proteins (CRP) in blood eledated
levels of inflammatory cytokines after an overspiim the lungs. In our study, the association leetwthe increase
of these mediators and the severity of the diseapecially with exacerbations was very clear. Ilditaah, the high
sensitivity and specificity of IL-6 and CRP seruavéls allow us to determine the occurrence of CGRD to
predict exacerbations in some cases.

Our results were in agreement with Malo et al, 2602 found statistically significant differencesween ECOPD
and healthy non-smokers for both IL-6 (p<0.05) &RP (p<0.005) serum levels[10] and also in agre¢mvih the
study of Valipour et al, 2008 which included 30 BRIDpatients, 30 stable COPD patients and 30 heatihfrols
and showed that IL-6 and CRP serum levels whereehign ECOPD than in stable COPD, which in turntdgher
than in healthy controls with a statistically sifggant difference[11].

Our results were in accordance with Morales e2@1,0 who proved also increased levels of both Hrfl CRP in

COPD patients compared with healthy people[12]witd Garcia-Rio et al, 2010 who evidenced that thigease
is associated with the stages of the disease,argwith its severity[6]. Samy et al, 2010 [13]apgd this and
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Agusti et al, 2010who assumed that IL-6 and CRRmdevels increase with severity, but differencesaeen
stages were small and not consistent, furtherntbesy, showed that the increase of the biomarkenstisnfluenced
by active smoking[14]. In 2012, Saldias et al ewickr also the increase of IL-6 and CRP serum lendi<COPD
with a study that included 120 patients with COP@cerbations[15].

In contrast, our results were not similar to Uneeal, 2014 who did not found statistically sigoéint differences
between COPD patients and healthy smokers andmokess in serum levels of IL-6 and CRP[16] and neaiyhs
due to the use of some anti-inflammatory drugs dffects the inflammatory response in patients.

In conclusion, we demonstrated increased serumsl@fdL-6 and CRP in COPD patients including patsewith
exacerbation with an excellent diagnostic valueegiby IL-6 concentrations and a good one given B @n the
differentiation between healthy people and COPDeptd. Serum levels of IL-6 also had a moderatieidiftiation
between ECOP and COPD I-Il and COPD IlI-IV while ERerum levels showed an excellent one between the
same groups. Both IL-6 and CRP can be used as Hiensafor diagnostic purpose and for the evaluatién
inflammatory response in COPD patients. Furtheestigations studying the effects of the use of-erfilammatory
drugs in COPD groups are also needed.
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