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ABSTRACT

The study aimed to determine mechanisms of implementation of systemic inflammatory syndrome
in patients with comorbidity of chronic obstructive pulmonary disease and chronic pancreatitis.

A total of 238 patients have been examined: 131 patients with chronic obstructive pulmonary
disease in combination with chronic pancreatitis (main group) and 107 patients with an isolated
chronic obstructive pulmonary disease (comparison group). Standard values were obtained while
examining 20 almost healthy patients of the same age and gender, who made up the control
group. Concentrations of cytokines: interleukin-1§, -2, -4, -6, -8 and tumor necrosis factor-a,
quantification of C-reactive protein and ceruloplasmin activity in the blood serum has been de-
termined. Statistical analysis has been performed on workstation by means of “Microsoft Excel”
and “STATISTICA 6.0 software.

The study showed that chronic obstructive pulmonary disease exacerbation was accompanied
with a significant increase in the activity of systemic inflammation mediators — the cytokine cas-
cade and acute phase reactants, in both groups of patients with chronic obstructive pulmonary
disease. However, the comparative analysis of the examined groups has proved the significant dif-
ference in cytokine status of patients with comorbidity of chronic obstructive pulmonary disease
and chronic pancreatitis and in patients with isolated chronic obstructive pulmonary disease. Sig-
nificant differences were found out in all investigated indices — IL-1f, IL-2, IL-4, IL-6 and TNF-a,
except IL-8. Similar trends were observed in the concentrations of acute phase proteins — C-reac-
tive protein and ceruloplasmin, whose levels in patients with comorbid disorders were significantly
higher than those figures of persons with isolated chronic obstructive pulmonary disease.

Thus, it can be concluded that the presence of concomitant chronic pancreatitis in patients
with chronic obstructive pulmonary disease potentiates activation of systemic inflammatory re-
sponse that can be caused by formation of autoimmune reactions in an organism thereby contrib-
uting to a rapid progression of the pathological process and earlier formation of complications.

Kevyworps: chronic obstructive pulmonary disease, chronic pancreatitis, systemic inflammation.

INTRODUCTION

According to the latest edition of the Global
Initiative for Chronic Obstructive Lung Disease
[GOLD, 2016], chronic obstructive pulmonary dis-
ease is defined as “a common preventable and
treatable disease, characterized by persistent air-
flow limitation that is usually progressive and as-
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sociated with an enhanced chronic inflammatory
response in the airways and the lung to noxious
particles or gases. Exacerbations and comorbidi-
ties contribute to the overall severity in individual
patients” [GOLD, 2016]. In other words, an inher-
ent characteristic of chronic obstructive pulmonary
disease is a persistent progression of the patholog-
ical process, which invariably leads to the irrevers-
ible deterioration of lung function, and the pres-
ence of comorbid conditions can exacerbate patho-
logical changes in these patients, thereby adversely
affecting the course of chronic obstructive pulmo-
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nary disease [Fabbri L, Rabe K, 2007; Chatila W
et al., 2008; GOLD, 2016].

Nowadays, chronic obstructive pulmonary dis-
ease is considered as a systemic pathology, which
is not limited by involvement in the pathological
process of the respiratory tract. Systemic inflam-
mation leads to development of complications and
affection of other vital organs and systems, and is
a leading factor determining nature of the flow and
progression, treatment and prognosis of the dis-
ease [Fabbri L, Rabe K, 2007; Chatila W et al.,
2008; Barnes P, Celli B, 2009]. This problem be-
comes especially significant in case of presence of
concomitant chronic diseases in patients with
chronic obstructive pulmonary disease [Rabe K et
al., 2013], which are also characterized by steady
progressive course and formation of systemic in-
flammatory reactions, one of the representatives of
which is chronic pancreatitis.

It is well known that inflammation mediators —
the pro-inflammatory cytokines, leading positions
among which are the interleukins — IL-10, IL-6,
IL-8 and tumor necrosis factor-o play a leading
role in the pathogenesis of exacerbation of chronic
diseases [Cosio M et al., 2009; Drannik G, 2010].
Results of their impact are an increase of vascular
permeability, leukocyte migration, local tissue
damage, generalization of the inflammatory re-
sponse, damage of organs, which provide a natural
detoxification processes with subsequent develop-
ment of multiple organ failure [Male D et al.,
2007; Drannik G, 2010; Shishido S et al., 2012].

At the same time, except cytokine cascade, the
system of immunoregulation in these patients is
provided by increasing content of acute phase re-
actants — C-reactive protein, orosomucoid, cerulo-
plasmin, ferritin, haptoglobin, fibrinogen and oth-
ers [Dahl M et al., 2007; Karadag F et al., 2008;
Daha N et al., 2011]. Sharp increase in concentra-
tion of these proteins in blood as a result of activa-
tion of the pathological process inherent in both
chronic obstructive pulmonary disease exacerba-
tion and chronic pancreatitis causes damage to tis-
sues and organs.

Present study aimed to determine mechanisms of
implementation of systemic inflammatory syndrome
in patients with comorbidity of chronic obstructive
pulmonary disease and chronic pancreatitis.

MATERIAL AND METHODS

A total of 238 patients with chronic obstructive
pulmonary disease have been examined: 131 pa-
tients with chronic obstructive pulmonary disease
in combination with chronic pancreatitis (main
group) and 107 patients with an isolated chronic
obstructive pulmonary disease (comparison
group). The study involved patients with | and 11
degree of bronchial obstruction — spirometric
classes GOLD 1 and GOLD 2. The age of the main
group patients ranged from 28 to 65 years on aver-
age — 46.9+£5.8 years, in patients with isolated
chronic obstructive pulmonary disease — from 30
to 68 years, mean age — 48.1+7.9 years. Duration
of chronic obstructive pulmonary disease anamne-
sis in the main group was 13.1+4.2 years, mean
duration of chronic pancreatitis — 11.9+4.7 years.
In the comparison group, history of chronic ob-
structive pulmonary disease averaged 12.8+4.9
years. Standard values were obtained while exam-
ining 20 almost healthy patients of the same age
and gender, who made up the control group.

To assess the state of non-specific immunity the
content of these parameters in blood was investi-
gated by ELISA — concentration of cytokine IL-1f,
IL-2, IL-4, IL-6, IL-8 and TNF-a using standard
reagent kits (ProCon, Russia). The study was con-
ducted by the immunoassay analyzer PR 1200
Sanofi Diagnostics Pasteur (France), in accordance
with the manufacturer’s recommendations. Deter-
mining the number of C-reactive protein was per-
formed by ELISA using antibodies to the C-reac-
tive protein, which were isolated from the antise-
rum to C-reactive protein by salting out with am-
monium sulfate. Determination of serum cerulo-
plasmin was done by modified method of Revin
[Kamyshnikov V, 2000].

Statistical analysis has been performed on
workstation by means of “Microsoft Excel” and
“STATISTICA 6.0” software.

The research was approved by Institutional
Bioethics Committee and conforms to the princi-
ples provided in the Declaration of Helsinki (Br
Med J, 1964; p. 177) with subsequent additions.

RESULTS AND DISCUSSION

The study showed that the phase of chronic ob-
structive pulmonary disease exacerbation is ac-
companied by formation of deviations in the cyto-
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kine cascade of immunity as compared with the
relatively healthy individuals, which confirms the
presence of active inflammatory process (Table 1).

TaBiE 1
The content of individual cytokines in the blood

serum of patients with isolated chronic obstructive
pulmonary disease (M=+oc)

Comparison  Control

o gom gow
TNF-a  39.4%#21 242415 :;20-_503133’
IL-1p 44.3+27 26,016 L:=26.206226
IL-2 17.6+0.9  12.040.5 L:=26.105314
IL-4 271416 32.7+0.4 ;::26_4051677
IL-6 41.8+19 425+25  p>0.05
IL-8 52.9+2.9  68.3+1.2 ;26_600111’

Note: * — significance of differences between the
comparison group and healthy individuals.

It should be noted that the most significant
changes were observed in the content of IL-1 and
TNF-a — these figures were 1.7 and 1.6 times
higher than the values of healthy individuals,
which is natural both with respect to the formation
of inflammatory reactions and the immune system
involvement in this process. Simultaneously, there
was a moderate increase of IL-2, which is primary
regulator of cytokine and provides stimulation of
specific cellular immunity, and therefore, the in-
clusion of an immune response to infection mecha-
nism of disease exacerbation.

The content of IL-8, which belongs to the pro-
inflammatory cytokine link, and therefore, must be
increased in these patients, not only did not exceed
control indices, but also it was reduced. This cir-
cumstance may be explained by the fact that in ad-
dition to pro-inflammatory activity, at chronic ob-
structive pulmonary disease IL-8 provides neutro-
phil infiltration of bronchial wall and forming of
peribronchial fibrosis. Therefore, absence of in-

crease in levels of this cytokine can be considered
as the result of the excess of its use in the processes
of fibrosis, or insufficiency of its production, given
the depletion of sources at a chronic relapsing
course of disease.

With regard to IL-6, which is considered as the
interleukin of double, pro- and anti-inflammatory
action, in isolated chronic obstructive pulmonary
disease it did not exceed the level of control indi-
cators; probably it was a result of absence of the
final phase of inflammation in these patients and,
in the future, may lead to persistence of the pro-
cess. At the same time, there was a decrease of
IL-4, which plays a significant role in the anti-in-
flammatory response. This fact can be interpreted
as the incompleteness of the inflammatory process
and the lack of formation of a complete remission
phase at this stage.

While studying the content of the pro- and anti-
inflammatory cytokine link of immunity in pa-
tients with comorbidity of chronic obstructive pul-
monary disease and chronic pancreatitis signifi-
cant fluctuations of the content of these cytokines
were installed when compared to the control group
(Table 2).

Table 2
The content of individual cytokines in the blood
serum of patients with comorbidity of chronic
obstructive pulmonary disease and chronic
pancreatitis (M+0)

Indicators Main group Control Statistical

gy  (=131)  IOUP ienificance*

(n=20)
TNF-a 923422  24.2+15 ;1256?08071'
IL-1p 724425  26.0+1.6 L:<5d.203081'
IL-2 89.9+2.3  12.040.5 ;86.70601
IL-4 77.6+3.5  32.740.4 ;40-?02041'
IL-6 86.8+4.1 42,5425 ;40-_302011'
IL-8 53923  68.3£1.2 :0246%0041'

Note: * — significance of differences between the
main group and healthy individuals.
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While comparing the cytokine status of patients
with comorbidity of chronic obstructive pulmo-
nary disease and chronic pancreatitis and in pa-
tients with isolated chronic obstructive pulmonary
disease, significant differences were found in all
investigated parameters, except of IL-8, the fluc-
tuations of which were not reliable (Table 3).

Table 3
The content of individual cytokines in the blood
serum of examined patients (M+c)

Indicators Main group Comrrgtrlson Statistical
(ng/l) (n=131) (I?:log) significance*

t=5.127,

TNF-a 92.3+2.2 39.4+2.1 0<0.001

t=4.918,

IL-1B 72.4+2.5 44.3+£2.7 0<0.001

t=5.751,

IL-2 89.9+2.3 17.6+0.9 0<0.001

t=4.856,

IL-4 77.6+3.5 27.1+1.6 0<0.001

t=4.211,

IL-6 86.8+4.1 41.8+1.9 0<0.001

IL-8 53.9+2.3 52.9+2.9 p>0.05

Note: * — significance of differences between the
groups.

Thus, the level of IL-1p was 2.8 times higher
than in control group and 1.6 times — in compari-
son group. The content of TNF-a in patients with
comorbidity of chronic obstructive pulmonary dis-
ease and chronic pancreatitis exceeded the control
value 3.8 times and indicators of patients with iso-
lated chronic obstructive pulmonary disease — 2.3
times. At the same time, there was a significant
increase in IL-2, which was 5.1 times higher than
in comparison group and 7.5 — than in control
group. IL-4 level was 2.4 times higher than the ref-
erence values and 2.9 times — the comparison
group indicators (Figure).

IL-1B and TNF-a are known to be the major pro-
inflammatory cytokines with systemic action and
are considered as markers of active inflammation in
the body. A significant increase of their levels in
main group patients possibly is a consequence of
the lack of complete immunological remission and
latent course of chronic pancreatitis, or additional
stimulation of an autoimmune component of in-

flammation in such pathological “tandem”.

The study showed a significant increase of I1L-2
level, the main action of which is stimulation, first
of all, T-helpers of | type. Increasing of its concen-
tration may be due to the action of the viral or bac-
terial agent, which led to an exacerbation of
chronic obstructive pulmonary disease against the
backdrop of the frequent recurrence of the process.
It can promote the development of secondary im-
munodeficiency and autoimmune organ injury,
thus ensuring the continuity of the process and the
formation of pathological “vicious circle”.

In turn, the reduction of IL-8 in patients with
chronic obstructive pulmonary disease and chronic
pancreatitis apparently was not only a result of its
excessive use in process of fibrosis, but also the
reduction of its synthesis due to increase of atro-
phic changes in bronchial mucosa in comorbid pa-
thology. This fact can be interpreted as the domi-
nance of lesions of bronchopulmonary system in
conditions of stage remission formation of chronic
pancreatitis.

Unlike isolated course of chronic obstructive
pulmonary disease, a significant increase of IL-4
level is noted in patients with combined course of
chronic obstructive pulmonary disease and chronic
pancreatitis. Such changes in patients with comor-
bid pathology can be explained by a significant ex-
pression of an autoimmune component: constant
circulation of antigens and immune complexes in
blood that provide “stress” of immunity.

At the same time, an exacerbation of the patho-
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Figure. The content of individual cytokines in ex-
amined individuals (ng/l)
Notes: Control group (M), Chronic obstructive pul-
monary disease (M), Chronic obstructive pulmo-
nary disease and chronic pancreatitis ()
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logical process, in response to a massive release of
cytokines, hepatocytes naturally increase produc-
tion of acute-phase reactants, which was confirmed
by the determination of the content of C-reactive
protein and ceruloplasmin in examined individuals.

The study showed that the active phase of
chronic obstructive pulmonary disease was accom-
panied by an increase in the concentrations of
acute phase proteins in relation to that of healthy
subjects in both groups. So the level of C-reactive
protein in the comparison group exceeded indices
of control 2.6 times, which may be due to its abil-
ity to provide an antibacterial effect (Table 4).

T4BLE 4
Indicators of ceruloplasmin activity and C-reactive
protein in blood serum of patients with chronic
obstructive pulmonary disease (M+oc)

Comparison  Control
Indicators group group
(n=107) (n=20)

Statistical
significance*

Ceruloplasmin

activity (mg/l) 311.0£28.0 276.0+33.0  p>0.05

t=4.085,
p<0.001

C-reactive

- 3.65+0,22 1.43+0.06
protein (mg/l)

Note: * — significance of differences between the
comparison group and healthy individuals.

Meanwhile, change of ceruloplasmin activity in
patients with isolated course of chronic obstructive
pulmonary disease exceeded parameters of healthy
individuals 1.1 times, but had only a character of
trend, since the difference was not significant.

In patients with chronic obstructive pulmonary
disease and chronic a significant increase of the
maintenance of ceruloplasmin was found in the
blood in relation to the values of healthy individu-
als 1.5 times (Table 5). The concentration of C-re-
active protein in patients with combined course of
chronic obstructive pulmonary disease and chronic
pancreatitis exceeded the reference value 4.3
times. Comparative analysis of indicators in groups
revealed that ceruloplasmin and C-reactive protein
levels were higher in patients with comorbidity of
chronic obstructive pulmonary disease and chronic
pancreatitis than in comparison group 1.3 and 1.5
times, respectively (p<0.05).

Such differences in the quantitative composi-
tion of the acute phase proteins response in pa-
tients with such pathological “tandem” by activa-
tion of the complement system in the presence of
chronic foci of infection may contribute to second-
ary tissue injury. In this case, we can expect not
only the target organ damage, but also involvement
of “relatively intact” organs and systems in the
pathological process.

Thus, as a result of studies, it has been found
out that there is an exacerbation of chronic ob-
structive pulmonary disease both in the isolated
course of disease and in its combination with

Table 5
Indicators of ceruloplasmin activity and C-reactive
protein in blood serum of patients with comorbidity
of chronic obstructive pulmonary disease and
chronic pancreatitis (M+c)

. C-reactive
. Ceruloplasmin .
Indicators activity (mg/l) protein
Main group (n=131) 415.7+31.0 6.1+0.23
Control group (n=20) 276.0£33.0  1.43+0.06
Statistical t=4.029, t=5.148,
significance* p<0.001 p<0.001

Note: * — significance of differences between the
main group and healthy individuals.

chronic pancreatitis, there is an observed increase
in the concentration of proinflammatory cytokines
and some acute phase proteins. The findings testify
to the development of a systemic inflammatory re-
sponse with significantly deeper deviations in pa-
tients with comorbid pathology.

While in comparison group patients overpro-
duction of proinflammatory cytokines in the ab-
sence of adequate inhibition suggest a possible
chronicity of inflammation, in main group patients
a significant activation of pro- and anti-inflamma-
tory immunity is a reflection of the generalization
of the inflammatory response. Hyperexpression of
the cytokine cascade in these patients leads to
more active synthesis of acute phase proteins, acti-
vating the complement system, which may con-
tribute to secondary organ damage, especially in
conditions of comorbidity.

31



OFFICIAL PUBLICATION OF THE YEREVAN STATE MEDICAL UNIVERSITY

ZHELEZNIAKOVA N.M., BaB4K O.YA.

THE NEwW ARMENIAN MEDICAL Journat, VOI.11 (2017), No 2, p.27-32

REFERENCES

Barnes PJ, Celli BR. Systemic manifestations
and comorbidities of COPD. Eur Respir J.
2009; 33(5): 1165-1185.

Chatila WM, Thomashow BM, Minai OA, Cri-
ner GJ, Make BJ. Comorbidities in chronic ob-
structive pulmonary disease. Proc Am Thorac
Soc. 2008; 5(4): 549-555.

Cosio MG, Saetta M, Agusti A. Immunologic as-
pects of chronic obstructive pulmonary disease.
N Engl J Med. 2009; 360(23): 2445-2454.

Daha NA, Banda NK, Roos A, Beurskens FJ, Bakker
JM., et al. Complement activation by (auto-) anti-
bodies. Mol Immunol. 2011; 48(14): 1656-1665.

Dahl M, Vestbo J, Lange P, Bojesen SE, Tyb-
jaerg-Hansen A, Nordestgaard BG. C-reactive
protein as a predictor of prognosis in chronic
obstructive pulmonary disease. Am J Resp Crit
Care Med. 2007; 175(3): 250-255.

Drannik GN. [Clinical Immunology and Aller-
gology] [Published in Russian]. Manual. 4" ed.
Kyiv: Polygraph plus. 2010. 552p.

Fabbri LM, Rabe KF. From COPD to chronic
systemic inflammatory syndrome? Lancet.
2007; 370(9589): 797-799.

10.

11.

12.

13.

Global Strategy for the Diagnosis, Manage-
ment and Prevention of COPD, Global Initia-
tive for Chronic Obstructive Lung Disease
(GOLD). 2016. Available from: http://www.
goldcopd.org/

Kamyshnikov VS. [Handbook of clinical and
biological laboratory diagnostics] [Published
in Russian]. Minsk. 2000. 219p.

Karadag F, Kirdar S, Karul AB, Ceylan E. The
value of C-reactive protein as a marker of sys-
temic inflammation in stable chronic obstruc-
tive pulmonary disease. Eur J Intern Med.
2008; 19(2): 104-108.

Male D, Brostoff J, Roth D, Roitt I. [Immunol-

ogy] [Published in Russian]. 7t" edition. Mos-
cow: Logosphere. 2007. 568p.

Rabe KF, Wedzicha JA, Wouters EF. COPD and
Comorbidity. European Respiratory Society
Monograph. 2013; 59: 93-104.

Shishido SN, Varahan S, Yuan K, Li X, Fleming
SD. Humoral innate immune response and dis-
ease. Clin Immunol. 2012; 144(2): 142-158.

22



