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Evaluation of the inflammatory response based on the Interleukin 4 and Interleukin 6 levels in patients with
acquired bronchiectasis (non-cystic fibrosis) and healthy controls. The study was conducted on a group of
77 subjects, divided into 2 lots: the first lot consisting of 57 patients with acquired bronchiectasis objectified
by Computed Tomography and 20 healthy individuals. The serum Interleukins 4 and 6 levels were measured
using the ELISA biochemical spectrophotometry test. The results are significant from a statistical point of
view, especially when it comes to the mean value of Interleukin 4 that was much higher in the control lot.
Interleukin 4 is a proinflammatory cytokine and therefore we can draw the conclusion that to some extent
bronchiectasis can be associated with an immunodeficiency disorder prior to the pathology itself or it can
be caused by the pathology. Future research is open in this field for the analysis of interleukin levels in

bronchioloalveolar lavage compared to serum levels.
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Bronchiectasis is an incurable pulmonary disorder,
characterised by permanent and abnormal dilation of the
lung airways (bronchi). Bronchiectasis develops as a
consequence of genetic and environmental factors, but
their etiopathology remains unclear [1]. It represents an
irreversible lung disease caused by recurrent bacterial
infections and chronic inflammation of the intermediate
bronchi (at least 2mm in diameter) [2]. This pathology
represents a significant cause for respiratory morbidity but
it is, in the same time, a common disease. Muco-ciliary
clearance is affected and this increases the vulnerability
of airways to colonization by pathogens [3]. Among the
numerous causes that determine impaired muco-ciliary
clearance, tobacco exposure is described as favoring
decreased anti-infectious defense mechanisms and this
is certified by biochemical study of its biomarkers[4]. The
actual prevalence of this disease remains unknown given
its sub-diagnosis due to the lack of appropriate technical
equipment or lack of addressability in specialized medical
units, nevertheless it has been increasingly recognized in
the past 2-3 decades. Considering the fact that this is a
sub-diagnosed pathology, it is very difficult to determine
its social-economic impact on the population. Still, it is a
clear that this is a significantly underestimated disease
[5,6]. Patients exhibiting this pathology often experience
chronic cough accompanied by expectorations,
progressive dyspnea, decreased lung capacity, recurrent
exacerbations (through bacterial infections) and especially
decreased quality of life and life expectancy [7-11]. The
treatment protocol is not yet a well determined one and
continues to be mainly empirical, but all-in-all patients keep
exhibiting symptoms and worsening of the lung functions.
Choosing the right antibiotic for the treatment of
bronchiectasis exacerbations is mainly empirical and relies
on the most likely pathogen or in ideal conditions on
knowledge of the sputum cultures from previous hospital
stays [12]. Respiratory morbidity, such as mostly often

encountered tuberculosis or other non-tuberculous
infections and the overall quality of life are the most
important aspects when it comes to patients with
bronchiectasis and in this regard, it becomes clear that
more studies are needed to improve these [13- 17]. Inthe
past years, there has been an increased interest in
discovering new methods to detect bronchiectasis, but
especially in assessing its evolution.

For this purpose, an attempt has been made to trace
certain non-specific and specific inflammatory markers
in the inflammatory relation occurring in patients with
bronchiectasis. Recent studies have shown that
inflammatory cytokines, secondary to infections and
recurrent inflammations, play an important role in the
pathogenesis of bronchiectasis, either in the acceleration
of the development of bronchiectasis or in stopping their
evolution [18-22]. The most promising results in the
pathology of bronchiectasis seem to involve inflammatory
cytokines [23]. Interleukins are signaling proteins or
molecules belonging to the group of cytokines and which
are mostly secreted by lymphocytes but can also be
secreted in small quantities by monocytes, macrophages
and endothelial cells. Their synthetization occurs in CD4
lymphocytes and leads to the formation and development
of B and T lymphocytes, but also of hematopoietic cells
[24]. In bronchiectasis, activation of innate immune
responses causes the releases of chemokines which
increasing of the cellular inflammatory infiltrate including
IL-6, IL-8, and leukotriene B4 [25]

Persistent airway inflammation and interleukin (IL)-
6 is among the mediators implicated in regulation
of inflammation in bronchiectatic airways. [26]

Interleukins are a subgroup of cytokines and can be
classified as pro- or anti-inflammatory (pro-inflammatory
interleukins IL-1B, IL-6, and IL-8;) The bronchiectatic
airway epithelium can produce an exaggerated pro-
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inflammatory cytokine response due to infectious stimuli .
[27]

The main aim of our study was to assess the
inflammatory response based on the Interleukin 4 and
Interleukin 6 levels in patients with acquired bronchiectasis
(non-cystic fibrosis) and healthy controls

Experimental part

Two groups were formed for the purpose of this study.
The first group included 57 patients with non-cystic fibrosis
bronchiectasis diagnosed by Computed Tomography (gold
standard for the diagnosis of bronchiectasis) and the
second group included 20 control subjects with no
previously diagnosed bronchiectasis pathologies. The
subjects were selected from the patients of the Cluj-
Napoca Lung Clinic (Clinica de Pneumoftiziologie Leon
Daniello Cluj-Napoca). The factors considered for each
subject were: age, gender, smoker or non-smoker status.
The subjects filled out a form enquiring on the quality of
life, namely a modified nCAT.

After a detailed analysis of the medical history, blood
samples were taken to perform complete blood counts
and serum biochemistry. Sputum samples were taken for
bacteriological examination, which included: BAAR, GRAM,
BK culture and aerobic culture. Bronchial aspiration fluid
to perform GRAM stain and BAAR microscopic examination
for Mycobacterium Tuberculosis, were also performed for
the groups that did not show any bacterial growth from the
spontaneous sputum sample.

The next step referred to paraclinical investigations:
spirometry to determine possible ventilatory disfunctions,
exhaled nitride oxide, 6 min walk test and chest X-ray.
Computed Tomography was carried out after the
customary testing performed in the clinic. This investigation
was performed in all the patients with suspected
bronchiectasis, using multidetector CT, which generates
more accurate results than classic Computed Tomography.
After studying the results of the imaging investigation, only
the before-mentioned 57 patients remained in the study.

Itis worth mentioning that these clinical and paraclinical
investigations are carried out independent of this study,
which is an observational study and does not condition the
diagnostic or therapeutic conduct in case of these patients.
The patients diagnosed with bronchiectasis, based on the
above-mentioned investigations, were given the option to
be part of the study. After obtaining their informed consent
(approved by the ethic committee of the university), we
continued with blood sampling for specific and specialized
investigations over the course of the current research. This
did not compel to or imply any financial involvement of the
patients.

At least 2 phials of 4mL whole blood have been sampled
from each patient. These were kept at room temperature
for at least 30 min (60 min optimum, but with a uniform
interval for all the samples). After 30 (namely 60) min, the
blood underwent centrifugation for 10 minutes at 1000
rotations per minute, according to the specifications of the
manufacturer of the BoosterTM interleukin kits. The
resulting supernatant (serum), which needs to amount to
atotal of 3mL (optimal amount 4mL) is stored in two phials
at -20 degrees C, for at least one months, during which
sufficient samples have been gathered for long-term
storage at -70 degrees C, until all the samples were
gathered for processing.

The method used in this study for interleukin-4 and -6
was spectrophotometric ELISA. Two devices from different
manufacturers were used for this purpose, in order to get
the best accuracy of the results. The spectrophotometers
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used were Biotek and Sunrise. This method was preferred
in order to allow a comparison between the two readings
of the same plate with 96 wells. Conveniently, the results
obtained with each of the devices, with two readings for
each, were identical. Thus, all the micro test tubes (wells)
were appropriate and none of the kits was unusable. It
should also be noted that each of the two interleukins has
been analyzed in duplicate, for the same reason - so that
the results are as accurate and precise as possible.

The used ELISA (Enzyme-linked Immunosorbent Assay)
technique represents a molecule (proteins, carbohydrates,
etc.) detection method suing enzyme-conjugation antigen/
antibodies complexes. This is a highly sensitive method
and it is expressed in pg/ml. It may be qualitative or
guantitative and uses monoclonal antibodies and enzymes.
For this study, the results were expressed in pg/mL and the
results were quantitative. The enzymes represent
biochemical catalyzers, compounds that increase the
speed of chemical reactions occurring in biological
systems, without being consumed in the process. Thus,
we may infer that the intensity of the generated reaction
(namely the staining of the micro test tubes) is directly
proportional to the quantity of enzymes in the respective
biological product. The biochemical enzymes used in this
measurement are: peroxidase, alkaline phosphatase,
glucose oxidase and G6PH. The biological samples to
which this technique is applicable are: serum, plasma,
urine, stool sample, synovial fluid, CSF and bronchoalveolar
lavage fluid. For our study however, we used only serum
from the patients with acquired bronchiectasis and healthy
control subjects.

The SigmaPlot 12.0 program was used for statistical
analysis and the significance was demonstrated with a P
value < 0.05. For the assessment of the studied data, in
addition to the descriptive statistical methods we used the
independent-samples t-test for normal distribution variables
and the Mann-Whitney U test for variables that were not
normally distributed. Logistic regression analysis was used
to assess the significant inflammatory reaction in the
observed subjects. The Chi-Square test was used to
compare the anti-inflammatory and pro-inflammatory
response in both groups and the odds ratio (relative risk)
with a confidence interval of 95% was calculated to
determine risk factors.

Results and discussions

Obstructive lung diseases are characterized by a chronic
inflammatory response, especially in the small airways
and lung parenchyma, which in its turn is characterized by
a high macrophage, neutrophil and T lymphocyte count.
This can be observed locally and can easily be
substantiated by bronchoalveolar lavage. What we aim for
is to observe whether there is a systemic inflammatory
response (both pro- and anti-inflammatory) within the
bronchiectasis pathology, the central elements used for
this purpose being interleukin-4 and -6. Demographic
characteristics of the study and the control groups were
describe in table 1.

In order to better understand the anti-inflammatory and
pro-inflammatory processes, the results are divided into
two categories: the results for interleukin-4 and the results
for interleukin-6, as follows:

Interleukin-4 is a pro-inflammatory interleukin. Table 2
reveals the average value for interleukin-4 in patients with
bronchiectasis, compared to the results from the serum of
the studied control subjects and its standard deviation.

By applying the t-test to determine the statistical value
of these results we obtained a p value < 0.001. This shows
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Tabel 1
DEMOGRAPHIC CHARACTERISTICS OF THE STUDY AND THE
CONTROL GROUPS

Table 2
AVERAGE I1L4 VALUES AND STANDARD DEVIATION

Number [7]
P‘w.hml
Patients (n=40) | Control (n=20)
Age (years) 23.40=432 21.60=1.96 0.082
Education
Illiterate 23] 2710] 0.159
Primary school 157375] 12[80]
High school 14 [33] & [30]
University 4122.5] -
Income level
Low 23[575] oT45] 0641
Aedium 15 [373] 107500
High 2151 175]
Smoking
Smoker 13[323] 2710] 0.038
Nonsmoker 2T8T3] 18 [50]
Group 1 — patients with Group 2 — healthy
bronchiectass control subjects
Average IT 4 value 4117 1808
(pg/ml)
Standard deviation 2433 1211

the statistic relevance of the comparison between the two
groups, namely the subjects with acquired bronchiectasis
and the healthy control subjects.

The IL4 value was significantly higher in patients with
acquired bronchiectasis compared to healthy control
subjects. The highest value obtained in subjects with
acquired bronchiectasis was 1127, while the highest value
in healthy control subjects was only 400.5. The minimum
value determined for the studied groups was 45.18 in
patients with acquired bronchiectasis namely 14.28 in
healthy control subjects. These results are represented in
figure 1.

IL-4 ELISA
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Figure 11 — graphic representation of
¢ the values determined for IL-4 in the
10004 i two studied groups
500- *iEyes
0 . L

L) )
patients controls

Fig. 1. Graphic representation of the values determined for IL-4 in
the two studied groups

There is a clear statistic difference in the values of
interleukin-4 in the patient group (acquired bronchiectasis
substantiated by CT investigations) and the control group
represented by healthy subjects (or who at least exhibit no
bronchiectasis).

For a better visual perception of the antigen/antibody
reaction, relevant for the ELISA technique, we can refer to
figure 2 - a photo taken during the preparation phase of the
plate interpreted by the spectrophotometer.

Fig. 2. Plate after staining.
Antigen/antibody color
reaction

Interleukin-6 is anti-inflammatory par excellence and
table 3 reveals the difference between the average values
determined in both studied groups. The average value is
different in the two groups, but greater difference can be
observed in terms of the minimum and maximum values
obtained in these two groups. The results obtain from IL-6
measurements reveal higher values in patients with
acquired bronchiectasis as compared to the healthy control
subjects, so that anti-inflammatory reaction is encountered
in patients with this pathology.

The graphic representation of these values is
represented as a scatter plot, in figure 3. This portrays the
difference between the two groups most accurately.
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Fig. 3. graphic representation of the IL-6 values for the two groups

Group I — patients with Group 2 - healthy
bronchiectasis (n=37) control subjects Table 3
Average ILG value (pg/ml) 2711 3333 AVERAGE, MAXIMUM AND MINIMUM VALUES, AS
Gtandard deviation 30ET &.000 WELL AS THE STANDARD DEVIATION
Tlininmum value LG (pg/ml) 440 A6 00 BETWEEN THE TWO GROUPS FOR IL-6
Minimum value IRG (pg/ml) 2317 6606
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Using the t-test we determined that this comparison is
statistically relevant, the p value in this comparison being
< 0.001.

The specialized literature has been researched for the
purpose of this paper, but we did not find any work dealing
with these two interleukins in patients with acquired
bronchiectasis. Acomparison between the results obtained
for the two interleukins is irrelevant for the simple reason
that these deal with two faces of the same coin that don’t
ever meet and hereby we refer to the pro-inflammatory
and the anti-inflammatory aspects of bronchiectasis in a
separate manner.

Bronchiectasis is a pathological entity characterised by
inflammation and/or recurrent infections. This pathology
has the property to activate an innate response which will
determine a very significant inflammatory response, this
response is translate in the serum by the release of
inflammatory proteins and cellular infiltrates such as IL-6,
IL-8, leukotriene B4, etc. [25]. This is the proinflammatory
response in the natural evolution of bronchiectasis, which
can be very important in acquired forms of bronchiectasis.

As demonstrated in COPD -associated with smoking,
which is the main cause for this pathology -bronchiectasis,
too, is characterised by chronic pulmonary inflammation,
which is why the serum level of interleukins is also elevated.
Some studies considered only COPD when studying the
relationship between CRP (C-reactive protein) and IL-6
plasmatic levels and have shown that these can connect
some COPD phenotypes to the elevated levels of these
acute phase proteins. Of course, it is impossible to exclude
all of the non-disease related factors: lifestyle and/or
socioeconomic conditions [28,29]. Thus, if there is an
association between different phenotypes of COPD and
the plasmatic levels of acute phase proteins, why not in
bronchiectasis as well? Why wouldn't it be possible to
predict the exacerbation of bronchiectasis based on the
plasmatic levels of acute Interleukins?

Some studies have shown that there is a direct relation
between IL-4 levels and the mucus-secreting glands, in
the sense that these cytokines stimulate the hypersecretion
of mucus. IL-4 is a multifunctional cytokine that influences
the mucus-secreting tissue, as well as the B lymphocytes
[30]. Therefore, if the IL-4 level is significantly increased in
COPD and bronchiectasis it can also be increased in
bronchiectasis, which is also a mucus-secreting disease
and can act at least as a marker if not as a veritable tool for
prognosis.

There have been extensive studies regarding IL-4, IL-
13, as well as T-helper-2 in diseases such as COPD, chronic
bronchitis and even asthma. Such studies have shown that
these interleukins are key proteins in the allergic response.
Even though the vast majority of these studies are on
asthma and the inflammatory response, however there is
also a relation between the smoking behaviour in COPD
and chronic bronchitis and the plasmatic levels of these
interleukins [31]. Although studies did not show a
significant increase of the IL-6 and IL-8 levels in ex-
smokers with COPD in association with the severity and
clinical profile[32, 33,34], there is still an overall increase
of the inflammatory cytokines in the chronic inflammatory
diseases including bronchiectasis. The relation between
these proteins and pulmonary inflammatory diseases, as
well as the smoking behaviour gives us a good overall
perspective on the possibility of cytokine involvement in
the evolution of the bronchiectasis. There is a study
showing that IL-4 induces goblet cell metaplasia via a direct
effect on airway epithelial cells, so there is an important
pulmonary effect of chronic IL-4 increased levels[35].
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The predictive role of plasmatic interleukins is
somewhat limited and at this moment cannot be used as
a marker in the prognosis of bronchiectasis. On the other
hand, when we take into consideration the relation between
the inflammatory plasmatic cytokines and the ones
measured from the bronchioloalveolar lavage, in patients
with bronchiectasis, the predictive capabilities increase
significantly [36]. Bearing all these in mind, the need for
further studies in the direction of bronchoalveolar lavage
emerges and shows great promise for the diagnosis and
prognosis of acquired bronchiectasis.

Conclusions

The values obtained for IL-4 are significantly higher in
patients with acquired bronchiectasis as compared to the
healthy control subjects. The sensitivity of the method used
is especially high in terms of the quantitative results
obtained for IL-4 (sensitivity), however specificity is the
one that should be demonstrated. Up to this moment, there
are no studies encountered in the specialized literature
referring to inflammatory reactions based on two
interleukins - the pro- and anti-inflammatory ones.

In case of IL-6, too, the spectrophotometric
measurements of the antigen/antibody reaction (ELISA)
are higher in patients with bronchiectasis, but still the
difference is not as great as in case of IL-4. It is known that
interleukin is an anti-inflammatory cytokine.

The general conclusion that can be drawn from this study
at this time is that patients with bronchiectasis exhibit a
much more significant pro-inflammatory reaction
compared to the anti-inflammatory reaction and compared
tode healthy control subjects, who are considered to be
the standard for this determination.

Thus, this study infers that patients with bronchiectasis
exhibit a certain degree of immunosuppression, which is
why the pro-inflammatory reaction becomes so significant.
At this time, we cannot know whether this immuno-
suppression is the one causing the bronchiectasis
pathologies or at least leading to their aggravation or
bronchiectasis was the one leading to the immuno-
suppression.

For a better understanding of this inflammatory
phenomenon, based on pro- and anti-inflammatory
interleukins altogether, we recommend the performance
of serum and bronchioalveolar lavage fluid analyses, both
in patients with acquired bronchiectasis and in healthy
control subjects.
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