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A b s t r a c t

IInnttrroodduuccttiioonn::  An imbalance between the Th1 and Th2 cytokines indicates the
development of the fibrotic response. This study focus on the mediators that
influence the imbalance in pulmonary fibrosis by assessing the variation in the
serum level of IL-2 (type-1 cytokine) and IL-8 (type-2 cytokine). 
MMaatteerriiaall  aanndd  mmeetthhooddss:: This study included 25 patients with lung fibrosis and ten
healthy children as a control group. The lung fibrosis group was subdivided into diffuse
and localized according to the pattern of fibrosis. Causes of diffuse lung fibrosis were
SLE or post chemotherapy course due to malignancies; those of localized fibrosis
were unresolved pneumonia or old pulmonary tuberculosis. There was a significant
increase in serum level of IL-8 and an insignificant increase in serum level of IL-2 in
pulmonary fibrosis group compared with the control (p=0.02, p=0.06) respectively. 
RReessuullttss::  There was a significant increase in the serum level of IL-2 in diffuse lung
fibrosis group compared with that of control (p=0.004) and localized lung fibrosis
(p=0.01) groups. There was no increase in the serum level of IL-8 in diffuse lung
fibrosis group compared with that of control group (p=0.9). The localized lung
fibrosis group shown significant increase in the serum level of IL-8 compared with
the control (p=0.002) and the diffuse lung fibrosis groups (p=0.02) respectively. 
CCoonncclluussiioonnss:: In conclusion, the imbalance between IL-8 (Th2) and IL-2 (Th1)
cytokines in pulmonary fibrosis with the predominance of Th2, as compared to Th1
cytokines is important in progression of fibrosis.

KKeeyy  wwoorrddss:: cytokines, interleukin, pulmonary fibrosis, T-helper.

Introduction

The interstitial lung disorders are a group of chronic inflammatory
disorders of the lower respiratory tract in which the normal alveolar walls
are progressively thickened by a fibrotic process characterized by an
expansion of fibroblast numbers and a collagenous extracellular matrix
secreted by these cells [1]. Since fibrosis of the alveolar wall is generally
an irreversible process, an understanding of the mechanisms modulating
the fibrotic state is necessary in order to understand the pathogenesis of
these disorders and to develop a therapeutic strategy to prevent the
irreversible loss of alveolar-capillary units [2].

Pulmonary fibrosis is the final common sequel to a variety of pathologies,
which include lung injury resulting from dust inhalation, radiation or drugs,
and systemic or pulmonary diseases [idiopathic pulmonary fibrosis (IPF)
connective tissue disorders, sarcoidosis and tuberculosis].

The mechanism(s) that drive the pathology of many chronic interstitial
lung diseases is not well characterized; however, many factors that regulate
immune and fibrotic processes have been implicated in the evolution of
these disorders. These processes include the persistence of antigen [3],
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potential viral infections [4], genetic variations [5],
environmental factors [6], and immune cell
activation. This last category has generated 
a significant amount of scientific interest, as the
classification of effectors cell products has led to
the assessment of type-1 and type-2 cytokines as
mechanisms for either the regulation or
maintenance of chronic lung disease. It is indeed
likely that cytokine networks with either type-1 or
type-2 phenotypes are responsible for cell-to-cell
communication and influence the progression of
chronic pulmonary inflammation. However, the
cytokine profiles, which are mechanistically involved
in the progression of pulmonary fibrosis, have
remained an enigma [7].

The discovery that Th-cell subsets could be
classified on the basis of cytokine profiles has
provided a degree of clarification to chronic cell-
mediated immune responses. The type-1 (Th1) and
type-2 (Th2) cytokines include IL-18, IL-12, IFN-γ and
IL-2 vs. IL-4, IL-5, IL-8, IL-10 and IL-13, respectively [8].

The realization that Th1 and Th2 cytokines are
expressed by a variety of cells and the functions 
of these cytokines are different suggests that 
an imbalance in the expression of Th1 and Th2
cytokines may be important in dictating different
immunopathologic responses [8-10]. For example,
type-1 cytokines appear to be involved in cell-
mediated immunity associated with autoimmune
disorders and acute allograft rejection, whereas 
type-2 cytokines are predominantly involved in
mediating allergic inflammation and chronic
fibroproliferative disorders, such as asthma, atopic
dermatitis, IPF, and systemic sclerosis. The strict
definition of Th1 and Th2 responses may break down
in a scenario where the initial inciting agent triggers
an unsuccessful Th1-type response. The subsequent
host reaction to a specific antigen or the chronicity
of the disorder may induce a switch to a response
dominated by Th2 cytokines. The manifestation of
this latter response is the scenario of stromal
cell/fibroblast proliferation and deposition of
extracellular matrix (ECM), and ultimately fibrosis.
Thus, the cytokine pattern in particular diseases is
often predictable and appropriate, whereas severe
pathologic consequences may result if an
inappropriate cytokine phenotype is expressed. This
latter situation may play a role in certain chronic
inflammatory diseases, such as pulmonary fibrosis,
where unknown etiologies lead to dysregulated repair
with exaggerated chronic inflammation, fibroblast
proliferation, deposition of ECM, angiogenesis, and
finally end-stage pulmonary fibrosis [11].

This study is aiming to assess the variation in
the serum level of IL-2 (type-1 cytokine) and IL-8
(type-2 cytokine) in pulmonary fibrosis.

Material and methods

Our study was conducted in Outpatient Clinic
New Children Hospital, Cairo University and Chest
Clinic of the National Research Center during the
year 2007. The study was approved by ethical
commission. 25 patients having lung fibrosis gave
the informed consent for participation to the study.

The patients were assigned to the study
according to one or more of the following criteria:
1) clinical history of unresolved pneumonia, treated

pulmonary tuberculosis, chemotherapy Vincristine
and/or Cyclophosphamide or systemic lupus
erythromatosis (SLE),

2) positive finding of anti double strand DNA in case
of SLE,

3) clinical finding of exertional dyspnea, cyanosis,
non productive cough, crepitation or crackles on
auscultation of lung bases or localized crepitation
in diffuse and localized fibrosis respectively,

4) evidence of diffuse bilateral interstitial infiltrates
or localized fibrosis in chest radiograph confirmed
by CT in diffuse and localized fibrosis respectively,

5) physiological consistent with a restrictive
ventilatory defect including decreased lung
volumes and normal flow rates,

6) all studies were performed before initiation of
treatment.
Lung fibrosis cases were divided into diffuse and

localized fibrosis according to the following criteria:
a) history,
b) clinical examination,
c) chest X ray,
d) high resolution C.T.

Ten healthy children (with none of the above
criteria) of the same age range and of both sex were
included in the study as a control group.

DDeetteerrmmiinnaattiioonn  ooff  sseerruumm  lleevveell  ooff  iinntteerrlleeuukkiinn  22
aanndd  iinntteerrlleeuukkiinn  88
Blood samples were collected using pyrogen free

collecting tubes. Sera were separated by
centrifugation at 1000 g for 30 min to remove
particulates. Samples were aliquoted and stored
frozen at –70°C until analysis.

IL-2 was measured by ELISA using a Diaclone
Research kit (France) (1, bd A.Fleming. B.P. 1985-
25020 BESANCON Cedex).The assay recognized
both natural and recombinant human IL-2.

IL-8 was measured by using ELISA kit accucyte
(Cytimmune Sciences inc.) The kit is designed to
measure the total (bound and free) amount of IL-8
in serum.

SSttaattiissttiiccaall  aannaallyyssiiss

Data were processed and analyzed by software
statistical package for social sciences (SPSS).
Comparison between groups was made using
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unpaired t student’s test and within groups using
paired t test. A value of p<0.05 was considered
statistically significant.

Results

Statistical comparison between serum level of 
IL-2 and IL-8 in control and lung fibrosis groups
(Table I). Mean value of IL-2 in control, diffuse and
localised lung fibrosis (Figure 1). There is a significant
increase in the serum level of IL-2 (Th1 cytokine) in
diffuse lung fibrosis group compared with control
and localized lung fibrosis groups (p=0.004, p=0.01)
respectively.

Mean value of IL-8 in control, diffuse and localised
lung fibrosis (Figure 2). There is a significant increase
in the serum level of IL-8 (Th2 cytokine) in localized
lung fibrosis group compared with control and

diffuse lung fibrosis groups (p=0.002, p=0.02)
respectively.

Discussion

In this current study, there was predominance
of Th2 cytokine represented by IL-8 over Th1
cytokine represented by IL-2 in general. However,
in case of diffuse pulmonary fibrosis there was
increase in the serum level of Th1 compared to that
of the control and localized fibrosis groups. The
localized fibrosis group shown an increased Th2
cytokine levels compared to that of the control and
diffuse pulmonary fibrosis groups.

It is indeed likely that cytokine networks with
either type-1 or type-2 phenotypes are responsible
for cell-to-cell communication and influence the
progression of chronic pulmonary inflammation.
However, the cytokine profiles, which are
mechanistically involved in the progression of
pulmonary fibrosis, have remained an enigma.
Recent information for experimental models of
lung disease would predict that the cytokine
disease phenotype characterized by type-2
cytokines results in a fibroproliferative response
with extra cellular matrix deposition, while a type-1
disease phenotype fails to induce significant fibrotic
changes [7].

A variety of cytokines have been found
associated with chronic pulmonary inflammation,
including interleukin IL-1 [12], IL-6 [13], IL-8 [14],
macrophage inflammatory protein-1a [15], monocyte
chemo attractant protein-1 [16], tumour necrosis
factor [17], transforming growth factors (TGF) [18],
granulocyte macrophage-colony stimulating factor
[19], and platelet-derived growth factor [20].

The main functions of Th1 cytokines (e.g.,
interleukin IL-2 and interferon gamma) are to
promote cell-mediated immunity, remove cellular
antigens, decrease fibroblast procollagen mRNA,
fibroblast proliferation, and fibroblast-mediated
angiogenesis and down-regulate transforming
growth factor beta (TGF-β). So, the net effect of 
a predominantly Th1 response is tissue restoration.
Th2 cytokines (including IL-4, IL-8 and IL-13)
promote humoral immunity and produce antibody
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FFiigguurree  11..  Mean value of IL-2 in control, diffuse and
localised lung fibrosis

TTaabbllee  II..  Statistical comparison between serum level of IL-2 and IL-8 in control and lung fibrosis groups
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X 14 106.5 49 118.9

SD ± 2.8 143.8 5.8 90.5
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NS S

N – number of patients, X – mean, SD – standard deviation, NS – non significant, S – significant
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FFiigguurree  22.. Mean value of IL-8 in control, diffuse and
localised lung fibrosis
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responses that can lead to fibroblast activation and
fibrosis. So, the net effect of a predominantly Th2
response is fibrosis [21].

In pulmonary fibrosis, the resolution phase is
marked by a persistent imbalance between Th1 and
Th2 cytokines. As Th2 cytokines become more
prevalent, transforming growth factor beta 
(TGF-β) and other cytokine levels rise, causing
fibroproliferation and excessive collagen accumulation.
The increased levels of Th2 vs. Th1 cytokines in the
lungs is thought to be one mechanism behind the
progression of pulmonary fibrosis [21].

The opposing effects of Th1 and Th2 cytokines
in fibrosis are further supported by a number of
recent investigations demonstrating that the
predominance of Th2 cytokines over the expression
of IFN-γ (Th1 cytokines) may be related to the
potential role for the humoral response in the
pathogenesis of pulmonary fibrosis. This suggests
that the persistent imbalance in the expression of
Th2 vs. Th1 cytokines in the lung is a mechanism
for the progression of pulmonary fibrosis [22, 23].
This agreed with our current study where 25
patients with pulmonary fibrosis were compared
with 10 healthy children of the same age and sex.
A significant increase in serum level of IL-8 (Th2
cytokine) in pulmonary fibrosis group compared
with the control (p=0.02) and an insignificant
increase in serum level of IL-2 (Th1 cytokine) in the
pulmonary fibrosis group compared with the control
(p=0.06) (Table I) was identified.

Although the serum level of IL-2 was increased
markedly compared to that of the control group
(mean values respectively 106.5 and 14 pg/ml)
(Figure 1), there was no statistical significance
between the 2 groups. This was referred to the high
standard deviation in the pulmonary fibrosis group
(SD±143.8 pg/ml) (Table I). So, we divided the
pulmonary fibrosis group according to the pattern
of fibrosis into diffuse (8 patients) and localized 
(17 patients) groups.

The causes of diffuse lung fibrosis were systemic
lupus erythromatosis, post chemotherapy courses
for ALL, Wilms tumor, and abdominal mass and
those of localized lung fibrosis were unresolved
pneumonia or old pulmonary tuberculosis.

There was a significant increase in the serum
level of IL-2 (Th1 cytokine) in diffuse lung fibrosis
group compared with that of control (p=0.004) and
localized lung fibrosis (p=0.01) groups with mean
values of 230.6, 14 and 44.5 pg/ml respectively
(Figure 1). At the same time, there was no increase
in the serum level of IL-8 (Th2 cytokine) in diffuse
lung fibrosis group compared with that of control
group (p=0.9) with mean values 49 and 49.2 ng/ml
respectively (Figure 2). This finding was explained
by Strieter [11], by the fact that type-1 cytokines
appear to be involved in cell-mediated immunity

associated with autoimmune disorders. Moreover,
type-1 cytokines are cytokines that are important
in the induction of IFN-γ.

IFN-γ can also inhibit both fibroblast and
chondrocyte collagen production in vitro, as well as
decrease the expression of steady-state type-I 
and type-III procollagen messenger RNA. IFN-γ
up regulates the major matrix-degrading
metalloproteinase, stromelysin-1 gene expression
by fibroblasts. IFN-γ is a potent inhibitor of the
eosinophil chemotactic CC chemokine, eotaxin from
fibroblasts. IFN-γ differentially regulates intracellular
adhesion molecule-1 and vascular cell adhesion
molecule-1 expression on fibroblasts. The
administration of IFN-γ in vivo can cause a reduction
of ECM in animal models of fibrosis. Moreover, 
IFN-γ treatment of patients with either systemic
sclerosis or idiopathic pulmonary fibrosis (IPF) for 
1 year has demonstrated improved pulmonary
function and gas exchange with improved resting
and exercise PaO2. This information supports the
concept that IFN is one of the major type-1
cytokines that possesses profound regulatory
activity for collagen deposition during chronic
inflammation [11].

The development of chemotherapy-associated
pulmonary fibrosis with permanent restrictive
disease was evaluated in different studies. One
study evaluated lung function in 20 pediatric
Hodgkin’s lymphoma patients treated with MOPP
[mechlorethamine (HN 2), vincristine (Oncovin),
prednisone, and procarbazine]/ABVD [doxorubicin
(Adriamycin), bleomycin, vinblastine, and
dacarbazine)] and found 55% to have abnormal
diffusing capacity [24]. Another study evaluated
serial pulmonary function in children treated 
with COP (cyclophosphamide, vincristine, and
prednisone)/ABVD and mantle radiation therapy
and found 65 to 73% to have only mildly decreased
or normal diffusing capacity [25]. IFN-γ reduces
inflammation and subsequent development of
pulmonary fibrosis in response to chemotherapy. 
It acts as an inhibitor of fibrosis related to the
continuum of inflammation and fibrosis that is often
seen in the bleomycin-induced pulmonary fibrosis
model system. While IFN-γ may promote
inflammation early in the bleomycin-induced
pulmonary fibrosis, the persistence of its expression
either endogenously or administered exogenously
is important to attenuate fibrosis [11, 26, 27].

These results are matched with that of our study
that there was a predominance of Th1 cytokines in
case of diffuse lung fibrosis caused by auto immune
diseases (systemic lupus erythromatosis) or post
chemotherapy courses.

On the other hands, the localized lung fibrosis
group showed significant increase in the serum
level of IL-8 (Th2 cytokine) compared with the
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control (p=0.002) and the diffuse lung fibrosis
groups (p=0.02) respectively with mean values of
153.8, 49 and 49.2 ng/ml respectively (Figure 2).
However, there was an increase in the serum level
of IL-2 (Th1 cytokine) in localized lung fibrosis
group compared with that of control but more less
than that of the diffuse lung fibrosis group with
mean values of 44.5, 14 and 230.6 pg/ml
respectively. This was explained by the fact that
the initial inciting agent triggers an unsuccessful
Th1-type response. The subsequent host reaction
to a specific antigen or the chronicity of the
disorder may induce a switch to a response
dominated by Th2 cytokines. The manifestation
of this latter response is a stromal cell/fibroblast
proliferation and deposition of ECM, angiogenesis,
and finally end-stage pulmonary fibrosis [11, 28].
The predominance of Th2, as compared to Th1
cytokines in chronic inflammation supports the
notion that these removal cytokines (Th1) are
probably inadequate to fully eliminate the inciting
antigen, and the promotion of fibrosis by Th2
cytokines may be an inept attempt to contain or
wall off the antigen. These findings suggest that
the persistent imbalance in the expression of Th2
vs. Th1 cytokines in the lung is a mechanism for
the progression of pulmonary fibrosis [11].

In conclusion although the number of patients
was limited in this study, the information presented
here provides an idea about the expression of IL-8
(Th2) vs. IL-2 (Th1) cytokines in pulmonary fibrosis.
The predominance of Th2, as compared to Th1
cytokines in the lung is important in diffuse lung
disease and the fibrotic response. However, further
studies will be needed on other factors influencing
the progression of disease. These should ideally
include genetic studies as well as investigations into
the mechanisms by which local lung environments
influence cytokine action. Hopefully, the study of
these mediators will lead to more specific therapies
that will benefit patients with pulmonary fibrosis,
and prevent end-stage pulmonary fibrosis leading
to reduced morbidity and mortality.
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