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Abstract: Aims: The main feature of fibrosing idiopathic interstitial pneumonias (fIIPs) is the fibroproliferative potential 

of underlying pathogenetic process. We hypothesize that the concentration of potential markers of fibroproliferative 

healing, PAR-2, TGF- 1, TNF-  and IL-4R  in bronchoalveolar lavage fluid (BALF) differ in patients with fIIPs 

compared to controls (C). 

Patients and Methods: 10 patients with fIIPs and 9 controls (C) were included to the study. 

Concentrations of CD124 (IL4R ), PAR-2, TGF- 1 and TNF-  in BALF were determined using the ELISA method. 

Results: We observed higher concentrations of IL4R  (fIIPS 1499.4 pg/ml vs C 255.5 pg/ml; p  0.05), PAR-2 (fIIPS 

1807.9 pg/ml vs C 421.0 pg/ml; p  0.05) and TGF- 1(fIIPS 283.0 pg/ml vs C 197.1 pg/ml; p  0.01) in BALF in fIIPs 

versus C. The values of TNF-  in BALF did not differ significantly in fIIPs compared to controls. The ratios also showed 

differences in fIIPS and C: IL4R /TGF- 1 (fIIPS 6.19 vs C 0.68; p = 0.0143); TNF- /IL4R  (fIIPS 0.84 vs C 7.93; p = 

0.043); TGF- 1/TNF-  (fIIPS 0.21 vs C 0.16; p = 0.0179) and protein/PAR-2 (fIIPS 0.06 vs C 0.28; p = 0.0033). 

Conclusions: We found that PAR-2, TGF- 1 and IL-4R  are significantly up-regulated in the BALF of fIIPs compared to 

controls, therefore we suppose they could become biomarkers of fibroproliferative healing. 
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INTRODUCTION 

 Fibrosing idiopathic interstitial pneumonias (fIIPs), 
comprising mainly idiopathic pulmonary fibrosis (IPF) and 
fibrotic idiopathic nonspecific interstitial pneumonia 
(iNSIP), are processes with unknown etiology and a grim 
prognosis. The main feature influencing the poor clinical 
outcome of fIIPs is the fibroproliferative potential of the 
underlying pathogenetic process in the lung, which is 
mediated by the TH2 immune response. We hypothesize that 
the cytokine milieu in bronchoalveolar lavage fluid (BALF) 
in fIIPs is different from controls and directly enhances 
fibroproliferative healing in the lung. We also propose that 
the values of cytokines and receptors involved in cytokine 
signaling in BALF could be useful biomarkers of 
fibroproliferative healing in interstitial lung diseases (ILDs). 
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 We have concentrated primarily on the cytokines and 
receptors which are potentially involved in fibroproliferative 
healing. After many studies, it is now well recognized that a 
number of key growth factors are responsible for driving the 
process of fibrogenesis. For example, transforming growth 
factor-beta 1 (TGF- 1), interleukin-1 beta (IL-1 ), and 
tumor necrosis factor-alpha (TNF- ) are able to induce the 
characteristic motility, proliferation and extracellular matrix 
(ECM) synthesis observed in mesenchymal cells with a 
myofibroblast-like phenotype from fibroblastic foci [1-5]. 
One of the key receptors in the initiation of fibroproliferative 
healing is the proteinase-activated receptor-2 (PAR-2), 
which interconnects activation of the coagulation cascade in 
alveolar injury with consequent fibroproliferative healing. In 
a study by Wygrecka et al., PAR-2 was strongly up-
regulated in IPF lungs and was attributed to alveolar type II 
cells and fibroblasts/myofibroblasts. TGF- 1, a key 
profibrotic cytokine, considerably enhances PAR-2 
expression in human lung fibroblasts. FVIIa stimulates 
proliferation of human lung fibroblasts and ECM production 
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in a PAR-2-dependent manner, but did not initiate 
differentiation of fibroblasts into myofibroblasts [6,7]. TGF-

1 increases fibroblast proliferation, stimulates synthesis and 
deposition of connective tissue, and inhibits connective 
tissue breakdown. TGF- 1 acts through a promoter of the 
type 1 collagen gene causing increased collagen synthesis. In 
addition, TGF- 1 induces epithelial-mesenchymal transition 
(EMT) in alveolar epithelial cells (AECs), both in vitro and 
in vivo [8-12]. 

 TNF-  plays an important pro-inflammatory role and 
alveolar macrophages are the main source of this cytokine 
[12]. It appears that in IPF TNF-  probably plays a 
pathogenic role in the early phase of the disease, i.e. during 
alvelolar epithelial injury, and can be regulated by 
antioxidants (Cu). Also, alternatively activated macrophages, 
after lipopolysaccharide (LPS)-induced PAR-2 activation, 
have in vitro, been shown to suppress mRNA expression of 
pro-inflammatory cytokines including TNF-  [13]. 

 The key cell inducing fibroproliferative healing in fIIPs 
is the alveolar macrophage, which can be alternatively 
activated by interleukin (IL)-13 [14,15]. IL-13 in addition to 
IL-4 is a key inducer of several type-2 cytokine-dependent 
pathologies. It regulates inflammation, mucus production, 
tissue remodeling, and fibrosis. IL-13 signaling is mediated 
by the type-2 IL-4 receptor, which consists of IL-4R  and 
IL-13R  1 chains [16]. Pulmonary fibroblast lines cultured 
from patients with the most severe form of IIP, i.e. usual 
interstitial pneumonia, exhibited the greatest gene and 
protein expression of IL-4R , IL-13R 1, and IL-13R 2 
compared with primary pulmonary fibroblast lines grown 
from other IIP surgical lung biopsies (SLBs) and normal 
SLBs. The fibroblast lines from IIP also had a greater 
response (increased inhibition) to chimeric proteins 
comprised of human IL-13 and truncated versions of the 
Pseudomonas exotoxin (IL-13-PE), compared to normal 
fibroblasts; the response was probably dependent on their 
expression of IL-4R  and IL-13R 2 [17]. 

AIM 

 According the results of previous studies and to our 
preliminary studies in ILDs, we have targeted this 
investigation of potential biomarkers in BALF in fIIPS (IPF, 
fibrotic NSIP) [18,19]. We hypothesize that the 
concentration of potential markers of fibroproliferative 
healing, i.e. PAR-2, TGF- 1, TNF-  and IL-4R  differ in 
patients with fIIPs compared to controls and as such, could 
be useful biomarkers of fibroproliferative healing in 
interstitial lung diseases. 

PATIENTS AND METHODS 

Patients 

 Ten patients with fIIPs ( 4 IPF and 6 fibrotic idiopathic 
NSIP) were included in the study. The patients did not 
receive any treatment for fIIPS at the time of entering the 
study and having lower mentioned investigations. The 
demographic data are presented in Table 1. The diagnosis in 
fIIPs was based on the clinical picture, HRCT, and 
transbronchial (7 patients) or surgical lung biopsy (3 
patients). Nine patients with pneumonia in regression with 
suspicion of interstitial lung disease, which was not 
consequently proven by HRCT, served as the control group 

(C). All patients signed an informed consent before entering 
the study and the study protocol was approved by the Central 
Ethics Committee of Thomayer Hospital and the Institute for 
Clinical and Experimental Medicine. Additionally, all data 
were analyzed with respect for patient privacy. 

Table 1. Basic Characteristics of fIIPS and C Groups 

 

No/Gender  

(M/F) Age

Smoking  

(Nonsmokers/Exsmokers)

C

n 9 (6/3) 6/3

median 66

min 30

max 73

mean 60.33

SD 13.07

fIIPs

n 10 (3/7) 5/5

median 68

min 48

max 79

mean 65.40

SD 9.36

Statistics NS (F test) NS (M-W test) NS (Fisher´s test)

M/F, male/female; C, controls; fIIPs, fibrosing idiopathic interstitial pneumonias; SD, 

standard deviation; M-W test, Mann-Whitney test, Fisher´s exact test. 

 

Methods 

 Bronchoalveolar lavage (BAL) was performed in both 
fIIPs groups and the C group during fiberoptic 
bronchoscopy, which was done under local anesthesia. Five 
fractions of 50 ml of lukewarm saline were instilled into the 
segmental part of the middle lobe where the bronchoscope 
was wedged. The fluid was retrieved using syringe suction 
and mixed in a container before being divided for further 
investigation. The sample was determined to be valid if the 
recovery exceeded 20 ml per fraction and a significant 
admixture of polymorphic bronchial epithelial cells was not 
found. At least 25 ml of BALF was sent for further 
investigation of cytokine values. Concentrations of CD124 
(IL-4R ), PAR-2, TGF- 1 and TNF-  in BALF were 
determined using the ELISA method, using kits from Uscn 
Life Science Inc. Reactions took place in microtiter plate 
wells which had been pre-coated with monoclonal antibody 
(MAb) specific for the examined analyte (CD124, PAR-2, 
TGF- 1 and TNF- ). Labeled polyclonal antibody binds to 
the MAb-analyte complex. After reacting with the substrate 
solution the process is terminated. The colored product was 
measured with a vertical colorimeter Biotek EL800. The 
concentration of analyte in samples was determined using a 
standard curve. To avoid disturbances and potential errors 
related to different BALF sample amounts and thus different 
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concentration of cytokines and receptors, we also measured 
total protein values in the BALF and present the cytokines 
and receptors values as ratios. The extreme values were 
excluded from statistical evaluation (Table 2). 

Statistical Methods 

 Descriptive statistics were calculated, i.e. mean and 
standard deviation, median, minimal and maximal values. 
For discrete variables (gender, smoking status) the 
frequencies are presented. The Fisher´s exact test was used 
for statistical evaluation of discrete variables and the Mann-
Whitney test for continuous variables. The median values of 
the concentrations of cytokines and receptors in BALF were 
used for further statistical testing. The Mann-Whitney test 
was applied for comparison of cytokines and receptors 
values in BALF of fIIPS and C groups. Statistical analysis 
was performed using MedCalc statistical software. A p value 
less than 0.05 was considered significant. 

RESULTS 

 We observed significantly higher concentrations of 
IL4R  (fIIPS 1499.4 pg/ml vs C 255.5 pg/ml; p  0.05), 
PAR-2 (fIIPS 1807.9 pg/ml vs C 421.0 pg/ml; p  0.05) and 
TGF- 1(fIIPS 283.0 pg/ml vs C 197.1 pg/ml; p  0.01) in 
BALF in fIIPs versus C, see Fig. (1). The values of TNF-  
in BALF did not differ significantly in fIIPs compared to 
controls (Table 2). The ratios also showed statistically 
significant differences in concentrations of cytokines and 
receptors in fIIPS and C: IL4R /TGF- 1 (fIIPS 6.19 vs C 
0.68; p = 0.0143); TNF- /IL4R  (fIIPS 0.84 vs C 7.93; p = 
0.043); TGF- 1/TNF-  (fIIPS 0.21 vs C 0.16; p = 0.0179) 
and protein/PAR-2 (fIIPS 0.06 vs C 0.28; p = 0.0033), see 
Fig. (2). 

DISCUSSION 

 Fibrosing idiopathic interstitial pneumonias are serious 
diseases with a grim prognosis, however when they are 
diagnosed early they can be treated with novel anti-fibrotic 

drugs. Thus it is essential to make the diagnosis of fIIPs as 
early as possible. In the early stages, fIIPs are often 
described by radiologists as nonspecific or probably post-
inflammatory changes seen on high resolution computed 
tomography (HRCT) scans. In that stage of the disease, the 
BAL sometimes offers the only chance to obtain further 
information about the nature of interstitial lung disease, since 
not all the patients are able and/or want to undergo a surgical 
lung biopsy (SLB). Thus there is urgent need for reliable 
biomarkers which could support a diagnosis of early fIIPs 
and offer patients anti-fibrotic treatment in the early stages 
of the disease. The markers which have been introduced in 
fibrosing ILDs to date, i.e. KL-6 and surfactant protein-A 
(SP-A), are fundamentally markers of disease progression 
and acute exacerbation rather than early markers of the 
disease [20,21]. 

 In our study we tried to identify potential biomarkers of 
fibroproduction from BALF of patients with known fIIPs, 
which could be used to identify patients with fIIPs even in 
early stages, absent acute exacerbation. We focused on 
molecules previously known to have an important role in 
fibroproliferative cytokine and receptor network. 

 We observed significantly higher concentrations of 
IL4R  in the BALF of patients with fIIPs compared to 
controls. Our findings support the results of previous studies 
by Mentink- Kane (2011), where IL-13 signaling, which is 
important for TH2 commitment of alveolar macrophages, is 
realized by the type-2 IL-4 receptor [16]. Also pulmonary 
fibroblasts in IPF exhibited the greatest gene and protein 
expression of IL-4R , IL-13R 1, and IL-13R 2 compared 
with primary pulmonary fibroblast lines grown from other 
IIPs and normal SLBs [17]. 

 With regard to PAR-2, its concentration in BALF was 
also significantly elevated in fIIPs compared to controls. 
PAR-2 is a quite novel molecular marker of fibroproduction 
which connects the cogulation cascade axis during alveolar 
damage with consequent fibroproliferative healing [6,7,13, 

Table 2. Concentrations of Cytokines and Receptors in BALF in fIIPs and C 

 

Protein (ug/ml) IL4Ra (pg/ml) PAR2 (pg/ml) TGF- 1 (pg/ml) TNF  (pg/ml) protein/PAR-2 IL-4a/TGF- 1 TGF- 1/TNF-a TNF-a/IL-4Ra 

C

n 9 7 7 9 9 9 9 9 9

median 125.40 255.50 421.00 197.10 1281.20 0.28 0.68 0.16 7.93

min 32.70 35.60 235.70 133.50 820.00 0.04 0.13 0.08 0.50

max 3400.00 2560.00 3184.50 265.10 2353.00 0.68 11.41 0.27 45.17

fIIPs

n 10 10 9 10 10 10 10 10 10

median 87.05 1499.40 1807.90 283.00 1282.15 0.06 6.19 0.21 0.84

min 30.90 650.10 358.00 165.30 903.20 0.01 1.78 0.17 0.41

max 263.10 3056.40 3598.50 487.40 2884.20 0.25 8.93 0.32 2.79

M-W test NS P<0.05 P<0.05 P<0.01 NS P<0.01 P<0.05 P<0.05 P<0.01

C, controls; fIIPs, fibrosing idiopathic interstitial pneumonias; SD, standard deviation; M-W test, Mann-Whitney test. 
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22,23]. Our findings supports the role of PAR-2 in 
fibroproliferative healing and suggests that PARs-2 could be 
a useful biomarker of fIIPs. Also the protein/PAR-2 ratio 
showed a significant prevalence of PAR-2 in the BALF of 
fIIPs compared to controls. TGF- 1 is considered the 
dominant cytokine in fibroproliferative healing in fIIPs and 
our study confirmed that values of TGF- 1 in the BALF of 
fIIPs were increased compared to controls [2-5,8-11,24]. 

 TNF- , which has been reported as having a role in the 
initial phases of fIIPs, did not show any differences between 
fIIPs and controls [12,25]. Therefore, in our opinion, TNF-  
is not a good biomarker candidate for fIIPs, with the 
exception of its use in ratios (see below). 

 To avoid the effect of different BALF dilutions, ratios of 
cytokines and receptors can be used as complex biomarkers. 

We observed the following: IL4R/TGF- 1 and TGF-  
1/TNF-  showed significantly higher values in fIIPs 
compared to C, while TNF- /IL4R  showed significantly 
lower values in fIIPS compared to C; as such, these ratios 
could also be considered good biomarkers of fibrotic 
interstitial lung diseases. 

 Further studies are needed to support our findings using 
larger groups of fIIPs patients and other ILDs and to 
establish their potential practical applications. This will be 
one of the main task of our next study. 

CONCLUSIONS 

 Our results support the hypothesis regarding the role of 
the TH2 type immune response in the pathogenesis of fibrotic 
fIIPs. The up-regulation of IL-4R  might be in response to 

Fig. (1). Median values of TGF-b, TNF-a, IL-4Ra and PAR-2 in patients with fIIPs  and controls. 

 

Fig. (2). Median values of protein/PAR-2, IL-4 TGF- TGF- TNF-  and TNF- /IL-4R  ratios in patients with fIIPs and controls 
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enhanced IL-4 and IL-13 production, which can lead to the 
profibrotic milieu in lung tissue. Increased values of TGF- 1 
and PAR-2 in the BALF of fIIPs support the hypothesis 
regarding interactions of alveolar damage, the coagulation 
cascade and fibroproliferative healing in fIIPs. We found 
that PAR-2, TGF- 1 and IL-4R  are significantly up-
regulated in the BALF of fIIPs compared to controls, 
therefore we suppose that they could become suitable 
biomarkers of fibrosing interstitial lung diseases (i.e. the 
markers of fibroproliferative healing), which could be easily 
detected in BALF using standard ELISA methods. We also 
observed that the ratios of specific cytokines and receptors 
could increase the reliability of the method and avoid bias 
associated with different BALF dilutions. 
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