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Abstract
Background: Usual interstitial pneumonia (UIP) is a fatal disease that is associated with poor prognosis and survival.
Several growth factors such as IGFs (insulin-like growth factors) and IGFBPs (insulin-like growth factor binding
proteins) seem to take part to this pathogenesis.
Pirfenidone is an immunosuppressant drug that is thought to have anti-inflammatory and anti-fibrotic effects both
in vitro and in vivo.
Objective: To assess IGFBP1 and IGFBP2 as non-invasive biomarkers for prediction and outcomes of UIP clinical
activity and therapeutic response to the anti-fibrotic pirfenidone.
Results: Serum levels of IGFBP1 and IGFBP2 were significantly higher in the UIP group than in the healthy subjects
(p ≤ 0.005). After 6 months therapy, UIP patients were divided into 2 groups according to improvement in MRC
dyspnea grading into clinically improved and non-improved groups. 6MWT and SPaO2 were significantly improved
in the clinically improved group compared to the non-improved one with no differences as regards other
parameters (p < 0.0001). Both IGFBP1 and IGFBP2 were significantly decreased in serum while only IGFBP2 was
decreased in BAL of all UIP after completing 12 months therapy.
Conclusion: IGFBP1 and IGFBP2 were increased in active UIP patients and reduced after 12 months anti-fibrosing
therapy. IGFBPs may be promising biomarkers and predictors of response to therapy in UIP.
Keywords: IGFBP1, IGFBP2, UIP, Anti-fibrotic pirfenidone

Background
Idiopathic pulmonary fibrosis (IPF) is a chronic, progressive fibrosing interstitial pneumonia with inevitable loss
of lung function. Internationally recognized guidelines
recommend the multidisciplinary evaluation of clinical,
radiologic, and pathologic disease features in the diagnosis and management of ILD [1]. Radiological usual interstitial pneumonia (UIP) is characterized on high* Correspondence: samamohammedhabeb@yahoo.com
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resolution computed tomography (HRCT) by the presence of reticular opacities, often associated with traction
bronchiectasis, typically in a basal, subpleural, and
patchy distribution [2].
Histopathologic UIP consists of a combination of fibrotic areas with scarring and honeycomb change alternate with areas of less affected or even normal lung
parenchyma [3]. The patchy interstitial fibrosis, collagen
deposition, and architectural distortion characteristic of
the UIP pathologic pattern, evident by surgical pathology
or at the macroscale by HRCT, are generally associated
with poor prognosis and survival [4].
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The insulin-like growth factor (IGF) system comprises
the two primary ligands, namely IGF1 and IGF2; six
high-affinity fully characterized IGF-binding proteins
(IGFBP1–IGFBP6); and the IGF receptors. IGF1 and
IGF2 are anabolic peptides with extensive structural and
functional homology with insulin. IGF1 and IGF2 affect
local and systemic responses through autocrine, paracrine, and endocrine mechanisms [5].
During human fetal lung development, IGF1 and 2
transcripts are localized to cells of mesenchymal origin
(pleura, interlobular septa, perivascular fibroblasts) while
immunocytochemistry identifies IGF peptides in association with airway epithelium. These findings suggest that
IGFs act locally in the lung in an autocrine or paracrine
manner [6].
Regulation of IGF activity in the lung depends on the
expression of the IGFs and IGF receptors and the modulation of IGF activity by specific IGF-binding proteins
(IGFBPs). IGFBP2 is a member of a family of six insulinlike growth factor binding proteins, which has recently
been identified in IPF [5].
Many clinical trials with anti-fibrotic drugs for IPF
were available in the last decade, including bosentan,
imatinib, and interferon (IFN)-1b. Pirfenidone, an orally
administered pyridine, demonstrated combined antiinflammatory, anti-oxidant, and anti-fibrotic actions
both in vitro and in animal models of pulmonary fibrosis, consisting in the regulation of the expression of
TGF-β and inhibition of fibroblast and collagen synthesis
[7].
The revision of the 2011 guidelines released a conditional recommendation for the use of nintedanib and
pirfenidone for the treatment of IPF. In many countries,
pirfenidone and nintedanib are approved with reimbursement for the treatment of patients with mild-tomoderate disease, who therefore present with welldefined impairments of lung function [8].
Aim of the study

We aimed to assess IGFBP1 and IGFBP2 as non-invasive
biomarkers for prediction and outcomes of UIP clinical
activity and therapeutic response to the anti-fibrotic
pirfenidone.

Methods
Study data were collected within the period from March
2016 to February 2018. According to the 2011 joint
statement by the American Thoracic Society (ATS),
European Respiratory Society (ERS), Latin American
Thoracic Association (ALAT), and Japanese Respiratory
Society (JRS) [9], the diagnosis of IPF can be secured by
the presence of a UIP pattern on high-resolution computed tomography (HRCT).

Page 2 of 6

Inclusion criteria

Patients with IPF and aged 40–80 years with diagnostic
criteria conforming to the current guideline based on
ATS/ERS guidelines and the dose of pirfenidone ≥ 1800
mg daily were included in this analysis [9].
Exclusion criteria

Patients who had other causes of UIP except IPF (such
as collagen vascular diseases and history of exposure to
drugs, radiation, and asbestosis) and incomplete data
collection were excluded.
Subjects

Prior to initiating pirfenidone therapy, all patients were
subjected to the following:
1. Thorough history taking and careful clinical
examination including age, sex, body mass index
(BMI), smoking habits, and associated co-morbidity.
2. Laboratory tests including complete blood count
(CBC), and renal and liver panels were performed
before administration of the compound during the
period of diagnosis, as well as 6 and 12 months
post-treatment initiation.
3. Pulmonary function testing using computerized
spirometry with a SensorMedics Vmax 229
(SensorMedics, Yorba Linda, CA, USA).
4. Chest X-ray and HRCT (high-resolution CT) chest.
5. Arterial blood gasses.
6. O2 saturation by pulse oximetry in follow-up of the
patients and 12 months after medication.
7. 6MWT (6 min walking test) for all patients before
and 12 months after medication.
8. Bronchoscopy and bronchoalveolar lavage (BAL):
for all patients before and 12 months after
medication.
9. Measure IGFBP1 and IGFBP2 in blood and BAL by
ELISA for all patients before and 12 months after
medication.
Pirfenidone treatment

Pirfenidone is available as 267 mg capsules. Initial dosing
is one capsule three times daily with meals on days 1
through 7. On days 8 through 14, the dose is advanced
to two capsules three times daily with meals. The daily
dose should be titrated to the full dosage of nine capsules per day (2403 mg/day) or three capsules three
times a day with meals onward starting on day 15. Consider temporary dosage reduction, treatment interruption, or discontinuation for management of adverse
reactions. For those patients who have treatment interruption of 14 or more days, therapy should be reinitiated
by undergoing the initial 2-week titration regimen to the
maintenance dosage [10].

Habeb et al. The Egyptian Journal of Bronchology

(2021) 15:6

Page 3 of 6

Patients were informed for known adverse events of
pirfenidone and were instructed to avoid exposure to
sunlight and alcohol consumption.
Dyspnea was assessed using the MRC dyspnea scale at
presentation and after completed pirfenidone therapy.

pirfenidone course. Comparing both groups, there were
significant improvements in 6MWT and SPaO2 in the
clinically improved group compared to the nonimproved one with no differences as regards other parameters (Table 2).

Statistical analysis

Serum and BALF growth factors after completing 12
months therapy

Analysis using SPSS version 12 was performed with respect
to the main study aim. Descriptive characteristics for participants are expressed as means and standard deviation (SD)
for continuous variables, and number and percent for categorical variables. We used the independent sample test to
show the significant difference between the continuous variables and chi-square test for the categorical variables. The
level of significance was accepted at p ≤ 0.05.

Results
Subject demographic and functional characteristics

This study was carried out on 23 UIP patients (16 males
and 7 females, with a mean age of 65.09 ± 6.01 years)
and 25 healthy patients (15 males and 10 females, with a
mean age of 62.87 ± 3.99 years) with no significant statistical difference between both groups as regards age,
sex, or smoking habits.
Serum growth factors before start therapy

There were significant increases in serum IGFBP1 and
IGFBP2 of the UIP group compared to the healthy one
(p ≤ 0.005) (Table 1).
The UIP patients were divided into 2 groups according
to clinical improvement in MRC dyspnea scale into improved or non-improved after completing the

On comparing all the UIP patients before and after completing their pirfenidone course, there were significant
decreases in serum levels of both IGFBP1and IGFBP2
with significant improvement in the SPaO2 and 6MWT
after 12 months therapy. By contrast, there was no significant difference between the groups regarding the
BALF levels of IGFBP1 (Table 3, Fig. 1).
Relationship between growth factors and other
parameters

Moreover, our study showed a direct relationship between circulating levels of IGFBP2 and BALF levels,
while we did not find any correlation between IGFBP1
in serum and BALF or between both growth factors and
any other biomarkers assessed in our study (Table 4).
Of great interest, there was an inverse relationship between MRC dyspnea score and 6MWT and also with
SPaO2 in UIP patients after completing 12 months treatment (Tables 4 and 5).

Discussion
Biomarkers are highly needed in IPF as tools for differential diagnostic, predictor of the progression of the

Table 1 Demographic parameters and biomarkers of the UIP group versus control group
Socio-demographic characteristics

UIP group (n = 23)

Control group (n = 25)

Mean ± SD

Test of sig.

P

T

Age (years)
65.09 ± 6.01

62.87 ± 3.99

1.47

0.14

No.

%

No.

%

Male

16

69.6

15

60

Female

7

30.4

10

40

0.84

Non-smoker

11

47.8

13

52

0.47

0.9

Mild

3

13.1

4

16

Moderate

5

21.7

4

16

Heavy

4

17.4

4

16

Sex

χ2
0.3

Smoking history

IGFBP1 in serum (mmol/l)
Mean ± SD

274.5 ± 31.1

83.4 ± 7.6

28.5

0.000*

256.2 ± 54.5

83.8 ± 11.6

14.8

0.000*

IGFBP2 in serum (mmol/l)
Mean ± SD

The level of significance was accepted at p ≤ 0.05
IGFBP1 insulin-like growth factor binding protein 1, IGFBP2 insulin-like growth factor binding protein 2
*The level of significance was accepted at p ≤0.05

Habeb et al. The Egyptian Journal of Bronchology

(2021) 15:6

Page 4 of 6

Table 2 Comparison between the clinically improved and clinically non-improved groups as regards IGFBP1 and IGFBP2 in serum
and BAL, 6MWT, and SPaO2
Parameters

Clinically improved (n = 14), mean ± SD

Clinically non-improved (n = 9), mean ± SD

T test

P value

IGFBP1 in serum (mmol/l)

266.9 ± 28.6

243.7 ± 37.8

1.66

0.1

IGFBP2 in serum (mmol/l)

179.7 ± 39.9

193.1 ± 33.4

− 0.82

0.4

IGFBP1 in BAL (mmol/l)

229.3 ± 31.5

209.8 ± 21.6

1.61

0.1

IGFBP2 in BAL (mmol/l)

148.5 ± 28.5

151.3 ± 17.1

− 0.26

0.7

6MWT

246.8 ± 13.3

169.5 ± 20.2

11.06

0.000*

SPaO2

92.0 ± 1.4

83.3 ± .5

16.8

0.000*

IGFBP1 insulin-like growth factor binding protein 1, IGFBP2 insulin-like growth factor binding protein 2, BAL bronchoalveolar lavage, 6MWT 6 min walking test,
SPaO2 O2 saturation
*The level of significance was accepted at p ≤ 0.05

disease and treatment response. Specifically in IPF, early
diagnosis is important to reduce as much as possible the
disease progression [11].
A key initiating event hypothesized in the pathobiology
of IPF is alveolar epithelial dysfunction leading to innate
immune cell activation, dysregulated epithelialmesenchymal communication, myofibroblast differentiation and proliferation, and excessive extracellular
matrix deposition [12].
Many biomarkers have been studied in BALF and in
serum as potential diagnostic or prognostic tools. However, the predictors’ value of these new biomarkers still
needs further studies.
IGFBP1 and IGFBP2 are members of a highly conserved family of six insulin-like growth factor (IGF)
binding proteins; IGFBPs are described to be involved in
cell proliferation and differentiation [13]. Therefore, we
focused on measuring both biomarkers in serum and
BALF of UIP patients. To the best of our knowledge, we
are the first to study both IGFBP1 and IGFBP2 levels in
both serum and BAL of patients who suffer from usual
interstitial pneumonia (UIP) and to compare their
results.

Although previous studies such as Chadelat et al. [14]
and Mouhieddine et al. [15] were focused on IGFBP2 in
fibrosis which showed an increase of IGFBP2 in the
bronchoalveolar lavage and in the lung tissue of patients
with interstitial lung disease (ILD) in vivo and in vitro,
none of these studies focused on the usual interstitial
pneumonia pattern.
Our study showed for the first time that UIP featured
a marked increase in serum IGFBP1 and IGFBP2 and in
BALF. Even the serum levels remained higher than those
measured in healthy subjects. In addition, IGFBP1 and
IGFBP2 were attenuated in those patients completing
the 12-month therapy with anti-fibrotic treatment.
Those results were in concordance with that reported by
Guiot et al. [16] who showed a marked increase in
serum IGFBP1 and IGFBP2, with decreased IGFBP2
levels in those patients receiving anti-fibrotic treatment.
Of great interest, the present study also found that
IGFBP2 levels showed significant decrease in both serum
and BALF of UIP patients after completing the 12month therapy, thus supporting the idea that IGFBP2
can bind to the lung extracellular matrix [17] and it can
favor the IGF activity by increasing its local availability,

Table 3 Comparison between UIP patient before and after treatment as regards IGFBP1 and IGFBP2 in both serum and BAL, 6MWT,
and SPaO2
Parameters

UIP group (n = 23)

Paired
t

P
0.000*

Before treatment, mean ± SD

After treatment, mean ± SD

IGFBP1 in serum (mmol/l)

274.5 ± 31.1

257.8 ± 33.7

5.54

IGFBP2 in serum (mmol/l)

256.2 ± 54.5

185.0 ± 37.3

5.63

0.000*

IGFBP1 in BAL (mmol/l)

225.9 ± 27.3

221.7 ± 29.2

0.95

0.351

IGFBP2 in BAL (mmol/l)

191.4 ± 27.7

149.6 ± 24.3

6.16

0.000*

6MWT

185.0 ± 10.8

216.6 ± 41.7

− 3.48

0.002*

SPaO2

83.0 ± 1.7

88.6 ± 4.5

− 6.19

0.000*

IGFBP1 insulin-like growth factor binding protein 1, IGFBP2 insulin-like growth factor binding protein 2, BAL bronchoalveolar lavage, 6MWT 6 min walking test,
SPaO2 O2 saturation
*The level of significance was accepted at p ≤ 0.05
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Fig. 1 Mean and SD of biomarkers before and after treatment

which results in an increase of cellular response to IGF
[13]. Alternatively, we cannot rule out the fact that high
IGFBP2 in IPF may actually reflect a protective feedback
mechanism to limit the disease progression by neutralizing IGFs [18].
As regards the clinical effect of the anti-fibrotic
therapy and its effect on the quality of life of the UIP
patients and its relations to the measured IGFBP1
and IGFBP2 in both serum and BALF, we found a
marked improvement in MRC dyspnea scale with significant improvement in 6MWT and SPaO2 and decrease in both IGFBP1 and IGFBP2 serum levels of
UIP patients after completing the 12-month therapy
with pirfenidone that may increase the awareness of
using those biomarkers as predictors for the disease
progression as well as monitoring anti-fibrotic therapy. It also supports the idea that IGFBP2 may play a
role in the fibrotic process in the lung. As our patients were not treated with corticoids, we can here
discard any possible impact of corticosteroids on
IGFBP levels.

Conclusion
Our findings suggest that IGFBP1 and IGFBP2 biomarkers may have the potential to predict the progression of patients with UIP and could also be used to
monitor the response to anti-fibrotic therapy. Further,
longitudinal studies are needed to evaluate their usefulness as biomarkers in UIP.
Limitations
One of the limitations of our study is the reduced number of UIP patients who agree to complete the study to
the end. As we have chosen IGFBP1 and IGFBP2 biomarkers’ detection in serum and BALF of UIP patients
according to our thinking and their potential usefulness,
the lack of longitudinal studies for those biomarkers
constitutes another limitation of this study.
We believe that further longitudinal multicenter studies are highly needed to evaluate the clinical impact of
those biomarkers in a single or multivariate analysis as
diagnostic, prognostic, and monitoring tools.

Table 4 Correlation between some biomarkers and dyspnea score in UIP group before treatment
IGFBP1 in serum

IGFBP2 in serum

IGFBP1 in BAL

IGFBP2 in BAL

6MWT

SPaO2

IGFBP1 in serum

1

IGFBP2 in serum

0.154

1

IGFBP1 in BAL

− 0.052

0.371

1

IGFBP2 in BAL

− 0.194

0.615**

0.143

1

6MWT

− 0.036

− 0.166

0.435*

− 0.008

1

SPaO2

0.033

0.051

− 0.007

0.130

− 0.094

1

Dyspnea score

0.278

0.257

0.256

0.085

− 0.171

0.036

Dyspnea score

1

IGFBP1 insulin-like growth factor binding protein 1, IGFBP2 insulin-like growth factor binding protein 2, BAL bronchoalveolar lavage, 6MWT 6 min walking test,
SPaO2 O2 saturation
*Correlation is significant at the 0.05 level (2-tailed)
**Correlation is significant at the 0.01 level
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Table 5 Relation between some biomarkers and dyspnea score in UIP group after treatment
IGFBP1 in serum

IGFBP2 in serum

IGFBP1 in BAL

IGFBP2 in BAL

6MWT

SPaO2

IGFBP1 in serum

1

IGFBP2 in serum

0.151

IGFBP1 in BAL

0.029

0.157

1

IGFBP2 in BAL

0.109

0.615**

0.179

1

6MWT

0.202

0.080

0.316

0.124

1

SPaO2

0.358

0.118

0.291

0.121

0.875**

1

Dyspnea score

0.023

0.037

0.008

0.279

− 0.456**

− 0.424*

Dyspnea score

1

1

IGFBP1 insulin-like growth factor binding protein 1, IGFBP2 insulin-like growth factor binding protein 2, BAL bronchoalveolar lavage, 6MWT 6 min walking test,
SPaO2 O2 saturation
*Correlation is significant at the 0.05 level (2-tailed)
**Correlation is significant at the 0.01 level

Abbreviations
IGFBP1: Insulin-like growth factor binding protein 1; UIP: Usual interstitial
pneumonia; IGFs: Insulin-like growth factors; IGFBPs: Insulin-like growth factor
binding proteins; HRCT: High-resolution computed tomography; 6MWT: Six
minute walking test; BALF: Bronchoalveolar fluid
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