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ABSTRACT

Idiopathic pulmonary fibrosis (IPF) is a chronic interstitial lung disease with a dismal prognosis. Platelet-derived growth factor (PDGF)
receptor-§ (PDGFR-B) are a receptor tyrosine kinase that PDGFs activate. It has been reported that inhibiting PDGFR- in IPF patients
can slow and improve disease progression. However, the effects of PDGFR-3 on IPF remain unknown, and no studies on PDGFR-3
polymorphisms for IPF have been conducted.

The purpose of this study is to look into the relationship between PDGFR-$ gene polymorphisms (rs246395, 152302273, rs3828610,
rs138008832) and IPF disease.

The study included eleven patients with IPF and twelve healthy controls. DNA was isolated from blood samples taken from all
participants, and genotyping was performed using a StepOne plus real time PCR device.

There was no statistically significant difference between the variables (age, gender, smoking, alcohol, and gastroesophageal reflux
[GER]). There was no statistically significant difference between the patient and control groups in the allele and genotype frequencies of
these polymorphisms. Furthermore, no statistically significant difference was found between patients' smoking, forced vital capacity
(FVC) (normal, low), and GER data, as well as PDGFR-8 variants (rs246395, rs2302273, 1rs3828610 and rs138008832). In order to
determine the relationship between PDGFR-$ gene polymorphisms and the risk of IPF, larger studies with more participants are

required.
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Introduction

Idiopathic pulmonary fibrosis (IPF) is a chronic
progressive interstitial lung disease with a poor
prognosis and a prevalence of 2 to 29 per 100,000
people worldwide (1). IPF, which develops as a
result of abnormal wound healing after alveolar
injury, causes an excess of extracellular matrix
(ECM) components, primarily collagen, as well as
scarring and fibrosis of lung tissue (2). Lung
fibrosis results in impaired pulmonary function,
decreased gas exchange, and progressive
respiratory failure (3). IPF, which 1is more
commonly seen in men than in women, is typically
diagnosed in adults over the age of 60 and has a 5-
year survival rate of 20% (4, 5).

The cause of IPF is unknown, but environmental
factors (smoking, radiation, chemical exposure
such as asbestos, silica, some chemotherapy drugs,
microorganisms, viral infections), metabolic
changes (apoptosis, autophagy, aging, oxidative

stress), and some genetic factors are known to
play a role in the disease's development by causing
damage to the alveolar epithelium (6, 7). Epithelial
damage is the first step in the disordered healing
of the alveolar epithelium and the excessive
stimulation of fibroblasts leads to scarring. Many
chemokines, cytokines, and growth factors are
involved in these metabolic processes (7, 8).

While one of the growth factors, platelet-derived
growth factor (PDGF), is expressed in fibroblasts
and macrophages, it plays a paracrine role in
wound healing, angiogenesis, and cell cycle events,
but an autocrine role in tumor cells (9, 10). In
response to tissue injury, PDGFs, the most potent
proliferative stimulator identified for fibroblasts,
are activated to promote scar formation and
closure (9, 11). The PDGF family functions by
interacting with two receptor tyrosine kinases,
PDGFR-a and PDGFR-3. PDGFR-« is primarily
expressed in mesenchymal cells, whereas PDGFR-
B is primarily expressed in vascular smooth muscle
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cells (VSMC) (10). Because of its activation in
mesenchymal cells in the tumor
microenvironment, PDGFR-8 is used as a stromal
biomarker in various types of cancer (12). So far,
research into the relationship between PDGFRs
and IPF has mostly focused on gene expression.
Inomata et al. showed that PDGF expression was
higher in the epithelial cells and alveolar
macrophages of IPF patients' lungs than in healthy
lung cells (9). Also, it has been reported that
inhibiting PDGFR- § in IPF patients can slow and
improve the disease's progression (13). Although
these studies, no research on polymorphisms in
the PDGFR-$ gene in IPF disease was found.
Single nucleotide polymorphisms (SNPs) in the
PDGFR-B gene have been linked to a variety of
diseases. 15246395 (T>C, B19) is a polymorphism
found in the 19th exon region of the PDGFR-$
gene on chromosome 5. It has been associated
with increased gene expression and a lower 5-year
survival rate in colorectal cancer (14). rs2302273
(G>A) is a polymorphism found in the 5'UTR
region of the PDGFR-B gene on chromosome 5
and it has been reported that it causes a poor
prognosis in renal cell carcinoma (15). rs3828610
(-202A/C), a polymorphism found in the
promoter region of the PDGFR-$ gene, has been
studied in moyamoya disease in China, but it was
found to have no effect (16). Another
polymorphism found in the PDGFR-$ gene is
rs138008832 (c.2083 C>T, pR695C), which is
located in the tyrosine kinase domain in the 15th
exon of the gene and causes an amino acid change
from arginine to cysteine (p.Arg695Cys). It has
been reported that the pRG695C polymorphism
causes partial loss of auto phosphorylation in
idiopathic basal ganglia calcification (IBGC) (17).

The purpose of this study was to look into the
relationship between PDGFR-8 gene
polymorphisms (rs246395, 1s2302273, 1s3828610,
rs138008832), which have been linked to various
diseases, and IPF disease. A person's risk of
developing IPF is likely to be increased by genetic
variations. The detection of variations is thought
to aid in the determination of individual diagnoses
and treatment approaches.

Material and Methods

Study Group: In Turkey, the incidence of IPF has
been reported to be 5/100,000 people (18). The
effective sample size we will include in our study
is for the incidence of IPF, which has a reported
incidence of 5/100000; it was found that the total
(patient-control) number of subjects should be at

least 22 when calculated with a minimum of 80%
power and dual hypothesis, within the 95%
confidence interval and 5% confidence limits (19,
20). The study included 11 (7 men, 4 women)
patients and 12 (8 men, 4 women) healthy
(control) volunteers who were diagnosed with IPF
at Van Yuzuncu Yil University Dursun Odabas
Education and Research Hospital Chest Diseases
Department between 2020 and 2021. The
diagnosis of IPF was made based on the official
ATS/ERS/JRS/ALAT clinical practice guidelines'
IPF  diagnostic criteria (21). Demographic
information such as age, gender, smoking, family
history, finger stick and occupational exposure,
and gastroesophageal reflux (GER) status were
recorded in the patient and control groups.
Because studies have identified GER disease
(GERD) as one of the potential external factors
that predispose to IPF (22), it has been included
among the factors investigated. The study
included patients aged 18 or older who were
diagnosed with IPF based on clinical and imaging
findings and were in the stable period. Patients
who were in the attack period but were not
diagnosed with IPF based on clinical and imaging
findings were not included in the study. The
research conforms to the provisions of the
Declaration of Helsinki (as revised in Brazil 2013).
All participants gave informed consent for the
research. The study was approved by Van

Yuzuncu Yil Universtiy’s non-interventional
clinical research ethic committee (2020/02-05
21/02/2020).

Blood Samples, DNA Extraction, and

Genotyping: During routine examinations of the
patients and control groups, peripheral venous
blood samples were collected in
ethylenediaminetetraacetic acid (EDTA) tubes.
Genomic DNA isolation was performed using the
PureLink™ Genomic DNA Mini Kit (Invitrogen,
Catalog No: K182002). DNA purity and quantity
were measured after isolation using the
NanoDrop™ spectrophotometer (Thermo Fisher
Scientific, Waltham, MA, USA). Samples with a
measurement ratio of DNA A260/A280 = 1.8
were considered pure. DNA samples were stored
at + 4 °C until used for genotyping.

TagMan probes (Applied Biosystems, Waltham,
MA, USA) were chosen for each SNP (rs2302273,
rs246395,  rs3828610,  rs138008832), and
genotyping was done using StepOne plus real time
PCR system (Applied Biosystems), with the assay
IDs shown in Table 1. The genotyping analysis

was carried out using the reaction mix created
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Table 1. PDGFR-B Polymorphisms Probe Sequences and Polymorphic VIC/FAM Alleles

rs number Probe sequences [VIC/FAM] Assay 1D

246395 AGATGCTCTCCGGAGCCATCCACTT[C/TIAAAGGCAAAAA  C___7507227_10
AGGTCTGTAGGGAGG

2302273 CAGAGGGGCCGCCCTGGGTCTGGCT[A/G|TCTGCGTTGG  C___2599411_1_
GCAGGGCGAGCACAG

3828610 CAAGTTTCTTGTTTTTCTTCTTTTC[A/CICTCTGCTTACTCC C___2599412_10

CTCCCATCGCCC
138008832 TGCTGCAGGAAGGTGTGTTTGTTGCIA/G]GTGCAGGTAG  C_170971889_10

TCCACCAGGTCTCCG

with the assay mix and genotyping kit [ABT 2X
SNP Genotyping Probe Master Mix (with UDG),
Catalog No: Q10-02-05]. qPCR was performed
with a total volume of 10 pL for each sample
using 2,55 pL. of dH20, 5 uL of master mix kit
(ABT Genotyping Probe Master Mix 2X), 0,2 ul
Rox dye (50X), 0.25 pL of genotyping assay kit
(TagMan, Applied Biosystems, Waltham, MA,
ABD) and 2 uL. DNA. QPCR conditions included
a 2 min pre-PCR (UDG treatment) step at 50 °C,
followed by a 10 min initial denaturation at 95 °C.
The conditions were then set to 95 °C for 15 sec
(denaturation), 60 °C for 1 min, and 50 °C for 30
sec for 40 cycles. Allele discrimination was
accomplished using two probes labeled with the
TagMan FAM and VIC dyes.

Statistical Analysis: Graphad-prism 8 was used
to conduct all the statistical analysis. To calculate
sample size, a numerical results analysis on
bilateral confidence intervals for single ratio was
performed. The relationships between
demographic information from the patient and
control groups and PDGFR-B polymorphisms
were examined using Chi-square and Fisher's exact
tests. The relationship between SNPs and
PDGFR-B was determined using the odds ratio
(OR) and 95% confidence interval (95% CI).
Statistical significance level was considered as 5%
for all statistical computations.

Results

Clinical Samples and Characterization: Table 2
shows a comparison of demographic data (age,
gender, smoking, alcohol) and GER between the
patient and control groups. No statistically
significant difference was found in any of the
variables (Table 2). Only IPF patients provided
information on factors such as clubbing,
pharmacological treatment, and occupation (Table
2).

Distribution of Allele and  Genotype
Frequencies: The allele and genotype frequencies
for the PDGFR-B gene polymorphisms (rs246395,
rs3828610, rs2302273 and rs13800883) are listed
in Table 3. Mutant allele frequencies in the control
group were 29, 37.5, and 21 % for the rs246395,
rs3828610 and rs2302273 SNPs, respectively. This
distribution in the patients was 18, 64 and 23 %,
respectively. There was no statistically significant
difference in the allelic frequencies of these
polymorphisms between the patient and control
groups. The A allele frequency was found to be
100% in both the patient and control groups for
the rs138008832 polymorphism. In the study
group, there was no G allele change for this SNP.

The genotype frequency distributions for the
variants were in the range of Hardy-Weinberg
equilibrium (HWE) (rs246395 T/C p = 0.197;
rs3828610 A/C p= 0.553; and rs2302273 G/A
p=0.458). Mutant genotype frequencies in the
control group were 17, 0 and 0 % for the
rs246395, 1s3828610 and rs2302273 SNPs,
respectively. This distribution in the patients was
9, 36 and 9 %, respectively. Despite the fact that
the mutant genotype of the 1rs3828610 and
rs2302273 polymorphisms was never found in the
control group, there was no significant difference
between the patient and control groups. The T-
carriers (TT+TC) of the 15246395 were found in
91% of the patients and in 83% of the controls,
with no statistically significant difference. The p-
value between rs3828610 A-carriers (AA+AC) and
non-A-carriers (CC) in patients and controls was
<0.05, however the comparison was not
statistically ~ significant  because  the  95%
confidence interval included the 1 value. The A-
carriers (GA+AA) of the 152302273 were found in
36% of the patients and in 42% of the controls,
with no statistically significant difference. Other
genotype combinations were also compared, but
no statistically significant difference was found
(data not shown). Furthermore, no significant
association was found between genotype
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Table 2. Demographic and Clinical Data In The Patient and Control Groups

Characteristics IPF Controls P / OR; 95%CI
n (%) n (%)
Sample size 11 12
Gender Female 4 (36.4) 4 (33.3)
Male 7 (63.6) 8 (66.7) 1/ 1.14; 0.20-6.37
Age <70 5 (45.5) 5 (41.7)
=70 6 (54.5) 7 (58.3) 1/ 1.16; 0.22-6.08
Positive 2 (18.2) 2 (16.7)
Smoking Negative 9 (81.8) 10 (83.3) 1/ 1.11;0.13-9.6
Alcohol Positive 0 0
Negative 11(100) 12 (100) -
Positive 5 (45.5) 4 (33.3)
GER Negative 5 (45.5) 8 (66.7)
Unknown 1 - 0.66/2; 0.36-11.23
Clubbing Positive 6 (54.5) -
Negative 5 (45.5) - -
Occupation Farmer 5 (45.4) -
Housewife 4 (36.4) - -
Retired 2 (18.2) -
Other diseases Positive 7 (63.6) -
Negative 4 (36.4) - -
Pharmacological Treatment Nintedanib 4 (36.4) -
Pirfenidone 7 (63.6) - -

GER gastroesophageal reflux, Significant level = p < 0.05 by fisher exact test.

distributions of the 1rs246395, rs3828610, and
rs2302273 SNPs and smoking, FVC, and GER
parameters (p>0.05, Table 4).

Discussion

It is believed that a number of risk factors play a
role in the development of the disease because the
etiology of IPF is not entirely understood.
Changes in the pathogenesis of IPF are caused by
risk factors such as GER, genetic factors,
epigenetic factors, smoking, aging, occupational
exposures, and various comorbidities (23-20).
Previous research has reported that smoking, age,
and gender are associated with IPF (7, 27, 28).
Smoking, age, and gender, on the other hand, were
not found to be significantly associated with IPF
in our study. IPF is more common in men
worldwide, and in our study, the incidence in men
was higher than in women.

It has been reported that PDGF isoforms are
overexpressed in epithelial and macrophage cells
in the lungs of IPF patients (9). However, the
underlying causes of increased PDGF expression

and activity in lung fibrosis remain unknown, and
research 1s ongoing. PDGFR-specific tyrosine
kinase inhibitors have been shown in animal
models and cell culture to reduce pulmonary
fibrosis. It was also stated that, while PDGFR
inhibition reduces pulmonary fibrosis, it is
insufficient to treat IPF on its own (9, 29). RTKSs
that target PDGFR-$ inhibit and block signal
transduction  pathways  involved in  cell
proliferation (30). PDGFR-B extracellular domain
has been shown to reduce bleomycin (BLM)-
induced pulmonary fibrosis in gene-transferred
cells in vivo (9). In a more recent study, it was
shown that inhibiting PDGFR-B suppressed
apoptosis and proliferation of epithelial cells and
fibroblasts in mouse models of BLM-induced
pulmonary fibrosis, and it was reported that
inhibiting PDGFR-8 may be beneficial for the
treatment of pulmonary fibrosis (13). As a result,
the PDGF/PDGFR signaling pathways are
considered therapeutic targets in pulmonary
fibrosis. (9). PDGFR gene expression has
previously been studied extensively in human,
animal, and cell culture studies. However, no
studies have been conducted to investigate the
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Table 3. Genotype and Allele Frequencies for PDGFR- SNPs in Patients and Controls.

SNPs Genotype Allele Patients
n (%)
rs246395 T 8 (73)
TC 2 (18)
CcC 1(9)
T-carriers 10 (91)
(TT+TC)
T 18 (82)
C 4 (18)
rs3828610 AA 1(9)
AC 6 (55)
CcC 4 (36)
A-carriers 7 (64)
(AA+AC)
A 8 (36)
C 14 (64)
rs2302273 GG 7 (64)
GA 3(27)
AA 1(9)
A-carriers 4 (306)
(GA+AA)
G 17 (77)
A 5(23)
rs138008832 AA 11 (100)
AG 0 (0)
GG 0 (0)
A 22 (100)
G 0

Controls
n (%)
7 (58) -
3 (25)
2(17)
10 (83)

OR (95% CI) P

0.76

2 (0.15-25.77)s 1a

17 (71)
7 (29)
3 (25)
9 (75)
0 (0)

12 (100)

0.49

1.85 (0.46-7.49)
- 0.06

0.06 (0.003-1.42)>  0.03b
15 (62.5)
9 (37.5)
7 (58)
5 (42)
0 (0)
5 (42)

0.14
0.48

0.34 (0.10-1.13)

0.8 (0.14-4.29)c 1e

19 (79)
5 (21) 0.89 (0.22-3.63) 1
12 (100) - -
0 (0)
0 (0)
24 (100)
0 _ _

2r$246395 T-carriers (TT+TC) vs non-T carriers (CC), Prs3828610 A-carriers (AA+AC) vs. non-A carriers (CC),
crs2302273 A-carriers (AA+GA) vs. non-A carriers (GG), SNP single nucleotide polymorphism, Significant level =
p < 0.05 by fisher exact test (column value <5), Chi square test (column value >5), OR Odds ratio, CI confidence

interval.

link between PDGFR-8 gene
polymorphism/mutation and IPF. For the first
time, we investigated at the PDGFR-$ gene SNPs
(rs246395, rs2302273, rs3828610, and
rs138008832), which have been linked to a variety
of diseases, in IPF patients.

IPF patients are not affected at the same rate by
the aforementioned risk factors and comorbidities.
This could be due to genetic differences between
people. In our study, no significant relationship
was found between patients and controls for
allele/genotype frequencies and
clinical/demographic characteristics after
analyzing PDGFR-B in 11 IPF patients and 12
healthy individuals without a history of the
disease. The small number of people in our study's
sample group limits our study to some extent, but
our sample size is adequate based on the disease's
incidence rate. We believe that PDGFR-§
polymorphism studies will be critical in elucidating
the etiology of IPF, which is one of the rare

diseases, and in identifying new therapeutic targets
in diagnosis and treatment. As a result, larger-scale
studies with a larger number of participants are
required to determine the relationship between
PDGFR- gene polymorphisms and IPF risk.
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Table 4. The Association Between Demographic Data and PDGFR-§ Variants in Patients.

SNPs Characteristics n=11 (%)
Smoking Normal Low GER
FVC FVC (n=10)
Positive Negative P/OR  (%>70) (%<70) P/OR  Positive Negative p/OR
(95%CI) (95%CI) (95%CI)
£s246395
T-cartiets 5 8 3 7 5 4
0 07 0 7 0 . . 0 0 .
(TTHTC)  (0418)  (%72) (%27)  (%63)  0.36/0.15  (%50)  (%40) 1/ 3.66
Non-T 0 1 1/0.88 1 0 (0.049- 0 1 (0.11-
carriers (%10) (0.26- (%10) 4.87) (%10) 113.8)
(CO) 29.17)
153828610
A-carriers 2 5 2 5 3 3
(AATAC)  (%18)  (%45)  0.49/4.1  (%18)  (%45) 057/ 0.4  (%30)  (%30) 1/1
Non-A (0.15- (0.031- (0.08-
(CO) (%37) ©%18)  (%18) (©%20)  (%20)
£s2302273
A-carriers 0 4 2 2 1 3
(AA+AG) (%37)  0,49/0.24  (%18)  (%18) 0.57/2.5  (%10)  (%30) 0.52/
Non-A (0.09- (0.19- 0.16
carriers 2 5 6.51) 2 5 32.2) 4 2 (0.01-
(GG) (%18)  (%45) (%18)  (%45) (%40)  (%20) 2.82)

FVC forced vital capacity, GER gastroesophageal reflux, SNP single nucleotide polymorphism, OR Odds
ratio, CI confidence interval, Significant level = p < 0.05 by fisher exact test.
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