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Abstract
Background

Bronchopulmonary dysplasia (BPD) is a chronic lung disease that mainly affects premature newborns.
Many different factors, increasingly genetic, are involved in the pathogenesis of BPD. Fibronectin is a
multi-domain glycoprotein present in nearly all vertebrate tissues and organs.

Material and methods

The study included 108 infants born between 24 and 32 weeks of gestation. BPD was diagnosed based
on the National Institutes of Health Consensus de�nition. The 5 FN1 gene polymorphisms assessed in
the study were the following: rs3796123; rs1968510; rs10202709; rs6725958; and rs35343655.

Results

BPD  developed in 30 (38.5%) out of the 108 preterm infants. Incidence of BPD was higher in infants with
lower APGAR scores, low gestational age, and low birthweight. Investigation did not con�rm any
signi�cant prevelance for BPD development in any genotypes and alleles of FN1. 

Conclusion

Further studies should be performed to con�rm the role of genetic factors in etiology and pathogenesis of
BPD.

1. Introduction
Bronchopulmonary dysplasia (BPD) is a severe lung disease of premature neonates born from 22 - 28
weeks of gestational age [1],[2]. As gestational age and birth weight decline, the occurrence of this
disease increases and, as such, BPD persists to be the most prevalent complication associated with
prematurity [3], [4]. Despite the fact that this condition is usually seen in premature neonates, BPD has
been observed in full term infants who require an aggressive form of ventilator therapy for 28 days or
longer [5], [6]. Signs and symptoms such as nasal �aring, grunting, tachypnoea and increased respiratory
effort can be associated with BPD. Although many causative factors are associated with BPD, pre-term
delivery is the leading cause. Other causes also contribute to the pathogenesis of BPD at a lower
propensity, which include pre-natal infections, patent ductus arteriosus, mechanical breathing and post-
natal infection [7]. Although BPD stems from combined exposures to both pre-and post-natal in�uences
such as those noted above, there is rising concern in the genetic contribution to the development of BPD.
The �ndings of studies in both adults and neonates indicate that after acute lung injury, �bronectin may
play a major role in the development of pulmonary �brosis [8]. Fibronectin is a multi-domain glycoprotein
present in nearly all vertebrate tissues and organs [9]. Glycoprotein �bronectin, of high molecular weight,
is present in association with basement membranes, as well as in insoluble form in interstitial connective
tissue and in soluble form in extracellular �uids such as amniotic, plasma and cerebrospinal �uid [10]. In
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a variety of biological processes, �bronectin plays a crucial role in regards to extracellular matrix
adhesion, cell migration, blood coagulation, and wound healing. Fibronectin and other pulmonary
cytokines are important players in the successful and orderly repair of wounds; however, the excessive
development of these mediators can contribute to an ampli�cation of the normal process of healing with
the overall outcome of pulmonary �brosis [11]. In summarizing the current literature on �bronectin in
bronchopulmonary dysplasia, we intend to lay the groundwork for further explanation of the process by
which single nucleotide �bronectin polymorphisms may lead to the development of �brotic disease in
BPD.  

2. Material And Methods
Study Population   

The study includes a population of 108 infants born from 22 + 6 to 33 + 6 weeks of gestation,
hospitalized at the Department of Neonatology (III level hospital) in the Clinical Hospital of Gynecology
and Obstetrics of Poznan University of Medical Sciences between the years 2014 and 2018. The study
did not include neonates born from multiple pregnancies, from pregnancies complicated by death of one
of the fetuses, chromosomal abnormalities, TORCH (toxoplasmosis, other, rubella, cytomegalovirus,
herpes) complex in�ammation, or inherited errors of metabolism and infants without antenatal steroid
therapy.   

Clinical Features    

The following factors that may be associated with the development of BPD were studied: gender,
gestational age (GA; weeks), birth weight (BW, grams), mode of delivery (vaginal birth vs cesarean
section); APGAR score in 1st and 5th minute, pH and blood base excess (BE) in cord blood, intrauterine
infection, surfactant administration, ventilation mode and its duration. Infants delivered outside the
Clinical Hospital of Gynecology and Obstetrics of Poznan University were also analyzed for developing
bronchopulmonary dysplasia.  

BPD Diagnosis   

Bronchopulmonary dysplasia was diagnosed based on the National Institutes of Health Consensus
de�nition. BPD was de�ned as the need for at least one form of oxygen supplementation either at 28
postnatal days or 36 weeks postmenstrual age (PMA) [12],[13].  

Studied Polymorphisms   

We studied 5 single nucleotide polymorphisms of �bronectin gene which are the following: rs3796123;
rs1968510; rs10202709; rs6725958; and rs35343655 [14],[15]. A sample of blood was taken directly after
the delivery and banked. Genomic DNA was extracted from blood leukocytes using QIAamp DNA Blood
Mini Kit (QIAGEN Inc; Germany). Genotyping was performed using polymerase chain reaction (PCR)
procedures. For detection of FN1 (rs3796123) mutation PCR was ampli�ed with starters: 5’-ACC AAT gCC
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Agg ATT CAg Ag-3’, 5’-CCC AAC TTA ggC ATg AgA gC-3’ (PCR product 234 bp long) and hydrolyzed with
AluI restriction enzyme (Thermo Scienti�c). The following genotypes were obtained: AA 152, 82 bp; AT
234, 152, 82 bp; TT 234 bp.  For detection of the FN1 (rs1968510) mutation, PCR was ampli�ed with
starters: 5’-gTT TgT TgT gTC AgT gTA gTA-3’, 5’-TgC ATT AgC gTT ATg gCC ATg-3’ (PCR product 784 bp
long) and hydrolyzed with TaqI restriction enzyme (Thermo Scienti�c). The following genotypes were
obtained: GG 594, 190 bp; GA784, 594,190 bp and AA 784 bp.  The FN1 (rs10202709) polymorphism was
detected using starters: 5’-CAg TCC CAg ATC ATggAg TCT-3’, 5’-gTA CCA TgT TAC TTgTgg AAT AgA g-3’.
PCR product (206 bp long) was hydrolyzed with HindIII restriction enzyme (Thermo Scienti�c) and found
the following genotypes: CC 138, 68 bp; CT 206, 138,68 bp; TT 206 bp.   For detection of the FN1
(rs6725958) mutation, PCR was ampli�ed with starters: 5’-CTC Agg ACT Tgg ATg gTg TAg A-3’, 5’-TCA
TTT CCC AAT AAA AgT ACA CTg-3’ (PCR product 256 bp long) and hydrolyzed with HaeIII restriction
enzyme (Thermo Scienti�c). The following genotypes were obtained: CC 171, 85 bp; AC 256, 171, 85 bp
and AA 256bp.  The FN1 (rs35343655) polymorphism was detected using starters: 5’-ACT gAA gTg CTC
ggg ATg AT-3’, 5’-CAg gAA CgA AAT gTT ggA Tg-3’. PCR product (236 bp long) was hydrolyzed with MspI
restriction enzyme (Thermo Scienti�c) and found the following genotypes: GG 139,97 bp; GA 236,139,97
bp; AA 236 bp.  Informed consent was obtained from all parents. The study was approved by the
Bioethics Committee of Poznan University of Medical Sciences (no. 66/14 and 799/16).   

Table 1. Primer sequences, location of the primer pairs, and fragment sizes of �bronectin-1 gene
polymorphisms. Fibronectin-1 polymorphisms: rs3796123; rs1968510; rs10202709; rs6725958;
rs35343655; Alleles: C, T, G, A.
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Polymorphism Sequence of primers Literature  Product
PCR 

Restriction
enzyme

RFLP
products

rs3796123  5’-ACC AAT gCCAgg ATT
CAg Ag-3’
 5’-CCC AAC TTA
ggCATgAgA gC-3’

Untergasser et
al. (2012) 

234 bp AluI  AA 152,
82 bp

AT 234,
152, 82 bp

TT 234 bp

rs1968510  5’-gTT
TgTTgTgTCAgTgTA gTA-
3’
 5’-TgC ATT
AgCgTTATggCCATg-3’

Avila et al.
(1999) 

784 bp TaqI GG 594,
190 bp

GA784,
594,190
bp

AA 784 bp

rs10202709  5’-CAg TCC CAg ATC
ATggAg TCT-3’

5’-gTA CCA TgT TAC
TTgTgg AAT AgA g-3’ 

Murat et al.
(2015) 

206 bp HindIII  CC 134,
68 bp

CT 206,
138, 68 bp

TT 206 bp

rs6725958  5’-CTC
AggACTTggATggTgTAg A-
3’
 5’-TCA TTT CCC AAT AAA
AgT ACA CTg-3’ 

Murat et al.
(2015) 

256 bp HaeIII  AA 256 bp

AC 256,
171, 85 bp

CC 171,
85 bp

rs35343655  5’-ACT gAAgTg CTC
gggATg AT-3’

5’-CAg gAACgA AAT
gTTggA Tg-3’ 

Murat et al.
(2015) 

236 bp MspI AA 236 bp

AC 236,
139, 97 bp

CC 139,
97 bp

Statistical analysis   

Statistical analysis was performed using CytelStudio version 10.0 (CytelStudio Software Corporation,
Cambridge, Massachusetts, United States) and Statistica version 10 (Stat Soft, Inc., Tulsa, Oklahoma,
United States). The results are presented as a percentage for categorical variables, or median and range
for non-normally distributed continuous variables as tested by the Shapiro–Wilk test. A p value of less
than 0.05 indicates statistical signi�cance. The Fisher exact probability test, the chi-square test, Fisher
Freeman Halton, and Chi-squared test with Yates’s correction were all used to evaluate the association
between BPD and categorical variables such as gender, GA, BW, type of delivery, birth asphyxia,
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intrauterine infection, Apgar score and delivery outside tertiary referral hospitals. Differences in non-
normally distributed continuous variables were compared by the U Mann–Whitney test.   

3. Results
Table 2 shows the demographic and clinical characteristics of enrolled infants. In our study population,
30 (38.5%) infants developed BPD.   The incidence of BPD was inversely proportional to multiple criteria,
such as: birth weight (incidence was signi�cantly higher in newborns with birth weight less than 1000 g
(76.7% vs 23.3%); p = 0,000052)) and lower Apgar score in �rst (6(1–10) vs 4,5(1–7); p = 0.006) and �fth
minute of life (7(4–10) vs 7(1–9); p = 0.001) had higher incidence of BPD.   BPD developed more often in
children diagnosed with intrauterine infection (76.7% vs 23.3%; p = 0.0165). Analysis showed higher
prevalence of BPD in children ventilated conventionally than in non-invasive mode (80.0% vs 20.0%,
p=0,0001). Average duration of ventilation of children with BPD was 53,5 days (8-106, p<0,0001).  Our
investigation did not con�rm any signi�cant prevalence for BPD development in any genotypes/alleles of
FN1. Genotype and allele distribution of the polymorphisms in infants with or without BPD is presented in
Table 3.  

Table 2. Demographic and clinical characteristics of enrolled infants. Dell Statistica (data analysis
software system), version 10. sofware.dell.com. BPD- bronchopulmonary dysplasia a Chi-square test; b

Mann Whitney test; c Chi-square test with Yate’s correction; d Fisher’s exact test   
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  BPD p

Yes No

Gender

Male

Female

   

18 (60%) 44 (56.4%) 0,788 a

12 (40%) 33 (43.6%)  

Gestational age (week)

<29

≥29

8 (26.7%)

22 (73.3%)

29 (37.2%)

49 (62.8%)

 0,303 a

Birth weight (gram)

<750

750-1000

>1000

7 (23.3%)

16 (53.3%)

7 (23.3%)

7 (9.0%)

16 (20.5%)

55 (70.5%)

0,000052 a

Apgar score

1st minute

5th minute

4,5 (1-7)

7 (1-9)

6 (1-10)

7 (4-10)

0,006 b

0,001 b

Mode of delivery

Vaginal

Cesarean section

16 (53.3%)

14 (46.7%) 

31 (39.7%)

47 (60.3%)

 0,202 a

pH 1 7,35 (7,00-7,51) 7,31 (6,98-7,53) 0,123 b

BE 1 -1,4 (-11,0 - +2,3) -3,0 (-16,9- +10,6) 0,132 b

Intrauterine infection

Yes

No

23 (76.6%)

7 (23.3%)

40 (51.2%)

38 (48.8%)

0,0165 a

 

Inborn

Outborn

27 (90%)

3 (10%)

69 (88.5%)

9 (11.5%)

0,909 c

Deaths

Yes

No

0 (0%)

30 (100%)

13 (16.7%)

65 (83.3%)

0,0178 d

Surfactant administration 25 (83.3%) 30 (38.5%) <0,0001 a
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Yes

No

5 (16.7%) 48 (61.5%)

Ventilation mode

Non-invasive

Conventional

6 (20%)

24 (80%)

48 (61.5%)

30 (38.5%)

0,0001 a

Duration of ventilation [days] 53,5 (8 - 106) 9 (1 - 60) <0,0001 b

Table 3. Genotype and allele distribution of infants with or without BPD. Results are expressed as
absolute number of patients (percentage). The odds ratio (OR) and 95% con�dence intervals (95% CI) are
expressed as the following. AA denotes homozygosity for the A-encoded FN1 rs3796123 (AluI)
polymorphism variant; TT homozygosity for the T-encoded FN1 rs3796123 (AluI)T polymorphism variant;
AT heterozygosity for FN1 rs3796123 (AluI) polymorphism. GG denotes homozygosity for the G-encoded
FN1 rs1968510 (TaqI) polymorphism variant; AA homozygosity for the A-encoded FN1 rs1968510 (TaqI)
A polymorphism variant; GA heterozygosity for FN1 rs1968510 (TaqI) polymorphism. CC denotes
homozygosity for the C-encoded FN1 rs10202709 (HindIII) polymorphism variant; TT homozygosity for
the T-encoded FN1 rs10202709 (HindIII) T polymorphism variant; CT heterozygosity for FN1 rs10202709
(HindIII) polymorphism. CC denotes homozygosity for the C-encoded FN1 rs6725958 (HaeIII)
polymorphism variant; AA homozygosity for the A-encoded FN1 rs6725958 (HaeIII) A polymorphism
variant; CA heterozygosity for FN1 rs6725958 (HaeIII). AA denotes homozygosity for the A-encoded FN1
rs35343655 (MspI) polymorphism variant; GG homozygosity for the G-encoded FN1 rs35343655 (MspI)
polymorphism variant; AG heterozygosity for FN1 rs35343655 (MspI)   Cytel Studio version 11.1.0
(January 05, 2016). FN1- �bronectin-1, BPD - bronchopulmonary dysplasia.  
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Polymorphism Yes No  P
value

OR 

FN1 rs3796123 (AluI) Genotype  

AA  

TT  

AT  

  

Allel  

A  

T  

17

1

12

 

 

46

14

42

6

30

 

 

114

42

0,756

1

 

 

 

0,723

references

0,412 (0,008 - 3,85)

0,988 (0,371 - 2,576)

 

 

references

0,826 (0,379 - 1,724)

FN1 rs1968510 (TaqI) Genotype  

GG  

AA  

GA    

 

Allel  

G  

A   

25

1

4

 

 

54

6

70

0

8

 

 

148

8

0,542

0,283

 

 

 

0,319

references

-

1,4 (0,283 – 1,724)

 

 

references

2,056 (0,559 –
7,087)

FN1 rs10202709 (HindIII) Genotype  

CC

TT

CT    

 

Allel  

C

T  

22

1

7

 

 

51

9

52

6

20

 

 

124

32

0,708

0,914

 

 

 

0,47

references

0,394 (0,008-3,585)

0,827 (0,258-2,425)

 

 

references

0,684 (0,268-1,602)

FN1 rs6725958 (HaeIII) Genotype  

CC

AA  

                                    
 AC

 

8

7

15

 

26

22

30

 

 

1

0,486

 

references

1,034 (0,271-3,865)

1,625 (0,538 –
5,156)
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Allel  

C  

A   

 

 

31

37

 

 

82

74

 

 

 

0,415

 

 

references

1,323 (0,718 –
2,442)

FN1 rs35343655 (MspI)  
 

Genotype  

AA

GG  

GA    

 

Allel  

A

G   

6

46

26

 

 

38

118

2

20

8

 

 

12

48

1

1

 

 

 

0,625

references

0,767 (0,07-4,803)

1,083 (0,089 –
7,826)

 

 

references

0,776 (0,339-1,680)

           

4. Discussion
Preterm birth has been associated with an increased risk of both early and late severe clinical di�culties.
An increased risk in complications is observed in extremely preterm (< 28 weeks of gestational age) and
very preterm infants (28–31 weeks of gestational age) With the addition of chronic neurological
problems, chronic respiratory problems due to bronchopulmonary dysplasia (BPD) are the most common
long-term complications of prematurity [16], [4]. BPD is the result of a multimodal process leading to a
severe, lifelong disease. BPD contributes signi�cantly to morbidity and mortality in neonatal intensive
care units [17]. The results from a plethora of studies in neonatal care suggest that �bronectin may play a
key role in the development of pulmonary �brosis following acute lung injury [8]. Fibronectin (FN-1) is a
large glycoprotein dimer, consisting of two subunits. FN-1 has been observed to change modalities based
on its surrounding environment. FN-1 has been reported to hold a soluble form in plasma and an
insoluble form when associated with the extracellular matrix, where FN-1 binds to tissues such as
collagen. Fibronectin-1 is important for alveolarization and the structural homeostasis of the alveoli [18].
Sinkin and colleagues examined the distribution of pulmonary FN by in situ hybridization (for mRNA) and
immunohistochemistry (for protein) in neonatal autopsy lung specimens, comparing lungs with BPD to
those without. FN mRNA were detected in vascular endothelium, macrophages, �broblasts, vascular,
airway smooth muscle, chondrocytes and pulmonary parenchyma in children with and without
bronchopulmonary dysplasia, but not in epithelial cells. Fibronectin levels were the most increased in
early acute BPD, whilst in stabile BPD observed levels were signi�cantly lower [19]. Several studies have
documented an increased expression of FN-1 in clinical BPD, including in plasma, endotracheal aspirates,
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BAL �uid and lung tissue. [20]. The excessive production of FN-1 may result in excess and increased
propensity of the healing process. The potential role of �bronectin as a possible marker was described by
Watts and colleagues [8]. Further investigation by Jeffrey and others indicated that tracheal lavage
�bronectin/albumin ratio from patients with BPD was elevated from 3rd week of life [17]. Additional
examination of BPD and FN-1 by Zhang and others suggested that decreased miR-206 expression in
clinical and experimental BPD may be responsible for the underlying factor of increasing levels of FN-1
noted in the lungs of BPD patients; since FN-1 has been associated to be a target of miR-206. The
�ndings describe a decrease in miR-206 level, whereas FN-1 levels were increased in lungs from
hyperoxia-exposed mouse pups [21]. Undoubtedly this idea requires further investigation and
experimental demonstration. MicroRNAs are 21-25 nt long non-coding RNAs that are involved in various
biological processes such as lung development [22]. Direct analysis showed that miR-206 inhibits the
expression of FN-1 by directly interacting with the 3'-UTR of FN-1, miR-206 mediated cell invasion and
wound healing effects at least in part through the expression of FN-1. Such expression is abundant in
injured tissues which have many putative roles in wound repair. FN-1 shows angiogenic properties and a
potential to interact with other key regulators of the extracellular matrix proteins, such as TGF-β1 and
VEGF. FN-1 activation is believed to be induced by in�ammation. Kallapur and McAdams provided
evidence for the potential of different levels of in�ammation affecting BPD severity [23]. The �bronectin
gene has been assessed in relation to various disorders [18]. Polymorphisms and mutations in the FN1
gene have a multimodal association and have been shown to play a role in renal glomerulopathy,
spondylometaphyseal dysplasia, lung �brosis in systemic sclerosis, knee osteoarthritis, lung cancers,
gastric cancers, breast cancers, and schizophrenia [24], [25], [14], [26], [27], [28], [29], [30], [31]. Considering
the relationship of single nucleotide polymorphisms of �bronectin in neonatal diseases, so far only an
association between �bronectin-1 SNP and IVH has been described [32]. Although pathogenesis of IVH is
heterogeneous, undoubtedly the fragility of germinal matrix microvasculature plays an instrumental role
in its pathology [33]. The requirement of blood vessels is inherent in the development of the basal lamina
proper composition [34]. The basal membrane consists of �bronectin, laminin, collagen, perlecans and
heparan sulfate proteoglycans [35]. In the human fetus and preterm infants when comparing the
germinal matrix with that of the cortex, the concentrations of white matter show signi�cantly decreased
levels of �bronectin (with simultaneously constant expression of other components of the basal lamina)
[36]. Ballabh and colleagues prove that the mentioned leakage contributes to the fragility of GM (germinal
matrix) microvasculature and in consequence increases the propensity of intraventricular hemorrhage
[33]. Fibronectin mediates numerous interactions, provides anchoring of �brinogen and �bula, plays a
signi�cant role in maintaining integrity of vasculature by partaking in the creation of the matrix and
spreading nascent vessels [34]. Structural integrity and maturation of nascent blood vessels are related to
the expression of �bronectin [37]. Leakage of this factor in �bronectin null mice has been shown to cause
hemorrhage in central nervous system [38]. Raets and colleagues provided evidence for the GM
vulnerability to be adversely affected by a reduction in �bronectin levels. Such reduction of �bronectin
levels shows further potential for affecting developmental processes and the stability of cellular structure
and architecture [36]. There are many studies that show the signi�cant role that genetics plays in the
pathogenesis of BPD [32]. A plethora of data reveal that genetic differences are variable between
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different ethnic groups. In Caucasian populations an interconnection between FGFR-4 SNP rs1966265
polymorphism and both - BPD and RDS frequency is observed [39]. In African-American newborns other
genetic variations - IL-18RAP rs3771150 and IL-18R1 rs3771171 - are associated with susceptibility for
the development of BPD [40]. Genetic rearrangements in Toll-like receptors indicate different odds of BPD
- TLR6 (rs5743827) in African Americans, TLR 2 SNPs in non-Hispanic Caucasians and TLR4
(rs11536898) in both study groups [41]. Our investigation did not con�rm any signi�cant prevalence for
BPD development in any genotypes or alleles of FN1. However, we believe that this study requires a larger
research group to ultimately rule out the role of �bronectin mononucleotide polymorphisms in the
pathogenesis of BPD.  
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