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Can CC16 Levels in Serum and TGF-B1, Caspase-3, Caspase-

8, and Caspase-9 Levels in Bronchoalveolar Lavage Fluid Be

Early Markers in Premature Patients with Bronchopulmonary
Dysplasia?”

Objective: Advances in neonatal intensive care have increased the survival rate of premature
infants, but the incidence of bronchopulmonary dysplasia (BPD) has also risen. Early markers for
BPD are still unclear. This study investigates the relationship between BPD development and
levels of clara cell secretory protein 16 (CC16), Transforming growth factor-B; (TGF-B;), and
caspase-3, caspase-8 and caspase-9.

Materials and Methods: On days 1, 3, 14, and 28 of life, bronchoalveolar lavage fluid and serum
samples were obtained from infants born before 32 weeks gestation and intubated for respiratory
distress. 41 cases, including 21 neonates with BPD and 20 without, were included.

Results: CC16 levels were consistently higher in the BPD group, peaking on day 3, with significant
differences on days 14 and 28 (p<0.05). TGF-B; was highest on day 1 in the BPD group,
decreasing by day 3, but remained higher than in controls (p<0.05). Caspase levels were similar on
day 1 but significantly higher in the BPD group on day 3. On day 14, all caspase levels decreased,
with caspase-3 continuing to decrease on day 28 while caspase-8 and caspase-9 rose again.
Increased uncontrolled apoptosis, particularly through the extrinsic pathway, was linked to BPD
development.

Conclusion: CC16, TGF-B,, and caspases are potential early markers for BPD and could guide
new treatment modalities.
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Bronkopulmoner Displazi Gelisen Prematiire Bebeklerde Serum CC16 ve
Bronkoalveolar Lavaj Sivisinda TGF-B1, Kaspaz-3, Kaspaz-8, Kaspaz-9 Diizeyleri
Erken Belirte¢ Olabilir mi?

Amag: Yenidodan yodun bakimindaki gelismeler prematire bebeklerin hayatta kalma oranini
artirmistir, ancak bronkopulmoner displazi (BPD) insidansi da yukselmisti. BPD icin erken
belirtecgler hala belirsizdir. Bu ¢alismada BPD gelisimi ile clara hiicre salgi proteini 16 (CC16),
transforming growth factor-, (TGF-B;) ve kaspaz-3, kaspaz-8, kaspaz-9 diizeyleri arasindaki iligki
arastinimistir.

Gere¢ ve Yontem: 32. gebelik haftasindan 6nce dogan ve solunum sikintisi nedeniyle entiibe
edilen bebeklerden yasamin 1, 3, 14 ve 28. ginlerinde bronkoalveolar lavaj sivisi ve serum
ornekleri alindi. BPD'li 21 yenidogan ve BPD'siz 20 yenidogan olmak lizere toplam 41 olgu
calismaya dahil edildi.

Bulgular: CC16 duzeyleri BPD grubunda sirekli olarak daha yiiksekti, 3. glinde pik yapti, 14. ve
28. glinlerde anlamli farkhliklar gosterdi (p<0,05). TGF-B;, BPD grubunda 1. glinde en yuksekti, 3.
gline kadar azaldi, ancak kontrollerden daha yiiksek kaldi (p<0.05). Kaspaz seviyeleri 1. giinde
benzerdi ancak 3. gunde BPD grubunda 6nemli 6lgide daha yuksekti. 14. ginde tum kaspaz
seviyeleri duserken, 28. gunde kaspaz-3 dismeye devam etti ve kaspaz-8 ve -9 tekrar yikseldi.
Ozellikle ekstrensek yolak araciligiyla artan kontrolsiiz apoptoz, BPD geligimiyle iliskilendirilmistir.

Sonug: CC16, TGF-B; ve kaspazlar BPD igin potansiyel erken belirteglerdir ve yeni tedavi
ybéntemlerine rehberlik edebilir.

Anahtar Kelimeler: Bronkopulmoner displazi, CC16, TGF-B1, kaspazlar

Introduction

Bronchopulmonary dysplasia (BPD) is a disease that occurs due to inflammation,
fibrosis, developmental disorders, or lung tissue arrest in premature newborns receiving
long-term high oxygen concentrations and high-pressure respiratory support (1, 2).
Although its definition has changed over the years, its incidence has not decreased. It
continues to be an important cause of mortality and morbidity in small preterm infants

®3).

Clara cell secretory protein (CC16) is a protein secreted from non-ciliated Clara
cells located throughout the entire tracheobronchial tree, especially in the terminal
bronchioles, and has been shown to reduce surfactant degradation and oxidative stress
(4). Itis a potent immunosuppressive and anti-inflammatory agent (4-6).

* This study was summarized from Mehtap DURUKAN TOSUN's Specialization Thesis in Medicine.
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Transforming growth factor beta (TGF-B) is a
cytokine with inflammatory effects and has three
isotypes. TGF-B1 is involved in cellular development and
maturation (7). An increase in TGF-B1, which is
considered a key cytokine in lung injury, plays a role in
tissue fibrosis, inflammatory response regulation, and
tissue healing. Studies have shown that it plays a role in
tissue repair in animal models of lung injury. Excessive
release during morphogenesis inhibits bronchial
branching (7, 8)

Caspases are cysteine proteases. The proteins
caspase-3 and caspase-9 play important roles in
apoptosis. Its main function is to prevent DNA
polymerase enzyme activity, which leads to cell
apoptosis (9).

They are inactive in the cytoplasm and function by
activating each other in a cascade (10). With the
formation of the apoptosome, caspase-3 is activated,
and the cell undergoes apoptosis (11).

This study aimed to investigate the relationships
between CC16, TGF-Bi1, caspase-3, caspase-8, and
caspase-9 levels in serum and bronchoalveolar lavage
fluid (BALF) samples and the early development of BPD
in premature infants receiving ventilatory support.

Materials and Methods

Research and Publication Ethics:

Infants younger than 32 weeks of gestation who
were hospitalized in the Neonatal Intensive Care Unit of
Firat University, Pediatric Neonatal Intensive Care Unit,
and Neonatal Intensive Care Unit of Elazig Training and
Research Hospital between November 2009 and August
2010 were included in the study. Twenty-one infants who
developed bronchopulmonary dysplasia were
prospectively included in the study group, and 20 infants
who did not develop BPD were included in the control
group. Informed consent was obtained from the families.
The samples were analyzed at Mersin University,
Faculty of Pharmacy, Department of Biochemistry.

Demographic characteristics of the patients were
recorded. Neonates with genetic
diseases/malformations were not included in the study.

The diagnosis of bronchopulmonary dysplasia was
determined by gestational age, oxygen demand at
postnatal 28 and/or 36 weeks of gestation, and
radiological findings (2).

Serum samples and BALF samples were obtained
from the patients on postnatal days 1, 3, 14, and 28.
Since the control group was not intubated for a long
time, TGF-B.1 levels were studied in day 1-3 day
samples, and caspase levels were studied only in day 3
samples

Caspase-3, Caspase-8, and Caspase-9 activity
was evaluated quantitatively in cells obtained from
bronchoalveolar lavage fluid by a colorimetric Protease
Assay Kit. Caspases were it was measured with the
Caspase-3, 8, 9/CPP32 Colorimetric Assay Kit
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(BioVision Research Products, USA) as described in the
kit. The amount of pNA was determined by measuring
the absorbance at 405 nm in a microtiter plate reader
(ELX 800, Biotek, Turkiye).

Clara cell secretory protein and TGF-B1 serum
levels were determined by enzyme-linked
immunosorbent assay (ELISA) using the sandwich
principle with the Human Clara Cell Protein ELISA Kit
(BioVendor Research and Diagnostic Products). The
resulting color was detected and quantified at 450 nm
using a microtiter plate reading device (ELX 800, Biotek,
Turkiye).

The results were evaluated using the SPSS 16.0
(statistical package for social sciences) Windows
statistical package program. The data are expressed as
the mean + standard deviation. The significance of the
difference between the values of the patient and control
groups was calculated using an independent-sample t-
test. The variability of parameters at different time points
within the same group was evaluated using paired
samples t-tests. Independent sample two-way analysis
of variance was used to examine the effect of time and
disease factors. Values of p<0.05 were considered
significant.

Results

A total of 164 serum samples and 112 BALF
samples from 41 premature infants born at or below 32
weeks of gestation were included in the study on the
first, 3, 14" and 28™ days. There were 41 BALF
samples collected on the first day and 3™ day. The
number of samples decreased as the babies were
extubated, and 17 samples were collected on day 14,
while 10 BALF samples were collected on day 28.
Twenty-one of the patients were diagnosed with BPD.
Patients who died during the sampling period were
excluded from the study. One of the patients who
developed BPD died due to nosocomial sepsis during
the period after specimen collection. The demographic
characteristics of the patients are shown in Table 1.

There was no significant difference in the statistical
CC16 level between the patient group and the control
group on day 1, but there was a significant difference in
the TGF-B1 level (p<0.05). In the control group, caspase
activity could not be evaluated because caspase activity
was not measured on day 1 (Table 2).

On the 3 day, there was no significant difference
in CC16 expression between the patient group and the
control group, whereas there was a significant difference
in TGF-B1, caspase-3, caspase-8, and caspase-9
expression (p<0.05) (Table 2).

There was a statistically significant difference
between CC16 levels of the patient group and the
control group on day 14 (p<0.05). In the control group,
TGF-B1 and caspase levels on day 14" could not be
evaluated because they were not studied (Table 2).

On the 28™ day, a statistically significant difference
was found between CC16 levels in the patient group and
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Table 1. Demographic characteristics of the patient group and control group-1

Patient group Control group
Type of delivery (n, %)
Cesarean section 13 (61.9) 16 (80)
Vaginal 8(39.1) 4 (20)
Gestation week (meanztsd) 29.3+2.1 30.3+1.7
(min-max) (26-32) (27-32)
Birth weight (g) (meantsd) 13684395 14274350
(min-max) (650-1950) (900-2190)
Maternal age (meanzsd) 27.8+4.9 27.8+4.9
(min-max) (20-39) (20-39)
Invasive ventilation duration (hours) 536+179.00 181.2+76.08
(min-max) (96-672) (96-312)
Total oxygen time (hours) 672+0.00 386.00+£122.37
(min-max) (96-672) (144-576)
Surfactant (n, %)
None 2(9.5) 6 (30)
1 dose 11 (52.5) 10 (50)
2 dose 6 (28.5) 4 (20)
3 dose 2(9.5) -
Pneumothorax (n, %) 2(9.5) -

Table 2. 1™, 31, 14, 28™ days CC16, TGF-B1, caspase-3, caspase-8 and caspase-9 levels in the patients and control
group

Patients Controls
Mean * SD Mean * SD P
1%t day
CC16 (ng/mL) 9.14+4.73 9.82+9.63 0.775
TGF-B; (pg/mL) 71.16+58.33 23.00+18.16 <0.05
Caspase-3* 0.17+0.04
Caspase-8* 0.18+0.04
Caspase-9* 0.17+0.04
3 day
CC16 (ng/mL) 14.39+11.52 7.81+9.95 0.06
TGF-B; (pg/mL) 45.82+32.23 19.63+17.34 <0.05
Caspase-3 0.1840.05 0.14+0.01 <0.05
Caspase-8 0.1940.05 0.16+0.02 <0.05
Caspase-9 0.1840.05 0.14+0.01 <0.05
14" day
CC16 (ng/mL) 9.22+4.63 5.84+3.49 <0.05
TGF-B; (pg/mL) 36.76+24.98
Caspase-3 0.1740.02
Caspase-8 0.1840.03
Caspase-9 0.16+0.02
28" day
CC16 (ng/mL) 15.64+13.14 7.67+3.63 <0.05
TGF-B; (pg/mL) 47.00£25.82
Caspase-3 0.16+0.03
Caspase-8 0.20£0.05
Caspase-9 0.1740.02
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those in the control group (p<0.05). In the control group,
evaluation could not be made because there was no
TGF-B1 or caspase activity on the 28" day (Table 2).

The variation in CC16 levels in the patient and
control groups according to day is shown in Figure 1.
Although the day 1 values were similar among the
groups, an increase was observed in the patient group
on day 3. However, this increase was not statistically
significant. On the 14™ day, a decrease in CC16 levels
was observed in the patient and control groups. The
difference was statistically significant. On the 28™" day,
there was a significant increase in both groups (p<0.05).

The variation in TGF-B1 levels in the patient group
and control group according to day is shown in Figure 1.
The day 1 values of the patients were significantly
greater than those of the control group. Although there
was a decrease in the patient group on the 3 day, the
difference was statistically significant. The values on the
14" and 28" days could not be evaluated because they
were not available in the control group.

The changes in caspase levels in the patient group
are shown in Figure 2. On the 1%t day, the caspase-3
and caspase-9 levels were equal, but the caspase-8
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level was greater. Statistical evaluation could not be
performed for the control group because caspase activity
data were not available on day 1.

On the 3" day, there was an increase in all 3
parameters, and caspase-3 and caspase-9 levels were
found to be equal. Compared with that of the control
group, the difference was statistically significant (p<0.05)
(Figure 2).

When the 14th-day values were compared, a
decrease was detected in all 3 parameters. Statistical
evaluation could not be performed for the control group
since caspase activity data were not available for day
14.

On the 28" day, caspase-8 and caspase-9 levels
increased, and caspase-3 levels decreased compared to
those on the 14™ day. Statistical evaluation could not be
performed for the control group since there were no
caspase values on the 28" day. When the caspase
results were evaluated collectively, it was observed that
the increase in caspase levels on day 3 attracted
increased attention, and apoptosis reached its maximum
level on day 14. The extrinsic pathway was more
dominant in triggering apoptosis.

Figure 1. Variation of CC16 and TGF-B; levels according to day in both groups
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Figure 2. The first graph shows the change in caspases according to days in the patient group, and the second graph shows the

change in caspases according to days in both groups
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Discussion

Bronchopulmonary dysplasia is the clinical
condition with the highest mortality and morbidity among
the long-term complications of prematurity. It is important
because it causes frequent hospitalizations, growth
retardation, and neuropsychomotor developmental
delays (1, 2). In vitro studies have shown that CC16, a
natural, potent immunosuppressive and  anti-
inflammatory agent, inhibits monocyte and polymorphic
leukocyte chemotaxis and phagocytosis. It has many
anti-inflammatory properties, such as inhibiting the
release of substances that initiate inflammation and
inhibit neutrophil activation (4).

As gestational age decreases, CC16 levels in
serum and bronchoalveolar lavage fluid decrease, and
there are ongoing studies on whether this predisposes
individuals to the development of BPD (12).

Rallis et al. (4), examined the effect of perinatal
factors on cord blood CC16 levels in a retrospective
cohort study of 60 newborns born in 2023 with a
gestational age (GA) <34 weeks. In neonates with a
GA<32 weeks, cord blood CC16 concentrations were
significantly lower in neonates with a GA between 320/7
and 33/6/7 weeks than in neonates with a GA between
32 and 33 weeks (7.6+2.9 ng/mL compared with
5.4+2.5, p=0.039). In this study, there was no significant
difference between the groups in CC16 levels measured
on day 1. On day 3, CC16 levels were increased but not
significantly so in the BPD group, and CC16 levels were
generally lower in the control group. Although this
difference was not statistically significant, it may be
explained by the fact that all of the patients had RDS
and received mechanical ventilation support. In the
literature, there are studies in which the CC16 level on
the 1t postnatal day was found to be low, and there are
also studies in which it was found to be high (13).

Sarafidis et al. (13), studied CC16 levels by taking
serum samples in the first 2 hours after birth, at 72
hours, 14" day, and 36 weeks of gestation or at
discharge in a study conducted with 35 neonates born at
less than 31 weeks of gestation with or without
ventilation support and found that CC16 levels were very
low in the group without ventilation support compared to
the group with ventilation support. Similarly, in the
present study, the development of BPD and CC16 levels
were significantly greater in the ventilated group with
severe RDS.

In this study, the decrease observed in the patient
group and the control group on day 14 may be explained
by the improvement in RDS findings and the alleviation
of inflammation. In addition, the increase in apoptosis
induced by caspase-3 on day 14 and the decrease in the
number of damaged cells may be the reasons for the low
CC16 level. In patients with bronchopulmonary
dysplasia, the increase in day 28 values may be
explained by the chronic process of damage, alveolar
damage caused by mechanical ventilation, and
increased permeability of the bronchoalveolar-blood
barrier. This hypothesis may explain the relationship with
the development of bronchopulmonary dysplasia.

Can CC16 Levels in Serum and TGF-f3; ...
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In 2017, Guzman-Barcenas et al. (14) examined
CC16 levels in bronchoalveolar lavage fluid on days 1
and 7 in term and preterm infants intubated for
respiratory distress and reported that CC16 levels were
lower in the group that developed BPD than in the
control group, and the CC16 levels measured on day 7
were lower than those measured on day 1. This result
may lead to the hypothesis that 'The lack of a pulmonary
protective effect due to low CC16 levels leads to the
development of BPD’.

A study published by Jinle Lin et al. (15) in 2020
demonstrated the protective effect of rCC16 on
lipopolysaccharide-induced pneumocyte apoptosis and
the prevention of cellular damage. Rallis et al. (4)
examined CC16 levels in cord blood and reported that
CC16 levels were significantly lower in newborns with
BPD than in those without BPD.

CC16 may be an important marker of pulmonary
damage and the development of BPD.

TGF-B1, which is involved in cellular proliferation
and maturation, is a multifunctional protein (7). It
regulates cell proliferation, differentiation and matrix
production; embryonic development; wound healing; and
pulmonary vascularization (16). Premature exposure to
septation by disrupting normal molecular pathways.
Importantly, TGF-B signaling is a key growth factor
known to affect injury, mesenchymal homeostasis, and
lung development (17-20). Although there are high levels
of TGF-B in aspirates, the findings of animal studies
linking altered TGF-( increases to alveolar development
are contradictory. Chronic hyperoxia impairs septation
and increased TGF-f results in alveolar disruption (21-
25).

Kotecha et al. (26) measured activated and total
TGF-B1 levels in BALF in a study involving 15 patients
diagnosed with RDS, 18 patients who developed BPD,
and 7 patients who did not develop BDP and who were
born at less than the 36" gestational week. TGF-B1
levels were 30+21.1 ng/ml in infants with BPD, 6.5+2.4
ng/ml in patients with RDS, and 2.8+2.3 ng/ml in the
control group. In the group with BPD, the increase was
greatest on the 4™ day. According to the results of
Kotecha's study (26), TGF-B1 can be used as an early
marker in the development of BPD. In this study, TGF-B1
levels on day 1 were significantly greater in the BPD
group than in the control group. This result was
consistent with the literature (22, 27).

Uncontrolled TGF release may predispose patients
to lung tissue damage, the suppression of
alveolarization, and the development of BPD. Gauldie et
al. (22) first intranasally transferred the activated TGF-B1
gene into adult rats via adenovirus, and it was
histologically determined that progressive interstitial
fibrosis developed in the adult rat lung within a few
weeks after transfer. Then, the activated TGF-B1 gene
was transferred into one-day-old rats treated with the
same vector via the same route, and BALF and lung
tissue samples were collected for histological
examination of 46 samples on days 3, 7, and 28. In the
gene transfer group, an increase in TGF-B1 levels was
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observed in the BALF on all days, starting from day 3.
Deterioration of the alveolar sac in the lung tissue on the
3 day and alveolar septation, thick and hypercellular
septae, and abnormal capillary development were
observed on the 28™ day. Considering the results of the
study, it has been shown that uncontrolled release of
TGF-B1 causes severe pulmonary damage and leads to
the progression of fibrosis. Similar to the results of
Gauldie et al. (22), the TGF-B1 levels in the patient group
were significantly greater in the BD group than in the
control group on day 3.

Jonsson et al. (25) measured TGF-B1 levels in
BALF in a study conducted in premature infants. In serial
samples, TGF-B1 levels were increased in patients
without BPD. Similarly, in the present study, TGF-B1
levels were increased on the 14" and 28" days in the
BPD group. Similar to previous studies, it was thought
that high levels of TGF-Bi1, compared to those in the
control group, may predispose individuals to the
development of BPD by causing tissue damage.

In a study published in 2019 titled ‘Mesenchymal
stromal cells and TGF-B1 in tracheal aspirate of
premature infants: Early predictors for
bronchopulmonary dysplasia?’ (8) TGF-B1 levels in
tracheal aspirate samples obtained in the first week of
life were high in patients who developed BPD, and it was
concluded that TGF-B1 could be used as an early
marker. The relationship between the development of
BPD and TGF-f has been established in studies
conducted for many years (3).

All cells in the human body are in a constant state
of construction and destruction. Apoptosis plays an
important role in maintaining the natural balance and the
continuation of cellular development and differentiation
(25, 27). Caspase molecules are essential proteins that
play a key role in the apoptotic process (25, 28-30).

Mokres et al. (31) evaluated angiogenesis,
apoptosis via activated caspase-3, VEGF receptor-1 and
receptor-2 levels, TGF-B activation, and elastin levels in
the lung tissue of neonatal rats receiving oxygen and
ventilation support. On the sixth day, the lung tissue was
examined. Compared to those in the control group, in
the lungs of rats receiving ventilation and oxygen
support, a 3-fold increase in alveolar area, a 50%
decrease in endothelial surface area and alveolar
number, a 5-fold increase in apoptosis, a greater than
50% increase in lung elastin tissue, and a thickening of
the alveolar wall structure were observed. In this study,
there was no difference in caspase-3, 8, or 9 levels on
day 1 in the BPD group. No comparison could be made
in the control group since day 1 values were not
analyzed. The reason for the lack of difference in the day
1 results may be that the immature lung is exposed to
barotrauma and oxytrauma for a shorter period, and
therefore, the cellular response is delayed.

The suppression of long noncoding RNA was
experimentally shown to be protective against BPD in a
study conducted by Tao et al. (32) using caspase 3
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inhibition and MmiRNA 421. In this study, they prevented
the development of BPD by inhibiting caspase-3.

Guthmann et al. (33) studied TNF-a, caspase-3,
caspase-8, and caspase-9 in alveolar type Il cells after
24 and 48 hours of O2 exposure in rats. Immediately
after birth, the groups given 100% O2 for 24 and 48
hours were compared with the group breathing room air.
Type Il cells and alveolar macrophages were obtained
from all 3 groups by bronchoalveolar lavage and grown
in cell culture. TNF-a, caspase-3, and caspase-8 levels
were increased in both groups exposed to hyperoxia
compared to those in the normoxic group. No difference
was observed in caspase-9 activity. After 24 and 48
hours of hyperoxia, caspase-3 and caspase-8 activities
decreased in normoxic rats. There was no significant
difference in caspase-9 levels. In this study, when the
changes in caspase levels in the BPD group over time
were analyzed, caspase-3, caspase-8, and caspase-9
levels were close to each other on the first day, whereas
increases in the levels of all three caspases were
observed on the 3 day. On the 14™ day, a decrease in
the expression of all three caspases was observed. On
the 28" day, caspase-3 levels continued to decrease,
while caspase-8 and caspase-9 levels increased.
Collectively, the caspase results revealed that apoptosis
increased in the patient group, apoptosis was triggered
on the 14" day, and the extrinsic pathway was more
effective.

The limitation of this study may be the fewer
patients and the fact that newborns born in a single
province were not included in the study. Multicenter
studies with a higher number of cases will be more
decisive on the subject.

In this study, the relationships between
bronchopulmonary dysplasia and CC16, TGF-f,
caspase-3, caspase-8, caspase-9, and CC16 levels
were found to be elevated at all stages of life, especially
from the third day of life, in infants with BPD. Similarly,
TGF-B1 levels are elevated at all times in patients with
BPD. Considering the results and the available literature,
these two parameters may play important roles in the
progression to BPD and may be important indicators for
early diagnosis of the disease and determination of
patient prognosis.

Caspase activity increased on the third day of life in
patients with BPD and remained high in the following
days, and the extrinsic pathway was more active,
especially with caspase-8 activation. Caspase inhibitors,
which are among the treatment examples developed by
interfering with apoptosis, may be an alternative to
medical treatment methods for BPD.

Many studies have been conducted to protect
preterm infants from BPD, which is an important cause
of mortality and morbidity. With the evaluation of the
results obtained and the development of effective
treatment methods, it will be possible to predict BPD,
which is an important problem in premature infants, in
the early period and to take important steps in the
treatment and prevention of its complications.
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