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ABSTRACT

Background. The placenta is the major regulatory element of the in-utero environment, and alterations in
placental cellular functions in infection, inflammation, and hypoxemia lead to adverse preterm birth outcomes.
The importance of regulation of autophagy and inflammasome activities has been shown in the pathogenesis
of morbidities in immature animal models. This study aimed to determine the relationship between placental
autophagy and inflammasome activities with morbidity in extremely preterm infants.

Methods. Premature infants born between 24™ to 29" gestational weeks were evaluated prospectively.
Placental LC3B and NLRP3 immunostainings were performed to assess autophagy and inflammasome
activities. Preterm morbidities including respiratory distress syndrome (RDS), patent ductus ateriosus: (PDA),
intraventricular hemorrhage (IVH), necrotizing enterocolitis (NEC), periventricular leukomalacia (PVL), sepsis,
bronchopulmonary dysplasia (BPD), retinopathy of prematurity (ROP) and mortality were evaluated.

Results. Fifty-nine infants with a mean gestational age of 26.9 + 1.5 weeks were included. Anti-LC3B staining
scores were moderate or intense positive in 75% of the placentas. Anti-LC3B activity was not associated with
the existance of evaluated neonatal morbidities or mortality. Autophagy and inflammasome coexistence were
demonstrated in 35 placentas (59.3%). Anti-NLRP3 staining score was moderate or intensely positive in 75% of
the placentas. Infants with BPD had a lower rate of positive anti -NLRP3 staining than infants without BPD (42.9
vs 57.1%, p=0.048). Infants who had hemodynamic significant patent ductus arteriosus (hsPDA) and surgical-
NEC showed significantly intense anti-NLRP3 staining compared to infants who did not (18.8% vs 0%, p=0.027
and 33% vs 7.5%, p=0.048 respectively).

Conclusions. The results showed that autophagy and inflammatory activities were present in varying amounts
in the placenta of preterm infants. Association of decreased or increased rates of inflammasome activities with
certain diseases such as BPD, hsPDA and surgical-NEC indicates the role of the intrauterin inflammatory
process and the importance of critical balance in inflammation. Because of the complex pathophysiology of
preterm morbidities, placental autophagy and inflammasome activities seem worthy of further investigation.
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Very low birth weight (VLBW) infants’
survival rate has been increasing over the
last few decades, but morbidities associated
with prematurity have been seen in almost
half of the survivors. In-utero exposures to

conditions like inflammation and maternal
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for preterm infants during neonatal intensive
care unit (NICU) stay and later in childhood.
The placenta provides all vital supplements for
fetal development during pregnancy, and plays
a critical role in maintaining a healthy in-utero
environment.'

During pregnancy, the development of the
placenta is interrelated with the oxygen
concentration and autophagy acts as a crucial
process in the placenta which is frequently
affected by oxidative stress? Autophagy
is an intracellular lysosomal degradation
process that contributes to basal cellular and
tissue homeostasis, as well as developmental
regulation in higher organisms. Autophagy
primarily acts as a protective mechanism that
may prevent cell death.?> However, an imbalance
between the protective and destructive
mechanisms of autophagy appears to be linked
with pregnancy-related disorders such as
preeclampsia and fetal growth restriction, fetal
hypoxia and inflammation.***

Oxidative stress and inflammation play roles as
leading mechanisms that cause preterm delivery
and play a crucial role in the pathogenesis of
preterm morbidities. Recently, the critical effects
of autophagy on inflammation induction have
started to be understood. Inflammasomes are
intracellular multi-protein complexes that act as
sensor molecules that initiate the inflammatory
pathway. Recently, a critical crosstalk between
autophagy and inflammasome induction has
been indicated.® Placental inflammasome
activity present both in microbial and sterile
inflammation, is associated with spontaneous
preterm  delivery.” Increased  placental
inflammasome activity is also reported in
pregnancies complicated with preeclampsia
and diabetes.®

Placental histological abnormalities were
previously described as a risk factor in preterm
infants with adverse outcomes. In this study,
we hypothesized that intrauterine autophagy
and inflammasome activities, and their balance,
play a function in the healthy development of
infants. Therefore, examination of placental
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autophagy and inflammasome activities could
offer early signals for the development of
preterm morbidities. The main objectives of
this study were to i. investigate the placental
autophagy and inflammasome activities
in preterm infants by characterizing the
expression levels of LC3B and NLRP3, and ii.
explore the relationship between autophagy
and inflammasome activities with preterm
morbidities.

Material and Methods

Study Population and Clinical Definitions

This prospective cohort study was conducted
at Dokuz Eyliil University Hospital between
June 2017 to August 2018. All infants born
between the 24" to 29™ gestational weeks were
evaluated for eligibility. Exclusion criteria were
major congenital anomaly, parental refusal and
transfer to another hospital.

The study protocol was approved by Dokuz
Eylul University Faculty of Medicine, Local
Ethical Committee on Human Research
(No:2017/25-02). Written informed parental
consent for experimentation with human
subjects was obtained.

Maternal and neonatal demographic and
clinical data were collected from written and
electronic folders. Data included i) neonatal
demographics: gestational age determined
as date of last menstrual period and/or first
trimester  ultrasonography,  birthweight,
gender, Apgar score at 5 minutes, mode of
delivery, full course of antenatal corticosteroid
administration’, intrauterin growth status',
multiple pregnancy, in-vitro fertilization (IVF)
pregnancy; ii) maternal demographics: maternal
age, preterm prelabour rupture of membrane
(PPROM) and duration, chorioamnionitis,
gestational hypertensive disorder, gestational
diabetes, chronic conditions needed medical
supervision;  iii) neonatal = morbidities:
respiratory distress syndrome (RDS)", clinical
and culture proven early onset neonatal sepsis
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(EONS), hemodynamic significant patent
ductus arteriosus (hsPDA) requiring treatment'?,
intraventricular hemorrhage (IVH) > Grade II
according to Papile staging'®, periventricular
leukomalacia (PVL)", culture proven late-
onset neonatal sepsis (LONS), retinopathy
of prematurity (ROP) needed treatment®,
necrotizing enterocolitis (NEC) stage 2-3
according to Bell criteria'®, moderate and severe
BPD at 36 weeks’ postmenstrual age according
to NICHD definition'” and iv) neonatal mortality
during hospital stay. Compound outcome was
defined as any morbidity related to oxidative
stress (IVH > grade 2, hsPDA, surgical NEC,
cystic PVL, moderete-severe BPD and treatment
required ROP), and/or mortality.

Placental Examination and
Immunohistochemically Assessment

Placental histopathological evaluations were
performed by two pathologists who were
blinded to the neonatal clinical data. Placental
tissue samples were fixed in 10% buffered
formalin for 24 hours and embedded in
paraffin. Tissue sections (4 um) were cut from
the maternal side, fetal side and umbilical cord,
and then mounted on poly-L-lysine coated
slides. Hematoxylin and eosin (HE) stained
slides were examined under a light microscope
(Olympus BX51; Olympus Corp. Tokyo Japan)
at 100x magnification for histopathological
evaluation. Placental histopathological findings
were classified according to Amsterdam
Placental ~Workshop  Group  Consensus
Statement.” Villous maldevelopment such
as infarcts, villous dysmaturity, accelerated
villous maturation and vascular intramural
fibrin deposition were classified as maternal/
fetal malperfusion. Grading and staging of
inflammation were defined as acute/chronic
chorioamnionitis (or chorionitis) with/without
a fetal inflammatory response.'®

Immunohistochemical staining was performed
for autophagy activity using LC3B antibody
(rabbit monoclonal, Cell Cignaling, Lausen,
Switzerland) at a dilution of 1:50 for 1 hour?,
and for inflammasome activity marker with
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NLRP3 antibody (rabbit polyclonal, Novus
Biologicals, Littleton, CA, USA) at a dilution
1:200 for 1 hour.”

Placental tissues from four different sites
for each patient were obtained for protein
expression evaluation. Two pathologists scored
LC3B and NLRP3 staining for all placental
sites, and median values were used for the
final score. Cytoplasmic NLRP3 staining in
trophoblastic cells was considered positive and
graded as negative, weak positive and strongly
positive, due to the intensity of staining semi-
quantitatively. Nuclear LC3B staining in
trophoblastic cells was considered positive and
scored due to the extensity of staining as O0:
negative or positive in less than 10% of the cells,
1: positive in 10-50% of the cells and 2: positive
in more than 50% of the cells.”

Statistics

SPSS version 22.0 (IBM SPSS Statistics, Chicago,
IL, USA) was used in the study. Continuous data
were expressed as mean * standard deviation
(SD) or median (interquartile range) according
to the normal distribution pattern of data using
the Shapiro Wilk test and analyzed with Student
t or Mann Whitney U tests according to the
distribution of data. Categorical unrelated data
were analyzed using the chi-square or Fisher’s
exact tests as appropriate, and related data were
analyzed using McNemar test. All reported p
values were two-sided with a significance level
of 0.05.

Results

Clinical characteristics

Among 62 eligible infants during the study
period, 59 infants were included in the study.
Two infants were transferred to other clinics
and one infant was excluded due to major
congenital abnormalities. The mean gestational
age and birth weight of the infants were 26.9
+1.5 weeks and 958+270 grams. Twenty-one of
the infants (35.6%) were between 24-26 weeks of
gestational age and the remaining were between
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27-29 weeks of gestational age. Demographic
and clinical characteristics of neonatal and
maternal data are listed in Table I.

Placental Histopathological Findings

Fifty-nine placentas were examined, of which
32 (54%) had vascular malperfusion, 8 (13%)
had inflammation (chorioamnionitis), 17 (29%)
had vascular malperfusion plus inflammation,
1 (2%) had placenta previa and 1 (2%) was
normal (Fig. 1. A, B).

Table I. Neonatal and maternal characteristics.

Characteristics n=59
Gestational age (weeks) * 269+15
Birth weight (grams) * 958 + 270
Apgar score at 5Smin ** 8 (7-8)
C/S delivery, n (%) 50 (87.7%)
Male gender, n (%) 25 (42.4%)
SGA, n (%) 6 (10.2%)
Multiple births, n (%) 16 (27.1%)
IVF pregnancy, n (%) 14 (23.7%)
Antenatal steroid, n (%) 32 (54.2%)
RDS, n (%) 50 (87.7%)
Surfactant dose ** 1(1-2)
hsPDA, n (%) 32 (54.2%)
IVH (> Grade 2), n (%) 2 (3.4%)
PVL, n (%) 6 (10.8%)
Early-onset sepsis, n (%) 15 (25.4%)
Late-onset sepsis, n (%) 19 (32.2%)
NEC (> Stage 2), n (%) 5 (8.4%)
BPD at 36w, n (%) 7 (11.8%)
Postnatal steroid treatment, n (%) 18 (30.5%)
ROP requiring treatment, n (%) 6 (10.2%)
The duration of NICU stay, days * 65+24
Gestational age at discharge, weeks * 36+2
Mortality, n (%) 3 (5.0 %)
Maternal age, (years) ** 29+6
PPROM, n (%) 22 (37.3%)
PPROM duration, (h) ** 39 (26-120)
Histologic chorioamnionitis, n (%) 25 (42.3%)

Gestational hypertensive disorders, n (%) 19 (32.2%)

Gestational diabetes, n (%) 3 (5.0%)
Maternal obesity (BMI>30 kg/m?), n(%) 7 (11.8%)
Maternal chronic disease, n (%) 4 (6.7%)

*Values are presented as mean+standard deviation
**Values are presented as median, an IQR (inter quartile
range) 25-75 are given in parenthesis
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Anti-LC3B and Anti-NLRP3
Immunohistochemical Staining

Overall, anti-LC3B  and/or anti-NLRP3
immunohistochemical staining were positive in
53 patients (Fig. 2A). The intersection between
the inflammasome and autophagy activities

was shown through a Venn diagram in Figure
2B.

Anti-LC3B staining was scored as 0 in 15
placentas (25%), 1 in 25 placentas (43%) and 2
in 19 placentas (32%). Anti-NLRP3 staining was
negative in 15 placentas (25%), weakly positive
in 38 placentas (64%) and strongly positive in 6
placentas (11%) (Fig. 2. A, B, C).

Relationship Between Placental LC3B And
NLRP3 Expressions With Preterm Morbidities
And Mortality

Overall, anti-LC3B staining score was 1 or
2 positive in 75% of the placentas. Maternal
illness, antenatal steroid administration, type
of delivery, intrauterine growth status, and
presence of histological chorioamnionitis did
not significantly affect the staining pattern.
When the relationship between morbidities
and anti-LC3B activity was evaluated for each
morbidity or mortality separately, anti-LC3B
positivity rate was not associated with the
existence of neonatal morbidities including
RDS, hsPDA, IVH, PVL, sepsis, NEC, BPD,
ROP or mortality. Anti- LC3B staining rate was
72.2% in the group of preterm infants who had
compound outcomes and 75.6% for the infants
who did not (p=0.783). Considering the intensity
of autophagy, no significant relationship was
found between the intensity of autophagy and
evaluated morbidities.

Overall, anti-NLRP3 staining score was
moderate or intensely positive in 75% of the
placentas. Maternal illness, antenatal steroid
administration, type of delivery, intrauterine
growth status, and presence of histological
chorioamnionitis did not significantly affect
the results. Infants with BPD had a lower rate
of positive anti-NLRP3 staining, than infants
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Fig. 1. A. Placental microscopic images (1x10 HE) representing a. normal placenta, b. vascular malperfusion and
c. chorioamnionitis; B. Distribution of placental histological findings.
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Fig. 2. Evaluation of Placental Anti-LC3B and Anti-
NLRP3activities: A. Evaluation of staining of placental
anti-LC3B and anti-NLRP3 immunostainings (1x20):
a. Anti-LC3B score 0 b. Anti-LC3B score 1 c. Anti-
Anti-LC3B score 2 d. Anti-NLRP3 negative e. Anti-
NLRP3 weak positive f. Anti- NLRP3 strong positive,
B. Distribution of Anti-LC3B, Anti-NLRP3 scores
across placentas C. Venn diagram demonstrating the
overlapping between inflammasome and autophagy
activities.
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without BPD (42.9 vs 57.1%, p=0.048) (Table
II). Infants who had compound outcome,
positive anti-NLRP3 staining rate were 66.7%
and the rate was 769 % for infants who
did not (p=0.355). When an intense NLRP3
activity was evaluated, cases with early sepsis,
hemodynamic significant PDA and surgical
NEC had shown significantly increased NLRP3
activity. For infants who had hsPDA showed
significantly = intense anti-NLRP3 staining
compared to infants who did not (18.8% vs 0%,
p=0.027). Similarly, infants who developed NEC
requiring surgery had a higher rate of intense
inflammasome activity (33% vs 7.5%, p=0.048).
All infants with mortality (n=3) had shown
intense placental NLRP3 activity (p=0.279)
(Table III).

Autophagy —inflammasome interplay

There was a significant overlap between
autophagy and inflammasome activity (Mc
Nemar test, p 0.05). Considering the relationship
between autophagy and inflammasome, we
formed four groups: i. Autophagy (without
inflammasome): n=9 (15.3%) ii. Inflammasome
(withoutautophagy): n=9 (15.3%), iii. Autophagy
with inflammasome: n=35 (59.3%) iv. Negative
or mild staining for autophagy inflammasome:
n=6 (10.2%) (Fig. 2B). The above four groups did
not show significant differences in terms of the
diseases assessed.
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Autophagy and/or inflammasome activities (chorioamnionitis or vascular malperfusion)
did not show a significant overlap with (Mc Nemar Test, p<0.05).
other placental histopathological findings

Table II. The distribution of Anti-LC3B and Anti-NLRP3 staining, across neonatal outcome categories.

Anti-LC3B Anti-NLRP3
Neonatal Outcome Score 1 or 2 ) Weak or Strong P
Positive n (%)* Positive n (%)*

RDS
No (n=10) 6 (60.0)** 8 (80.0)

0.245 0.667
Yes (n=49) 38 (77.6) 36 (73.5)
hsPDA requiring treatment
No (n=27) 20 (74.1) 20 (74.1)

0.935 0.935
Yes (n=32) 24 (75.0) 24 (75.0)
IVH (> Grade 2)
No (n=57) 42 (73.7) 42 (73.7)

0.999 0.999
Yes (n=2) 2 (100.0) 2 (100.0)
PVL
No (n=51) 38 (74.5) 38 (74.5)

0.999 0.648
Yes (n=6) 5(83.3) 4 (66.7
Early-onset sepsis
No (n=45) 34 (75.6) 31 (68.9)

0.757 0.072
Yes (n=14) 10 (71.4) 13 (92.9)
Late-onset sepsis
No (n=19) 12 (63.2) 15 (84.2)

0.285 0.478
Yes (n=40) 32 (80.0) 27 (67.5)
NEC (= Stage 2)
No (n=53) 40 (75.5) 40 (75.5)

0.638 0.478
Yes (n=6) 4 (66.7) 4 (66.7)
BPD at 36w
No(n=50) 38 (76.0) 39 (78.0)

0.792 0.048
Yes (n=7) 5(71.4) 3 (42.9)
ROP requiring treatment
No (n=51) 38 (74.5) 37 (72.5)

0.999 0.999
Yes (n=6) 5(83.3) 5(83.3)
Mortality
No (n=56) 42 (75.0) 41 (73.2)

0.999 0.564
Yes (n=3) 2 (66.7) 3(100.0)
Compound outcome
No (n=39) 29 (74.4) 30 (76.9)

0.957 0.563
Yes (n=20) 15(75.0) 14 (70.0)

* % within outcomes (RDS, hs PDA, IVH, PVL, NEC, early sepsis, late sepsis, BPD, ROP, all morbidities, mortality,
morbidies )

** existence of one of these outcomes or mortality: IVH > grade 2, hsPDA, surgical NEC, cystic PVL, moderete-severe BPD,
ROP requiring treatment

# RDS: respiratory distress syndrome, hsPDA: hemodynamically significant patent ductus arteriosus, IVH: intraventricular
hemorrhage, PVL: periventricular leukomalacia, NEC: necrotizing enterocolitis, BPD: bronchopulmonary dysplasia, ROP:
retinopathy of prematurity
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Table III. The distribution of intense Anti LC3B and AntiNLRP3 staining acros selected neonatal outcome

categories.

Anti-LC3B
Neonatal Outcome

Score 2 Positive, n (%)*

Anti-NLRP3

Strong-Positive, n (%)*

hsPDA requiring treatment

No (n=27) 10 (37.0)
Yes (n=26) 9 (28.1)
Early-onset sepsis

No (n=45) 17 (37.8)
Yes (n=14) 2(14.3)
NEC (= Stage 2)

No (n=53) 16 (30.2)
Yes (n=6) 3 (50.0)

0 (0)

0.465 0.027
6 (18.8)
2 (4.4)

0.188 0.024
4 (28.6)
4(7.5)

0.376 0.048
2 (33)

* % within outcomes

# hsPDA: hemodynamically significant patent ductus arteriosus, NEC: necrotizing enterocolitis

Discussion

The placenta is the key regulatory element of
the in-utero environment. Cellular homeostasis
mechanisms such as the oxidative defense
system, inflammatory pathway and autophagy
are highly linked to neonatal morbidities.”? This
is the first study investigating the relationship
between preterm morbidities and placental
autophagy and/or inflammasome activities. The
results demonstrated that placental autophagy
and inflammasome activities were intersected
significantly, and existed in the majority of
the extremely premature infant population
in varying degrees. Overall, no significant
relationship was found between preterm
morbidities and placental autophagy. Placental
inflammasome activity seemed reduced in
infants who developed BPD whereas intense
inflammasome activity rate was significantly
higher in infants who developed early sepsis,
hsPDA and surgical NEC.

Evidence from previous studies has shown
that the maternal inflammatory response,
specifically =~ chorioamnionitis, correlated
with BPD, IVH, PVL and ROP.?*?* Placental
vascular malperfusion was also found to be a
risk factor for BPD and IVH.»? In this study,
placental histological findings indicating
chorioamnionitis and vascular malperfusion
were not significantly associated with preterm
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morbidities. Most likely, the complicated
intrauterine processes of the infants included
in the study and the presence of at least one
placental pathology in almost all of them may
have suppressed the distinguishing feature of
placental histology.

Autophagy plays a critical function in health
and disease since it can be either a protector
or detrimental.” Autophagy is one of the
main mechanisms for maintaining cellular
homeostasis, and is defined as the degradation
of damaged intracellular proteins, organelles
and microbial organisms. Autophagosome
formation (double membrane vesicle) is
essential for the process, and several proteins
such as LC3B, Beclin-1, and p53 involve in
molecular signaling. These proteins are widely
used to assess autophagy activity. Microtubule-
associated protein light chain 3B (LC3B) is the
mostcommonly used markerforautophagosome
formation in studies.® Autophagy is essential
for normal placentation throughout pregnancy,
and it contributes to operating appropriately
in stressful conditions.”” Placental autophagy
is triggered by many pregnancy-related
complications like preeclampsia, fetal growth
restriction (FGR) and gestational diabetes.®
Recent studies have demonstrated a close
relationship between abnormal autophagy
and prematurity, and autophagy has been
found to be protective against preterm labor
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by promoting the synthesis of progesterone.**
In this study, we detected a high rate of
placental autophagy activity in a premature
infant population regardless of the existence
of morbidity or mortality. Although varying
in severity, placental autophagy activity was
found in 75% of these babies. These data are
inconsistent with previous ones indicating that
the decrease in autophagy activity increases the
risk of prematurity. Since our entire population
was preterm, we could not demonstrate the
effect of prematurity on autophagy.

In addition to the relationship between
autophagy dysregulation and preterm birth,
disorders in autophagy regulation are shown
to be associated with certain preterm diseases.
Previous preclinical studies showed impaired
autophagy in oxygen-induced retinopathy
model and BPD model, enhanced autophagy
in the white matter injury model and NEC
model. ¥ Autophagy gene (ATGI16L1) and
NLRP3 gene were evaluated in preterm infants
diagnosed with NEC, and a functional variant
in ATG16L1 was associated with NEC.¥ In
this cohort study, no relationship was found
between autophagy activity and morbidities
related to prematurity. The coexictance of
autophagy and inflammasome did not make a
significant difference. When we categorize the
patients according to the severity of autophagy,
the results did not change. Our evaluation in
a partially homogeneous group consisting of
entirely risky pregnancies and a small sample
size may have prevented us from detecting
meaningful results.

Gestational diabetes mellitus (GDM) and
maternal obesity are risk factors for both mother
and neonatal outcomes. Lipotoxicity associated
oxidative stress results in altered autophagy in
obese patients. Few studies have investigated
autophagic activity from placental samples from
obese pregnant women and women diagnosed
with GDM.*® In a previous study, decreased
apoptosis and autophagy in the placentas from
GDM women with LGA infants compared
to those from normal pregnant women.
However, it was reported that the biological
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significance of = concomitant autophagy
and apoptosis decreases in GDM placentas
remains unclear. Several other studies showed
inconsistent results in the placentas of women
with gestational diabetes mellitus (GDM).*
Anti-LC3B stainings in placental tissues from
10 women with GDM and obesity in our
cohort resulted in 70% positivity. Overlapped
conditions such as placental inflammation and
vascular malperfusion rates were relatively
high in our study, so it could affect our findings.
Larger sample size studies are needed to pursue
more detailed information about the association
between preterm morbidities and placental
apoptosis and autophagy in women with GDM
and obesity.

Inflammasomes are cytosolic proteins that are
part of the innate immune system regulating
inflammation. NLRP3 (NOD-, LRR- and pyrin
domain-containing protein 3) is a member
of the inflammasome complex that activates
proinflammatorypathwaysmainly viaCaspase-1
activation. The NLRP3 is the most frequent
marker to assess inflammasome formation.*
The inflammasome activity is involved in
implantation and as well as pregnancy.* Altered
placental NLRP3 activation is also involved in
placental disorders such as preeclampsia and
preterm delivery with chorioamnionitis.**> Rare
data exist regarding preterm morbidities and
inflammasome activation. The inflammasome
activity was involved in preclinical studies
including hyperoxic lung injury, endotoxin-
induced lung injury and neonatal hypoxic-
ischemic brain injury models.*** In our study,
we assessed the placental NLRP3 activity and
its association with preterm morbidities. Our
results showed a significantly increased high-
intense inflammasome activity in patients who
had surgical NEC and hsPDA. Surprisingly,
a majority of the infants with BPD had lower
inflammasome activity (Table II). Although
decreased placental inflammasome activity in
infants developing BPD may seem unexpected
due to the role of antenatal inflammation in the
pathogenesis of BPD development, it may be
considered that exposure to fetal inflammation
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may have both harmful and beneficial effects on
the immature lung.* Repeated exposure to LPS
or chronic chorioamnionitis in experimental
animals reduces the development of BPD by
leading to immune tolerance and a reduced
inflammatory response. Exposure to antenatal
inflammation can also induce a maturation
effect through proinflammatory cytokines
such as IL-1, IL-6, IL-8, and TNF-alpha, which
enhance surfactant protein and lipid synthesis.
Antenatal inflammation can correspondingly
lead to structural modifications in the fetal lung
and affect the expression of growth factors that
are required for branching such as transforming
growth factor-beta, connective tissue growth
factor, fibroblast growth factor-10."

Poor in-utero conditions cause increased
placental oxidative stress with increased
production of reactive oxygen species (ROS).*®
ROS is a major determinant of cellular damage
by triggering autophagy and inflammation.
Autophagy  regulates inflammation by
clearance of damaged mitochondria, ROS and
inflammasome components. In this study, we
demonstrated a significant overlap between
autophagy and inflammasome activities.
We also assessed the inflammasome activity
with autophagy activity since the interaction
between autophagy and inflammasome
is complicated and two-sided. However,
accompanying autophagy to inflammasome
did not significantly change the results.

The strength of our study was its prospective
design and relatively homogenous study
population of preterm infants between 24-29
gestational age, who are especially at higher
risk of adverse outcomes. However, several
limitations exist. The first limitation was the
small size of the study population. Autophagy
and inflammasome activities are dynamic
responses to certain triggers and they change
activity over time. Studying the placenta at
a single time point may have prevented us
from demonstrating the dynamic processes
taking place over time. Another limitation
was the assessment of autophagy activation
only via immunohistochemical LC3B staining.

The Turkish Journal of Pediatrics * November-December 2022

Autophagy/Inflammasome Activities in Placenta of Preterm Infants

Autophagy is a dynamic process in human
tissues, therefore using a single marker and
method is challenging. Therefore, authophagy
guideline recommends the use of multiple
assays, whenever possible.*

In this study antenatal inflammatory process
was assessed by only placental histopathological
examination and inflammasome activity.
Several studiesin theliterature haveinvestigated
umbilical cord inflammatory markers such as II-
6, procalcitonin and CRP, and the results were
mostly controversial in terms of correlation
between histological chorioamnionitis and
neonatal outcomes.®®' Umbilical cord IL-6
is the most studied biomarker for predicting
histological chorioamnionitis, and its sensitivity
and specificity vary between 64-84%.%2 Therefore
it is recommended that the histological
examination of the placenta is more accurate
and essential for predicting neonatal outcome.
In regard to this limitation, the relationship
between placental autophagy and the umblical
cord inflammatory biomarkers are needed to be
evaluated in future studies.

An important limitation was the lack of
evaluation of postnatal factors in preterm
morbidities in our cohort. Preterm morbidities
are widely multifactorial affected by both
antenatal and postnatal conditions. The aim of
our study was evaluating placental autophagy
and inflammasome as early biomarkers for
predicting preterm morbidities. Hence various
antenatal risk factors could affect placental
findings, we evaluated antenatal risk factors in
our cohort and found no relationship regarding
placental findings. Further studies are needed
to be carried out including postnatal risk
factors for preterm morbidities based on our
preliminary results on placental autophagy and
inflammasomes.

In our study population, almost all placentas
had an abnormality, demonstrating either
inflammation or placental malperfusion
findings. It is well known that these two
conditions are involved in neonatal adverse
outcomes. Autophagy and inflammasome
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activities from pathological placentas could
affect our results in terms of predicting preterm
morbidities. Because of the natural causes of
prematurity, a control group consisting of age-
matched healthy placentas could not be set up.
Because of the characteristics of our sample
(high sectio rate, lower rate of antenatal steroid,
higher complication rate) the data from this
study population may be difficult to translate
more widely.

Inconclusion, theresultssignify thephysiological
role of these mechanisms in the intrauterine
period. Association of decreased or increased
rates of inflammasome activities with certain
diseases such as BPD, hsPDa and surgical NEC
indicates the role of the intrauterine inflamattory

process and the importance of critical
balance around the inflammation. Alongside
conventional  placental  histopathological

findings, the investigation of the placenta in
terms of autophagy and inflammasome activity
could bring new insights to clinical practice
in neonatology. Understanding the interplay
between autophagy and inflammasome in
the pathogenesis of preterm morbidities may
benefit a better understanding of molecular
pathways, contribute to the development of
new biomarkers, and provide new therapeutic
options.
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