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Abstract

Problem: Vitamin D is well-known for having anti-inflammatory and immunomodulatory properties.
Impaired maternal Vitamin D status has been known to increase the risk of adverse pregnancy
outcomes like pre-term birth. The present study aims to evaluate the impact of fetal cord serum 25-
hydroxyvitamin D mediated signalling in mediating inflammatory responses in placenta during pre-

term birth.

Methods of Study: For the above purpose, cord serum 25(OH) D were measured in term (n=20) and
pre term (n=20) born babies using ELISA. Vitamin D downstream signalling has also been checked in
placenta (VDR, CYP27BI1, Cathelicidin LL37) along with expression of inflammatory markers
(STI00A8, HMGBI1, TLR2, pNF-kappaB) using Western blotting and immunohistochemistry. Pearson

correlation model was used to do correlation study.
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Results: Compared with term born babies (59.31+3.476), decline in cord serum 25(OH) D levels is
observed in pre-term born babies (22.26+1.083, p=<0.0001) that showed strong positive correlation
with gestational age (r=0.9368***), and birth weight (r=0.9559**%*). On the other hand, Vitamin D
signalling markers were found to be downregulated and inflammatory markers were upregulated in

placental tissue of pre-term born babies.

Conclusion: Thus, our study demonstrated that insufficient cord 25(OH) D levels may disturb the
homeostasis of inflammation in placenta. Altered cord serum 25(OH) D mediated anti-inflammatory
signalling may be acting as trigger signals in modulating inflammatory responses in placenta and

eliciting premature activation of spontaneous labor in pre-term birth.

Keywords: Vitamin D, pregnancy, placental inflammation, pre-term birth, anti-inflammatory
Abbreviations: PTB, pre-term birth; 25(OH)D, 25 hydroxyvitamin D; S100A8, S100 Calcium
binding protein A8; HMGBI1, High mobility group box 1; TLR2, toll like receptor 2; p-NF-kB
phosphorylated Nuclear factor Kappa light-chain-enhancer of activate B cells; VDR, vitamin D
receptor, CYP27B1, Cytochrome P450 family 27 subfamily B memberl.

Introduction

A healthy and successful pregnancy needs a balanced co-ordination between pro-inflammatory and
anti-inflammatory response of the immune system at maternal-fetal interface. If the balance gets
skewed towards pro-inflammatory state due to any of the known or unknown factors, pre-mature
breakdown of the uterine quiescence occurs which in turn leads to onset of labor or commonly called

pre term birth.

Among the globally reported cases of all pregnancies, 8-10% of them are incidences of pre-term birth.
Of that 8-10%, 40% of the pre-term labor are infection induced 2.  That is why it is of primary
importance to address the infection vis-a-vis inflammation. During pregnancy, at the time of infection,
innate immune system gets activated, recognizes the common repeating patterns present on most of
the microorganisms as danger signals 3°. These molecular patterns known as DAMPs (Damage
associated molecular patterns) or PAMPs (Pathogen associated molecular patterns) gives us an
alarming signal. Pattern recognition receptors (PRRs) like ‘toll like receptors’ (TLRs) recognize these

molecular signature patterns and elicit an inflammatory response via activation of central
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inflammatory transcription factor NF-kappaB with infiltration of different immune cells at site and
prevents the spreading of infection”®. Untimely, exaggerated and dysregulated inflammatory response
is a characterized cause of pre-term delivery. Vitamin D plays a pivotal role in modulating these
responses. The association of Vitamin D deficiency and insufficiency with adverse pregnancy
outcomes is globally reported®'?. The relationship of Vitamin D and inflammation resembles hen and
egg conundrum; whether inflammation reduces Vitamin D concentration or Vitamin D dampens
inflammation still remains a puzzle. However, recent literature and in-vitro studies have shown
Vitamin D as anti-inflammatory in nature, regulating the activity of regulatory T cells and TH17 cells
13-17 n cancer and other immunological disorders, Vitamin D has been extensively known to inhibit
the expression and function of central transcription factor NF-kB %19 | Vitamin D has the potential to
skew more aggressive cell mediated pro-inflammatory state to more tolerant anti-inflammatory state
during pregnancy?°.

Enough evidences suggest that deficiency or insufficiency of maternal serum Vitamin D lead to the
incidence of pre-term birth?!-23 . Therefore, aforementioned observations instigated us to study if any
alterations in Vitamin D mediated signals originating from fetal side modulate the maternal immune
system in triggering the pre mature activation of labor as the information till date is fragmented and
inconclusive, thus bestowing a major gap between two pathways. Therefore, we intend to deep dive
directly into maternal-fetal interface by analyzing cord serum 25(OH) D and drawing its co-relation

with placental inflammation.

For the scope of present study, we intend to quantify the evident role played by cord serum 25(OH) D
in facilitating normal term delivery and its immunomodulatory response as an inflammation inhibiting
hormone during placental inflammation. For this, we quantified cord serum 25(OH) D concentrations
in pre- term born and term born babies; performed expression analysis of DAMPs (S100AS,
HMGBI1), PRRs (TLR2), to check the status of placental inflammation in both the groups, a well-
known inflammatory transcription factor: p-NF-kappaB p-65 to analyze any correlation with cord
serum 25 (OH) D concentrations. Hence, to observe the impact of inflammation on placenta, we have
also analyzed the histological changes in placenta of PTB and term babies. To further investigate the
significance of anti-inflammatory role of Vitamin D, we assayed the expression of Vitamin D

mediated signaling molecules (Vitamin D receptor, la hydroxylase enzyme) and its anti-microbial
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action via Cathelicidin-LL37, an anti-microbial peptide involved in host defense mechanism. The
results clearly indicates that pre-term born babies had insufficient level of cord serum 25(OH)D
concentration as compared to term born babies and is found to be negatively co-related with pNF-
kappaB p-65, a central inflammatory transcription factor. Our study revealed an up-regulation of
inflammatory genes with down-regulation of Vitamin D signaling molecules. By investigating the
changes in expression profile and its co-relation with altered vitamin D levels we could provide new

insights in understanding the pathophysiology of the pre-term birth.

2. Materials and Methods
2.1. Study population

The institutional human ethical committee of Institute of Science, Banaras Hindu University approved
this study. The patients were counseled, and then signed the written consent form (Ref. no:
F.Sc./Ethical Committee/2014-2015). They were ensured for full and strict confidentiality of their
information. Study enrolled two groups: The case group comprised neonates who got delivered
prematurely from mother undergoing spontaneous labor (27+0 to 36 weeks of gestation, n= 20) and
controls comprised neonates who got delivered at full term of pregnancy (>37 weeks of gestation).
Both controls and cases group sample was recruited from Department of Obstetrics and Gynaecology
at Sir Sunderlal Hospital, Banaras Hindu University. The subjects with any known medical conditions
(fetal distress syndrome, fetal anomalies, severe respiratory distress syndrome, immune deficiency
disorder or any previous pregnancy complications) were excluded from the study. The samples for the
present study were recruited evenly throughout the year. Therefore, exposure to sunlight for controls
and cases would have been equal. Both groups were not on any Vitamin D supplementation. Cord
blood and placental tissue was collected immediately after delivery and brought instantly to the lab.
Cord blood was then centrifuged at 4°C and serum was stored at -20°C until analysis. The conditions
for placental sampling were uniform for both cases and control group. Fresh tissue was collected
immediately after normal vaginal delivery at pre-term and term delivery from the labor room. A small
specimen of placental tissue (1cm x 1cm x 1em) was collected macroscopically from the normal areas
excluding any sign of calcification or infarction. The tissue was washed in ice cold 1XPBS to remove

any blood remains. One part of dissected tissue were chopped in small pieces and kept in RNA later

This article is protected by copyright. All rights reserved



solution (Thermo Scientific) for RNA isolation, one part was stored at -80°C for protein isolation and

one part was fixed in Bouin’s solution for histological studies.

Pre term born babies are termed as cases and term born babies are termed as controls in the

manuscript.
Reagents and antibodies:

Total 25(OH) Vitamin D Enzyme Immunoassay was purchased from Epitope Diagnostics, Inc. (KT-
815). For Western blotting and immunohistochemistry, sheep anti human SI00A8 mAb (catalog no
AF 4570) were obtained from R&D, rabbit anti human HMGBI1 (Catalog no 3935S) was purchased
from CST, mouse anti human TLR2 (ab24192) were obtained from Abcam, rat anti human VDR mAb
(MAI-710, clone9A7) was obtained from Thermo Scientific, sheep anti human Cathelicidin (Catalog
no AF7497) were obtained from R&D and anti human Beta actin HRP was purchased from Sigma
(Catalog no A3854).

2.2 ELISA of 25(OH) D in human cord blood

Serum concentration of human cord 25 (OH) D (Vitamin D) in controls and cases were measured
using ELISA kit (Epitope Diagnostics, Inc Cat no. KT-815, Lot no. VDKO002) according to
manufactures instructions. According to Endocrine society of India (2011), Vitamin D <10ng/ml is
considered severe deficient, 10-20ng/ml is deficient, 20-30ng/ml falls under insufficient category and
30-100ng/ml range is for optimum concentration of Vitamin D in the body. In short, 25ul of
calibrators, controls and test samples were added in each microwells followed by addition of Vitamin
D analogue and incubating the plate at room temperature for 60 min on ELISA plate shaker at 170 or
450 rpm. The plate was washed 5 times with wash solution and proceeded with addition of 100ul
Biotinylated Vitamin D analogue at room temperature for 30 min. The plate was washed again and 20
min incubation with 100ul Streptavidin-HRP was done at room temperature. The wells were again
washed 5 times till all the contents were aspirated. Then 100 ul tetramethylbenzidinechromagen

solutions were added and plate was incubated for 20 min at room temperature in static position.
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Finally, 100ul Stop solution was added and mixed gently. The absorbance was captured at 450 nm
using a microplate reader. The assay was carried out in triplicate.

2.3 Histology analysis

Histology analysis was performed in chorionic villi tissue samples using standard protocol. Briefly,
tissue collected from the patients was fixed in Bouin’s solution for 24 hours at room temperature
followed by washing with 70% alcohol twice and dehydration in ascending alcohol concentrations.
The tissue was embedded in paraffin blocks and 6 sections were cut to get mounted on poly-L-lysine
coated slides. These fine sections on the slide were deparaffined using xylene, rehydrated in
descending alcohol concentrations followed by routine histopathology specific hematoxylin and eosin
staining. The slides were observed under light microscope for any histological changes occurring in
placental tissue samples of pre-term birth.

2.4 Quantitative Real-Time PCR

Total RNA was isolated from placental tissue samples using Trizol method, followed by DNase I
(NEB) treatment. The concentration of isolated RNAs was determined using Nanodrop 2000 (Thermo
Fisher Scientific, Waltham, MA, USA). The synthesis of complementary DNA (cDNA) strands was
done as per the manufacturer's protocol (Applied Biosystems). Briefly for 15 pL total reaction
volume, 7.5 uL SYBER Green PCR Master mix (Applied Biosystems), 0.25 pL each of forward and
reverse primers(10pM/ul) and 2 pL ¢cDNA was used in PCR using ABI 7500 instrument. Each
reaction was performed in triplicates. PCR was done with an initial incubation at 50°C for 2 minutes,
followed by 10 minutes of denaturation at 95°C and 40 cycles at 95°C for 15 seconds, 60°C for 1
minute, and 72°C for 40 seconds (VDR forward primer, STCCTCCTGCTCAGATCACTG3'; VDR
reverse primer, 5’AGGGTCACAGAA GGGTCATC3' and CYP27B1 forward primer, 5’
CACCCGACACGGAGACCTT 3% CYP27B1 reverse primer, 5
TCAACAGCGTGGACACAAACA 3’). Finally, the expression of these genes was normalized to the
messenger RNA (m-RNA) levels of a housekeeping gene, Beta-actin (Gene ID: 60). Gene expression
changes between the case and the control groups were estimated according to the relative quantitation
method by calculating AACT. Statistical significance (P<0.05) was determined by Student's t test

using GraphPad Prism5 software.
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2.5 Western Blotting

The placental tissue samples were homogenized in 1x cell lysis buffer prepared from 10x cell lysis
buffer (CST 0.01M Tris pH 7.6, 0.00IM EDTA pH=8.0, 0.IM NaCl, 1 pg/ml aprotinin, 100pg/ml
PMSF). Tissue was homogenized using 150ul of 1x cell lysis buffer to 100mg of tissue, followed by
centrifugation at 1200 rpm for 30 minutes at 4 degree Celsius. Supernatant was collected and
estimated using Bradford assay. Equal amount of proteins (50 pg) as determined by Bradford’s
method was loaded on to 15% SDS-PAGE for low molecular weight proteins (S100A8, Cathelicidin);
10% SDS-PAGE for HMGBI1, VDR, pNF-xB and 8% SDS-PAGE for TLR2. After overnight transfer
of proteins on polyvinylidene fluoride membrane (Millipore India Pvt. Ltd.), membranes were
blocked for 1.5 hour with 5% fat-free dry milk solution in Tris-buffered saline (TBS; Tris 50mM (pH
7.5), NaCl 150mM, 0.02% Tween 20) and incubated with primary antibodies (detail in supplementary
Tablel) for overnight at 4 degree. After incubation with primary antibody, membranes were washed
two times with TBST for 10 min. After this, membranes were incubated with horseradish peroxidase
tagged secondary antibody (at a dilution recommended for each antibody) for 2 h. Finally, the blot
was washed three times with TBST and developed with enhanced Chemiluminescence (ECL)
detection system (Bio-Rad, USA). Blot for each protein was repeated for three times. The
densitometric analysis of the blots was performed by scanning and quantifying the bands for density
value by using computer assisted image analysis (Image J 1,38x, NIH, USA). The densitometric data
were presented as the mean of the integrated density value = SEM. The bands obtained from western

blot were normalized to B-actin (Sigma Aldrich, St. Louis, MO, USA).
2.6 Immunohistochemistry

Immunohistochemistry was performed in paraffin embedded tissue sections having thickness of 6 pm.
In brief, sections were deparaffinized by dipping in xylene overnight and were rehydrated with
successive changes of 100%, 90%, 70% and 50% ethanol and distilled water. Antigen retrieval was
done by dipping the slides in boiling citrate buffer (pH-6) for 10 minutes. After hydration and antigen
retrieval, endogenous peroxidase blocking was done using Bloxall (SP-6000, Vector Laboratories,
Inc.) for 30 min. The sections were then blocked with blocking serum for 1 h, followed by incubation

with the primary antibody (S100A8, 1:50; HMGBI, 1:50; TLR2, 1:50; VDR, 1:50) over night at 4°C
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temperature. The sections were then washed with 1x TBS and incubated with the horseradish
peroxidase tagged secondary antibody for 1.5 h at room temperature. After secondary antibody
incubation, sections were washed again and incubated with DAB chromogen substrate (DAB
Peroxidase substrate kit, Catalogue no. SK4100) for 2-3 minutes. After this, sections were dehydrated
using ascending alcohol changes followed by mounting with DPX. Slides were analyzed under a light

microscope (Nikon, Tokyo, Japan) and photographed.
2.7 Statistical analysis:

Data collected were analyzed using Student’s t —tests by GraphPad Prism Software, Inc. La Jolla, CA,
USA. Data are presented as the mean + SD for continuous variables and percentage for categorical
variables. Pearson’s correlation was used for correlating the studied parameters. The data were

considered significant if* p< 0.01, **p<0.001 and ***p<0.0001.

3. Results

No significant difference is observed between the mean age, BMI (body mass index) of mothers
whose cord blood and tissue samples were collected. Moreover, gravidity has no significant
association with the occurrence of pre-term birth. However, a significant difference between
gestational age (p=0.0016) and birth weight of the newborn (p<0.0001) is seen between cases and

controls as shown in Table 1.

3.1 Changes in cord blood serum 25(OH) Vitamin D levels in pre-term birth as compared to
term birth.

Cord serum 25(0OH) D concentration of controls and cases were measured. Pre-term born babies
showed significant decrease and were insufficient (22.26+ 1.083) in 25(OH) D levels as compared to
term born babies (59.31+3.476) (p<0.0001) as shown in Figure 1(a). To further explore whether
gestational age has any role to play in affecting the concentration of cord serum 25(OH) D levels and
if altered levels of 25(OH) D levels affects the weight of newborn babies, we did correlation analysis

and interestingly found that cord serum 25(OH) D concentration is positively correlated with both age
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of gestation (r=0.9368, p<0.0001) Fig 1 (b) and weight of the newborn babies (r=0.9559, p<0.0001)
Figure 1(c).

3.2 Changes in the histology of PTB cases and term controls

We did histological examination of twenty placental tissue collected from mothers undergoing
preterm (27 to 36 weeks gestation) and term deliveries (37to 39 weeks gestation). Tissues in both the
groups were selected based on the age of gestation. Histopathological changes were observed in
placental tissue of cases, having discontinuous syncytiotrophoblast layer and distorted cytotrophoblast
cells. Villous tissue lacked proper vascularization, promoted vacuolization and condensed fibrous
stroma fills the space. Highly vascularized placental tissue with continuous syncytiotrophoblast cell
layer and presence of oval cytotrophoblast cells is observed as the gestation time reaches term. The
change in placental histology can be because of increased placental inflammation in PTB cases.
(Figure 2(a).

3.3 Real-Time Reverse Transcription—-PCR Analysis

The expression of Vitamin D receptor and la hydroxylase genes were checked at transcript level
(n=20) using quantitative real time PCR (qPCR). Livak method (Livak and Schmittgn 2001) was used
to determine relative quantification?*. Beta actin gene was used for normalization of expression levels
and relative to the calibrator (ACT) of comparison groups. AACT and the relative fold change of VDR
and la hydroxylase gene was calculated. A significant decrease in expression of VDR transcript is
seen in PTB cases as compared to term controls, shown in Figure 2(b), but we could not find
significant difference in the expression of 1a hydroxylase gene, shown in Figure 2(c).

3.4 Changes in the expression of inflammatory markers and Vitamin D signalling cascade in
PTB cases and term controls

We did expression analysis for SI00A8, HMGB1, TLR2, pNF-KB, VDR and Cathelicidin proteins to
assess the alterations in their expression at protein level. SIO0AS level was overexpressed in pre-term
cases when compared to the control (Figure 3a). At histology level, inflammatory protein, SIO0AS
expression was mostly seen in syncytiotrophoblast cells in our control group but its expression was
predominantly localized in syncytiotrophoblast cells and endothelium of fetal capillaries (Figure 3b).
The overexpression of another inflammatory protein HMGB1 was seen in pre-term cases (Figure 3a).

Histological study revealed the same, showing more immunogenic reaction in syncytiotrophoblast
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cells as compared to controls (Figure 3b). The expression of their receptor, TLR2 showed
overexpression in pre-term cases as compared to term controls (Figure 3a). The intensity of TLR2
expression was predominant in syncytiotrophoblast cells and endothelial cells of fetal capillaries as
compared to the control group (Figure 3b). Overexpression of pNF-kB, a well-known transcription
factor involved in inflammation is seen in placental tissue of pre-term cases with low expression in
term controls (Figure 3a).

The expression study of Vitamin D signalling protein was validated using immunoblotting and
immunohistochemistry. The low expression level of Vitamin D receptor protein was observed in pre-
term placental tissues showing good correlation with RNA level (Figure 2b and 2d). At histology
level, it showed positive reaction in syncytiotrophoblast cells but intense immunostaining was seen in
both cytotrophoblast and syncytiotrophoblast cells of term placental tissues (Figure 2f). We also
looked at the expression of one of the VDR response element genes; Cathelicidin, an antimicrobial
peptide which is known to lower the extent of bacterial or viral infection. The expression of
cathelicidin was significantly reduced in placental tissue of pre-term cases as compared to controls
(Figure 2e).

4. Discussion

To the best of our knowledge, this is the first study evaluating the potential impact of altered cord
serum 25 (OH) D concentrations on exaggerated placental inflammation during pre-term birth. The
key finding of our study is: cord serum 25 (OH) D concentration is found to be positively correlated
with gestational age and birth weight but negatively correlated with central inflammatory transcription
factor pNF-KB. Elevated expression profiling of inflammatory marker proteins (S100A8, HMGBI,
and TLR2) and downregulated expression of Vitamin D signalling molecules (VDR, Cathelicidin-
LL37) confirmed exaggerated placental inflammation in pre-term birth. Till date, only maternal
Vitamin D insufficiency or deficiency is reported to have adverse pregnancy outcome. This is the first
study correlating insufficient cord serum 25 (OH) D concentrations and its altered anti-inflammatory
signalling with enhanced placental inflammation during PTB.

The establishment and maintenance of successful pregnancy requires a balanced coordination of
proinflammatory and anti-inflammatory state within feto-placental unit. Optimal inflammatory

setting is prerequisite for efficacious implantation in the first trimester and during parturition in the
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third trimester of pregnancy. Previous studies and animal models have well established that infection

and inflammation is a major risk factor in PTB 2327

Directly or indirectly, maternal infection invades and promotes placental inflammation via secretion
of cytokines and chemicals released by fetal immune cells at fetal maternal interface. Any type of
enhanced and untimely inflammatory reactions during pregnancy may lead to high risk pregnancy
cases like pre-term birth!. Reports till date have shown the activation of Damage associated molecular
patterns (HMGBI1, S100 family proteins), various TLRs during maternal intra-amniotic and
intrauterine infection but less is talked about the activation of these molecules in eliciting a response
in aberrant placental inflammation?®? and therefore we selected these molecules for expression
analysis to investigate their involvement in placental inflammation. The involvement of a mammalian
calcium binding protein S100A8 (Calgranulin A) and High mobility group box protein 1 (HMGB1)
during development and progression of several inflammatory diseases is well known 3%3!, In terms of
pregnancy, various transcriptomics and proteomics studies in different gestational tissues and fluids
have reported that the expression of SI00A8 and HMGBI1 are elevated and thus act a potential
biomarker in complications like preeclampsia, pregnancy loss and pre-term birth 293233 Earlier
reports from our lab showed an altered expression of SIO0AS8 in endometrial decidual tissue samples
of recurrent pregnancy loss cases 3*. These endogenous proteins are known to elicit pro-inflammatory
response via NF-kappaB, a central inflammatory transcription factor *. No studies till date showed
the functional relevance of SI00A8 and HMGBJ1 at maternal fetal interface during pre-term birth and
if Vitamin D, being anti-inflammatory in nature has any significance in regulating the activation of

NF-kappaB signalling.

Our results clearly showed elevated expression of ST00A8, HMGB1, TLR2 and p-NF-KB in placental
tissue of PTB cases as compared to term controls. In the present study, we observed an increase in the
magnitude of inflammation in PTB cases which were in concordance with previous studies, where
mutations in TLRs and intra amniotic administration of HMGB1, induced spontaneous pre-term labor
2836 Inflammation is thus conjectured to prompt a suit of changes in placental tissue breaking uterine
quiescence and initiating the labor. Though the association of Vitamin D with inflammation always

remained controversial, but a wealth of data is available reporting Vitamin D as immunomodulatory
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and anti-inflammatory molecule which modulate both innate and adaptive immunity of an
individual'4.

Regarding Vitamin D status, we observed significant decrease in the mean level of 25(OH) D
concentrations in our cases as compared to controls. Considering Vitamin D as immunomodulatory in
nature, decreased concentration in PTB cases implicate disturbed innate and adaptive immunity of
newborn. The involvement of cord 25(OH) D in regulating placental inflammation during PTB is
reported for the first time, where the expression of pNF-KappaB was found to be negatively
correlated with cord serum 25 (OH) D concentrations (r= -0.9174*%*). Therefore, our present study
distinctively indicates that decreased level of cord serum 25(OH) D levels might be involved in
exaggerating placental inflammation.

The prior knowledge regarding placental expression of VDR on immune cells and their reduced
expression in decidual tissue during spontaneous abortion gives an impression of having its
immunological role at fetal maternal interface 3738, In infection like tuberculosis, Vitamin D enhances
the expression of host defensive peptide, cathelicidin for limiting the growth of mycobacterium that
causes tuberculosis 3*#!. In agreement of the aforementioned studies, we found a decline in the
expression of VDR and antimicrobial peptide Cathelicidin, LL-37 in placental tissue of PTB cases,
with no significant changes in the expression of la hydroxylase gene that converts pro-hormone into
its active form. Thus, low expression of VDR and cathelicidin in our study may be involved in
proliferation of microbes invading genital tract or intrauterine compartment contributing to enhanced
placental inflammation.

To further confirm, whether altered inflammatory and Vitamin D signalling in PTB affect the
histological architecture of placenta, we did histological analysis of placental tissue from both the
groups and observed histopathological alterations in placental tissue of PTB cases when compared to
term controls. Healthy and highly vascularized villus is seen in full term placental tissue with smooth
layer of syncytiotrophoblast layer while distorted and degenerative placental tissue having fibrous
stroma and reduced vascularization is seen in PTB cases. As pre term birth is somewhere
pathologically associated with disturbed maternal-fetal immune interactions, placenta may be an

important and interesting target to focus on.
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In conclusion, the present study for the first time summarizes the correlation of cord serum 25(OH) D
with central inflammatory transcription factor, p-NF-kappaB. These findings suggests that decrease in
25(0OH) D concentration may lead to increase in p-NF-kB expression and support the established
cause of infection and resulting placental inflammation in pre-term birth. Inflammatory marker
proteins (S100A8, HMGBI1 and TLR2) act via NF-kB pathway and activate pro-inflammatory
cytokines. Therefore increased expression of these proteins and decreased expression of VDR and
antimicrobial peptide, Cathelicidin and poor vascularization of placenta will all together set a state of
unfavorable inflammatory milieu which may lead to initiation of premature labor.

The present study states that low cord serum Vitamin D level enhances placental inflammation which
might be initiating the pre-mature activation of labor. However, controversial theories still exist to
contemplate over the question ‘Is low Vitamin D level a cause of, or consequence of inflammation?’
Considerable evidences support the anti-inflammatory nature of Vitamin D 4>#3 and simultaneously
several other studies in Ageing and inflammatory health disorders believe that low Vitamin D levels
is a consequence of chronic inflammation 4446, Therefore, further longitudinal studies are needed to
validate our observational study and discover better relationship between placental inflammation and
Vitamin D levels in pre-term birth. Functional studies are also needed to further confirm the interplay
of two pathways and establish Vitamin D as anti-inflammatory in pre-term birth. Given that the
percentage of pre-term birth rate is increasing, clinical interventions are needed that could decrease

the magnitude of inflammation and lessen the burden of disease.
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Figure legends:

Figure 1: (a) Bar graph showing significant decrease in the cord serum 25(OH) D concentration

between healthy term (n=20) and PTB cases (n=20) (p<0.0001). (b) Correlation between cord serum

25(OH)D with the age of gestation in weeks and (¢) Correlation between cord serum 25(OH)

concentration with birth weight of the newborn. A significant positive correlation was found between

This article is protected by copyright. All rights reserved



cord serum 25(OH)D and age of gestation (r=0.9368, p<0.0001). Also, a significant positive
correlation was found between cord serum 25(OH) D and birth weight of newborn (r=0.9559,

p<0.0001). r= Pearson coefficient value is significant when p<0.05.

Figure 2: (a) Light microscopic histopathological analysis of placental tissue of healthy term controls
and PTB cases. Black arrow shows the morphological differences in cellular architecture (b) Bar
graph of RT-PCR analysis showing the lower expression of Vitamin D receptor mRNA with no
significant change in expression of CYP27B1 gene (c) in the placenta of PTB cases. Fold change was
determined using AACT method of relative quantification. The graph was plotted using log (Relative
average fold change i.e 2-2ACT), (d) Representative immunoblot for VDR and Cathelicidin-LL37
protein in placental tissue of PTB cases and term control. -actin was used as loading control and
band intensity were analyzed by densitometric analysis. b) Immunohistochemical localisation of VDR
in placental tissue of controls and cases. Black arrows show the region of positive immunostaining.

The resolution used to capture images is 40X.

Figure 3: (a) Representative immunoblot analysis of inflammatory marker proteins (S100AS,
HMGBI1, TLR2, p-NF-Kb) in placental tissue of control and PTB patients. B-actin was used as
loading control and band intensity were analyzed by densitometric analysis. (b) Immunohistochemical
localisation of inflammatory markers in term controls and PTB cases. Black arrows show the region

of positive immunostaining.
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Table 1. Demographic and clinical parameters of PTB cases and controls

Parameters Controls Cases P value
(N=20) (N=20)
Maternal
a. Age 25.36 + 0.7309 27.43 +1.529 0.199
b. Origin North Indian North Indian -
b. Gestational Age 36.91+1.812 30.58 £ 0.4476 0.0016**
c. BMI 24.87 + 0.566 23.55+0.331 0.052
d. Gravidity
i) Primigravida 11(55%) 14(70%) 0.327
ii) Multigravida 09(45%) 06(30%)
Neonatal
a. 25(0OH) D (ng/ml) (59.31+3.476) (22.26+1.083) < 0.0001
b. Birth weight(g) 2371+ 140.8 1078 + 57.93 <0.0001
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