Cellular Phy5|ology Cell Physiol Biochem 2023;57:15-22

. . DOI: 10.33594/000000604 © 2023 The Author(s)
and BlOChemlstry Published online: 7 February, 2023 Published by Cell Physiol Biochem 15
Press GmbH&Co. KG, Duesseldorf
Accepted: 22 January, 2023 www.cellphysiolbiochem.com

This article is licensed under the Creative Commons Attribution 4.0 International License (CC BY). This means
that any user shall be free to copy and redistribute the material in any medium or format, also for commercial
purposes, provided proper credit is given to the Authors as well as the original publisher.

Original Paper

Links Between Vitamin D-Binding Protein,
Alpha-1 Antitrypsin and Neutrophil
Proteins in Meconium

Barbara Lisowska-Myjak® Ewa Skarzynska®  Artur Jakimiuk®<

aDepartment of Biochemistry and Clinical Chemistry, Medical University of Warsaw, Poland,
bReproductive Health Department, Institute of Mother and Child, Warsaw, Poland, <Department of
Obstetrics and Gynecology, Central Clinical Hospital of MSWiA, Warsaw, Poland

Key Words
Meconium ¢ Neonate ¢ Neutrophil granule proteins ¢ Vitamin-D binding protein « alpha-1
antitrypsin « Myeloperoxidase

Abstract
Background/Aims: Alpha-1 antitrypsin (AAT), vitamin-D binding protein (VDBP) and
neutrophil granule proteins are specifically related to the neutrophil function and may be
considered candidate biomarkers detected and measured in meconium (the first feces of
newborn infants) as signals indicating abnormal processes in the fetal stage. Individual
proteins found in meconium can be a source of information pertaining to the intrauterine
metabolic processes. Methods: Concentrations of AAT, VDBP, calprotectin, myeloperoxidase,
lactoferrin and elastase were measured using ELISA tests in 80 meconium samples collected
from 19 healthy, full-term neonates. Results: The meconium concentrations of VDBP and
AAT (mean+SD, [mg/g meconium]: 3.74+6.93, 3.72+1.79, respectively) were approximately
1000 times higher than those of the protein granule proteins calprotectin, myeloperoxidase,
elastase and lactoferrin (mean + SD, [ug/g meconium]: 285.7+215.8, 1.83+1.73, 1.72+2.70,
45.58+78.89, respectively). The correlation between VDBP and AAT was negative (r= -
0.40. p=0.000) and those between VDBP and calprotectin (r=0.38, p=0.000) and VDBP and
myeloperoxidase (r=0.45, p=0.000) were positive. AAT was found to correlate positively with
lactoferrin (r=0.38, p=0.000). Conclusion: The correlations between the concentrations of
VDBP and AAT, and with neutrophil granule proteins observed in meconium indicate their
functional relationship in the intrauterine environment of the developing fetus. Meconium
can be seen as an apparently underutilized source of biomarkers for evaluation of metabolic
processes specific to fetal development.
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Introduction

Neutrophils are one of the host of innate immune cells detected at the maternal-fetal
interface. Careful regulation of the inflammatory and immunoregulatory functions of these
cells most likely plays a role in successful gestation [1, 2]. Still, neutrophil assays are not
commonly used in perinatal diagnosis as there are no specific biological materials available
for their detection that could be simply and noninvasively obtained from the intrauterine
environment. However, neutrophil granule proteins detected and measured in meconium
seem a practical alternative that could help to better understand the biological role(s) of
neutrophils and their involvement in normal and disease processes during fetal development.

Meconium, which is a clinical material specific to gestation and fetal development,
begins to appear in the fetal bowel at 13 weeks of gestation and accumulates until birth.
As the first feces of the newborn it is noninvasively collected in the first 24-48 hours after
birth. It is a carrier of numerous chemical compounds and metabolites, including specific
proteins with different biological properties and functions during gestation [ 3, 4]. In the
current laboratory diagnostics, the potential properties of meconium as a source of specific
parameters for assessing the importance of intrauterine development on the health of the
newborn are not sufficiently understood or practically used.

Proteomics has confirmed the complexity of meconium proteins [3, 4]. Selection of
certain individual proteins detected in meconium, which interact with each other in the
performance of their biological functions, may offer a new diagnostic panel and provide
knowledge about their role(s) in maintaining homeostasis of the intrauterine environment.

This paper presents the associations between the abundant extracellular proteins
vitamin D-binding protein (VDBP) and alpha-1 antitrypsin (AAT) and the neutrophil cytosolic
proteins calprotectin, myeloperoxidase, elastase and lactoferrin detected in the meconium
of healthy, full-term neonates, supported by a review of the available experimental evidence
of their individual properties and interactions with each other.

VDBP (58 kDa), an abundant serum protein linked to numerous biological processes
during pregnancy, is a glycosylated «, - globulin produced in the liver [ 5, 6, 7, 8, 9].
VDBP is bound to specific, activated regions on the neutrophil plasma membrane using
myeloperoxidase released from the azurophilic granules [10]. VDBP shedding from
neutrophils is mediated by intracellular elastase and inhibited by AAT, which leads to VDBP
accumulation on the neutrophil plasma membrane [11, 12, 13].

AAT (52.0 kDa), an abundant serum protein, single-chain glycoprotein, «, - globulin
produced in the liver. It is a serine protease inhibitor, which inhibits a range of proteases
derived from degranulated neutrophils including neutrophil elastase. AAT inhibits VDBP
shedding from neutrophils [12, 14, 15].

Calprotectin (36.5 kDa), a heterodimeric (S100A8/A9) calcium- and zinc-binding protein
which makes up 5 % of the total protein and 60% of the cytosolic protein of neutrophils. It
is present in meconium at higher (even >10 fold) levels than in feces of children over 1 year
of age and adults [3, 16].

Myeloperoxidase (150.0 kDa), an inflammatory enzyme stored in the azurophilic
granules of the neutrophil, generates reactive hypochlorous acid and chloride ions and
modifies biomolecules in hosts during excess inflammation with broad-range specificity. The
highly specific binding of VDBP by MPO has been linked to the increased VDBP uptake by
activated neutrophils [17].

Elastase (29.5 kDa), a protease stored in the azurophilic granules of the neutrophil,
controls the amount of VDBP bound to the cell surface by shedding of intact forms of VDBP
from the cell surface into the extracellular environment [12]. Inhibition of elastase activity
by AAT results in increased accumulation of VDBP on the neutrophil surface [15].

Lactoferrin (76.0 kDa), an iron-binding glycoprotein found in the secondary granules of
the polymorphonuclear granulocytes [4]. Significant positive correlation between plasma
lactoferrin concentrations and the elastase: AAT complex was associated with an increase in
degranulation of activated neutrophils [18, 19].
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The aim of the study was to confirm the experimental interdependencies between
the abundant extracellular proteins (VDBP and AAT) and the neutrophil granule proteins
(calprotectin, lactoferrin, myeloperoxidase and elastase) in meconium of healthy, full-term
neonates as a new opportunity to provide knowledge about processes during intrauterine
development.

Materials and Methods

Material

The study material consisted of 80 meconium samples collected from the nappy with a disposable
spatula and transferred into 50-ml graduated plastic containers. The weight of the total amount of meconium
[g] and the length of time it was excreted after birth differed between the newborns. The total amount of
meconium was taken from each newborn approximately within the first 2 days after birth in two to four
consecutive portions. The date, time and weight of each collection were recorded. Meconium collection was
considered complete when on inspection a dark-greenish-black color of this material with characteristic
gel-like consistency had changed to the yellow-brown color characteristic of stool. The collected meconium
samples were frozen at - 202C for 3 - 5 days and subsequently stored at - 802C for up to 3 months.

Neonates

Nineteen (19) neonates born in the Clinical Department of Obstetrics, Female Diseases and
Gynecological Oncology, Central Clinical Hospital of the Ministry of the Interior, Warsaw, were included in
the study.

Neonatal profile: gestational age [weeks]: mean+SD: 38.6 1.3 (range 36-41); birth weight [g]: mean*SD:
3317.4+£553.5 (range 2040-4280); Apgar Score [min 1/3/5/10]: 10/10/10/10 (n=15),9/10/10/10 (n=1),
9/9/10/10 (n=1),8/9/10/10 (n-1),9/9/9/9 (n=1).

Methods
Assay of proteins. Measurements of meconium protein concentrations were performed according to
the manufacturer's instructions, using following Kits:
e for Vitamin D-binding protein: The Human (DBP) ELISA kit, SunRed (Shanghai, www.
sunredbio.com)

. for AAT: (Alpha-1-Antitrypsin) DRG Instruments GmbH, Marburg, Germany
e  for calprotectin: the PhiCal Calprotectin ELISA Kit (MRP 8/14), Immudiagnostik AG

e for myeloperoxidase: the Myeloperoxidase (stool, urine) ELISA kit, DRG Instruments GmbH,
Marburg, Germany

e for elastase: the Human PMN-elastase ELISA, BioVendor Research and Diagnostic Products
. for lactoferrin: The Human Lactoferrin ELISA kit, Assaypro LLC, St. Charles, MO

Measurements were performed in duplicate and the mean value calculated was reported as a final
result.

Statistical analysis

Statistical analysis was performed using the STATISTICA software, version 13.0. Results are reported
as mean, standard deviation (SD), coefficient of variation (CV), median and range.

Correlations between meconium VDBP, AAT, calprotectin, myeloperoxidase, elastase and lactoferrin
were assessed with the Spearman test and statistically significant differences were assumed when p<0.05.
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Results

Table 1 presents the concentrations of VDBP, AAT and neutrophil granule proteins
(calprotectin, myeloperoxidase, elastase and lactoferrin) in meconium collected from

healthy, full-term neonates.

The meconium concentrations of
VDBP and AAT were similar, with a higher
dispersion of values and coefficient of
variation for VDBP.

The meconium concentrations of
neutrophil granule proteins were 1000
times lower than those of VDBP and AAT.
The coefficients of variation for elastase
and lactoferrin were more than twice
as high as those for calprotectin and
myeloperoxidase.

The correlations between VDBP,
AAT and neutrophil granule proteins are
presented in Table 2.

A significant negative correlation
(p<0.05) was established between the
meconium concentrations of VDBP
and AAT. The concentrations of VDBP
and AAT correlated with individual
neutrophil granule proteins. There
were significant positive correlations
(p<0.05) between the concentrations of
VDBP and those of myeloperoxidase and

Table 1. Concentrations of VDBP, AAT, and neutrophil
granule proteins in meconium samples collected from
80 healthy, full-term neonates. CV% = coefficient of
variation

Parameter Mean+SD Median Range CV [%]

VDBP

(mg/g meconium)

3.74 £ 6.93 1.52 0.07 - 49.29 185.3

AAT

3.72 +1.79 3.39 0.76 - 8.55 48.0
(mg/g meconium)
Calprotectin
285.7+ 2158 226.1 33.8-1067.1 75.6
(ng/g meconium)
Myeloperoxidase
1.83+£1.73 1.30 0.02 -8.79 94.6
(ng/g meconium)
Elastase
1.72 £2.70 0.79 0.07 -15.92 157.0
(ng/g meconium)
Lactoferrin
45.58 + 78.89 18.99 1.69 -511.43 173.1

(ng/g meconium)

Table 2. Correlation coefficients between  the
concentrations of VDBP, AAT, and neutrophil granule
proteins. Significant correlations (p<0.05) in bold type

Parameter VDBP AAT Calprotectin  Myeloperoxidase Elastase ~Lactoferrin
calprotectin, and of AAT with lactoferrin.  vowr x
Significant correlations (p<0.05) were  * odopeo000z X
found between the concentrations of  “"™" ”’”‘::::0“0” s 0;
calprotectin, myeloperoxidase, elastase ™™™ o0 " 000 X
and lactoferrin. s 030
. Elastase p>0.05 p>0.05 p=0.007 X
The scattergraph (Fig. 1) shows the p=0005
aSSOCiationS bEtween the meconium Lactoferrin p>0.05 0.38; p=0.0005 0(']2;8 0630501 p>0.05 X
. 0. peo:
concentrations of VDBP and those of
AAT, calprotectin and myeloperoxidase
VDBP [mg/g] VDBP [mg/g] VDBP [mg/g]
60 fk VDBP vs AAT 60 fk VDBP vs Myeloperoxidase 60 fk VDBP vs Calprotectin
r=-0.40 p=0.000 r=0.45 p=0.000 r=0.38 p=0.000
50 4 * 50 4 . 50 °
404 40 4 40 4
30 4 304 304
* L]
204 5 * 20 4 .'
104 * *ase %y 10 4 o * o 2
F % * [J o U
ol ol K ) , 9 —
0 2 4 6 8 10 0 2 4 6 8 10 0 400 800 1200
AAT [mg/g] Myeloperoxidase [ug/g] Calprotectin [ug/g]

Fig. 1. Correlations between the concentrations of VDBP, AAT, calprotectin and myeloperoxidase in
meconium samples collected from healthy, full-term infants. * negative correlation between VDBP and
AAT r=-0.40, p=0.000@® positive correlations between VDBP and myeloperoxidase r=0.45, p=0.000 and

between VDBP and calprotectin r=0.38, p=0.000
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established in 80 meconium samples from healthy, full-term neonates. There was a
negative correlation between VDBP and AAT, and positive correlations between VDBP and
myeloperoxidase and between VDBP and calprotectin.

The meconium VDBP concentrations varied over a wide range from 0.07 mg/g to 49.29
mg/g meconium. In 30 meconium samples (37.5%), the concentrations of VDBP were below
1 mg/g meconium with a concomitant high dispersion of the measurements of AAT (0.93-
8.55 mg/g), myeloperoxidase (0.22 - 4.55 pg/g) and calprotectin (75.7-432.0 ug/g). The
scattergraph confirms the associations between meconium proteins established when the
concentration of VDBP exceeded 1 mg/g meconium.

Discussion

The findings suggest potential new approaches to the identification of complex normal
and disease processes in utero using individual proteins measured in meconium.

Meconium passed after birth is an easily available biological material, which however
is underutilized in laboratory diagnostics. Meconium begins to appear in the fetal bowel at
13 weeks of gestation and accumulates until birth and is excreted as the first feces of the
newborn after birth. It carries numerous chemical compounds and metabolites, including
individual proteins from swallowed amniotic fluid, shed intestinal epithelial cells and
intestinal secretions. As a result, it is a reservoir of biomarkers derived from the intrauterine
environment [3, 4]. In response to the clinical need, we wanted to identify the biomarkers
that could combine the diagnostic information from the intrauterine environment in which
the fetus develops with the clinical assessment of the neonate performed after birth. In view
of the knowledge gained from earlier experimental studies by other authors [10, 12], the
series of innate-immunity proteins assessed in this study which are involved in the regulation
of neutrophils, may confirm their role(s) in meconium in vivo, as an etiologic factor present
in the intrauterine environment, but possibly implicated in later disease. According to the
fetal origins of adult disease (FOAD) hypothesis [20] it may improve our understanding
of the effects of intrauterine environmental exposures during sensitive periods in fetal
development with a possibly increased risk of specific diseases in adult life.

It is generally agreed [1, 2, 13] that neutrophils play a fundamental role in successful
pregnancy outcome, but their exact function in the intrauterine microenvironment remains
unclear. Both fetal and maternal neutrophils can invade the amniotic cavity, suggesting
that both the fetus and the mother participate in the cross-talk between neutrophils and
microenvironment at the intrauterine level [1, 2]. Neutrophils are the primary mediators
of the rapid immune response. However, relatively little is known about the impact of
physiological and pathological components of body fluids on their recruitment into tissues
and targeted neutrophil response [10, 11, 12].

A negative correlation between the meconium concentrations of AAT and VDBP may
reasonably suggest mutual regulation existing between these abundant extracellular
proteins to maintain homeostasis of the intrauterine environment. The findings of this study
according to experimental observations of other authors [10, 11, 12] may help to elucidate
the biological role of VDBP and AAT in the intrauterine environment for regulating the
level of neutrophil granules proteins. The characteristic correlation between the levels of
VDBP and myeloperoxidase in the meconium confirms in vivo the experimental findings of
other authors [11, 12, 17] identifying myeloperoxidase found in the azurophilic granules of
neutrophils as a reservoir of VDBP binding sites on the surface of neutrophils and suggests
similar processes originating in utero.

A positive correlation between VDBP and calprotectin may on the one hand suggest a
common biological role shared by the extracellular and the intraneutrophil proteins in the
regulation oflocal inflammation. On the other hand, considering the abundance of calprotectin
in neutrophils, the assessment of calprotectin concentration and its correlations with other
proteins in meconium, can be a practical alternative to the measurement of neutrophil count
and the proportion of neutrophils binding VDBP in the intrauterine environment [4, 16].
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Azurophilic granules of the neutrophil are the activated binding site for VDBP using
myeloperoxidase, but also the location of intracellular elastase. Published studies [12]
emphasize the key role of elastase in the mechanism of VDBP shedding from neutrophils
into the extracellular environment, but we found no correlation between the concentrations
of VDBP and elastase in meconium. The sequence of maintaining equilibrium between the
quantity of neutrophil-bound VDBP and elastase activity indirectly involves AAT as a potential
elastase inhibitor whose concentration in meconium is more than 1000 times higher than
that of elastase concentration [10, 12, 15]. A positive correlation of AAT concentrations with
those of lactoferrin may suggest selective mechanisms of neutrophil degranulation as a
result of their activation.

Given that VDBP binds to the activated sites on neutrophils [10, 11], positive
correlations with myeloperoxidase and calprotectin and negative correlations with AAT
become significant with the increasing VDBP concentrations. The graphical presentation of
the relationship between VDBP and other proteins in Fig. 1 confirms their deepening at a
concentration of VDBP in meconium above 1 mg/g meconium. The obtained results indicate
a clear need to determine a rigorous range of VDBP concentration in meconium, which may
increase the relationship between these proteins. The small number of newborns presented
in this paper prevents statistical support for reported findings.

According to the authors [5, 21, 22, 23, 24], the characteristic properties of the proteins
presented in this work are the basis for their potential use for early assessment of the health
of newborns and adults. Genetically determined AAT deficiency can cause chronic liver
diseases, cirrhosis, and liver failure in children and adults, and lung diseases in adults but it
is underrecognized and most patients are undiagnosed [21]. Low concentrations of maternal
serum VDBP concentrations have been associated with potential effects on the pathogenesis
of type 1 diabetes mellitus in the offspring, preeclampsia, preterm birth and fetal growth
restriction [5]. Assessment of myeloperoxidase [22] and elastase alphal proteinase inhibitor
complex [23] enables detection of neonatal sepsis, supplementation lactoferrin [24] prevent
sepsis and necrotizing enterocolitis in preterm infants. Differences in the mechanisms
underlying the effects of VDBP and AAT on the biological function of neutrophil granule
proteins in meconium raises the question concerning the diagnostic potential of these
observations in differentiating between normal and disease conditions in utero. As observed
by other authors [2, 8], VDBP binding to the activated sites on neutrophils is an important
stage in their role in the immune system as chemotactic activity of complement (C) peptides
C5aand C5a des arg is enhanced [10, 13]. AAT has a key role in the innate immune response,
possesses an anti-inflammatory capacity, inhibits VDBP shedding from neutrophils and its
serving as a chemotactic co- factor for C5a [12, 14, 15]. Calprotectin released from activated
neutrophils increases its concentration mainly in inflammatory processes and may be a
sensitive indicator of local inflammation [3, 16]. Lactoferrin plays a key role in the innate
immunity response and has antimicrobial effects [4]. This observation may account for a
tight regulation of neutrophil proinflammatory functions in the intrauterine environment
with high VDBP and AAT concentrations in the extracellular space [11]. Further studies of
the association of these proteins with markers of innate immune cells in meconium and
maternal peripheral blood may provide insight into their potential diagnostic role.

Conclusion

In conclusion, the current knowledge of the biological roles individual proteins play in
fetal development is limited and further studies are required. Meconium which is obtained
non-invasively may be used for the post-natal laboratory evaluation of the fetal stage as it
is a reservoir of intrauterine proteins. The selection of meconium proteins in this study was
proposed as a potential diagnostic tool to elucidate the role of neutrophils in normal and
disease processes in utero and to differentiate between these two aspects of their activity.
The correlations between AAT and VDBP, and neutrophil granule proteins suggest that this
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protein panel could be used to retrospectively evaluate fetal development and diagnose and
resolve health problems related the adverse intrauterine environments.
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