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Abstract

The first months of life represent a crucial time period for an infant. Alongside establishing the
early microbiome, the mucosal immunological homeostasis is being developed. Both processes
may be perturbed in prematurely born infants. The glycoprotein SALSA plays a role in mucosal
inflammation and microbial clearance. It is one of the most abundant molecules on the intestinal
mucosal surfaces in early life. SALSA binds to many types of microbes and host defense
molecules like IgA, Clq and collectin molecules. We here describe the development in fecal
SALSA levels during the first three months of life. During these 90 days the median SALSA level
in full-term babies decreased from 1100 pg/ml (range 49 — 17000 pg/ml) to 450 pg/ml (range 33 —
1000 pg/ml). Lower levels of SALSA were observed in prematurely born infants in the same time
period. Our novel observation thus indicates an impact of prematurity on an important component
of the infant intestinal immune system. Changes in SALSA in early life may have an effect on the

early establishment of the human microbiome.
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Introduction

The Salivary Scavenger and Agglutinin (SALSA), also known as dmbtl and gp340 is a large
glycoprotein found on the mucosal surfaces of the human body. Previous studies have linked the
SALSA molecule to anti-microbial functions, suppression of inflammation, as well as epithelial
homeostasis 3. SALSA binds to microbial pathogens and inhibits their colonization on the human
surfaces +°. In addition, SALSA interacts with endogenous immune defence molecules, such as
IgA, surfactant proteins SP-A, SP-D and complement C1q and MBL’-!!. SALSA is composed of
fourteen conserved scavenger receptor cysteine-rich domains, thirteen of these displaying a ligand
binding site 2. This facilitates the interaction with a large number of ligands. SALSA is thus
suggested to mediate a cooperative molecular immune defence against invading microbes, and

thereby contribute to the integrity of the mucosal barrier.

It has been estimated that SALSA makes up close to 10% of the total protein content in the
meconium and the saliva of young children (< 3 years) 314, This makes SALSA one of the most
abundant proteins on these mucosal surfaces in early life, highlighting an important role at this
stage. Upregulation of SALSA expression seems to be a part of the normal response to epithelial
inflammation %316, Altered expression of SALSA has been linked to a number of inflammatory

conditions, including chronic sinusitis, cystic fibrosis, Crohn’s disease and ulcerative colitis !1-16-
18

Immediately after birth, while establishing the microbiome of the individual, an appropriate and
concomitant immune regulation is essential. It is well known that the development of the immune
system is affected in prematurely born infants, with several potential complications ensuing '°. As
an example, it has been estimated that up to 30 % of infants born before gestation week 32 will
experience at least one instance of clinical or microbiologically confirmed sepsis 2°. Previous
studies of SALSA in infants using immunohistochemistry and RNA in situ hybridization
identified SALSA expression at the earliest developmental stages of the gastrointestinal system 2!.
Furthermore, it was shown that a number of early-life complications associated with strong
systemic inflammatory responses, such as necrotizing enterocolitis, volvulus and intestinal
perforation, were accompanied by an upregulation of SALSA expression 2!. Combined, these

studies indicate the importance of further understanding the local intestinal immune environment
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in the earliest days of life. In particular, we need to focus on the most abundant immune

molecules, such as SALSA.

In this study we aimed at quantifying the intestinal levels of SALSA in infants. By measuring
concentrations of the SALSA protein in feces within the first 90 days of life, we were able to show
a time-course of the development of the SALSA levels. Furthermore, we included in our study a
cohort of prematurely born infants. Our analysis shows significantly lower levels of SALSA in
prematurely born compared to full-term babies. This suggests a disturbed immune homeostasis in
the intestines of prematurely born infants, which may contribute to increased susceptibility to

infections or immune-mediated disorders.
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Materials and Methods

Sample collection

Fecal samples were collected from two cohorts of babies including both full-term (38 weeks + 1
days to 42 weeks + 2 days, n = 34) and prematurely born (23 weeks + 2 days to 30 weeks + 4
days, n = 38) infants. Study participants were recruited at the Neonatal Intensive Care Unit of
Children’s Hospital, Helsinki University Hospital between November 2016 and August 2018, and
at the Jorvi Hospital, part of the Helsinki University Hospital, Finland, between September 2015
and February 2016. Exclusion criteria for full-term infants were maternal antibiotic use during
pregnancy, birth weight <2500 g or congenital malformations. The study samples were collected

at regular intervals within the first three months of life, frozen and stored at -20°C.

Preparation of fecal samples

Flash-frozen fecal samples were thawed on ice. 125 mg of feces was mixed with 375 ul PBS and
added to a FastPrep tube (2-ml Lysing Matrix D tube, MP Biomedicals, Germany). The tubes
were run on the FastPrep-24™ (MP Biomedicals, Germany) for 5 x 45 s at 6.5 m/s, with cooling
on ice between each cycle. The samples were spun at 4°C, first at 10,000g for 5 min followed by

14,000¢ for 8 min. The supernatants were collected, and the SALSA concentrations were analysed

by ELISA.

ELISA

On a Maxisorp plate (Nunc, Denmark) 100 pl standard (with known SALSA concentration) as
well as fecal homogenates (dilutions starting at 1:900) were coated O/N at 4°C in TBS with 1 mM
CaCl, (TBS-Ca). The plates were washed 5x in TBS-Ca containing 0.05 % Tween 20, and
blocked with 3% milk. The plates were washed 5x in TBS-Ca/Tween and incubated with
monoclonal anti-SALSA antibody (1G4, Novus Biologicals, UK) diluted 1:20,000 in TBS-Ca, 100
pl/well for 1h at 37°C. The plates were washed as before and HRP-conjugated goat anti-mouse
antibody (Dako #P0447, Glostrup, Denmark) was added at a 1:10,000 dilution in TBS-Ca, 100
ul/well for 1h at 37°C. The plate was developed with TMB (1-StepTM Ultra TMB-ELISA,
Thermo Scientific, Rockford, IL, USA), 100 pl/well. The signal was analyzed by

spectrophotometry at 450 nm, and corrected for background at 540 nm.
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Statistics
Statistical analysis was performed to compare differences between samples in two sample groups

by using the 2-tailed unpaired student’s t-test.
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Results

Our previous observation of SALSA as the most abundant protein in meconium indicated an
important and robust role for this molecule in the infant intestine. We therefore conducted a
longitudinal study exploring the SALSA levels in infant feces in the course of the first three
months of life. Included in the study were both cohorts of full-term as well as prematurely born
infants (see Table 1). Feces samples were collected at regular time intervals starting from birth and

extending until day 90 after birth (see Figure 1).

Figure 1

The SALSA concentrations were measured using a previously described assay (ELISA), based on
detection with a specific monoclonal antibody (1G4). An overall trend of decreasing SALSA
concentration in the infant feces since birth was observed for both full-term and premature infants.
Due to the nature of sampling in this study, including follow-up with healthy infants out of
hospital, samples were collected at slightly varying time-points after birth. To further quantify the
observed trend of decreasing SALSA levels, samples were therefore divided into four groups;
week 1, week 2, weeks 3-4 and weeks 5-12 after birth. SALSA levels within each group were then

compared between full-term infants and prematurely born infants (see Figure 2).

Figure 2

The data in Figure 2 demonstrates a clear decrease in SALSA levels over time, in both full-term (n
= 34) and prematurely born (n = 38) infants. Over the 90-day period the median SALSA level in
the full-term babies decreased from 1100 pg/ml (range 49 — 17000 pg/ml) to 450 pg/ml (range 33
— 1000 pg/ml). In the group of prematurely born infants the respective median value decreased
from 850 (range 74 — 7800 pg/ml) to 70 pg/ml (range 11 — 1100 pg/ml) over the same period. In
addition, we observed a clear trend of lower SALSA levels in prematurely born infants compared

to full-term infants. Interestingly, this difference persists over time and is statistically significant

after 15 days (p < 0.004), Student’s t-test).
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To further analyze the development of SALSA levels after birth, potential associations with

gender and delivery mode were analyzed in full-term infants (see Figure 3).

Figure 3

Using the same grouping of samples; week 1, week 2, weeks 3-4 and weeks 5-12 after birth,
SALSA levels were compared for female (n = 13) and male (n = 21) full-term infants (Figure 3A).
Over the 90-day period the median SALSA value in the females decreased from 1200 (range 49 —
5000 pg/ml) to 470 pg/ml (range 310 — 810 pg/ml), whereas the respective value in males
decreased from 900 (range 60 — 17000 pg/ml) to 430 pg/ml (range 34 — 1000 pg/ml). The SALSA
levels were slightly higher in females throughout the measured time period, but the difference was

statistically significant only within 15 — 30 days after birth (p < 0.03).

Next, we compared full-term children born by vaginal delivery (n = 26) to children born by
Caesarean section (n = 6). Only a weak trend of higher SALSA levels following vaginal delivery
was observed (Figure 3B). For the full-term children born by Caesarean section samples were not
available throughout the entire 90-day period. The comparison was therefore only conducted over

the first week of life (days 0 — 6). The observed difference was not statistically significant.

Jaundice is a complication observed in some infants, often arising immediately after birth and
especially in those born prematurely. To investigate a correlation with SALSA levels, we therefore
next compared SALSA concentrations in prematurely born infants with (n = 28) or without (n =

10) jaundice (Figure 4). Here, jaundice was defined as bilirubin levels above 100 umol/I.

Figure 4

Within the first week of life SALSA levels appeared lower in infants with jaundice (median 460
pg/ml, range 88 — 4400 pg/ml) compared to infants without jaundice (median 920 pg/ml, range
360 — 7800 pg/ml). A similar observation was seen for the second week of life (days 7-14).
Neither of these differences were, however, statistically significant. Furthermore, in contrast to the

early timepoints, the later period investigated here (15 — 30 days), showed higher SALSA levels in
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infants with jaundice (median 210 pg/ml, range 8§ — 1200 pg/ml) compared to infants without
jaundice (median 70 pg/ml, range 5 — 440 pg/ml).
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Discussion

The SALSA protein has previously been linked to immunological homeostasis at the intestinal
mucosal surfaces !3. Based on its very high abundance, the protein seems to play a crucial role
during early life '>!4. In the current study we describe, for the first time, the development of the
fecal SALSA levels during the first three months of life. This period is critical for the development
of the local immune system and for the establishment of the microbiome. Microbial dysbiosis
during this time has been associated with disease development in humans ?2. Over the 90-day
period our results show a decrease in fecal SALSA concentrations in healthy full-term infants
from 1200 (range 49 — 17000 pg/ml) in the first week of life to 450 pg/ml (range 33 — 1000 pg/ml)
at 12 weeks. In addition, we found significantly lower levels of SALSA in feces from prematurely
born infants. This suggests that SALSA production is related to the under-developed immune

status of prematurely born infants.

Samples for individual infants in our cohorts were not taken at exactly the same time points
postpartum. As the trend of lower SALSA levels over time is evident for all infants, the specific
sampling time could potentially impact our analysis, and skew the comparison of full-term and
prematurely born infants within each of the four sampling periods (week 1, week 2, weeks 3-4 and
weeks 5-12). However, all full-term samples were taken at the end of a given sample period (e.g.
in week 12, for the group of 5-12 weeks). Thus, any effect from time-differences of sampling
would be expected to yield a lower level of SALSA in full-term compared to prematurely born
infants. We observed the opposite. Indeed, with the sampling-time in mind, we may suggest that
the observed differences between full-term and prematurely born infants in our study are even

bigger in reality.

In full-term infants slightly higher SALSA concentrations were observed in female than male
infants throughout the investigated time period. This difference was only statistically significant
from 15-30 days postpartum. No gender differences in mucosal SALSA levels have previously
been described, neither in infants nor adults. Although the timing of sampling for each gender-
group was comparable, there was an over-representation of male (n= 21) vs female (n = 13)
infants, which may affect the analysis. However, gender differences are commonly observed for

both innate and adaptive components of the immune system 3. Indeed, sexually dimorphic gene

This article is protected by copyright. All rights reserved



expression patterns have been demonstrated in pre-pubescent mice in the intestinal compartment

24, To fully understand the relevance of this observation, additional studies will be required.

Our data did not demonstrate altered levels of SALSA in infants born following Caesarean
section, and neither did our data demonstrate a convincing alteration in SALSA expression in
infants with jaundice. Altered expression of SALSA in the epithelium of the bile ducts has
previously been observed in hepatic pathologies in adults 2°. However, in this case increased
expression was correlated to pathology, such as hepatolithiasis, which is expected to induce an
inflammatory reaction in the local epithelium. In contrast, a slight trend of lower SALSA levels
was seen in infants with jaundice during the first two weeks of life, the timepoint of active

jaundice. However, this difference was not statistically significant.

Although our studies identify a novel immunological alteration in prematurely born infants, the
interpretation of its impact comes with certain limitations. The measurement of feces content is
not equivalent to an investigation of the actual local inflammatory environment in the gut. First of
all, the expression of SALSA varies throughout the gut 26-2°. Secondly, during the passing of the
stool there may be a disproportionately high or low concentration or dilution of the protein, which
is impossible to estimate. The measured concentrations of SALSA in the feces are therefore only
an approximation of the exact situation in the gut. However, without the use of invasive
techniques to analyze the infants, our approach offers a relevant and comparable method to

investigate general levels of this protein in the intestinal environment.

Increasing evidence has shown that the immune system in the newborns is not just an immature
version of the adult defence. Rather, it is quantitatively and qualitatively different 30. In
prematurely born infants, this essential immunological development is altered leading to a number
of immediate consequences '®3!. These include increased risk of necrotizing enterocolitis and
other neonatal infections resulting in high morbidity and mortality rates 2. However, the
consequences of preterm birth may reach even further, leading to susceptibility to immune-derived
diseases later in life, such as asthma and allergies 223334, Although certain longitudinal studies
suggest that early immunological differences observed in children born prematurely may even out
over time 3, studies on immune regulation in early life remain of paramount importance. Intestinal

SALSA levels are increased in response to microbial infections and inflammation as part of a
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normal developed immune response. The variation between full term and preterm infants
described in this study indicates that the ability to direct an appropriate innate immune response to
e.g. microbial challenges is different in the two groups. The current study thus shows that SALSA
is one of the many components in the innate immune defence that is altered with prematurity.
Links to neonatal complications, such as necrotizing colitis, have already been described for
SALSA 2!. The importance of this molecule in early life, indicated by its abundance and impact on
the colonizing microbiota, warrants further studies into the outcome of altered SALSA levels in

the local mucosal environment in the developing infants.
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Tables

Table 1: Details of infants in premature and full-term cohorts. Gestational age at birth is given as

weeks + days (w + d).

Cohort Infants | Number | Gestational | Birthweight | Female | Caesarean | Jaundice
of fecal | age (w+d): | (g): median |/Male | section/
samples | median (range) Vaginal
(range) delivery
Premature 38 115 27+3(23+ | 1030 (510—| 18/20 | 27/11 28
2-30+4) 1630)
Full-term 34 105 40 (38 +1—| 3566 (3004 | 13/21 8/26 2
42 +2) —3820)
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Figure legends

Figure 1. SALSA levels over time.

Fecal samples were collected at varying time points during the first 90 days of life starting from
the first stool. There were 72 infants included. The samples were suspended to a fixed volume, and
the SALSA concentrations were determined by ELISA. Black spheres denote samples taken from
children born after a full-term pregnancy. Red triangles denote samples taken from children born

prematurely (before gestation week 32).

Figure 2. Differences in SALSA levels between full-term and prematurely born infants.

Fecal samples were divided into four groups based on the timing of collection; 0-6, 7-14, 15-30
and 31-90 days postpartum. SALSA levels were averaged within each group, and used for
comparison between full-term infants (open boxes) and prematurely born infants (dotted boxes).
Displayed for each group are median and boxed interquartiles. The full range of sampling is
represented by whiskers. Number of samples in each group is indicated above each bar (N). An
unpaired, 2-tailed Student’s t-test was used to compare differences between sample groups. *p <

0.05.

Figure 3. The effect of gender and birth mode on SALSA levels.

SALSA levels in full-term infants were analyzed for differences relative to gender or delivery
mode. (A) Female vs male infants. Fecal samples were divided into four groups based on the
timing of collection; 0-6, 7-14, 15-30 and 31-90 days postpartum. Displayed are median and
interquartile ranges for female infants (n = 13, open boxes) and male infants (n = 21, dotted boxes)
infants in each group. The full range of sampling is represented by whiskers. An unpaired, 2-tailed
Student’s t-test was used to compare differences between sample groups. *p < 0.03. (B) Infants
born by vaginal delivery (n = 26) were compared to infants born by Caesarean section (n = 8).
Fecal samples were collected within the first week of life (days 0 — 6), and the SALSA levels were
determined. Displayed are individual samples, median and interquartile ranges represented by

whiskers. No statistically significant difference was observed.

Figure 4. SALSA levels in prematurely born infants with or without jaundice.
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Fecal samples collected from prematurely born infants were divided into four groups based on the
timing of collection; 0-6, 7-14, 15-30 and 31-90 days postpartum Their SALSA levels were
compared between infants with jaundice (n = 28) and infants without (n = 10). Displayed for each
group is median and boxed interquartiles. The full range of sampling is represented by whiskers.
An unpaired Student’s t-test (2 tails) was used to compare differences between sample groups, *p

<0.02.
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Figure 2
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Figure 3
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Figure 4
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