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Abstract

Aims/hypothesis Our aim was to study the association between duration of breastfeeding and circulating immunological markers
during the first 3 years of life in children with HLA-conferred susceptibility to type 1 diabetes.

Methods We performed a longitudinal analysis of 38 circulating immunological markers (cytokines, chemokines and growth
factors) in serum samples from Finnish (56 individuals, 147 samples), Estonian (56 individuals 148 samples) and Russian
Karelian children (62 individuals, 149 samples) at 3, 6, 12, 18, 24 and 36 months of age. We also analysed gut inflammation
markers (calprotectin and human 3 defensin-2) at 3 (n = 96) and 6 months (n = 153) of age. Comparisons of immunological
marker medians were performed between children who were breastfed for 6 months or longer vs children who were breastfed for
less than 6 months.

Results Breastfeeding for 6 months or longer vs less than 6 months was associated with lower median of serum immunological
markers at 6 months (granulocyte-macrophage colony-stimulating factor [GMCSF], macrophage inflammatory protein [MIP-
3«]), 12 months (IFN-x2, vascular endothelial growth factor, GMCSF, IFN-y, IL-21), 18 months (FGF-2, IFN-«2) and
24 months of age (CCL11 [eotaxin], monocyte chemoattractant protein-1, TGF«x, soluble CD40 ligand, IL-13, IL-21, IL-5,
MIP-1x) (all p < 0.01) but not at 36 months of age. Breastfeeding was not associated with gut inflammation markers at 3 and
6 months of age.

Conclusions/interpretation Children who were breastfed for 6 months or longer had lower medians for 14 immunological
markers at one or more age points during the first 2 years of life compared with children who were breastfed for less than
6 months. The clinical meaning of the findings is not clear. However, the present study contributes to the understanding of
immunological differences in children that have been breastfed longer, and thus provides a mechanistic suggestion for the
previously observed associations between breastfeeding and risk of type 1 diabetes.

Keywords Breastfeeding - Calprotectin - Chemokine - Children - Cytokine - Growth factor - Human (3 defensin-2 -
Immunological marker - Type 1 diabetes
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What is already known about this subject?

e Breastfeeding is associated with desirable colonisation of the infant gut

e Breastfeeding is associated with lower risk of type 1 diabetes

What is the key question?

e s breastfeeding associated with circulating immunological markers and gut inflammation markers during the first

3 years of life?

What are the new findings?

e  Breastfeeding for 6 months or longer compared with less than 6 months is associated with lower medians for 14
circulating immunological markers at one or more age points (6, 12, 18, 24 months)

e Breastfeeding for 6 months or longer compared with less than 6 months is not associated with gut inflammation

markers at 6 months of age

How might this impact on clinical practice in the foreseeable future?

e The study emphasises the importance of breastfeeding as one factor modulating the infant immune system

Abbreviations

CCL11  Eotaxin

GMCSF  Granulocyte-macrophage colony-stimulating
factor

MCP-1  Monocyte chemoattractant protein-1

MinDC  Minimum detectable concentration

MIP Macrophage inflammatory protein

sCD40L  Soluble CD40 ligand

VEGF Vascular endothelial growth factor

Introduction

The prevalence of childhood-onset immune-mediated
diseases, including type 1 diabetes, asthma and allergy,
has considerably increased especially in high- and
middle-income countries during the past decades.
Epidemiological data suggest that early-life environmen-
tal exposures are key determinants of these diseases [1].
The so-called hygiene hypothesis has been suggested to
explain the disease increase by diminishing early-life
microbial and parasite infections, which may be needed
to prevent harmful immune responses later in life, but
underlying mechanisms are unclear [2].

Breastfeeding after birth has been reported to support the
immature immune system of an infant through various immu-
nomodulating components present in breast milk including
anti-inflammatory cytokines. Breastfeeding is strongly associ-
ated with the development of gut microbiota, providing a
desirable microbial colonisation of the gut, as demonstrated
by higher levels of Bifidobacterium species in breastfed
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infants [3]. Additionally, breastfeeding has been associated
with lower diversity and slower maturation of the gut
microbiome [3].

Breastfeeding associates with lower concentration of serum
and gut inflammation markers in infants after birth [4] but
these associations have not been consistent or thoroughly
investigated. Preterm infants have defective maturation of
the immune system including lower production of various
cytokines. Cytokines present in breast milk have been impli-
cated in helping infants to form a sufficient immune response
[S]. However, it is not known whether longer breastfeeding
affects and possibly continues to benefit the developing
immune system. Breastfeeding has been associated with lower
risk of type 1 diabetes or islet autoimmunity in several studies
[6], although the mechanism remains open to debate.

The aim of this study was to evaluate the association
between breastfeeding and both circulating immunological
markers and gut inflammation markers during the first 3 years
of life.

Methods

Study population All new-born infants born between
September 2008 and February 2011 in one hospital in
Finland, two hospitals in Estonia and two hospitals in
Russian Karelia were screened for HLA-conferred suscepti-
bility to type 1 diabetes. Children with genotypes that increase
the risk of the disease were invited to the birth cohort of the
DIABIMMUNE study and followed prospectively from birth
up to 3 years of age. From 835 children originally included in
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the study, 38 were excluded due to incomplete data, leaving
797 children (386 in Finland, 322 in Estonia, and 89 in
Russia) [7]. Of the 797 children, analysis of circulating immu-
nological markers were performed in children that had
unthawed serum samples available (56 children and 147
samples from Finland, 56 children and 148 samples from
Estonia and 62 children and 149 samples from Russian
Karelia) from when children were 3, 6, 12, 18, 24 and
36 months of age. Gut inflammation markers (calprotectin
and human 3 defensin-2) were analysed in the 3 (n = 96)
and 6 month (n = 153) samples. Breastfeeding status was
recorded at each time point. The local ethics committees
(Ethics committee, Helsinki and Uusimaa Hospital District;
Ethics Review Committee on Human Research of the
University of Tartu; and Ethics committee, Ministry of
Health and Social Development, Karelian Republic of the
Russian Federation) approved the study and parents provided
written informed consents.

HLA genotyping The cord blood samples from the new-born
infants were screened for HLA DR/DQ genotypes associated
with increased risk for type 1 diabetes. Children positive for
DR3-DQ2 (DQAI*05-DQBI1%*02) and/or DR4-DQ8
(DRB1%*04:01/2/4/5/8-DQB1%*0302/4) without protective
haplotypes were eligible for the study. Children carrying any
of the following protective haplotypes were excluded:
DQOBI1%#03:01, DOB1*06:02, DQBI1*06:03, DRB1%*04:03,
(DR14)-DQB1*05:03 and (DR7)-DQAI1%02:01-
DQOB1%#03:03.

Serum immunological markers The concentrations of circulat-
ing cytokines, chemokines and growth factors were analysed
from unthawed serum samples with Luminex technology
using the 38-plexed Milliplex MAP Kit (cat. no.
HCYTMAG-60K-PX38) according to the manufacturer’s
recommendations (Merck-Millipore Corp., Billerica, MA,
USA). Analyses were performed with single reactions using
undiluted serum samples. Quantification of the markers was
performed with the Bio-Plex 200 Luminex instrument and
Bio-Plex Manager software (Bio-Rad, Sweden). The concen-
tration of each marker was determined from an eight-point
standard curve using five-parameter logistic regression. The
minimum detectable concentration (MinDC) was determined
for each marker separately using the lowest concentration on
the standard curve linear phase (MinDC = C(low) + 2SD).
The samples below the MinDC were given a value of 50% of
MinDC.

Comparisons of immunological marker medians were
performed between children who were breastfed for 6 months
or longer vs children who were breastfed for less than
6 months. The numbers of children breastfed for less than
3 months or for 12 months or longer were low, thus preventing
meaningful comparisons at the age of 3 or 12 months.

Statistical analyses Serum immunological marker and gut
inflammation marker data are expressed as medians.
Differences in serum and gut inflammation marker medians
were compared using the Mann—Whitney U test. p values
<0.01 were considered statistically significant. The analyses
were performed using IBM SPSS Statistics for Windows,
Version 27.0 (Released 2020; IBM Corp. Armonk, NY,
USA).

Results

The mean duration of exclusive breastfeeding was 1.1 months
in Finland, 1.4 months in Estonia and 3.3 months in Russian
Karelia (p < 0.001). The total mean duration of breastfeeding
was 9.1 months in Finland, 9.3 months in Estonia and
7.4 months in Russian Karelia (p = 0.046).

Breastfeeding for 6 months or longer compared with less
than 6 months was associated with lower median of serum
immunological markers at 6 months (granulocyte-macro-
phage colony-stimulating factor [GMCSF], macrophage
inflammatory protein [MIP]-3¢), 12 months (IFN-o2, vascu-
lar endothelial growth factor [VEGF], GMCSF, IFN-y, IL-
21), 18 months (FGF-2, IFN-x2) and 24 months of age
(eotaxin [CCL11], monocyte chemoattractant protein-1
[MCP-1], TGF-«, soluble CD40 ligand [sCD40L], IL-13,
IL-21, IL-5, MIP-1x) (all p < 0.01) (Table 1). Borderline
association (p < 0.05) was found between breastfeeding for
6 months or longer with lower median of several serum immu-
nological markers at 6, 12, 18 and 24 months of age. No
associations were found at 36 months of age.

Altogether, 78 and 116 children had both breastfeeding
status and gut inflammation marker results available at
3 months of age and 6 months of age, respectively.
Breastfeeding for 3 or 6 months or longer compared with less
than 3 or 6 months was not associated with gut inflammation
markers (human (3 defensin-2 and calprotectin) at 3 or
6 months of age.

Altogether, nine children seroconverted to islet autoimmu-
nity and one child developed type 1 diabetes. Given the low
number of children with islet autoimmunity or type 1 diabetes
and given the high individual variation of inflammation mark-
er concentrations, meaningful analyses according to disease
outcomes could unfortunately not be performed.

Discussion

We found associations between circulating immunological
markers and breastfeeding at several time points during the
first 24 months of life. These results provide novel informa-
tion on the relationship between breastfeeding and the
immune system during early childhood.

@ Springer
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The strengths of the study include repeated measurements of a
large array of circulating cytokines, chemokines and growth
factors during the first years of life. Given the fact that the
DIABIMMUNE study comprises children from Finland,
Estonia and Russia, it would be interesting to determine whether
the association between circulating immunological markers and
breastfeeding would show differences within these three coun-
tries. The sample size was, however, so small in each individual
country that meaningful analyses could not be performed. It was
seen, however, that the duration of exclusive breastfeeding was
higher in Russian Karelia than in Finland and Estonia, although
the total duration of breastfeeding showed no large differences
between the three countries.

IFN-« has been reported to be associated with several auto-
immune diseases including type 1 diabetes. Increased expression
of genes stimulated by INF-« have been seen in pancreatic biop-
sies taken from individuals with recent-onset type 1 diabetes
compared with islets from control organ donors [8]. Both the
Finnish DIPP [9] and the German BABYDIET study [10] report-
ed that the IFN-« signature is temporally increased prior to the
development of autoantibodies. In the present study, difference in
IFN-02 was seen at 12 and at 18 months of age, and also a
nominal difference at 6 and at 24 months of age, strongly
suggesting that breastfeeding modulates IFN-«2 production.
More detailed analyses are needed, however, to understand the
potential clinical significance of this association.

Previous studies have reported higher calprotectin concen-
trations in breastfed children compared with formula-fed chil-
dren [11]. We did not find any difference in gut inflammation
markers (human 3 defensin-2 and calprotectin) when compar-
ing children that were breastfed for 3 or 6 months or longer
with children that were breastfed less than 3 or 6 months. It
would have been interesting to analyse whether there would
be differences at other age points. Unfortunately, however,
data for gut inflammation marker concentrations were avail-
able only at 3 and at 6 months of age.

The possibility of finding at least some of the differences just
by chance cannot be ruled out. However, whenever a statistical
difference was observed in the current study, the median of the
immunological marker was consistently lower in children that
were breastfed for 6 months or longer compared with children
that were breastfed for less than 6 months. Possible
generalisability of the results to a non-risk population can, unfor-
tunately, not be sorted out in this study, since the
DIABIMMUNE study inclusion criteria included only children
carrying increased genetic risk for type 1 diabetes.

Breastfeeding for 6 months or longer was associated consis-
tently with lower medians of altogether 14 serum immunological
markers at one or more time points during the first 2 years of life.
At 36 months of age, no differences were seen in serum immu-
nological markers in relation to earlier breastfeeding history. The
clinical meaning of the findings is not clear, because no direct
association with clinical type 1 diabetes could be determined in
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this study setting and because previous studies have not defined
normal levels of serum immunological markers during infancy.
However, the present study contributes to the understanding of
immunological differences in children who have been breastfed
for a longer period, and accordingly provides a potential mech-
anism to the association previously observed between
breastfeeding and risk of type 1 diabetes.
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