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Abstract

Regulatory T cells induce immune homeostasis and the expression of Toll like receptors (TLRs); subsequent
inflammatory cytokine release may be involved. Recent studies have shown a microbial imbalance in the gut of
colicky infants (with a prevalence of gram-negative bacteria, such as Escherichia coli), and accumulating evidence
has shown the efficacy of a probiotic (Lactobacillus reuteri) in breastfed subjects, but the underlying mechanism
remains undefined. The study enrolled 59 infants younger than 60 days, of whom 34 subjects had colic and 25 were
healthy controls. With a double-blind, placebo-controlled randomised study performed in our unit from October
2016 to July 2017, infants with colic were randomly assigned to receive oral daily L. reuteri DSM17938 (1x108 cfu)
or placebo for 28 days. Peripheral blood was collected to assess the expression of FoxP3, TLR2 and TLR4 mRNA
using real-time TagMan RT-PCR at baseline and after the study period. Our findings showed increased mRNA
expression of the transcription factor forkhead box P3 (FoxP3) in infants treated with L. reuteri DSM 17938 for
28 days (P<0.009) and increased TLR2 and TLR4 mRNA expression in both treated and placebo subjects. After
L. reuteri administration for 28 days in infants with colic, we observed a significant decrease in daily crying time
(302.3+19.86 min/day on day 0 vs 76.75+22.15 min/day on day 28, P=0.001). This study provides evidence that the
observed increase in FoxP3 expression and reduction in crying time might be responses to probiotic treatment,
while the increase in TLR2 and TLR4 mRNA expression might be related to age. Exploiting these new findings may
lead to an unprecedented level of therapeutic control over immune tolerance using probiotics.
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1. Introduction

Infantile colic is considered a common self-limiting and
benign disorder in early infancy and represents one of the
most common problems during the first four months of
life. Wessel defined colic as crying and/or fussing for more
than three hours per day and for more than three days per
week (Wessel et al., 1954). Recently, colic has been defined
as recurrent and prolonged periods of crying, fussing or
irritability that occur without obvious cause and cannot
be prevented or resolved by caregivers in the absence of
infant failure, fever or illness. The observation period for
the diagnosis has been reduced to one week (Benninga et
al., 2016). Nevertheless, the aetiology of colic is still not

understood but likely involves the dysregulation of gut
motility, gut microflora and tolerance (Camilleri et al.,
2017).

Many researchers have demonstrated increased levels
of Escherichia coli in the gut microbiota of infants with
colic (Savino et al., 2009, 2011), and some trials have been
performed to treat colic with a probiotic; Lactobacillus
reuteri DSM17938 has been shown to be effective in
breastfed infants (Savino et al., 2010; Sung et al., 2018; Xu
et al., 2015). Understanding these potential mechanisms
may lead to the introduction of diagnostic measures that
can improve the choices regarding tailored therapy for
infantile colic (Lu and Ni, 2015).
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How the microbiota influences the immune system and the
development of immune-mediated diseases late in early
infancy is not yet completely known (Lu and Ni, 2015), but
studies based on animal models have shown that factors
released from the microbiota can activate dendritic cells,
which favour T lymphocyte responses (Cervantes-Barragan
et al., 2017; Gensollen et al., 2016). The relationship
between the gut microbiota and the immune system has
been investigated, particularly in relation to inflammatory
bowel disease, but few data are available for infant colic
(Van der Sloot et al., 2017).

Interestingly, regulatory T cells (Tregs) are a functionally
specialised subset of CD4(+) T cells and were found to play
a key role in the maintenance of gut mucosal homeostasis
by suppressing abnormal immune responses against the
commensal flora (Nakanishi et 4l., 2018). Tregs maintain
immune tolerance and homeostasis via cell-cell interactions
and the secretion of interleukin (IL)-10 or other anti-
inflammatory cytokines that inhibit the activation of
effector T cells. Remarkably, Treg cells may play a crucial
role in inhibiting intestinal inflammation, maintaining
immune tolerance, and providing protection from colitis
(Ma et al., 2016).

Microbial exposure is a potent source of early immune
stimulation and appears to be essential for the development
of normal immune function. Toll-like receptors (TLRs)
are molecular regulators by which the immune system
may protect the host from pathogens. Understanding
the functions of specific TLRs is important for finding
compounds useful for re-establishing gut homeostasis
(Hug et al., 2018). TLRs are the major pattern recognition
receptors that mediate the sensing of a wide range of
microorganisms and are pivotal in eliciting an immune
response to microbial gut presence; thus, TLRs can be
considered an interface among the intestinal epithelial

Table 1. Characteristics of the study population.

Infant with colic (n=30)

Mean age (day + SD)2 27.4+13.85
Gender
Female, n (%) 18 (60.00)
Male n (%) 12 (40.00)
Birth weight (g + SD) 3,242+342.74
Gestational age (weeks + SD) 38.5+1.4
Nationality
Italian, n (%) 25 (83.33)
Foreign, n (%) 5(16.66)

barrier, microbiota, and immune system (Round and
Mazmanian, 2010). TLR4 is an innate immune receptor
that is responsible for the recognition of the gram-negative
cell wall component lipopolysaccharide, while bacterial
lipopeptides are recognised by TLR2, a receptor of gram-
positive bacteria, which together with TLR4, initiates
proinflammatory signalling cascades, resulting in the
induction of nuclear factor kB and, consequently, various
cytokines and chemokines (Mogensen, 2009, Round
and Mazmanian, 2010). Several studies have shown that
TLR2, TLR4 and the gut microbiota play important roles
in ulcerative colitis and other inflammatory bowel diseases
(Fan and Liu, 2015, Toiyama et al., 2006). Recently, Hoang et
al. 2018) reported a positive effect of L. reuteri DSM 17938
against experimental necrotizing enterocolitis through
TLR2.

L. reuteri, a gram-positive bacterium, is a probiotic species
with antimicrobial activity (Wu et al., 2013). The strain
DSM 17938 reduces pain perception via the transient
receptor potential vanilloid 1 channel (TRPV1) (Perez-
Burgos et al., 2015), thereby influencing the activity of the
potassium-dependent calcium channel IK (Ca) in enteric
neurons. This probiotic is able to inhibit the contractility
of the colon (Haileselassie et al., 2016; Kunze et al., 2009),
and as observed recently in vitro and in animal models, L.
reuteri elicits an anti-inflammatory effect (Liu et al., 2012).
Cervantes-Barragan et al. (2017) reported that L. reuteri
is able to expand Treg cells in the lamina propria and
epithelium of the gut.

In this study, we investigated the effects of supplementation
with the probiotic L. reuteri DSM 17938 on Treg and TLR
expression (TLR 2 and TLR4) in a group of colicky infants
treated in a double-blind, placebo-controlled clinical trial.

Infant without colic (n=25) P-value'
21.63+£11.63 0.69*

11 (44.00) 0.285¢#
14 (56.00) 0.285¢#
3,180+£304.74 0.54*
38.9+1.4 0.46*

21 (84.00) 1#
4(16.00) 1#

1# = Fisher's test; " = Mann-Whitney test.
28D = standard deviation.
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2. Materials and methods
Trial design

This study was conducted as a double-blind, randomised
placebo-controlled trial. From October 2016 to July 2017,
59 infants younger than 60 days seen as an outpatient
at the Newborn Unit at our Department of Paediatrics
(Regina Margherita Children’s Hospital, Turin, Italy) were
enrolled. The infants underwent blood tests during routine
outpatient examinations.

According to the Wessel criteria (Wessel et al., 1954), the
59 term infants were assigned to two groups: 34 in the
colic group, and 25 in the control group (without colic).
The characteristics of the enrolled subjects are reported in
Table 1. We excluded infants with a birth weight of less than
2,500 g who had major medical problems or if the mother
had received antibiotic therapy, had an allergy to cow’s milk
protein, had gastroenteritis, or was taking antibiotics or L.
reuteri at the start of the trial.

The parents of the enrolled infants were informed about
the purpose, benefits, and possible risks of the study
and provided written informed consent. The study
was conducted in accordance with the protocols of the
International Council for the Harmonization of Technical
Requirements for the Registration of Pharmaceuticals for
Human Use (ICH) guidelines, applicable regulations,
guidelines governing clinical studies, and the ethical
principles of the Declaration of Helsinki. The study protocol
was approved by the local ethics committee (Comitato
Interaziendale AA.SS.O0O. O.I.LR.M./S. Anna-Ordine
Mauriziano di Torino, n. 4698).

Intervention

The treatment included five drops of L. reuteri DSM
17938 (0.2x108 cfu/drop) in sunflower oil suspension (as
indicated by manufacturer Noos s.r.l., Rome, Italy) for one
month. The placebo comprised maltodextrin in the same
oil suspension and had the same appearance, colour, and
taste as the treatment. The dosage of L. reuteri was the
same as that used in our previous trials, which showed its
effectiveness in the management of colic (Savino, 2010).

Randomisation, allocation concealment, and blinding

Colicky infants were randomly assigned to receive L. reuteri
DSM 17938 or placebo using a computer-generated
randomisation list created by an independent statistician
(Mr. R. Calabrese). Randomisation was stratified using
the random-digit method based on computer-generated
numbers. A statistician prepared the computer-generated
randomisation schedule using a 2-treatment randomisation
scheme with random blocks of varying size (Stata 9 (Stata

Treg and TLR expression in infants with colic treated with probiotics

Corp, College Station, TX, USA), the Ralloc procedure).
The trial was double-blinded, and the treatment allocation
was concealed from all study investigators and participants
at every phase, including the measurement of outcomes. A
hospital pharmacist assigned a study identification number
to each enrolled infant and dispensed the study product
according to the randomisation schedule.

Objectives

The primary outcome were the levels of Treg cells and TLR2
and TLR4 mRNA expression in the groups of infants with
and without colic. The secondary outcome was the impact
of supplementation for 28 days with L. reuteri DSM17938
or placebo on Treg cells and TLR mRNA expression.

Study design

At recruitment (day 0), each child was visited, and the
parents were interviewed to complete a medical history
card with personal data. After the visit, we collected a tube
of peripheral blood via a routine manner. Based on the
clinical examination and the Wessel criteria, the children
were divided into two groups: infants with colic (n=34)
and healthy control infants (n=25) (Table 1). The parents
were asked to complete a cry diary recording the frequency
of colic episodes and daily full-force crying (in minutes).

Of the group of infants with infantile colic, 18 received
supplementation with L. reuteri DSM 17938, and 16 were
given the placebo. At the follow-up visit on day 28, the
cry diaries and a blood sample (for routine analysis) were
gathered for each subject. In the placebo group, 4 infants
were lost to follow up for fever (Figure 1). This discrepancy
between the number of enrolled patients and the results
presented was due to the amount of blood samples available
because for some subjects, there was not enough material
to perform the test.

Sample collection

A tube of haemochrome was collected at recruitment for
each child; for infants with colic, a tube of haemochrome
was also collected at the control visit after 28 days. Each
sample was transferred to sterile Eppendorf tubes and
stored in a freezer at -80 °C until use.

RNA extraction

Total RNA was extracted from 200 pl of blood using a
Maxwell automated extractor (Promega, Madison, W1,
USA) and the Simply RNA Blood Kit protocol without
modification. One g of total RNA was reverse transcribed
with 8 ul of 10x buffer, 4.8 pl of 25 mM MgCl,, 2 ul of
ImpromlII (Promega), 1 ul of 40 U/l RNase inhibitor, 0.4 ul
of 250 uM random hexamers (Promega), 2 pl of ANTP
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Assessed for eligibility (n=116)

Excluded (n=57)
+ Not meeting inclusion criteria (n=31)

Enrollment

A

A

+ Declined to participate (n=19)
+ Other reasons (n=7)

Subjects enrolled (n=59)

A 4

Subjects with colic (n=34)

A

A

A 4

Subjects without colic (n=25)

A 4

Allocated to intervention (n=16)
* Received allocated intervention (n=16)
+ Did not receive allocated intervention (n=0)

A 4

Lost to follow-up (reason fever) (n=4)
Discontinued intervention (n=0)

Analysed (n=18)
+ Excluded from analysis (n=0)

Allocation
\ 4
Allocated to L. reuteri (n=18)
* Received allocated intervention (n=18)
+ Did not receive allocated intervention (n=0)
Follow-up
\ 4
Lost to follow-up (n=0)
Discontinued intervention (n=0)
Analysis
\ 4

Analysed (n=12)
+ Excluded from analysis (n=0)

Figure 1. Flow diagram of the subjects’ progression during the study.

mix (100 mM each, Promega) and double-distilled water
in a final volume of 20 pl. The reaction was carried out in
a GeneAmp PCR system 9700 Thermal Cycler (Applied
Biosystems, Foster City, CA, USA) using the following
conditions: 5 min at 25 °C, 60 min at 42 °C and 15 min at
70 °C for enzyme inactivation; the cDNAs were stored at
-80° C until use.

Relative quantification by real-time PCR

Relative quantification of the mRNA expression levels of
the selected genes was achieved by TagMan amplification
and normalisation to glyceraldehyde-3-phosphate
dehydrogenase (GAPDH, as the reference gene) using an
ABI PRISM 7500 real-time system (Life Technologies,
Austin, TX, USA). The expression levels of TLR2 and TLR4
were quantified using real-time PCR. Approximately 100 ng
of cDNA was amplified in a total volume of 20 pl containing
2x GoTaq® qPCR Master Mix (Promega), 500 nmol specific
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primers and 200 nmol probe, as previously reported by
Flacher et al. (2006).

Primer TLR2 Forward: GGCCAGCAAATTACCTGTGTG;
TLR2 Reverse: AGGCGGACATCCTGAACCT; TLR2
Probe: 6FAM-CCATCCCATGTGCGTGG-TAMRA. Primer
TLR4 Forward: GCAGTGAGGATGATGCCAGGAT; TLR4
Reverse: GCCATGGCTGGGATCAGAG; TLR4 Probe:
6FAM-TGTCTGCCTCGCGCC-TAMRA.

The amplifications were performed in a 96-well plate at
95 °C for 2 min followed by 40 cycles of 95 °C for 15 s, and
60 °C for 1 min. Each sample was run in triplicate. Relative
expression of the target gene in patients was compared
with that in normal subjects using the 2-AACt method,
and relative expression was expressed in arbitrary units
(AU). The mRNA expression levels of FoxP3 and GAPDH
were quantified by real-time PCR as previously described
by Mareschi et al. (2016).

Statistical analysis

The sample size was calculated to allow the determination
of a clinically relevant reduction in the average daily crying
time of 75 min between the groups. With a=0.05 and $=0.80,
12 patients were needed per group. The data were analysed
using GraphPad Prism 5° (La Jolla, CA, USA). Quantitative
variables are reported as the mean and standard deviation
or as the median (Me) and variation range/interquartile
range. Responders were defined as subjects with a 50%
reduction in crying time from baseline. Qualitative variables
are reported as absolute frequencies and percentages. The
data samples were analysed using the Mann-Whitney test.
All tests were two-tailed, and differences were considered
significant at P<0.05.

3. Results
Primary outcome

The primary outcomes were the mRNA levels of Treg, TLR2
and TLR4 in a group of infants with and without colic. Our
findings did not show differences in the mRNA levels of
Treg, TLR2 and TLR4 between the two groups of infants
(Figure 2). Treg levels were 1.23+1.29 in infants with colic
and 1.10+0.61 in infants without colic (P=0.286). TLR2
expression levels were 1.48+1.05 AU and 1.40+1.18 AU in
infants with colic and without colic, respectively (P=0.583).
TLR4 expression levels were 1.23+0.74 AU and 1.26+0.87
AU in infants with colic and without colic, respectively
(P=0.915).

Treg and TLR expression in infants with colic treated with probiotics

TLR2
4
P-value 0.5827 [
34 [ ]
. ®ee® n
L2 el -
1 e %
‘;..0 L
°
0 i n
()0\\6 \2@%@\
TLR4
4
P-value 0.915
3 °
[ .-
— ]
3 24 ®e,0® :
N o0
. oo
1 )
..:: -l..
° um
0 T
%
()0\0 Q@;’b\\@

Figure 2. Mann-Whitney T-Test. Comparison of the expression
values of Toll-like receptor (TLR)2 and TLR4. (A) TLR2 mRNA
in colic infants vs healthy infants, P=0.583; (B) TLR4 mRNA in
colic infants vs healthy infants, P=0.915.

Secondary outcome

The characteristics of subjects treated with L. reuteri
or placebo are reported in Table 2. After L. reuteri
administration for 28 days in infants with colic, we
observed a significant decrease in daily crying time
(302.3+19.86 min/day on day 0 vs 76.75+22.15 min/day on
day 28, P=0.001) and an increase in Treg mRNA (1.23+1.29
AU on day 0 and 1.86+1.13 AU on day 28, P=0.009) (Figure
3). We also observed an increase in TLR2 and TLR4 mRNA
levels: TLR2 expression was 1.66+1.09 AU on day 0 and
4.86+5.94 AU on day 28 (P=0.0044); and TLR4 expression
was 1.33£0.74 AU on day 0 and 4.23+4.49 AU on day 28
(P=0.006).

The proportion of responders (50% reduction in crying time
from baseline) was significantly higher in the L reuteri group
than in the placebo group on day 28 (14 vs 4; P=0.0243)
(Table 3).

In the placebo group, we did not observe a significant
decrease in daily crying time (312.69+15.69 min/day on
day 0 vs 194.32+33.85 min/day on day 28, P>0.05); the
FoxP3 mRNA expression level did not show any changes
(0.92+1.12 AU on day 0 and 0.72+0.25 AU on day 28,
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Table 2. Characteristics of subjects treated with Lactobacillus reuteri or placebo.

L. reuteri (n=18) Placebo (n=12) P-value'
Mean age (day + SD)2 25.4+12.78 27.9+11.55 0.63"
Gender
Female, n (%) 10 (55.6) 8 (66.7) 0.709*
Male n (%) 8 (44.4) 4(33.3) 0.709*
Birth weight (g + SD) 3,090+362.63 3,380+384.47 0.58'
Gestational age (weeks + SD) 38.3+1.5 38.7+1.6 048"
Nationality
ltalian, n (%) 16 (88.89) 9 (75.00) 0.364*
Foreign,n (%) 2 (11.11) 3 (25.00) 0.364*
1# = Fisher’s test; " = Mann-Whitney test.
23D = standard deviation.
A Table 3. Effectiveness ( number of responders) of Lactobacillus
5 reuteri vs placebo.
P=0.09
4 Responders  Non responders n Xtest'
3 L reuteri 14 (77%) 4.(23%) 18 0.0243
g Placebo 4.(33%) 8 (67%) 12 00243
o Total 18 12 30
R
14 " Fisher’s test (significant at P<0.05).
0 T
day 0 day 28
B . 4. Discussion
P=0.523 Recent studies of interactions between different
44 components of the immune system and gut microbiota have
expanded our knowledge on gut inflammation. Imbalanced
5 3 relationships among these components may promote
f-i‘ _I_ aberrant TLR signalling, particularly in relationships
24 contributing to intestinal inflammatory processes such
as inflammatory bowel disease and colitis (Inoue et al.,
14 2017; Torok et al., 2017). However, data on intestinal
inflammatory conditions in infantile colic have not been
0 . well defined (Partty et al., 2017).
day 0 day 28

Figure 3. Expression of mRNA Treg on day 0 and day 28 in infants
treated with Lactobacillus reuteri or placebo. 222t represented
by vertical bars. The data were analysed using the Mann-Whitney
U test. P<0.05 was considered statistically significant.

P=0.523). In contrast, we observed increased levels of TLR2
and TLR4 mRNA expression (Figure 4). TLR2 expression
was 1.22+0.97 AU on day 0 and 4.24+2.11 AU on day 28
(P=0.007), and TLR4 expression was 1.13+0.93 AU on day
0 and 3.94+2.88 AU on day 28 (P=0.0379).

Our findings suggest that L. reuteri supplementation
induces anti-inflammatory actions by increasing the
mRNA levels of Treg, a component of the adaptive immune
system, although it did not appear to affect TLR expression.
Some studies conducted in animal models have revealed
an important effect of this probiotic on the expression of
Treg: this strain was able to reprogram intraepithelial T cells
into immunoregulatory T cells (Cervantes-Barragan et al.,
2017; Ma et al., 2016). Furthermore, an increase in Treg
was observed after probiotic administration in a necrotizing
enterocolitis mouse model (Liu et al., 2012). The effects on
lymphocytes might result from increased secretion of IL-10,

922

Beneficial Microbes 9 (6)



TLR2 L. reuteri

2-AAct

20
P-value 0.0044
15 . [ ]
310
N
]
] . TLaE
L [ ] g
0 =‘¢1‘ e ol L
Pre L. reuteri Post L. reuteri
TLR4 L. reuteri
20
P-value 0.0006
15
g’ 10
N 1]
5 | |
0 4‘%‘* l:l'

2-AAct

Pre L. reuteri Post L. reuteri

Treg and TLR expression in infants with colic treated with probiotics

TLR2 placebo
20
P-value 0.0070
15 A
10 ~
"
] — =
o -1
0 * 5 T
Pre placebo Post placebo
TLR4 placebo
20
P-value 0.0379
15 -
10 ~ -
] —
°® [ ]
-
0 L "
Pre placebo Post placebo

Figure 4. Mann-Whitney T-Test. Comparison of the expression values of Toll-like receptor (TLR)2 and TLR4. Effect of Lactobacillus

reuteri or placebo treatment on TLR2 and TLR4 expression levels.

a cytokine that is reduced in several models of colitis and in
infants with colic but is also essential for the differentiation
of lymphocytes into Treg cells (Pértty et al., 2017).

The observed increase in TLR2 and TLR4 mRNA after
the study period in both groups of infants might be due to
their age rather than the probiotic treatment (Savino et al.,
2018). In fact, the changes imposed by the colonisation and
replication of intestinal microbiota may be the main factor
that governs the dynamic expression of TLR2 and TLR4
during development. It has been shown that physiological
expression of TLR2 and TLR4 is determined by the gut
microbiota (Kawai and Akira, 2010). We had to consider
that all enrolled patients were exclusively breastfed and that
maternal breast milk contains a large number of immune
regulatory factors, including soluble CD14, which plays a
critical role in the recognition of TLR2 and TLR4 in cells
lacking membrane-CD14, such as intestinal epithelial cells
(He et al., 2016).

Recently, the effects of probiotics on TLR expression in an
animal model of ulcerative colitis have been reported by
Yao et al. (2017). These authors suggested that probiotics
regulate the balance of intestinal flora and inhibit the
TLR-mediated immune response, thus alleviating the

pathogenesis of intestinal inflammatory reactions (Yao et
al., 2017). However, our results did not support the idea
that the inflammatory state of infantile colic is related to
the expression of TLRs, as there was no difference in TLR2
and TLR4 expression between infants with colic and infants
without colic after treatment with L. reuteri.

Our interest in innate immune pathways was based on
evidence that (microbial) TLR activation in early life can
modify innate immune function. Only preliminary evidence
exists to support the notion that the anti-inflammatory
effects of probiotics are mediated through TLR-receptor
signalling in experimental models of colitis (Rachmilewitz
et al., 2004). Probiotics are viable non-pathogenic
microorganisms that confer health benefits to the host
by balancing the microflora. The benefits of probiotic
bacteria are mediated by various mechanisms, such as
by decreasing colonisation, intestinal pH, and invasion
by pathogenic organisms as well as by modifying the host
immune response. For example, Lactobacillus plantarum
and L. reuteri attenuate virulence by competitively excluding
the binding of pathogenic organisms to the host epithelium
and by acidifying the luminal environment. In humans,
there are reports that changes in colonisation patterns are
associated with increased TLR expression (particularly
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TLR2) (Taylor et al., 2006). Nevertheless, we did not
observe any evidence that probiotic supplementation to
treat infantile colic for 28 days had any significant effect
on the expression of either TLR2 or TLR4 mRNA.

Recently, Zhang et al. (2017) reported that L. reuteri did
not shape the double-positive intraepithelial lymphocytes
T cell receptor (DP-IEL-TCR) repertoire but generated
indole derivatives of tryptophan that activated the aryl-
hydrocarbon receptor in CD4(+) T cells, thus allowing
Thpok down-regulation and differentiation into DP
IELs. Thus, L. reuteri, together with a tryptophan-rich
diet, can reprogram intraepithelial CD4(+) T cells into
immunoregulatory T cells. This experimental observation
allowed us to clarify our findings of increased mRNA levels
in infants treated with L. reuteri (Zhang et al., 2017).

Strengths and limitations of the study

To the best of our knowledge, this was the first double-
blind, randomised controlled trial of probiotic intervention
in breastfed infants with colic that aimed to evaluate the
mRNA expression levels of Treg and the transcription
factors TLR2 and TLR4.

The amount of blood sampled was often low due to the
age of the enrolled infants. To confirm the observed data
in peripheral blood, further studies of other members of
the TLR family should be investigated. Furthermore, the
study was designed to investigate the transcription profiles
of several mRNAs in peripheral blood without detecting
the corresponding translated proteins.

5. Conclusions

In conclusion, at baseline, infants with and without colic
showed the same mRNA levels of FoxP3 and TLR2/TLR4.
The data obtained after treatment with L. reuteri showed an
increase in mRNA FoxP3 expression (marker of regulatory
T cells) in infants who received the probiotic and exhibited
decreased crying time per day, but no differences in TLR
expression were observed following L. reuteri treatment
compared to placebo treatment. Further investigations
are needed to better understand the role of immunity and
TLRs in subjects with infantile colic.
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