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ABSTRACT

Introduction. Probiotics and prebiotics, whichare
multifunctional agents, have potential benefits
in chronic mucosal inflammation, including
the prevention of necrotizing enterocolitis.
However, the mechanisms and the results of
these immunomodulatory effects are not clear.
This study aimed to investigate the cytokine
response to the combination of Lactobacillus and
Bifidobacterium together with fructo- and galacto-
oligosaccharides (symbiotic) and lactoferrin in
very low birth weight neonates.

Population and Methods. Infants <32 GWs and
< 1,500 g were randomly assigned to receive a
symbiotic combination or 1 ml distilled water
as placebo starting with the first feed until
discharge. Blood samples were obtained at
postnatal 0 + 2, 14 + 2, and 28 + 2 days, and the
serum levels of interferon-vy, interleukin (IL)-5,
IL-10, and IL-17A were measured.

Results. In the study group (n = 25), the IL-10
levels decreased throughout the study period
(p=0.011) butdid not change in the control group.
TheIL-51evelsremained steady in the first 14 days
and decreased significantly thereafter (p=0.042)
inthestudy group, whereas they increased in the
first 14 days (p = 0.019), and then decreased in
28 days (p = 0.011) in the control group (n = 25).
The levels of the other cytokines did not change
throughout the study period.

Conclusion. The combined use of probiotics with
oligosaccharides and lactoferrin was associated
with a decrease in IL-10 levels, but no change
was observed in the other cytokines.
Keywords: cytokines, lactoferrin, necrotizing
enterocolitis, prebiotics, probiotics.
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INTRODUCTION

Postnatally colonized bacteria
communicate with the intestinal
cells and activate the immune
response, enterocyte development,
and mucosal barrier function during
gastrointestinal tract development.!
Probiotic microorganisms improve
the microbiota of the gut when this
colonization is inappropriate.??
Prebiotics such as oligosaccharides
stimulate the growth and activity of
these microorganisms and provide
substrates for them.>® Many factors
disrupt preterm neonates’ microbiota.?
Dysbiosis in this population can cause
necrotizing enterocolitis (NEC).!
Immaturity of the gut, dysregulated
inflammatory response, and
incomplete bacterial colonization
are the major pathways in NEC
pathogenesis.*

Breastfeeding, which reduce
the incidence of NEC, is associated
with the improved expression
of beneficial bacteria such as
Bifidobacteria and Lactobacillus with
the help of its ingredients, such as
oligosaccharides, lysozymes, and
lactoferrin.! Lactoferrin has potent
immunomodulatory and broad-
spectrum antimicrobial activities.” It
influences enterocyte differentiation,
growth, and proliferation, and
decreases sepsis and NEC incidence
in neonates.’ Conversely, the roles of
other prebiotics in NEC prophylaxis
are conflicting.®®* The Cochrane
collaboration, including randomized
control trials (RCTs) with different
types of probiotics, supports the
use of probiotics to prevent NEC.’
Combining these different strains
in symbiotic supplements is an



Cytokine responses to symbiotic and lactoferrin combination in very low birth weight neonates: a randomized control trial | €9

alternative strategy, but the results of RCTs are
contradictory as the probiotic function is strain
specific.!™?Some probiotic strains increase
proinflammatory cytokines, whereas others
induce anti-inflammatory cytokine responses.”
However, what happens if the balance between
pro- and anti-inflammatory responses shifts to
one side is an unanswered question. Can probiotic
combinations that are expected to decrease NEC
incidence be hazardous to the host because of
their strain-specific effects?

The proinflammatory Thl-type cytokines
like interferon (IFN)-y promote cell-mediated
immunity, whereas the Th2-type cytokines like
interleukin-5 (IL-5) induce eosinophilic response
and humoral immunity."? T regulatory (Treg)
cells like IL-10 suppress the aberrant immune
response to self-antigens.'? Th17 cells have a
role in the mucosal barriers."* Inflammation is
responsible for the development of morbidities
in neonates. For example, reduced IL-10 level
in cord blood was associated with the risk of
bronchopulmonary dysplasia.’® The disturbance
of IL-17/Th17 has an important role in the
pathogenesis of retinopathy of prematurity.!
Therefore, probiotic strains that induce anti-
inflammatory cytokines may be beneficial in the
management of inflammatory diseases, and the
evaluation of inflammatory response produced
in the host by these strains is important.!? Thus,
we aimed to investigate the combined effect of
Lactobacillus and Bifidobacterium together with
oligosaccharides and lactoferrin on the different
types of cytokines.

POPULATION AND METHODS

A prospective masked, placebo-controlled,
and randomized trial was conducted in our
neonatology unit from July to September 2013 after
the approval of the ethics committee (July 20, 2012).
Gestational age < 32 weeks VLBW neonates were
eligible for the trial. The neonates with congenital
anomalies and who were born to mothers with
premature rupture of membranes (PROM) and / or
chorioamnionitis were not included in the study.
The neonates who had 1) mechanical ventilation
more than 7 days, 2) culture-proven sepsis at the
time of blood sampling, 3) NEC, 4) surgery, and
5) who died within the first 30 days of life were
excluded from the study after randomization
because of the potential effect of these factors on
the cytokine levels.

The serum levels of the different types of
cytokines, such as IL-5 (Th2 cell), IL-10 (Treg

cell), IL-17A (Th17 cell), and IFN-y (Th1 cell)
were determined in the immediate postnatal
period and at the end of the second and fourth
weeks. The neonates were randomly assigned
to the study group or the control group in the
first few hours of life using sequential numbers
generated at the computer center after informed
parental consent was obtained. The allocations
were placed in sequentially numbered sealed
envelopes. The study group received ISO-
9001-certified preparation that contained 820
million Lactobacillus (L.) rhamnosus [Korean
collection for type culture (KCTC) no 12202BP],
410 million L. plantarum [KCTC 10782BP, L. casei
(KCTC 12398BP)], Bifidobacterium (B.) lactis
(KCTC 11904BP), 383 mg fructooligosaccharide,
100 mg galactooligosaccharide, and 2 mg bovine
lactoferrin (NBL Probiotic-ATP, ¥4 sachet every
12 h). The control group received a placebo
(distilled water; 1 mL per dose twice daily). The
dosage of supplementation was determined by
considering previous studies.'® The preparations,
which were kept at room temperature and away
from light and humidity, were added to breast
milk or formula [Aptamil Prematil Formula
(Milupa AG, Friedrichsdorf, Germany)] starting
with the first feed until discharge. Following
the instructions from the sealed envelope, the
personnel in the breast milk team mixed the
supplements with distilled water to prepare a
1 mL suspension and added it to the breast milk
or formula before feeding; the addition of the
suspension did not change the appearance of
the milk. Thus, the only personnel who knew of
the infants’ group assignments were one of the
investigators (TG) and those in the breast milk
team who were not involved in the care of the
infants and data analyses. Minimal enteral feeding
(10-20 mL /kg) was initiated on the first postnatal
day if there was no contraindication (e.g., severe
metabolic acidosis, asphyxia). A daily increase
in the amount of feeding was based on birth
weight (10 mL/kg/day for <750 g, 20 mL/kg/
day for 750-1250 g, and 30 mL/kg/day for 1,250-
1,500 g birth weight). Feedings were withheld if
there was gastric aspirate in an amount that was
more than one-half of the previous feeding with
abdominal distension or vomiting. Fortification
was started when the enteral feeding was more
than 100 ml/kg/d. A fixed dosage (4 g per 100 ml
human milk) of fortifier [Eoprotein (Milupa AG,
Friedrichsdorf, Germany)] was added to the milk
until the infant’s birthweight was > 2,500 g. The
infants received total parenteral nutrition until
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100 mL/kg/day of enteral feeding was achieved.
Infants with a birth weight below two
standard deviations (SD) according to intrauterine
growth curves were classified as small for
gestational age.'” The modified Bell, Papile,
and National Institute of Child Health and
Human Development classifications were used to
define NEC®, intraventricular hemorrhage'’, and
bronchopulmonary disease®, respectively.

The serum cytokine levels were determined
using the solid-phase sandwich enzyme-linked
immunosorbent assay (Diaclone, France) at
postnatal 0 + 2, 14 + 2, and 28 + 2 days). Blood

FiGURE 1. Flow diagram of the study

samples were obtained between 8:00-10:00
am and immediately centrifuged for 10 min at
3,000 rpm. The serum samples were stored at
—80 °C until analysis. All assays were conducted
according to the manufacturer’s protocols. The
samples were run in duplicate. The supplied
standards were used to generate the standard
curves. The samples and standards were applied
to the wells that had been pre-coated with
monoclonal antibodies specific for IL-5, IL-10,
IL-17A, and IFN-y. Unbound proteins were
removed by washing, and biotin-conjugated and
horseradish peroxidase-conjugated streptavidin

=

Assessed for eligibility (n=67)

Excluded (n=T}
= PROM + Chonoammionits (n=2)
- Declined to participate (n=4)

- Major congenital anomaly (n=1)

Ramdomized (n=60)

| [

Allocation

Allocated w intervention (n=30)

-Received the allocated intervention (n=29%)

-Iid not receive the allocated intervention

[Hemodynamic instability and died within the first 2 days
(n=1}]

Allocated to intervention (n=30)
-Received the allocated intervention (n=30)

l [ Follow-Up ] l
-Dscontinued the mtervention (surgery (n=1) Discontinued the intervention
-Mechanical ventilation support = 7 days (n=2) -Ihed within the first day (n=1)
“Sepsis (n=1) ~Mecrotizing enterocolitis (n=3)
Mechamical ventilation support = 7 davs (n=1)
l [ Analysis ] l

Analyzed (n=25)
LExcladed from the analysis (n=0)

Analyzed (n=25)

Excluded from the analvsis (n=(1}




Cytokine responses to symbiotic and lactoferrin combination in very low birth weight neonates: a randomized control trial | €11

were added in a step-wise manner. After the color
reaction with the substrate, the ELISA plates were
assessed immediately at 450 nm and a wavelength
correction of 620 nm.

Statistical analyses were performed by the
NCSS program (version 2007; Kaysville, Utah,
USA). The descriptive analyses were presented
using the ratio, mean + SD, and median (25-75p).
The Mann-Whitney U test was used to compare
the cytokine levels between the groups. Friedman
tests were conducted to test the significance of
change in the cytokine levels throughout the
study period. The Wilcoxon test was performed
to test the significance of the pairwise differences
between day 0 + 2 and 14 + 2, between day 0 + 2
and 28 + 2, and between day 14 + 2 and 28 + 2 in
each group. An overall 5 % type-1 error level was
used to infer the statistical significance for other
statistics.

The study maintained 80 % power, with at least
24 patients in each group showing a statistically
significant difference of 0.75 SD in the cytokine
levels between the groups (i.e., 1.5 pg/ml difference
when the SD is 2 pg/mL, 0.75 pg/mL when the
SDis 1 pg/mL, etc.) and 5 % type-1 error at each
time point.

Ethics approval: The trial was approved by
the central ethical committee in Ankara, Turkey.

Registration: This trial has been registered at
www.clinicaltrials.gov with identifier number:
NCT01899677

TaBLE 1. Demographic and clinical characteristics of the groups

RESULTS

The flow diagram of the study is shown
in Figure 1. Finally, 25 neonates in each group
completed the study. The only difference in the
characteristics of the groups was observed in the
incidence of preeclampsia (Table 1). No adverse
effects were observed.

The serum cytokine levels during the study
period are shown in Figure 2 and Table 2. The IL-
10 levels decreased significantly throughout the
study period in the study group (p = 0.011). The
IL-5 levels also decreased throughout the study
period, but this decrease was not significant
(p = 0.066). However, the decrease in IL-5 levels
from day 14 to day 28 in the study group was
significant (p = 0.042). In the control group, the
serum levels of IL-5 increased significantly within
the first 14 days (p = 0.019) but decreased on
day 28 (p = 0.011). The serum levels of IL-17A and
IFN-y did not differ in both groups.

DISCUSSION

Inflammation has role in various morbidities
of prematurity.!*® Determining the strain-
specific immunomodulatory effects of probiotics
is important. Therefore, we focused on
proinflammatory / anti-inflammatory cytokine
balance, and anticipated anti-inflammatory
response. We preferred a supplement that
includes the elements of breast milk. The most
important finding observed in this study was the

Study group (n = 25) Control group (n = 25) p
Birth weight (g), mean (SD) 1266 (228) 1230 (262) 0.15
Gestational age (weeks), mean (SD) 30.1 (2.03) 29.8 (2.3) 0.32
5% min. Apgar, median (25-75 p) 8 (6-8) 7 (6-8) 0.91
Male infants, n (%) 12 (48) 18 (64) 0.27
Cesarean section, n (%) 24 (96) 25 (89) 0.61
Preeclampsia, n (%) 5 (20) 13 (46) 0.043
Antenatal steroid treatment, n (%) 22 (88) 22 (78) 0.47
Small for gestational age, n (%) 2(8) 8 (28) 0.08
Respiratory distress syndrome, n (%) 6 (24) 11 (39) 0.23
Intraventricular hemorrhage, n (%) 8(32) 9 (32) 0.99
Patent ductus arteriosus, n (%) 6 (24) 11 (39) 0.23
Chronic lung disease, n (%) 5(20) 8 (28) 0.46
Postnatal day on which MEF® was started, median (25-75 p) 2(1-2) 2 (1-2) 0.36
% of breast milk used, median (25-75 p) 80 (50-92) 80 (50-90) 0.91
Weight on the 14" day (g), mean (SD) 1322 + 306 1310 + 267 0.89
Weight on the 28" day (g), mean (SD) 1421 + 363 1517 + 447 0.54
Weight at discharge (g), mean (SD) 1901 + 453 1862 + 318 0.72
Non-peroral day, mean (SD) 1.8+3.1 1.48 +2.7 0.67

AMEF, minimal enteral feeding.
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decrease in IL-10 levels in the symbiotic group
throughout the study period. Preterm infants have
a low ability to produce IL-10, which is necessary

for intestinal homeostasis, and protects infants
from NEC.22 Infants whose mothers have low
levels of IL-10 are at increased risk for NEC.2"%

TABLE 2. Effect of the symbiotic preparation on the circulating values of IL-5, IL-10, IFN-y, and IL-17A

Study group (n=25) Control group (n=25) P
Interleukin-5 (pg/ml), median (25-75 p)
0+2day 4(2.73-5.63) 4.2 (2.71-4.62) 0.68
14 £ 2 day 4.1 (2.81-7.29) 4.5 (3..67-13.45) 0.15
28 + 2 day 3.7 (1.97-4.44) 3.6 (3.08-4.32) 0.39
PP 0.066 0.013
Interleukin -10 (pg/ml), median (25-75 p)
0+2day 11.9 (5.83-37.69) 10.6 (7.43-27.09) 0.97
14 £ 2 day 11.8 (8.08-31.56) 16.3 (9.31-27.56) 0.64
28 + 2 day 9 (6.31-14.02) 12.4 (6.72-17.18) 0.35
PP 0.011 0.17
Interleukin -17A (pg/ml), median (25-75 p)
0+2day 1.7 (1.42-1.99) 1.7 (1.44-1.98) 091
14 +2 day 1.7 (1.42-1.97) 1.6 (1.43-2.02) 0.86
28 + 2 day 1.8 (1.38-1.89) 1.7 (1.35-1.97) 0.91
P 0.88 0.96
Interferon-y (pg/ml), median (25-75 p)
0+2day 6.4 (5.58-10.12) 6.6 (5.53-8.41) 0.90
14 +2 day 6.4 (6.81-11.49) 7.8 (7-9.53) 0.42
28 +2 day 8.7 (7.02-11.95) 7.2 (6.16-8.33) 0.020
P 0.10 0.33

“Mann-Whitney U test; p value denoting the difference between the study and the control groups.

"Friedman test; p value stands for the difference among three measurements of the same cytokine in each group.

FIGURE 2. Course of the serum levels of the cytokines between groups
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Footnote: P values (Wilcoxon signed rank test) representing the differences in the serum levels of the cytokines for the study
and the control group between day 0 + 2 and day 14 + 2 for IFN-vy, 0.24 vs. 0.15; IL 5, 0.53 vs. 0.019; IL-10, 0.48 vs. 0.67; IL-17-A,
0.66 vs. 0.98; between day 14 + 2 and 28 + 2 for IFN-y, 0.69 vs. 0.36; IL-5, 0.042 vs. 0.011; IL-10, 0.014 vs. 0.053; IL-17A, 0.66-0.98;
between day 0 + 2 and 28 + 2 for IFN-vy, 0.25 vs. 0.88; IL-5, 0.10 vs. 0.55; IL-10, 0.010 vs. 0.26; IL-17A, 0.94 vs. 0.88, respectively.
P* P <0.05.
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Probiotics may regulate this IL-10 signaling in
the immature gut.?! IL-10 exhibits a strain-specific
modulation together with IFN-y, TNF-«, and
IL-12."2L. rhamnosus GG was reported to be an
anti-inflammatory probiotic because of its role in
inducing IL-10 in human subjects.?* L. reuteri and
L. casei also promote the development of Treg
cells.?? B. longum SP07/3 and B. bifidum MF20/5
are better inducers of IL-10 than Lactobacillus
strains.'? Besides IL-10 production, all strains
induced proinflammatory cytokines (IL-1b,
IL-6, and TNF-a) in Dong et al.’s study, which
compared the immunomodulatory properties of
various Lactobacillus and Bifidobacterium strains.'?
Probiotic strains that induce high levels of anti-
inflammatory cytokines and low levels of pro-
inflammatory cytokines have been reported
to prevent colitis.?® Parallel to our results,
Braat et al. reported a decreased production of IL-
10 in patients with Crohn disease and in healthy
subjects after probiotic therapy.” Therefore, it can
be speculated that some probiotic combinations,
such as the product used in this study, may
increase NEC incidence or other morbidities
of prematurity that develop secondary
to inflammation. However, contradictory to
this hypothesis, three excluded patients who
developed NEC were all in the control group in
our study. Nevertheless, our sample size was not
sufficient to evaluate these morbidities. A recently
published RCT reported an increased incidence
of NEC associated with the administration
of L. acidophilus and B. longum subsp. infantis
in extremely preterm neonates.* Moreover,
an increased incidence of NEC after probiotic
administration in preterm pigs was reported.*!
None of the probiotic strains influenced the
IL-5 levels in Dong et al.’s study.? The IL-5 levels
increased significantly within the first 14 days
in the control group but decreased significantly
thereafter in both groups in our study. The
increase in IL-5 levels in the control group during
the first two weeks of life could be secondary to
the higher incidence of preeclamptic mothers in
this group. The study that evaluated the cytokine
levels during the first week of life showed higher
cytokines of the Th1 pathway in infants whose
mothers had preeclampsia than the control
group.®2 The prevalence of CD4+ T cells, and
CD4/CDS8 ratio was lower in the neonates of
preeclamptic mothers.”? CD8+HLA-DR+ T cells
also had a significantly lower prevalence in
preeeclampcia on days 0, 3, and 7. In another
study, the Th2 and Treg levels were significantly

lower in the cord blood samples of preeclamptic
women than in those of healthy women, whereas,
Th1 (IFN-y) and Th17 (IL-17) levels were not
different.®® As a result, the effect of preeclampsia
on the immunophenotype of the neonates is not
clear, but its potential influence on the cytokine
levels of our cohort should be considered while
interpreting our results.

Lactoferrin has potent immunomodulatory and
broad-spectrum antimicrobial activities besides its
prebiotic function.’It decreases IL-10 levels, and
severe NEC in preterm infants.>** As lactoferrin
is a multifunctional agent, the beneficial effects
on the NEC incidence may be secondary to the
different mechanisms rather than the cytokine
trend. The optimal dosage of lactoferrin in the
management of NEC was not clear.” Owing to the
very low dose of lactoferrin (2 mg) in our product;
we can conclude that lactoferrin may only have a
minor effect, if any.

IL-17A is known as a proinflammatory
cytokine involved in the process of intestinal
inflammation.?' It has been implicated in the
pathogenesis of inflammatory bowel disease
and is suppressed by Thl-derived IFN-y and
Th2-derived IL-4.2 However, recently, the role
of IL-17A has been reported to maintain the
barrier function by regulating the tight junction
proteins.?3>Some probiotic strains inhibit the
Th17 and IL17 activities by inducing Treg and
Th1 subsets and IL-27 production.* However, the
product used in this study did not influence the
IL-17 levels.

IFN-y is another cytokine that exhibits strain-
specific modulation, and L. rhamnosus GG was
the only one that did not induce IFN-y in Dong
et al.’s study.”? Formula supplemented with
Saccharomyces boulardii and prebiotics was shown
to downregulate IFN-y.*” However, we did not
observe a change in the levels of IFN-v, although
the levels were higher in the study group on
the 28" day of life than in the control group. S.
boulardii is a yeast, whereas bacteria were used
in the current study. Differences can be found
in the cell wall composition between bacteria
and yeast, and the cell wall is responsible for the
modulation of the mucosal immune response
by probiotics, which can explain the different
responses obtained in these studies.?

Our results are different from those of
Dong et al.’?This difference may be due to the
use of a preparation that contained a mixture
of probiotics, prebiotics, and lactoferrin. Each
component may be responsible for the changes
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observed in the cytokine levels, but interpreting
the specific effect of each element is difficult, as
each one has a different immunomodulatory
mechanism, which is the main limitation of our
study. Another limitation is that our study was
performed at a single center. Most of the in vitro
studies focused on cytokine production and used
peripheral blood mononuclear cells.!? This cell
model cannot exactly reflect the in vivo situation
in which intestinal bacteria interact with Peyer’s
patches, M cells, etc. Comparing the results of
the trials was also difficult because of the wide
variations in the endpoints and the probiotics
used and their doses.

There are a few reports about sepsis due to
Lactobacilli strains.®® However, we did not observe
sepsis. All NEC (stage-1 [n = 3]) cases was in
control group).

In conclusion, the combination of Lactobacillus
and Bifidobacterium strains together with
oligosaccharides and lactoferrin decreases the
IL-5 levels after the postnatal 14" day, and that the
IL-10 levels throughout the study period,
whereas, they have no effect on IFN-y and IL-17A.
The changes in IL-10 levels may be instrumental
in the development of NEC. Future studies
should be focused on the biological importance
of the interaction of probiotics within themselves
and with other antimicrobial substances. B
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