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MOS & OBESITY

ABSTRACT

The indigestible mannan oligosaccharides (MOS) derived from the outer cell wall of yeast
Saccharomyces cerevisiae have shown potential to reduce inflammation. Since inflammation is
one of the underlying mechanisms involved in the development of obesity-associated metabolic
dysfunctions, we aimed to determine the effect of dietary supplementation with MOS on
inflammation and metabolic homeostasis in lean and diet-induced obese mice. Male C57BL/6
mice were fed either a low fat diet (LFD) or a high fat diet (HFD) with, respectively, 10% or
45% energy derived from lard fat, with or without 1% MOS for 17 weeks. Body weight and
composition were measured throughout the study. After 12 weeks of intervention, whole-body
glucose tolerance was assessed and in week 17 immune cell composition was determined in
mesenteric white adipose tissue (mWAT) and liver by flow cytometry and RT-qPCR. In LFD-fed
mice, MOS supplementation induced a significant increase in the abundance of macrophages
and eosinophils in mWAT. A similar trend was observed in hepatic macrophages. Although
HFD feeding induced a classical shift from the anti-inflammatory M2-like macrophages towards
the pro-inflammatory M 1-like macrophages in both mWAT and liver from control mice, MOS
supplementation had no effect on this obesity-driven immune response. Finally, MOS sup-
plementation did not improve whole-body glucose homeostasis in both lean and obese mice.
Altogether, our data showed that MOS had extra-intestinal immune modulatory properties in
mWAT and liver. However these effects were not substantial enough to significantly ameliorate

HFD-induced glucose intolerance or inflammation.
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MOS & OBESITY

INTRODUCTION

Obesity is associated with chronic low-grade inflammation. Obesity induces a phenotypic
switch in the expanding white adipose tissue (WAT) from an anti-inflammatory towards a
pro-inflammatory state which is characterised by an increase in M 1-like macrophages, cytotoxic
T cells, B cells, and neutrophils, whereas the numbers of M2-like macrophages, regulatory
T cells, and eosinophils are reduced [1-5].

WAT inflammation results in the release of pro-inflammatory cytokines and fatty
acids in the circulation, which are key mediators in inducing insulin resistance and inflam-
mation in other organs, including the liver [6]. Inflammation in the insulin resistant liver
is mainly characterised by high numbers of hepatic pro-inflammatory macrophages [7].
Obesity-associated inflammation is thought to eventually lead to the development of type 2
diabetes [8].

Dietary supplementation with mannan-oligosaccharides (MOS) has been suggested
to modulate inflammation [9,10]. MOS are derived from the outer cell-wall membrane of
bacteria, plants, or yeast and have been shown to be resistant to hydrolysis by the action of
digestive enzymes in the human gut [11]. They are widely used in the animal industry as food
supplements to reduce pathogenic contamination and to improve economic performance [12,13].

MOS supplementation was reported to lower the ileal gene expression of pro-inflam-
matory cytokines while increasing anti-inflammatory cytokines after challenging broilers with
Escherichia coli [14]. Interestingly, there are also indications that MOS have extra-intestinal
immune modulatory properties. Indeed, alveolar macrophages from pigs fed a MOS diet for
two weeks showed reduced secretion of the pro-inflammatory cytokine 7nf~a and increased
secretion of the anti-inflammatory cytokine IL-/0 in response to ex vivo stimulation by
lipopolysaccharide (LPS) [15]. In addition, MOS improved immune responses and growth
efficiency of nursery pigs after experimental respiratory virus infection [16].

Since inflammation is one of the underlying mechanisms involved in the development
of obesity-associated dysfunctions, we hypothesised that dietary MOS have extra-inte-

stinal immune modulating properties and reduce inflammation in WAT and liver of
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obese mice. Therefore, we aimed to determine the effect of dictary supplementation with
Saccharomyces cerevisiae-derived MOS on inflammation in metabolic tissues and whole-body
glucose tolerance in both lean and HFD-induced obese mice.

Altogether, we report that MOS supplementation slightly altered the immune cell
composition of mesenteric WAT (mWAT) and liver in lean mice, but did not ameliorate

HFD-induced glucose intolerance or inflammation.

MATERIALS AND METHODS

MICE AND DIET

Male C57BL/6] mice were purchased from Charles River (Maastricht, The Netherlands)
and housed under temperature- and humidity-controlled conditions with a 12:12h light-dark
cycle and free access to food and water. At the start of the experiment mice were 10 weeks of
age. Mice (n = 10 per group) were fed a LFD or HFD (10% or 45% kcal derived from lard
fat, respectively; D12450B and D12451, Research Diet Services, Wijk bij Duurstede, The
Netherlands) supplemented with 1% MOS (LFD-M and HFD-M) or without (LFD and HFD).
The rationale behind the usage of 1% MOS was based on a study performed in C57BL/6
mice, where addition of 1% MOS to the diet led to decreased fat accumulation in adipose
tissue and liver [17]. MOS used in this study was derived from the outer cell wall of yeast
S. cerevisiae (Actigen®, Alltech, Ridderkerk, Netherlands). After 17 weeks, mice were sedated,
perfused with ice-cold PBS through the heart and mWAT, liver, as well as thymus, and spleen
were dissected for further analysis. Mouse experiments were performed in accordance with the
Institute for Laboratory Animal Research Guide for the Care and Use of Laboratory Animals
and had received approval from the University Ethical Review Board (Leiden University

Medical Center, The Netherlands; permit no. 131031).

BODY WEIGHT, FOOD INTAKE, AND BODY COMPOSITION

During the diet intervention, body weight and food intake were measured weekly. Lean and
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fat mass were monitored every 4 weeks up to 12 weeks by using an EchoMRI-100 analyser

(Echo MRI, TX, USA).

STROMAL VASCULAR CELL ISOLATION FROM MESENTERIC WHITE ADIPOSE TISSUE

mWAT was dissected, rinsed in PBS and minced. Stromal vascular fraction (SVF) cells
from mWAT were isolated as described previously [18]. Briefly, tissues were digested in a
collagenase mixture (0.5 g/L collagenase [Type 1] in DMEM/F12 [pH 7.4] with 20 g/L of
dialysed bovine serum albumin [BSA, fraction V; Sigma, St Louis, USA]) for 1 hour at 37°C,
and filtered through a 236-um nylon mesh. Upon centrifugation of the suspension (10 min,
200 g), the pelleted SVF was treated with red blood cell lysis buffer (BD Biosciences, CA,
USA), stained with Aqua fixable live/dead stain (Invitrogen, Carlsbad, CA, USA) and fixed in
1.9% paraformaldehyde (Sigma-Aldrich). Cells were stored in FACS buffer (2 mM EDTA and
0.5% BSA in PBS) at 4°C until analyses.

ISOLATION OF IMMUNE CELLS FROM LIVER

Livers were dissected, washed in PBS and collected in RPMI 1640 GlutaMAX medium (Life
Technologies, Grand Island, NY, USA). Immune cells from liver were isolated as described
previously [19]. In brief, after mincing, tissues were digested for 20 minutes at 37°C in RPMI
1640 GlutaMAX (Life Technologies) supplemented with 1 mg/mlL collagenase type IV from
C. hystolyticum (Sigma-Aldrich), 2000 U/mL DNAse type I (Sigma-Aldrich) and 1 mM
CaCl, to activate the enzymes. Digestion was stopped by adding ice cold wash buffer (1% FCS
and 2.5 mM EDTA in PBS) and digested tissues were filtered through a 100 pm cell strainer
(Corning, Corning, NY, USA). Following pelleting cells twice at 1,500 rpm for 5 minutes at
4°C, hepatocytes were pelleted by spinning at 50 X g for 3 minutes at 4°C. Supernatant was
collected, centrifuged at 1,500 rpm for 5 minutes at 4°C, and pellet was treated with 5 mL

red blood cell lysis buffer. Cells were manually counted, stained and fixed as described above.
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FLOW CYTOMETRY

Stromal vascular cells and liver immune cells were stained for 30 minutes at 4°C in the dark
with the fluorescently-labelled antibodies listed in S1 Table. To assess the macrophage M2-like
phenotype, cells were first permeabilised with eBioscience permeabilisation/wash buffer
(San Diego, CA, USA) and stained with a biotin-conjugated Ym! antibody (R&D systems,
Minneapolis, MN, USA). All flow cytometry analyses were done within 3 days following cell
fixation. Cells were measured by use of the FACGSCanto flow cytometer (BD Bioscience, CA,
USA) and analysed using IlowJo software (Treestar, OR, USA). Representative gating schemes

are shown in S1 Fig.

INTRAPERITONEAL GLUCOSE TOLERANCE TEST

At 12 weeks LFD or HFD feeding, an intraperitoneal glucose tolerance test (ipGTT) was
performed. Prior to the ipG'T'T, mice were fasted for 6 hours (from 8:00 AM to 14:00 PM).
Blood samples were collected by tail vein bleeding immediately at baseline (t = 0 min) and
5, 15, 30, 60, 90 and 120 minutes after intraperitoneal injection with glucose (2 g/kg body
weight). Plasma glucose concentrations were quantified using the Glucose Start Reagent

Method according to manufacturer’s instructions (Instruchemie, Delftzijl, The Netherlands).

PLASMA PARAMETERS

6 hour-fasted (from 8:00 AM to 14:00 PM) blood samples were collected by tail vein bleeding
into chilled capillaries and isolated plasma was assayed for glucose and insulin at week 0, 4, and
8. Glucose was measured using an enzymatic kit from Instruchemie (Delfzijl, the Netherlands),

and insulin by ELISA (Crystal Chem Inc., Downers Grove, IL).

RNA ISOLATION AND QUANTITATIVE RT-PCR
RNA was extracted from snap-frozen mWAT and liver samples using the NucleoSpin RINA kit
according to manufacturer’s instructions (Machery-Nagel, Diiren, Germany). Concentrations

and purity of RNA were determined on a NanoDrop ND-1000 spectrophotometer (Isogen,
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Maarssen, The Netherlands) and RNA was reverse transcribed using Moloney Murine Leukemia
Virus Reverse Transcriptase (Promega, The Netherlands). Expression levels of genes were
determined by qRT-PCR, using SYBR green supermix (Biorad, The Netherlands) and gene
specific primers (S2 Table). mRNA expression was normalised to cyclophilin (CypA) RNA and

expressed as fold change versus control mice using the AACT method.

STATISTICAL ANALYSIS

Data are presented as means = SEM. Statistical significance of differences was assessed by
two-way ANOVA analysis of variance followed by a Tukey’s post hoc multiple comparison
test to determine Interaction effect, HFD effect, and MOS effect. Body weight gain, fat mass
gain, lean mass gain, camulative food intake, plasma glucose, plasma insulin, and ipGTT were
analysed using two-way ANOVA for repeated measured, followed by a Tukey’s post hoc multiple
comparison test. The results were considered statistically significant at P<0.05. Analyses were

performed using Graph Pad Prism version 7.0 (GraphPad Software, San Diego, CA, USA).

RESULTS

MOS SUPPLEMENTATION DID NOT AFFECT BODY WEIGHT, FAT MASS, ORGAN WEIGHT, AND FOOD INTAKE

To assess the effect of MOS supplementation on diet-induced obesity, mice were fed a LFD or
HFD supplemented with or without MOS for 17 weeks. As expected, HFD induced a time-de-
pendent increase in body weight (P<0.0001; Fig 1A; Table 1), fat mass gain (P<0.0001; Fig 1B;
Table 1), mWAT weight (P<0.0001; Fig 1C; Table 1), and lean mass gain (P<0.0001; Table 1;
S2A Fig) when compared with LFD-fed mice. Furthermore, HFD significantly increased liver
weight (P=0.014; Fig 1D; Table 1) and thymus weight (P=0.001; Fig 1D; Table 1). MOS supple-
mentation did not affect body weight (Fig 1A; Table 1), fat mass (Fig 1B; Table 1), and lean mass
(Table 1; S2A Fig) when compared to control diets. Accordingly, the weights of mWAT (Fig 1C;
Table 1), liver, spleen, and thymus (Fig 1D; Table 1) were not affected by MOS supplementation.
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Finally, neither HFD feeding nor MOS supplementation affected cumulative food intake

(Table 1; S2B Fig).
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Fig 1. MOS supplementation did not affect body weight, fat mass, organ weight, and food intake. Body
weight [A], fat mass [B], mWAT weight [C], organ weight of liver, spleen, and thymus weight [D] of mice fed a LFD
or HFD with or without MOS for 17 weeks. Values are presented as means £ SEM (n = 10 mice/group). Differences
were evaluated for statistical significance by two-way ANOVA or two-way ANOVA for repeated measurements, both

followed by a Tukey’s post hoc multiple comparison test and provided in Table 1. mWAT, mesenteric white adipose tissue.
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CHAPTER 6

MOS SUPPLEMENTATION REDUCED THE ABUNDANCE OF M2-LIKE MONOCYTES AND INCREASED EOSINOPHILS IN
MWAT

The immune cell composition of WAT] specifically the balance between M1-like and M2-like
macrophages and the abundance of eosinophils, has been shown to play a crucial role in the
maintenance of adipocyte insulin sensitivity and whole-body metabolic homeostasis [20,21].
To assess whether MOS supplementation has extra-intestinal immune modulatory effects in
WAT, the SVF was isolated from mWAT and the immune cell composition of the mWAT
SVF was determined using flow cytometry (see S1 Fig for the gating scheme). The expression
of CDIlcand Ym/! within the total macrophage population allowed to discriminate between
Mi-like (Ym1 CDl1lc*) and M2-like (Ym1* CD11c') macrophages, respectively [22].

HFD feeding did not affect the total Ly6C" monocyte population in mWAT (Fig 2A;
Table 2). However, a trend towards a diet effect (LFD/HFD) was observed for M 1-like (CD11c*
Ly6C")(P=0.052; Table 2) and M2-like (Ym1* LyC6") monocytes (P=0.098; Fig 2B; Table
2). The total Ly6C" monocyte population in mWAT of MOS supplemented mice was not
affected (Fig 2A; Table 2). However, mice that received MOS displayed a decrease in M2-like
monocytes (P=0.039; Fig 2B; Table 2). MOS did not affect M 1-like monocytes (Table 2).

HFD feeding did not change the total abundance of macrophages (Fig 2C; Table 2).
Although HFD did not affect the total abundance of macrophages in mWAT, HFD feeding
induced a significant increase in M 1-like macrophages (P<0.0001; Fig 2D; Table 2), a decrease
in M2-like macrophages (P=0.038; Fig 2D; Table 2), and a decreased M2/M1 ratio (P=0.013;
Table 2) in mWAT. MOS supplementation did not affect the total abundance of macrophages
(Fig 2C; Table 2) and neither resulted in changes in M1-like and M2-like macrophage subsets
(Fig 2D; Table 2), nor M2/M1 ratio (Table 2) in mWAT.

We further investigated whether granulocyte percentages within the CD45" population
of mWAT were affected by either HFD feeding or MOS supplementation. HFD did not
significantly change cosinophils (Fig 2E; Table 2) or neutrophils (Table 2) in mWAT. MOS
supplementation did not affect the neutrophil population (Table 2) in mWAT of both LFD-

and HFD-fed mice. However, with respect to eosinophils in mWAT there was a tendency
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towards an interaction of MOS with diet (P=0.052; Fig 2E; Table 2) as MOS doubled the
percentage of eosinophils in LFD but not in HFD-fed mice (5.08% and 1.59% respectively,
P=0.047; Fig 2E; Table 2).

Finally, the effect of MOS supplementation on lymphocyte percentages within the
CD45" population was determined. HFD did not affect percentages of T cells, CD4" T cells,
CD8* T cells, NK T cells, and B cells (Table 2), but lowered NK cells in (P=0.011; Table 2).
There were no effects of MOS supplementation on any of these cells, except for a trend toward
decreased T cells (P=0.062; Table 2).

Analysis of the mWAT mRINA gene expression showed that both the macrophage
marker F4/80 (P=0.023; Fig 2F; Table 2) and the M1-like macrophage marker CDIlc
(P=0.042; Fig 2F; Table 2) were increased in response to HFD. The relative mRNA expression
of CDIIc, Yml, Mcpl, Tnf-a, IL-6, and IL-10 was not affected by MOS supplementation
(Fig 2F; Table 2). However, MOS showed a trend toward a decreased I'4/80 expression mainly
on HFD (P=0.066; Fig 2F; Table 2) which was likely due to an interaction with diet (LFD/
HFD) (P=0.086; Fig 2F; Table 2).

Taken together, these results showed that MOS supplementation has extra-intestinal
immune modulatory properties by reducing M2-like monocytes on both diets and increasing
eosinophils on LFD, whilst showing a trend toward reduced T cells on both diets and F4/80
expression on HFD in mWAT.
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Fig 2. MOS supplementation reduced the abundance of M2-like monocytes and increased eosinophils
in mWAT. Extra-intestinal immune modulatory properties of MOS were assessed in mWAT of mice fed a LFD
or HFD with or without MOS for 17 weeks. Percentages of Ly6C" monocytes [A], Ym1* Ly6C" monocytes [B]
macrophages [C], macrophage M1-like and M2-like subsets [D], and eosinophils [E] within CD45" cells in SVF of
mWAT. mRNA expression of the inflammatory markers F4/80, CD11c, YmlI, Mcpl, Tnf'a, IL-6, and IL-10 was
determined [F]. Values are presented as means = SEM (n = 6-7 mice/group). Differences were evaluated for statistical
significance by two-way ANOVA, followed by a Tukey’s post hoc multiple comparison test and provided in Table 2.

For information on the immunological cell markers used in flow cytometry analysis, see Method section and Table 2.
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MOS SUPPLEMENTATION SLIGHTLY AFFECTED HEPATIC MONOCYTES AND MACROPHAGE SUBSETS

Classical activation of Kupffer cells, the liver-resident macrophages, has been observed in
diet-induced obesity [7]. Therefore, we determined the effect of MOS supplementation on
hepatic immune cell composition using flow cytometry (see S1 Fig for the gating scheme).

As expected, HFD feeding increased Ly6CM monocytes (P=0.001; Fig 3A; Table 3)
and macrophages (P=0.032; Fig 3B; Table 3) in the liver, indicating enhanced recruitment of
pro-inflammatory monocytes. After MOS supplementation, a trend towards decreased Ly6C"
monocytes were observed (P=0.093; Fig 3A; Table 3). Accordingly, an interaction was found
between MOS supplementation and diet (LFD/HFD) on the total percentage of macrophages
in the liver (P=0.05; Fig 3B; Table 3).

HFD-feeding increased predominantly M1-like macrophage subsets (P=0.003; Fig
3C; Table 3), while MOS supplementation resulted in a tendency toward decreased M1-like
macrophages (P=0.095; Fig 3C; Table 3). No effects were found on M2-like macrophages (Fig
3C; Table 3) and on the M2/M1 ratio (Table 3) either with HFD or MOS.

We further investigated whether MOS supplementation affected granulocyte percentages
within the CD45* population of the liver. A tendency toward increased eosinophils was found
after HFD feeding (P=0.061; Fig 3D; Table 3), while neutrophils remained unaffected (Table
3). However, MOS-supplementation did not affect hepatic neutrophils (Table 3) or eosinophils
(Fig 3D; Table 3).

Finally, we determined the effect of MOS on lymphocyte percentages within the
CD45" population. HFD did not affect percentages of total T cells, CD4" T cells, CD8" T
cells, NK T cells, and NK cells (Table 3). However, B cells were found to be significantly lower
in HFD-fed mice (P=0.006; Table 3). MOS did not affect any of these lymphocytes, although
a significant interaction was found between diet (LFD/HFD) and MOS on CD25" CD8*
expressing T cells (P=0.013; Fig 3E; Table 3).

Analysis of the liver mRNA gene expression showed an increase in the expression of
Ym1 (P=0.012; Fig 3F; Table 3) in HFD-fed mice indicating M2-like macrophages, and we
found a tendency towards an increase in CD11¢(P=0.098; Fig 3F; Table 3) indicating M 1-like

164



MOS & OBESITY

macrophages in HFD-fed mice. On the other hand, MOS decreased hepatic expression of
Ym1 (P=0.021; Fig 3F; Table 3) and a tendency towards decreased expression of CDIIc
(P=0.099; Fig 3F; Table 3). A trend towards interaction between diet (LFD/HFD) and MOS
was found for the expression of CD11c (P=0.092; Fig 3C; Table 3). Finally, HFD tended to
decrease the expression of IL-6 (P=0.072; Fig 3F; Table 3), and an interaction between diet
(LFD/HFD) and MOS supplementation was found for IL-6 (P=0.08; Fig 3F; Table 3). Gene
expression of F4/80, Mcpl, Tnf-a, and IL-10 remained unaffected by diet or MOS (Fig 3F;
Table 3).

Overall, MOS supplementation modestly affected the liver with tendencies to decrease

Ly6C" monocytes and M 1-like macrophages.
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Fig 3. MOS supplementation slightly affected hepatic monocytes and macrophage subsets.

Hepatic extra-intestinal immune modulatory properties of MOS were assessed in mice fed a LFD or HFD with or
without MOS for 17 weeks. Percentages of Ly6C" monocytes [A], macrophages [B], macrophage M1-like and M2-like
subsets [C], eosinophils [D] and CD25* CD8* expressing T cells [E] within CD45* cells in the liver. mRINA expression
of the inflammatory markers F4/80, CD11c, Yml, Mcpl, Tnf-a, IL-6, and IL-10 was determined [F]. Values are
presented as means = SEM (n = 4-10 mice/group). Differences were evaluated for statistical significance by two-way
ANOVA, followed by a Tukey’s post hoc multiple comparison test and provided in Table 3. For information on the

immunological cell markers used in flow cytometry analysis, see Method section and Table 3.
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MOS SUPPLEMENTATION DID NOT IMPROVE WHOLE-BODY GLUCOSE INTOLERANCE

We next studied whether MOS affected whole-body glucose homeostasis in lean and diet-in-
duced obese mice. As expected, HFD feeding increased fasting plasma glucose (P<0.0001;
Fig 4A; Table 4) and insulin (P<0.0001; Fig 4B; Table 4) levels over time as compared to
LFD feeding. In week 12, whole-body glucose tolerance was measured using ipGT'T. HFD
deteriorated glucose tolerance over time as compared to LFD-fed mice (P<0.0001; Fig 4C and
4D; Table 4). MOS supplementation did neither affect fasting plasma glucose (Fig 4A; Table
4) or insulin (Fig 4B; Table 4) levels, nor altered glucose tolerance (Fig 4C and 4D; Table 4).

These data indicate that MOS supplementation did not affect whole-body glucose homeostasis.
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Fig 4. MOS supplementation did not improve whole-body glucose intolerance. Whole-body glucose
homeostasis was assessed in mice fed a LFD or HFD with or without MOS for 17 weeks. Fasting plasma glucose
[A] and insulin levels [B] were determined in 6-hour fasted mice in week 0, 4, and 8. An ipGT'T was performed in
6-hour fasted mice at week 12. Blood glucose levels were measured at the indicated minutes [C], and the area under
the curve (AUC) of the glucose excursion curve was calculated as a measure for glucose tolerance [D]. Values are
presented as means £ SEM (n = 10 mice/group). Differences were evaluated for statistical significance by two-way
ANOVA or two-way ANOVA for repeated measurements, both followed by a Tukey’s post hoc multiple comparison

test and provided in Table 4.
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CHAPTER 6

DISCUSSION

The immune modulatory properties of MOS have been exploited to increase the economic
yields of livestock [12,13]. In the present study, we investigated the effect of MOS supple-
mentation on body weight and composition, food intake, immune composition of mWAT
and liver, and whole-body glucose tolerance in both LFD-fed lean and HFD-induced obese
mice. We showed that MOS supplementation mildly altered immune cell composition in both
mWAT and liver, which was not accompanied by amelioration in HFD-induced obesity or
whole-body glucose intolerance. Our data confirm the potential extra-intestinal modulatory
properties of MOS on immune composition as reported previously [9,14-16], although the
effects are relatively modest.

Specifically, MOS increased eosinophils in mWAT of LFD-fed mice. Eosinophils have
been shown previously to beneficially reduce inflammation in WAT by promoting M2-like
macrophage polarisation [5,20]. However, the observed increase in eosinophils with MOS did
not lead to skewing toward M2-like macrophages as there were no alterations in macrophage
subpopulations after MOS supplementation in mWAT. As a matter of fact, MOS even led to
adecrease in M2-like monocytes in mWAT. The effects of MOS on eosinophils were therefore
probably too small to induce beneficial effects on macrophage polarisation. Whether MOS is
able to induce more substantial effects in other fat depot regions remains to be investigated. As
whole-body glucose tolerance was not affected by MOS supplementation in both lean and obese
mice in our study, we suggest that MOS will not affect inflammation in any of the fat depots.

In livers of these mice, HFD feeding increased both the total amount of monocytes and
macrophages. However, no significant effect of MOS was found on reducing these parameters
although MOS tended to reduce monocytes and M1-like macrophages in the liver. This may
imply that MOS supplementation in this setting steers towards beneficial M2/M1 ratios in the
liver, although the observed effects were minor. Additionally, the data obtained from the flow
cytometry data were not in direct line with the gene expression data. Although we do not have
a clear explanation for this, it is likely that this discrepancy is a result of the markers measured

on specific cell types on protein level in flow cytometry analysis versus markers measured on
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the total pool of cells on gene expression level.

Given that MOS supplementation did not affect diet-induced obesity and whole-body
glucose tolerance, leads us to speculate that the observed alterations in immune cell compositions
were insufficient to achieve a significant effect. Another possibility is that the concentration
of supplemented MOS in the diet was not high enough. However, in previous studies where
MOS supplementation showed intra-intestinal and extra-intestinal effects on the immune
system, concentrations of 0.005% to 0.5% of MOS were used in the diet [10,14,23]. However,
these studies were performed in broiler chickens or pigs, and it is possible that different species
respond differently to MOS. Another study performed in mice also used 1% MOS supple-
mentation and found a decreased fat accumulation in the parametrial adipose tissue and in
the liver [17]. However, this latter study MOS derived from coffee mannan which is different
from the yeast-derived MOS that we used in this study. Whether the origin of MOS may
determine the effect of MOS on fat accumulation remains to be determined. The limited
effects of MOS supplementation on diet-induced obesity in our mice did not seem to be due
to inappropriate dosages of MOS.

Alternatively, other factors within the experimental setting might explain the relatively
limited effects of MOS in our experiments. In previous studies, MOS showed anti-inflam-
matory effects in experimentally viral or bacterial infected animals [9,14-16]. In order for
MOS to reduce inflammation, a strong pro-inflammatory trigger may first be needed, e.g. by
bacteria or bacterial components such as LPS. Importantly, the experimental mice used in
our study are guaranteed free of particular pathogens. The mechanistic action of MOS to
improve performance in animal industry is thought to occur via the ability of MOS to inhibit
attachment of pathogens with type-1 fimbriae to the intestinal wall of animals [24]. In our
facility, the presence of type-1 fimbriae containing pathogenic bacteria residing in the gut
of the mice is probably very limited. Further research needs to be conducted to determine
whether S. cerevisiae-derived MOS is dependent upon pathogenic stimuli in order to exert its
anti-inflammatory function.

Furthermore, the impact of the HFD might be too strong in order for MOS to exert
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its beneficial function on the intestinal barrier. Intestinal epithelial mucosal surfaces possess
a variety of defence mechanisms to prevent adhesion of bacteria, including mucus secretion
and sloughing [25,26]. Mucins are major anti-adhesive components of mucus. In order for the
epithelial surface to produce mucus, an intact epithelial layer should be present. HFD feeding in
mice damages the intestinal barrier integrity, increasing intestinal permeability and increasing
LPS leakage (endotoxemia) into the system [27]. It is likely that MOS is not able to restore the
intestinal barrier integrity to inhibit bacterial colonisation and reduce systemic inflammation.

The type of MOS used in various studies might also determine the effect of MOS
on diet-induced obesity, glucose tolerance, and immune modulation. In our study, we used
mannan derived from the yeast S. cerevisiae. However, MOS can be derived from various
sources with different effects on body weight in mice. For instance, MOS derived from coffee
mannan decreased fat accumulation in mice [17], whereas MOS derived from the plant
konjac mannan did not have any effect on body weight in mice [28]. Therefore, it remains
to be investigated whether MOS derived from different sources also have different immune
modulatory effects.

In conclusion, this study showed that MOS supplementation did alter immune
composition in mWAT and liver. However, these effects were not accompanied by ameliorations

in HFD-induced glucose intolerance or inflammation.
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SUPPLEMENT

S1 Table. Antibodies used for flow cytometry

Fluorophore Antibody Clone Vendor

FITC anti-CD45.2 104 Biolegend

PE anti-Siglec-F E50-2440 BD Biosciences
PE anti-NK1.1 PK136 BD Biosciences
PerCP Streptavidin N/A BD Biosciences
PerCP-Cy5.5 anti-CD25 PC61 BD Biosciences
PE-Cy7 anti-CD11b M1/70 cBioscience
PE-Cy7 anti-CD4 GK1.5 eBioscience
APC anti-F'4/80 BMS8 eBioscience
APC anti-CD8a 53-6.7 Biolegend
APC-Cy7 anti-Ly6C HK1.4 Biolegend
APC-Cy7 anti-CD19 1D3 eBioscience
Horizon V450 anti-CD11c HL3 BD Biosciences
eFluor 450 anti-CD3 17A2 eBioscience

$2 Table. Primer sequences of forward and reverse primers (5’ > 3°).

Gene Sense Antisense

CypA ACTGAATGGCTGGATGGCAA TGTCCACAGTCGGAAATGGT

F1/80 CTTTGGCTATGGGCTTCCAGTC GCAAGGAGGACAGAGTTTATCGTG
Cdllic GCCACCAACCCTTCCTGGCTG TTGGACACTCCTGCTGTGCAGTTG
Yml ACAATTAGTACTGGCCCACCAGGAA TCCTTGAGCCACTGAGCCTTCA
Mcpl CACTCACCTGCTGCTACTCA GCTTGGTGACAAAAACTACAGC
Tnf-a GATCGGTCCCCAAAGGGATG CACTTGGTGGTTTGCTACGAC

1L-6 AAGAAATGATGGATGCTACCAAACTG GTACTCCAGAAGACCAGAGGAAATT
IL-10 GACAACATACTGCTAACCGACTC ATCACTCTTCACCTGCTCCACT

179



CHAPTER 6

mWAT
A Alive Singlets Leukocytes
. 92.3]
< o] < N-
2 g 2 g
n | < @ 8
1 >
; - ‘77.;!
FSC-A FSC-A
Eosinophils
0.848] ]
- a -.:
o - -
Q - -
) [a] o
P o o
L Y] I N i ) S
FSC-A F4/80 Ly6C Ly6C
C
‘M2-like’  ‘M1-like’ Ly6C" monocytes
Macrophages ¢
) g o
b= T T =
B > g 8
CD1lc Ly6C Ly6C

NK cells NKT cells T cells

a A
2.05y—5— 53.3 0.228

Lymphocytes

V. NKL.1 py

FSC-A

v

CD19

3 NK1.1

S1 Fig. Gating strategies mWAT and liver. Isolated cells were pre-gated on Aqua-CD45" single cells. FSC-A,
forward scatter area; SSC-A, sideward scatter area; FSC-W, forward scatter width [A]. Gating strategies for the analysis

of eosinophils, neutrophils and monocytes [B], macrophages, M 1-like (CD11c* Ym1")
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macrophages and M2-like (CD11c¢”Ym1*) macrophages [C], and NK cell, NK T cell, T cell and B cell lymphocyte

subsets [D] are given. Gating strategies are shown for representative samples from mWAT and liver.
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S2 Fig. The effect of MOS supplementation on lean mass and cumulative food intake. Lean mass [A]
and food intake [B] of mice fed a LFD or HFD with or without MOS for 17 weeks. Values are presented as means
+ SEM (n = 10 mice/group). Differences were evaluated for statistical significance by two-way ANOVA for repeated

measures, followed by Tukey’s post hoc multiple comparison test and provided in Table 1.
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