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Fat binding capacity and modulation of
the gut microbiota both determine the
effect of wheat bran fractions on
adiposity
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Abstract

The aim of this study was to determine the impdctifferent wheat bran
fractions on the gut microbiota and fat binding &eipy to explain their
differential effects on metabolic and inflammatodysorders induced by a
western diet (WD) in mice. Wheat bran derived amakylan oligosaccharides
(AXOS), a crude fraction of wheat bran (WB), or th@me wheat bran with
reduced particle size (WBs) were added to the WDmade for 8 weeks.
AXOS shifted the gut microbiota composition, bluwht€lostridium and
Turicibacter genera and strongly promotedBifidobacterium and
Butyricicoccus genera, independently of changes in gut antimialgbeptide
expression. AXOS was the most efficient to reduckpasity. Only WB
fraction promoted fat excretion and distinguisheaht the other fractions by
the capacity to increase thAkkermansia genus and to counteract gut
interleukin 1 beta (ILR) overexpression. Strikingly, WBs promoted steatosi
and adipose tissue inflammation, despite its abilltke WB- to increase
bacterial diversity. In conclusion, wheat bran fracs differently affect
metabolic and inflammatory disorders associateth WD feeding, depending
on their particle size, their fat binding capacayd their influence on the gut
microbiota. Those results might be useful to tak® iaccount in nutritional
advices to control obesity.

Francesco Suriano and Laure B. Bindels contribetpaally to this work.

Introduction

In most Western countries, cereals and in partrowlaeat, represent a major
source of dietary fibers. Dietary fibers are oneh®f most important classes of
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compounds in cereal grains related to positivethezffects, and cereal whole
grain products help reaching the recommended oveietiary fiber intake[l, 2,

3]. Wheat bran is the outermost layer of the whkeahel, representing 14 to 19%
of the total weight[4]. Wheat bran is a major sauof dietary fiber, such as non-
starch polysaccharides and lignin. Arabinoxylan JAXthe most abundant
dietary fiber in wheat bran[1, 5] and accountsZ6rto 30% of dry wheat bran
mass, or 70% of non-starch polysaccharides[4,t6$. &4 polymer with a

D-xylose backbone linked with L-arabinose. Most AXwheat bran are water
insoluble because of crosslinking with neighbornimgts of cellulose, lignin, and
proteins[5]. Since it is rich in insoluble fibensheat bran is beneficial in
producing bulky stool and preventing colon cance8],79, 10]. Wheat bran is
also a low-cost byproduct of conventional wheatingl and a promising starting
material for arabinoxylan oligosaccharides (AXO®)guction[11]. AXOS are
hydrolysis products of AX and are characterizedh®sjir lower average degree of
polymerization and their average degree of aral@rsadbstitution[5, 12].

Because of prehydrolysis, they are highly solulnié eapidly fermentable in the
intestine[13].

Gut microbiota is considered as an environmentalofainvolved in the control
of body weight, metabolic alterations and inflamargtdisorders occurring in
obesity[14, 15]. AXOS derived from wheat bran, h&deen proposed as
prebiotic nutrients prone to modulate the gut mieota to restore host health[1,
16, 17]. Different mechanisms have been proposdithkahe events occurring in
the intestine following carbohydrate fermentatiorthe control of metabolic
energy metabolism. Carbohydrate fermentation maynpte the release of
gastrointestinal peptides controlling food intakelr insulin secretion (i.e.,
glucagon like peptide-1 (GLP-1), peptide YY (PYYJucose-dependent
insulinotropic peptide (GIP)). In addition, it heeen shown that bacterial
metabolites (SCFA, conjugated linoleic acids) canhas regulators of adiposity
(via G-protein-coupled receptors (GPR43) and/oppsome proliferator-
activated receptoy-(PPARy)-dependent mechanisms)[18, 19, 20]. Finally, the
changes in the activity of peptides/systems involwethe control of gut
permeability and metabolic endotoxemia (e.g., GL.RBght junction proteins
such as zonula occludens-1 (ZO1) and occludin, esdoabinoid system) also
contribute to modulate host metabolic alteratiomshsas inflammation and
endotoxemia[l7, 21].
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Particle size influences the physiological effeattsvheat bran such as colonic
fermentation in humans[22]. Prehydrolysis of whigiatn AX into AXOS
influences the latter even more[13]. SCFA produttmd fecal moisture are
increased at the expense of other physiologicalcedfsuch as delayed gastric
emptying, increased mean transit time and increastzal weight when particle
size decreases[23, 24, 25]. In addition, a recertysreported change in
postprandial GLPL response after consumption of wheat breads wit@rdnt
particle size in healthy men[26]. Experimental dsitaw that specific changes in
gut microbiota may be related to the improvemerddiposity by some wheat
bran derivatives[27, 28]. However, to date, no gthds applied a community-
wide approach to evaluate if the changes in thexgatobiota play a role in the
Impact of wheat bran products differing by theilyplto-chemical properties
-notably their particle size- on obesity and metabalterations induced by the
western diet. The aim of this study was to deteenthre impact of different
wheat bran fractions on the gut microbiota andbfatling capacity to explain
their differential effects on metabolic and inflaratary disorders induced by a
WD in mice.

Results

AXOS deeply influenced the gut microbiota composition
without changing intestinal SCFA level, whereas WB and WBs
induced differential and specific changes in gut microbes

Cecal tissue weight and the cecal content weresigoificantly modified by the
western diet. AXOS increased the cecal tissue wieagt the cecal content
(significantly for the cecal tissue weight) verghe WD group (Fig. 1a,b). By
contrast, no significant effect was observed fa ¥B and WBs fractions. SCFA
reflecting bacterial fermentation were analysethim cecal content using gas
chromatography coupled to a mass spectrometer (Smgntary Fig. S1). No
modification of cecal SCFAs levels was observedtebar the dietary
treatments.

Figure 1

Impact of the three cereal fractions on the gutrabota in the cecal content.
Weight of caecal tissua), caecal contentb, Principal Coordinate Analysis plot
of B-diversity based on Bray-Curtis distan@® &énd Principal Coordinate Analysis
plot of B-diversity based on Morista-Horn distana®.(Mice were fed a control
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diet (CT, blue), a western diet (WD, red), a WD glemented with 5% of wheat
bran fraction with large particles (WD+WB, cleaegn), a WD supplemented with
5% of wheat bran with reduced particle size (WD+\\VHark green) or a WD
supplemented with 5% of AXOS (WD+AXOS, yellow) f8rweeks. Results are
expressed as meantSEM farandb (n=7-9). Data with different superscript
letters are significantly different at 90.05 (ANOVA). Dietary treatments
accounted for 39 and 48% of the variation in thiasket (Bray-Curtis and Morisita-
Horn respectively, adonis method, 1000 permutatiprs0.001).
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The composition of the gut microbiota in the cemahtent was analyzed by
[llumina sequencing of the 16S rRNA gene and gPCR.

Diversity indexes

Principal Coordinate Analysis (PCoA) of the betaeatsity indexes Bray-Curtis
and Morisita-Horn revealed two major findings thadre confirmed by further
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analyses at the taxa and OTU levels. First, WB\A#B$ fractions exerted a quite
similar impact on the gut microbiota compositiorec8nd, AXOS shifted away
the composition of the gut microbiota and was tlegady treatment with the
strongest impact on the gut microbiota composifiéig. 1c,d). The impact of the
WD on the gut microbiota composition was clear whemg Bray-Curtis index,
but not when using Morisita-Horn. Dietary treatmgeatcounted for 39 and 48%
of the variation in the dataset (Bray-Curtis andridida-Horn respectively,
adonis method, 1000 permutationss §.001) whereas cage effect accounted for
15% and 19% of the variation, indicating that tiffee of the dietary treatment
Is the most important factor driving gut microbi@@amposition in our study.
When comparing to the WD group, administration offbtypes of wheat bran
fractions increased the alpha-diversity indexesiiness (significant effect of
WB and WBs for observed species) and evennessifisam effect of WB and
WBSs for Shannon index), while administration of AR@mpacted mainly
evenness (Supplementary Fig. S2).

Taxonomic analyses

Microbes discriminant for dietary treatment wereedmined through a pairwise
comparison using LEfSe (Fig. 2). For the WB-WBs gamson, bifidobacteria
and unclassifiedrysipel otrichaceae were identified as biomarkers of the WB
group. Several bacteria were found to be discrimirfiar AXOS when compared
to the WD groups, including the phylum Proteobaetedsing parametric
methods Akkermansia muciniphila (and the higher level taxa from the same
lineage) was the only taxon found to be differesteen WB and WBs at the
g-level (Supplementary Fig. S3j and Supplementaayals1) Akkermansia
muciniphila levels were significantly increased by 11-foldiflB vs WD and not
significantly increased by WBs (Fig. 3a). We obtlrthe same tendency with
gPCR analysis (Supplementary Fig. S3a). AXOS charige relative abundance
of 25 bacterial taxa (Supplementary Data S1). Crtb@ main changes related to
a 57-fold increase for thigifidobacterium genus and related family and order
(Fig. 3b and Supplementary Data S1). This incréeseslated to a 16-fold
increase at thActinobacteria phylum level. In this set of experiment,
bifidobacteria were decreased by the WD and tlesiels were fully restored by
AXOS (Fig. 3b), as confirmed by gPCR (Supplementag: S3b). Of note, a
bifidogenic effect versus the WD group was alsoeobsd for the WB fraction
(significantly only with the gPCR analysis) butnas absent for the WBs
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fraction (Fig. 3b and Supplementary Fig. S3b). Awmstimportant change was
observed foButyricicoccus (13-fold increase) after AXOS supplementation
whereasluricibacter disappeared (Fig. 3cflostridium sensu stricto was

drastically reduced (113-fold decrease) (Fig. 3uj Resulfovibrionaceae were

lowered by half (Supplementary Data S1).

Figure 2

Discriminant analysis of the cecal microbiota usiiiffSe. Mice were fed a control
diet (CT), a western diet (WD), a WD supplementeithvb% of wheat bran
fraction with large particles (WD+WB), a WD supplented with 5% of wheat
bran with reduced particle size (WD+WBs) or a Wipgemented with 5% of
AXOS (WD+AXOS) for 8 weeks. Discriminant analysisttveen WB and WBs
(a). Taxa enriched in the WB group are highlightedad whereas taxa enriched in
the WBs group are highlighted in green. Discriminamalysis between AXOS and
WD (b). Taxa enriched in the AXOS group are highlightedred whereas taxa

enriched in the WD group are highlighted in green.

03/07/2017 09:2



e.Proofing

8 sur 31

http://eproofing.springer.com/journals/printpag@ptoken=EZ_VGFF

Figure 3

Impact of the three cereal fractions on the gutrafimta composition assessed by
[llumina sequencing. Relative abundance of seleg&euls in cecal content of mice
fed a control diet (CT), a western diet (WD), a V¥Dpplemented with 5% of
wheat bran fraction with large particles (WD+WB)WD supplemented with 5%
of wheat bran with reduced particle size (WD+WBgs}RAND supplemented with
5% of AXOS (WD+AXOS) for 8 weeks. Individual valuese presented with
mean. Data with different superscript letters agmiicantly different atp <0.05
(ANOVA).
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Phylogenetic analyses

Phylogenetic analyses revealed results similanéotdaxonomic analyses. Among
the 741 OTUs that were detected in the microbiakgstem, 144 OTUs were
significantly affected at the g-level (SupplemegtBata S1). Most of these
changes related to the impact of AXOS. Indeed, T®©Owere modified by the
addition of AXOS in the WD. Six OTUs were increasedre than a 100 fold,
such as OTU 36Bifidobacterium sp., 1016-fold increase), OTU 83 (from the
Lachnospiraceae family, 931-fold increase), OTU 90 (from the
Ruminococcaceae family, 884-fold increase), OTU 100 (from tkxkostridiales
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order, 593-fold increase), OTU 161 (from th&chnospiraceae family, 181-fold
increase) and OTU 35 (from tl@ostridiales order, 162-fold increase)
(Supplementary Fig. S3). Two OTUs (from t@Gkostridiales order) were
decreased more than a 100-fold in presence of AXORBJ 173, 124-fold and
OTU 75, 120-fold). When comparing the AXOS and WibDups, 14 OTUs were
detected only in the AXOS group whereas 4 OTUs vdetected only in the WD
group. When comparing the WB and WBs groups, 13 ©%hbwed different
levels between dietary treatments. The most prontiddéferences are a 10-fold
decrease in OTU 652A[lobaculum sp. belonging to thErysipelotrichaceae
family) and a 3-fold decrease in OTU Bkkermansia muciniphila) under WBs.
The other 11 OTUs belong to tkostridiales order, and were either increased
or decreased by WBs by less than 6-fold. OTAér mansia muciniphila) and
OTUs 37 and 138 (from th€lostridiales order) are the only 3 OTUs that were
affected by the addition of WB in the WD but not twe addition of WBs to the
same diet, if we exclude OTU 659 for which onlyegjgences were found in the
all dataset.

Several markers involved in gut homeostasis were not
modified by the three cereal fractions

Several markers involved in gut immune function gud permeability were
analysed both in the ileum (Fig. 4) and the colarlp and IL6 expression was
slightly upregulated in the ileum by the WD as camgnl to the control mice
without reaching significant p value. In additioreither occludin expression, nor
zonula occludens-1 (Z0O1) expression were alterethbyWD, suggesting that
WD did not alter gut permeability (Fig. 4). WB fteans decreased the
expression of IL[ in the ileum as compared to WD group and it issbke
significant effect of wheat bran materials obsereaedhose gut
inflammatory/permeability markers. We measureddkpression of secreting
antimicrobial peptides produced by epithelial catishe ileum and the colon:
phospholipase A2 group-Il (PIA2g2) and C-type lecprimarily the

regenerating islet-derived 3-gamma (RegliFig. 4). Although we observed
significantly lower expression of Reg}lin the ileum segment due to the WD,
none of the analysed antimicrobial peptides wefectééd by the supplementation
with the cereal fractions (versus WD group) whatdhe gut segments.

Figure 4

Impact of the three cereal fractions on gut barrienction. Expression of
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inflammatory markersa), expression of junction proteing)(and expression of
secreting antimicrobial peptides) (in the ileum of mice fed a control diet (CT), a
western diet (WD), a WD supplemented with 5% of atheran (WD+WB), a WD
supplemented with 5% of wheat bran with reducedigarsize (WD+WBs) or a
WD supplemented with 5% of AXOS (WD+AXOS) for 8 vkse Results are
expressed as meantzSEM H7-9). Data with different superscript letters are
significantly different ap <0.05 (ANOVA).
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AXOS, WB and WBs differently impact obesity and white
adipose tissue

The WD consumption increased the body weight gaohtae adiposity
compared to the control diet (Fig. 5a—c). Fat nisglopment due to the WD
was confirmed by an increase of the visceral, stdympous and epididymal
adipose tissues as compared with the control g(bigp 5d—f). AXOS fraction
supplementation reduced body weight gain and fatsnexpansion without
reaching significant p value except for the epidndy adipose tissue. Although
wheat bran fractions WB and WBs had no significafifiiect on body weight gain
and fat mass expansion due to WD, it is importanidte that WBs group
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exhibited the higher values of body weight gairt,nfeass gain and adiposity
whereas wheat bran fraction with large particle (Whded to decrease body
weight and adiposity whatever the type of adipas®gues. The differences
between WB and WBs groups reached significant pevédr all the parameters.
However, the three cereal fractions did not modgifynificantly the total caloric
intake (Fig. 5b). In accordance with the data retathe expansion of white
adipose tissue, the portal levels of leptin, arpakine produced proportionally
to fat mass, were markedly increased in WD and WBsWroups as compared
to the control group (Supplementary Fig. S4a).dntcast, the plasma levels of
several gastrointestinal peptides regulating appéhiat were secreted by the
stomach (ghrelin), by the intestinal K-cells (Gi?)by the intestinal L-cells
(GLP-1) were not significantly affected by the @it treatments (Supplementary
Fig. S4b—d).

Figure 5

Impact of the three cereal fractions on obesityetatly intake and fat mass
development. Body weight gaina)( total caloric intake k), fat mass gain
measured by NMR at days 14, 28, 35 andd9weight of visceral adipose tissue
(d), weight of subcutaneous adipose tiss)eweight of epididymal adipose tissue
(f). Mice were fed a control diet (CT), a westerntd@&D), a WD supplemented
with 5% of wheat bran fraction with large particld8VD+WB), a WD
supplemented with 5% of wheat bran with reducedigarsize (WD+WBSs) or a
WD supplemented with 5% of AXOS (WD+AXOS) for 8 vkse Results are
expressed as meantSEM=<i7-9 fora, c—f and n=2-3 forb). Data with different
superscript letters are significantly differenfpat 0.05 (ANOVA).
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Key inflammatory markers were analysed by gPCRhisceral adipose tissue
(Fig. 6). WD did not affect the mRNA expressionimilammatory markers. By
contrast and in accordance with the fat mass expang/D+WBs was the sole
dietary treatment able to upregulate some of theskers (MCP-1 and F4/80) as
compared to the WD group or CT group but also aspared to the WB group;
this effect being significant for MCP-1 expressidie AXOS fraction and the
crude WB fraction did not change significantly asfythe four inflammatory
markers analysed as compared to WD group.

Figure 6

Inflammatory markers in visceral adipose tissuecéMiivere fed a control diet
(CT), a western diet (WD), a WD supplemented witho f wheat bran
(WD+WB), a WD supplemented with 5% of wheat branhweduced particle size
(WD+WBs) or a WD supplemented with 5% of AXOS (WDx@S) for 8 weeks.
Results are expressed as meantSEM §r9). Data with different superscript
letters are significantly different gt<0.05 (ANOVA). IL, interleukin; MCP-1,
monocyte chemotactic protein 1.
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Wheat bran with reduced particle size (WBs) induced lipid
accumulation in the liver

Histological analysis after oil red O staining dhdt reveal steatosis in WD group
as compared to CT group (Fig. 7a,b). Importantig, wheat bran with reduced
particle size (WBs) induced lipid accumulation asnpared to control group or
WD group whereas wheat bran with large particle $i&/B) or AXOS did not
exert any effect. Biochemical analysis of lipid temt of the liver confirmed this
result (Fig. 7c). Interestingly, in contrast to Wiaction, WB supplementation
leads to the higher excretion of triglycerideshe feces among all groups. This
effect is probably linked to its higher fat bindiogpacity compared to the WBs
or AXOS fractions (Fig. 8).

Figure 7

Impact of the three cereal fractions on lipid acalation in the liver.
Histochemical detection of neutral lipids of theeli sections d), lipid area (%
versus total area)pf and lipid content of the liverc] of mice fed a control diet
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(CT), a western diet (WD), a WD supplemented witho f wheat bran

(WD+WB), a WD supplemented with 5% of wheat brathwieduced particle size
(WD+WBs) or a WD supplemented with 5% of AXOS (WDxX@AS) for 8 weeks

(scale bar 100 um). Results are expressed as meanzSEM 7r9). Data with

different superscript letters are significantlyfelient atp < 0.05 (ANOVA).

L
L

i F Fihetl

Figure 8

Impact of the three wheat bran fractions on triglyde excretion in feces and fat
binding capacity. Triglyceride content in fece$ ¢f mice fed a control diet (CT), a
western diet (WD), a WD supplemented with 5% of atheran (WD+WB), a WD
supplemented with 5% of wheat bran with reducedigarsize (WD+WBSs) or a
WD supplemented with 5% of AXOS (WD+AXQOS) for 8 vkseIn vitro fat
binding capacity of starch and cereal fractions doybean oil Ij). Results are
expressed as mean+tSEM B for a and n=5 for b). Data with different
superscript letters are significantly differenpat 0.05 (ANOVA).
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Changes in the gut microbiota composition induced by wheat
bran fractions correlated with host parameters

Multiple correlation analyses were performed toleate the potential links
between gut microbial taxa and host metabolismiamdunity among the five
experimental groups (Fig. 9). Such analyses redealelear negative correlation
between adipose tissue weights and two familieshfilme Actinobacteria
phylum, theCoriobacteriaceae and theBifidobacteriaceae. TheBifidobacterium
genus and its parent taxa were associated witducesl body weight gain,
reduced fat mass as assessed by NMR and reducadalaptin levels. In
contrast, increaseilophila levels were associated with increased fat mass,
adipose tissue weights and plasma leptin levelglRi, MRNA expression of
PIA2g2 in the ileum was strongly positively corrteld with the
Bifidobacteriaceae, Coriobacteriaceae andSutterellaceae families (and related
parent taxa).

Figure 9

Correlations between bacterial taxa and host paemhePearson correlations were
computed for all bacterial taxa with a relative atbance above 0.01% in at least
one animal, and all measured host parameters.evavere adjusted for multiple
testing according to the Bonferroni and Hochbergcpdure. The color at each
intersection refers to the value of the r coefitjean asterisk indicates a
significance correlation between these two pararadtaljusted g 0.05). Only the
bacterial taxa for which at least one significaatrelation with a host parameter
was detected, are displayed. Bacterial taxononvel lis indicated at the end of the
name.
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Discussion

In the present study, we confirmed the prebiotfe@fof AXOS produced from
WB in a model of WD-induced obesity. Indeed, AXGfeding increased
bifidobacteria (demonstrated by gPCR and for th&t time by sequencing of the
16S rRNA gene) in the cecal content of WD fed miCleis effect was associated
with a reduction of epididymal fat expansion duat® feeding confirming
some of the results obtained in our previous stRdly[The lack of significant
effect of AXOS on body weight gain may be relatedfte lower proportion of
fat (45%) in the WD compared to the high fat (608i@®t used in previous study
in which the body weight change due to HF diet wase drastic. Moreover, use
of next-generation sequencing revealed other ingmbninicrobial changes
induced by AXOS. Sixty-one bacterial taxa were #gigantly affected by the
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dietary treatments despite the high inter-individeariation. No clear-cut
separation between responders and non-respondeesolyserved in our dataset,
as it has been described with other fibers[29,T2(]a related to bacteria
associated with colitis and inflammatory disord@nsricibacter,
ClostridiumProteobacteria) or related to endotoxin-producing opportunistic
pathogens@esulfovibrionaceae) were reduced significantly, while those related
to gut barrier-protecting bacteriButyricicoccus) increased[31, 32]. Correlation
analysis revealed that higher abundancy of bifidtd@a was strongly associated
with a reduced body weight gain, reduced fat masasaessed by NMR and
reduced plasma leptin levels. Although dietary timeants did not significantly
modify its abundancy, it is worth to note thatophila genus proportion was
negatively correlated to the fat mass, adiposei¢éisgeights and plasma leptin
levels in accordance with previous studies shovanigk betweerBilophila
wadsworthia, the unique species described to date withindgbkisus, and high fat
diet-induced altered metabolism, inflammation areight gain[33, 34, 35, 36].

One of the main objectives of our current work wagassess the potential
relevance for host health of wheat bran and theomamce of their particle size
in relation to the modulation of the gut microbeca@mposition in obese mice.
Although AXOS and WB exhibited different fat bindircapacities, those
fractions exerted similar impacts on obesity anghasity; a phenomenon that
could be related to their influence on the gut wicota[l, 14]. Indeed, a
bifidogenic effect was observed upon supplemematrdh both the crude
fraction of WB and the AXOS fraction. Importanthpcin contrast to the AXOS
fraction or the crude wheat bran (WB), wheat bratihweduced particle size
(WBs) led to a highest body weight gain, fat maas gnd adiposity among the
five groups. Accordingly, WBs increased the leva@ladipo(cyto)kines in mice
fed a WD as evidenced by the higher expressionftdmmatory markers in
visceral adipose tissue and higher leptinemia. &ltfh the composition of the
wheat bran fractions was not modified after paetisize reduction, we observed
important differences in metabolic effects after \&ilBd WBs supplementation.
This discrepancy may be the result of their diffgriat binding capacity (as
shownin vitro) leading to fat leakage in fecal matter (as showwivo by a
higher proportion of fecal triglycerides) as alrgadentioned for two distinct
fermentable carbohydrates targeting the gut miatabflong chain arabinoxylans
and inulin-type fructans)[37]. The different fahbing capacity between the
fractions could be also one of the mechanisms @xipig the difference in
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ectopic lipid accumulation in the liver tissue, wihicould result from a decrease
in the pool of dietary non esterified fatty aciéslistributed from the adipose
tissue to the liver. However, we may not exclucde thfferent effects observed
with the WB fractions on adiposity resulted froneithintrinsic capacity to
modulate gut microbiota. For example, when compatire WB and WBs
groups, one of the most prominent differences ismnarease ofAkkermansia
muciniphila under WB. Our recent data obtained in high fat tkd mice have
shown thatAkkermansia muciniphila administrated through daily gavage is able
to increase the fecal energy excretion and cowddetiore, participate to the
control of adiposity[38]. Furthermore, a bifidogemffect was observed only
with the crude fraction, as already shown in a es study only after 3 weeks
of supplementation[39]. In fact, both taxa werenitiieed as key players in the
cross-talk between gut microbiota and host metaboparticularly in the

context of obesity[40]. Gut microbiota may contribuo energy metabolism
through the production of SCFA by colonic fermeigatandin vitro studies
reported changes in their proportions between laayécle wheat bran and small
particle wheat bran[41, 42]. It is generally adextthat the fermentation of
AXOS is able to promote butyrate production[43].wé&ver, in our study, caecal
contents of butyrate, propionate and acetate wetresignificantly modified
whatever the dietary treatments. We may not ruletloat an increased
production of butyrate (or other SCFA) could ocduut the fact that the SCFA
produced may be absorbed, or excreted, which doeallow to point out
changes in their mean level in the intestinal contBrobably, in our context,
difference in SCFA cannot explain the differencehenotype.

We were unable to highlight inflammatory disordarshe visceral adipose tissue
or the ileum in WD mice as compared to control mitlee lack of significant
inflammatory disorders between WD group versus @iug -together with the
lack of effect on parameters related to gut permidaljexpression of 2 key tight
junction proteins)- may be related to the lowergmdion of fat (45%) in the WD
compared to the high fat (60%) diet used in presistudies (for review see ref.
44). We have analyzed antimicrobial peptides thatpgoduced by the host and
contribute to shape the composition of the gut obhasta. These peptides
participate to the gut barrier function and areattractive mechanism for the
modulation of the gut ecosystem by nutrients[43, Aénong them, the
expression of Reghla key host factor controlling microbiota compasitiand
involved in gut immunity was lower in the ileum 0fD mice as compared to
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control mice as previously shown in a diet induobeésity model using high fat
diet (60%)[40, 46]. Interestingly, an anti-inflamtasy effect of wheat bran was
evidenced by a significantly lower expression offlin the ileum only for the
unmodified crude fraction (WB). This effect seentede independent of the gut
barrier functions as the expression of tight juoictproteins (ZOland occludin)
and of the antimicrobial peptide RegiNvas not affected in contrast to what is
observed for fructan-type prebiotics[40]. Corredatianalysis revealed that the
ileal expression of lIf was positively correlated to thgacteroides genus
although this genus was not significantly affedydhe dietary treatments. The
usual limitations linked to individual experimentaiimals also apply to this
study[47]. Only one gender and one genetic backgtouere tested. In our case,
we controlled for cage effects.

In conclusion, wheat bran fractions differentlyesdf metabolic and inflammatory
disorders associated with WD feeding. Particle sae determine health effects
of wheat bran in the context of obesity. In additidifferences in metabolic
response of the different fractions also depentheir fat binding capacity and
gut microbiota modulating properties (namélkkermansia and bifidobacteria).
Indeed, only the crude fraction of wheat bran prtaddat excretion and
distinguished itself from the other fractions by ttapacity to increase the
Akkermansia genus and to counteract gut [Laverexpression. Moreover, our
findings confirmed the prebiotic potential of AXO&lthough AXOS and WB
exhibited different fat binding capacities, thosactions exerted similar impacts
on adiposity. This phenomenon could be relatedhéar influence on the gut
microbiota.

Materials and Methods
Ethics Statement

All experiments were performed in strict accordantih relevant guidelines and
regulations for the care and use of animals. Aluseexperiments were
approved by and performed in accordance with thdedimes of the local ethics
committee for animal care of the Health Sectorhaf tniversité catholique de
Louvain under the supervision of Prof. F. Lemaignel Prof. JP Dehoux and
under the specific agreement numbers 2014/UCL/MB/@using conditions
were as specified by the Belgian Law of 29 May 20drBthe protection of
laboratory animals (Agreement LA 1230314). Everflpdgfwas made to
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minimize animal pain, suffering, and distress amdetduce the number of
animals used.

Animals, diets and experimental setup

Forty-five male C57BL6 mice (9 weeks old at the in@ghg of the experiment,
(Janvier laboratories, France) were housed in ggai3 per cage in a controlled
environment (12-hour daylight cycle) with free asg¢o food and water. After
one week of acclimatisation, mice were divided igréups (= 9/group): a
control group (CT), fed with a control diet (D124§0Research Diet®, 10% fat,
70% carbohydrates in kcal/g), a group fed with a YilR2451, Researcher
Diet®, 45% fat, 35% carbohydrates in kcal/g), augrded the WD,
supplemented with 5% unmodified wheat bran (1680 WD+WB group), a
group fed the WD, supplemented with 5% wheat bré&h veduced particle size
(150um, WD+WBs group) and a group fed the WD, suppleledmvith 5%
wheat bran derived arabinoxylan oligosaccharideBfAXOS group). The
composition of the wheat bran materials has bed¢aildd in Supplementary
Table S1. Food intake and water intake were reabtdéce a week. The total
caloric intake was obtained by multiplying totabtbintake (g) for 3 mice per
cage (r= 3) by the caloric value of the diets, i.e. 3lk&al/g, 4.7%kcall/g for CT
and WD diets respectively. The caloric value of YB supplemented with
cereal fractions was calculated taking in to act¢dbat these diets were
composed of 95% WD diet and 5% fractions considgtirat those fractions
were completely processed by the gut microbiota B FA available to the host
and that the maximal caloric intake through thisgass would be Rcal/g on
average (value established by the commission aue@008/100/EC). The total
caloric intake results are presented for the wistlely and represent the sum of
the diet consumed during 8 weeks for three micealTrat mass was determined
using a 7.9MHz Time domain-Nuclear magnetic resonance (LF5Qispiec,
Bruker, Germany). After 8 weeks of dietary treatmamnd a 6-hour period of
fasting, mice were anesthetised with isofluraneréRe®, Abbott,
Queenborough, Kent, England) before exsanguinatrahtissue sampling. Mice
were killed by cervical dislocation. Portal bloo@svtaken in <38ec and
directly flushed within tubes containing dipeptiddptidase IV (DPPIV)
inhibitor (Millipore, St Charles, MO, USA) and addail of general protease
inibitors containing EDTA, bestatin, leupeptin, apnin, E-64 and 4-(2-
aminoethyl)-benzenesulfonyl fluoride hydrochlorid®714-Sigma protease
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cocktail, Sigma, Saint Louis, MO, USA and Rochedbédc SC, Roche
Diagnostics, Vilvoorde, Belgium). Plasma was imnagelly collected after
centrifugation and stored at —8G in tubes containing the same protease
inhibitors as those used for gut peptide deternmmat_iver, white adipose
tissues (visceral, epididymal and inguinal subcetars), and gut segments (from
ileum, proximal colon and caecum) were carefullyseicted, weighed and
immersed in liquid nitrogen before storage at <80

Biochemical analysis

Portal concentrations of GLP-1, gastric inhibitaypeptide (GIP), ghrelin and
leptin were determined in*215ul of plasma using a multiplex immunoassay kit
(Bioplex, Bio-Rad) and measured using Luminex tetbgy (Bioplex, Bio-Rad).
Lipid content was measured in the liver tissueradtdraction with chloroform—
methanol according to the Folch method[48]. Triglgdes were measured in
feces after extraction with chloroform-methanolielly, 100mg of dried
powder-reduced feces were homogenised imf.6f chloroform: methanol
(2:1). The homogenate was filtered using a Whatfritar placed at the end of a
syringe, and recovered in a B falcon tube. The filtrate was washed up three
times with phosphate buffer (pH 7.4). The chloroigshase was evaporated
under nitrogen flux and the dried residue was stikdd in 800ul of

iIsopropanol. Triglycerides concentration was meaduwsing a kit coupling an
enzymatic reaction and spectrophotometric deteatiahe final product (Diasys
Diagnostic and System, Holzheim, Germany). All slapvere run in duplicate.

Fat binding assay

Fat binding capacity (FBC) of wheat fractions wasially carried out by
weighing a centrifuge tube containing @.%f sample, adding 1l of soybean

oil, and mixing on a vortex mixer forrin to disperse the sample. The contents
were left at ambient temperature for@th with shaking for Seconds every 10
min and then centrifuged at 258Gor 25minutes. After the supernatant was
removed, the tube was weighed again. FBC was ckedilas follows: FBC (%)

= [fat bound (g)/sample weight (g¥]100[49].

Fat histochemical detection

A fraction of the main liver lobe was fixed-frozanTissue-tek in liquid
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nitrogen-cold isopentane. For the detection of raduipids, frozen sections were
sliced and stained with the oil red O, using 0.5%ax O dissolved in propylene
glycol for 10min at 60°C. The sliced sections were then counterstaineid avi
Hemalum solution. The lipid area was analysed asipusly described in
Neyrincket al.[50].

Real-time quantitative PCR

Total RNA was isolated from tissues using the TréPisolation reagent kit
(Roche Diagnostics, Penzberg, Germany). For adifissee, RNA integrity
number (RIN) was calculated using a Agilent 2100aialyzer (Agilent
Technologies, Santa Clara, CA); samples were sadeanly when their RIN
value was above 6. Complementary DNA was prepayeeerse transcription
of 1 ug total RNA using the Kit Reverse Transcription teys
(Promega,Madison,WI). Real-time polymerase chaattien (PCR) was
performed with a CFX96 Touch Real-Time PCR Detattsystem and software
(Biorad Laboratories Ltd, UK) using SYBR Green (Aipd Biosystems and
Eurogentec, Verviers, Belgium) for detection. Adingples were run in duplicate
In a single 96-well reaction plate, and data weralyzed according to the
2-AACT method. The purity of the amplified product wasified by analyzing
the melting curve performed at the end of ampliima The ribosomal protein
L19 (RPL19) gene was chosen as a reference gemeeiPsequences are
presented in Supplementary Table S2.

Short chain fatty acids analysis

Short chain fatty acids (SCFA) levels in caecalteahwere analyzed using gas
chromatography coupled to a mass spectrometer (&} .-Maecal aliquots of 60
mg were suspended inndl saturated NaCl and 2-ethylbutyrate (B0, 1.25
mg/mL) was added as internal standard. Samples slerely vortexed after
which 3mL of diethylether (Sigma) and 1% of sulfuric acid were added to
the sample. After centrifugation, the ether layasvgeparated and dried over
anhydrous Na S . The short-chain fatty acids (SCkee analyzed on a GC-
MS system (Trace GC, Thermoquest, Rodano, Italy@&@ Il, Thermo
Electron, San Jose, USA) equipped with a Stabilidaxcolumn (30m x 0.25

mm 1D, 0.25um film thickness; Interscience, Belgium). The iaitoven
temperature of 40C was held for 3nin and ramped with 2C/min to 140°C and
with 16°C/min to 240°C. Acetate, propionate and butyrate were quarkiivéh
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appropriate calibration curves obtained using maéstandard quantitation.

Analysis of the gut microbiota

Genomic DNA was extracted from the caecal conteimga QlAamp DNA

Stool Mini Kit (Qiagen, Germany), including a behdating step. The
composition of the gut microbiota was analysedlhytiina sequencing of the
16S rRNA gene and qPCR. Absolute quantificatioBidifdobacterium spp. and
Akkermansia muciniphila was performed by gquantitative real-time PCR (qPCR)
(primers presented in Supplementary Table S2) asigusly described[51]. The
V5-V6 region of the 16S rRNA gene was amplified®@R with modified
primers[52]. The amplicons were purified, quantifiend sequenced using an
[llumina Miseq to produce & 300-bp sequencing products at the University of
Minnesota Genomics Center. Initial quality-filtegiof the reads was conducted
with I[llumina Software, yielding an average of 6B/@ass-filter reads per
sample. Quality scores were visualized, and reasle wimmed to 220p (R1)
and 20(bp (R2). The reads were merged with the merge-ithaapairs
application[53]. For all samples but one, a sulss&5000 reads was randomly
selected using Mothur v.1.25.0[54] to avoid larggpdrities in the number of
sequences. Subsequently, the UPARSE pipeline ingriéea in USEARCH
v7.0.1001[55] was used to further process the seepege Putative chimaeras
were identified against the Gold reference datal@skeremoved. Clustering was
performed with a 98% similarity cut-off to desigaatperational taxonomic units
(OTUs). Non-chimeric sequences were also subjecteaxonomic classification
using the RDP MultiClassifier 1.1 from the RibosdDatabase Project[56] for
phylum to genus characterization of the caecal ofiime. The phylotypes were
computed as percent proportions based on therataber of sequences in each
sample. Full protocol, detailed statistical anayaind accession numbers are
provided in the Supplemental materials.

Statistical analysis

Data are presented as mea8EM. Statistical significance between groups was
assessed by one-way ANOVA. Dixon’s Q-test was peréd to remove outliers
(95% confidence level). The statistically signitntadANOVA tests were followed
by post hoc Tukey’s multiple comparison tests ugargphPad Prism software
(version 5.00, GraphPad Software, San Diego, Galifp USA). Data with
different superscript letters were significantlyfelient (p< 0.05) according to
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the post hoc ANOVA statistical analysis. Multiplercelation analyses were
computed and visualized in R using Pearson coroglahethod in a personal
script, with p values being adjusted for multipésting according to the
Benjamini and Hochberg procedure[57K .05 was considered as statistically
significant.
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