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ABSTRACT

ARTICLE HISTORY

The intestinal microbiota may contribute to the development of obesity by affecting host lipid
metabolism and insulin sensitivity. To investigate the effects of microbiota manipulation on ex vivo
basal and B-adrenergically-stimulated lipolysis in human adipocytes, 36 obese men were
randomized to amoxicillin (broad-spectrum antibiotic), vancomycin (narrow-spectrum antibiotic) or
placebo treatment (7 d, 1500 mg/d). Before and after treatment, ex vivo adipose tissue lipolysis was
assessed under basal conditions and during stimulation with the non-selective p-agonist
isoprenaline using freshly isolated mature adipocytes. Gene (targeted microarray) and protein
expression were analyzed to investigate underlying pathways.

Antibiotics treatment did not significantly affect basal and maximal isoprenaline-mediated glycerol
release from adipocytes. Adipose tissue S-adrenoceptor expression or post-receptor signalling was
also not different between groups. In conclusion, 7 d oral antibiotics treatment has no effect on ex
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vivo lipolysis in mature adipocytes derived from adipose tissue of obese insulin resistant men.

Introduction

The obese, insulin resistant state is characterized by an
increased fat storage in adipose and non-adipose tissue.
A reduced catecholamine-induced lipolysis may contrib-
ute to the maintenance of increased adipose tissue stores,
and is related to a reduced B-adrenoceptor expression
and post-receptor changes including decreased lipase
activation [1,2].

The intestinal microbiota and its products have been
indicated to contribute to the development of obesity and
related metabolic complications [3-5], by influencing met-
abolic processes in the host. Previous studies suggested
that in addition to effects on skeletal muscle and liver
metabolism, microbial products might affect lipid storage
[6,7] and lipolysis [8,9] in the adipose tissue. External alter-
ations of the gut microbiota composition (i.e. via adminis-
tration of antibiotics), might alter circulating levels of these
microbial products and thereby change host metabolic
processes such as lipolysis [9]. For example, microbiota-
derived angiopoietin-like protein 4 (ANGPTL4) and
short-chain fatty acids (SCFA) have been indicated to be
involved in these changes of lipid turnover. ANGPTL4

promoted the intracellular lipolytic response to fasting and
catecholamines in murine adipocytes [10]. In line, human
in vivo studies showed that plasma ANGPTL4 concentra-
tions were positively associated with fasting levels of free
fatty acids (FFA) and adipose tissue lipolysis [11]. Oral or
rectal administration of SCFA, in particular acetate, signifi-
cantly decreased plasma FFA concentrations in humans
[12-14], and treatment of murine 3T3-L1 adipocytes with
SCFA reduced fasting and catecholamine-mediated lipoly-
sis, via activation of the G-protein-coupled receptor
GPR43 [15]. Finally, also gut-derived bile acids (BA)
[16,17], lipopolysaccharides and glucagon-like peptide 1
(GLP-1) [18], might affect adipose tissue lipid metabolism,
but the underlying mechanisms are unknown.

While these data indicate that direct administration of
microbial products (ie. SCFA or GLP-1 agonists) may
indeed affect AT metabolism, it remains to be determined
whether modulation of the gut microbiota may provide a
strategy to target adipose tissue lipolysis and potentially
improve obesity-related metabolic impairments. To this
end, we collected adipose tissue biopsies of obese, insulin
resistant humans after microbiota manipulation using
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Table 1. Baseline Characteristics.

AMOX VANCO
PLA(N=7) (N=7) (N=28) P-value
Age (years) 60.6 £33 533+22 57.5+29 0.231
Body Weight (kg) 97.2 £3.7 982427 973+36 0.973
BMI (kg/m?) 319+ 09 316 £ 0.7 314+08 0.916
Fasting glucose 59402 59403 6.0+ 0.2 0.942
(mmol/I)
Fasting Insulin 141+28 20.4 £3.0 192+ 14 0.184
(mU/l)
HOMA-IR 37+07 54409 51+03 0.206
TAG (mmol/l) 114102 1.6+ 0.5 1.0+0.2 0.475
FFA( umol/l) 58794337 579.2+538 59304532 0.979

Characteristics given as mean =+ SEM. The P-value represents the differ-
ence between the 3 groups (one-way ANOVA). BMI: Body mass index;
HOMA-IR: Homeostasis model assessment for insulin resistance.

broad spectrum (amoxicilliny AMOX) and narrow-spec-
trum (vancomycin; VANCO) antibiotics for 7 days [19],
In the collected human adipocytes, we assessed ex vivo
basal and B-adrenergically stimulated lipolysis. Targeted
gene and protein expression analyses were performed to
investigate potential underlying mechanisms that link the
gut microbiota with host metabolic processes.

Materials and methods
Study participants

The current research was conducted as part of a larger
clinical trial on the effect of gut microbiota manipulation
on host metabolism [19], In total, 22 overweight and
obese (BMI 25-35 kg x m?) Caucasian men between 35—
70 years were included in the present study. Detailed
inclusion and exclusion criteria have previously been
described [19]. All subjects gave written informed consent
before participation in this trail. The protocol was
reviewed and approved by the local Medical Ethical Com-
mittee of Maastricht University Medical Centre+. All pro-
cedures were according to the declaration of Helsinki
(revised version, October 2008, Seoul, South Korea).

Study design

Study participants were randomized (double-blind) to
the oral intake of AMOX, VANCO or placebo (PLA) for
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7 consecutive days (1500 mg/d.). Participants were asked
to maintain their habitual physical activity pattern and
dietary habits (monitored by 3-day food diaries)through-
out the study. An abdominal subcutaneous adipose tissue
biopsy was taken under local anaesthesia under fasted
conditions before and after 7 days antibiotics treatment
for ex wvivo characterization of adipocyte lipolysis,
targeted microarray and Western Blot analyses, as
described in more detail below. To ensure proper
systemic and gastrointestinal clearance of antibiotics, a
2-day washout period was taken into account before the
adipose tissue biopsies were collected.

Ex vivo adipocyte lipolysis

A part of the adipose tissue biopsy (~500 mg) was used
for the isolation of mature adipocytes following collage-
nase digestion in DMEM-Ham’s F12 at 37°C [20]. The
resulting suspension was filtered through a 200 pm filter
and adipocytes were washed with DMEM-Ham’s F12 to
eliminate collagenase [21]. Following washing, isolated
mature adipocytes were counted in a 2 uL drop under a
light microscope. The average of 10 drops (2 indepen-
dent investgators) was used to estimate total cell number
in the suspension. Isolated mature adipocytes were
diluted in DMEM-Ham’s F12 supplemented with 3%
bovine serum albumin for lipolysis assays (= 5000-
10000 cells/incubation) and incubated with increasing
concentrations of isoprenaline (ISO, a non-selective
B-adrenergic agonist; 107'° = 107> M) in duplicate at a
finale volume of 100 wl for 3 h at 37°C. Following incu-
bation, 60 ul cell-free aliquots of the infranatant were
collected for glycerol determination (lipolysis index)
using the EnzyChrome™ Adipolysis assay kit (Gentaur,
Eersel, The Netherlands)[21]. Glycerol release was
expressed per cell number and relative to baseline, as
lipolysis index.

Adipose tissue gene expression analyses

RNA was extracted from frozen AT (~500 mg) using
Trizol chloroform extraction (Invitrogen, Cergy Pontoise,

Table 2. Basal and maximal I1SO- mediated lipolytic response in SCAT adipocytes before and after intervention, compared to placebo.

PLANN=7) AMOX (N=7) VANCO (N = 8) P-value
Basal pre 178404496 1787914145 1887114744 0.757
(14M/10~cells/3h) post 1950113740 1428042543 1527542735
Max pre 6407111535 88278+22031 67477116633 0.591
(14M/10~cells/3h) post 75306414030 74682424914 4935749091
Halfway pre 3984716644 52751£11921 42544410283 0.602
(14M/10cells/3h) post 4575517449 43880113147 3202744301
EC50 pre 3.96E-07+1.48E-07 1.05E-064-3.22E-07 2.38E-06+5.72E-07 0.124
post 2.40E-07+9.59E-08 2.22E-05+1.47E-05 1.00E-06+5.87E-07
pD2 pre 6.52+0.25 6.24+0.27 6.02+0.33 0.057
post 7.0610.32 5.77%0.51 6.761+0.43

Values are given as mean =+ standard error of the mean (SEM). P-value represents the overall time x treat P-value of the repeated measures ANOVA (n = 22).
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Figure 1. Dose-response curves for 1SO-mediated lipolytic
response in human mature adipocytes derived from the SCAT
before and after intervention. Lipolysis (glycerol release in the
medium) is expressed compared to baseline, following incuba-
tion with increasing concentrations 1SO (107'° to 107* mol/l)
before (circles) and after (triangles) 7 d treatment with placebo
(panel A), AMOX (B) or VANCO (C), n = 22.

France). Next, total RNA (100 ng per sample) was labeled
by Whole-Transcript Sense Target Assay and hybridized
to human whole-genome Affymetrix Gene 1.1 ST arrays
targeting 19793 unique genes (Affymetrix, Santa Clara,
CA, USA). Quality control and data analysis have been
described in detail previously [22]. Relevant lipolysis

FC-A FC-V FC-P
PNPLA2 -1.05 1.05 1.09
LIPE -1.20 1.09 -1.03
PLIN1 -1.06 1.04 -1.03
ABHDS5 -1.05 1.01 1.01
G0S2 -1.07 1.04 -1.07
ADRB1 1.10 -1.02 -1.05
ADRB2 -1.10 -1.04 -1.05
ADRA2A LAt 1.09 1.02
ADRA2B 1.05 -1.02 1.11
ADRA2C -1.17 1.06 1.04
AQP7 -1.06 1.12 1.08

Figure 2. Gene expression profiling of lipolysis-related genes in
adipose tissue before and after intervention, compared to pla-
cebo. This heat map depicts fold changes (FC) observed after
compared to before AMOX (A), VANCO (V) and PLA (P) interven-
tion. Data are derived from n = 15 individuals.

related genes were selected from the total microarray as
published in the clinical trail where the current study is
part of (GEO GSE76003) [23].

Adipose tissue protein expression

Adipose tissue biopsies (100-300 mg) were ground to a
fine powder under liquid nitrogen and homogenized in
200-600 pL RIPA buffer supplemented with a prote-
ase/phosphatase inhibitor cocktail (Cell Signalling
Technology Europe, Leiden, The Netherlands). Lysates
were vortexed for 5 min at room temperature and cen-
trifuged at 14.000 rpm for 30 min at 10°C. Infranatant
was carefully transferred to new tubes. Protein concen-
trations were determined using the Pierce® BCA protein
assay kit (Santa Cruz Biotechnology Inc., Heidelberg,
Germany). Samples were stored at —80°C prior to anal-
ysis. 25 ug protein was separated on Any kD
SDS-PAGE gels (Bio-Rad Laboratories, Veenendaal,
The Netherlands) and subsequently blotted semi-dry
onto nitrocellulose membrane using Trans-Blot® Turbo
Transfer System (Bio-Rad Laboratories, Veenendaal,
The Netherlands). Following transfer, membranes were
blocked for 1 h in blocking buffer (Tris-buffered saline
with 0.1% Tween 20 (TBS-T), 5% nonfat dry milk). The
membranes were incubated overnight at 4°C with pri-
mary antibodies diluted in blocking buffer. Next, mem-
branes were incubated with the corresponding
secondary antibodies for 1 h at room temperature. The
primary antibodies used were adipose triglyderide
lipase (ATGL) (#2138), total HSL (#4107) and Phos-
pho-HSL Ser563 (corresponding to human Ser552), a
major protein kinase A (PKA) target (#4139), all from
Cell Signaling [24]. B-actin was used as loading control
(Santa Cruz, #sc-47778, 1:1000 dilution). Secondary
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Figure 3. Quantitative analysis of the Western blots of HSL (A),
ATGL (B) and phosphorylated HSL on Ser563 (corresponding to
human Ser552) (C). Pre (white bars) and post (black bars) inter-
vention data are normalized for the loading control SB-actin. Val-
ues are given as mean =+ SEM (n = 5 for PLA, n = 5 for VANCO
and n = 6 for AMOX).

antibodies were horse-radish peroxidase-conjugated-
IgG «-swine or w«-rabbit (DAKO, Heverlee, Belgium).
Antigen-antibody complexes were visualized by
chemiluminescence using SuperSignal™ West Femto
extended Duration Substrate (Life Technologies, Gent,
Belgium). Visualization and analysis was performed
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using a Chemidoc XRS system (Bio-Rad Laboratories,
CA, USA) and Quantity One software.

Calculations and statistical analysis

The EC50 was determined using logistic conversion of
each dose-response curve as described previously [25].
The negative logarithm of the EC50 value (pD2) was
defined as the B-adrenergic sensitivity. ANOVA was
applied to compare subject characteristics at baseline.
Treatment effects within and between groups were
tested using repeated-measures ANOVA. Individual
genes on the microarray were defined as changed
when p < 0.05 for the differential fold change after
compared to before intervention, as determined by
ANOVA. Data are expressed as mean + SEM. Statis-
tical analysis was performed using SPSS version 20.0
(Chicago, IL, USA). P < 0.05 was considered to be
statistically significant.

Results
Subject characteristics

Baseline subject characteristics are shown in Table 1. No
significant differences were present between the PLA and
VANCO group and the PLA and AMOX group.

Ex vivo lipolysis

We investigated the effect of oral antibiotics treatment
on ex vivo basal and B-adrenergically mediated lipolysis
in freshly isolated mature adipocytes. Basal glycerol
release, expressed per number of cells, was not altered
following treatment (ANOVA P = 0.757, Table 2). In
addition, maximal ISO-mediated lipolytic response
(adjusted for cell number) was comparable between
groups (P = 0.591, Table 2). The half-maximal effective
concentration (EC50) and pD2 (-logEC50) values for
ISO, which were calculated based on the dose-response
curves (Fig 1), were also not significantly different
between groups (P = 0.124 and P = 0.057 respectively).

B-adrenoceptor expression and lipase activation

Next, targeted microarray and Western Blot analyses on
adipose tissue biopsies were performed to determine
whether the improved p-adrenoceptor responsiveness
following VANCO was related to changes in receptor
expression and activation of major lipolytic proteins.
The microarray data revealed no significant changes in
adrenoceptor expression or post-receptor signalling after
VANCO treatment (Figure 2). In accordance with these
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Figure 4. Representative Western Blot for lipolytic markers in human adipose tissue. Membranes were probed with antibodies directed
against total ATGL, total HSL, phosphorylated HSL (pHSL) on Ser563 (corresponding to human Ser552) and B-actin was used as a loading

control. A subset of 3 subjects per group is shown.

findings, total protein content of ATGL, HSL and the
phosphorylation status (on Ser563) of HSL were not
significantly altered following VANCO treatment
(Fig 3A-C and Fig 4).

Discussion

The present study investigated whether short-term
manipulation of the microbiota by means of 7 days anti-
biotic treatment alters adipose tissue lipolysis in humans.
We demonstrated that oral administration of VANCO
or AMOX for 7 days has no major effect on ex vivo
B-adrenergic sensitivity in adipocytes derived from obese
insulin resistant men. We have previously reported that
VANCO but not AMOX treatment markedly reduced
microbiota diversity and altered its composition, pre-
dominantly by decreasing gram-positive Firmicutes [19].
In the current sub-cohort, microbiota changes were com-
parable (data not shown). VANCO treatment for 7 days
decreased the abundance of Clostridium clusters XIVa
and IV, which was accompanied by a reduced conversion
of primary to secondary BAs, and a lower concentration
of fecal SCFA [19]. Interestingly, SCFA and BA receptors
(i.e. GPR43 and FXR) are expressed in adipose tissue,
and both SCFA and BA have been able to modulate fast-
ing and B-adrenoceptor-mediated lipolysis in murine
and human adipocytes [15,26]. indicating a possible role
for BA and SCFA signaling in catecholamine-induced
lipolysis. A decreased HSL phosphorylation may under-
lie this anti-lipolytic effect of SCEA*”), However, in our
study, we were not able to detect changes of adipose tis-
sue f-adrenoceptor expression upon 7 days VANCO
treatment. In line, we did neither observe any changes in
downstream signalling, including ATGL and HSL pro-
tein content, nor HSL phosphorylation.

It should however be mentioned that HSL phosphory-
lation at Ser563 may not affect catalytic activity directly
[28]. Moreover, since biopsies were taken after an

overnight fast, we cannot draw any conclusions regard-
ing changes in adipose tissue lipase activation and trans-
location of lipid droplet-associated proteins following
B-adrenergic stimulation. Therefore, it would be good
for future studies to take into account all major HSL
phosphorylation sites to get a more complete indication
of in vivo HSL activation. In addition, ex vivo lipolysis
was measured in adipocytes derived from abdominal
subcutaneous adipose tissue, which might respond dif-
ferently to external perturbations than visceral adipose
tissue. The lipolytic activity is higher in visceral than the
presently examined subcutaneous depot [29]. However,
subcutaneous adipose tissue is by far the body’s largest
fat depot, and an important mass effect of its lipolytic
action on whole body metabolism, is therefore, more
likely. Another limitation of this study is that the gene
and protein expression data reflect the total adipose
tissue profile rather than cell membrane or lipid droplet-
specific expression. Future studies should therefore
address underlying mechanisms of microbiota effects on
B-adrenergic sensitivity of lipolysis in more detail and on
the longer term. Several studies have indicated that a
long-term or more frequent perturbation of the micro-
biota composition may have more pronounced effects on
metabolic health than short-term manipulation. For this
reason, it is important to emphasize that the present
study does not exclude an important role for the gut
microbiota in AT lipolysis in obese subjects. This is sup-
ported by our previous study showing that 7 days
VANCO treatment increased AT expression of genes
involved in pathways related to peroxisome-proliferator
activated receptor (PPAR)-signaling and of genes encod-
ing proteins involved in fatty acid degradation [19].

In summary, we demonstrated that short-term
manipulation of the gut microbiota by VANCO treat-
ment has no major effects on ex vivo B-adrenergic
sensitivity in isolated mature adipocytes derived from
adipose tissue of obese, insulin resistant patients. Future



research is needed to establish whether long-term
changes of the gut microbiota composition might affect
adipose tissue lipolysis and adipose tissue function in the
host.
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