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Abstract

Aims: Visceral adipose tissue inflammation is a fundamental mechanism of insulin
resistance in obesity and type 2 diabetes. Translocation of intestinal bacteria has
been suggested as a driving factor for the inflammation. However, although bac-
terial DNA was detected in visceral adipose tissue of humans with obesity, it is
unclear to what extent this is contamination or whether the gut microbiota is
causally involved. Effects of fecal microbiota transplantation (FMT) on bacterial
translocation and visceral adipose tissue inflammation in individuals with obesity
and insulin resistance were assessed.

Material and Methods: Eight individuals with clinically severe obesity (body mass
index [BMI] >35 kg/m?) and metabolic syndrome received lean donor FMT 4 weeks
prior to elective bariatric surgery. The participants were age-, sex-, and BMI-
matched to 16 controls that underwent no fecal transplantation. Visceral adipose
tissue was collected during surgery. Bacterial translocation was assessed by 16S
rRNA gene sequencing of adipose tissue and feces. Pro-inflammatory cytokine
expression and histopathological analyses of visceral adipose tissue were performed
to assess inflammation.

Results: Fecal microbiota transplantation significantly altered gut microbiota
composition. Visceral adipose tissue contained a very low quantity of bacterial DNA
in both groups. No difference in visceral bacterial DNA content between groups was
observed. Also, visceral expression of pro-inflammatory cytokines and macrophage
infiltration did not differ between groups. No correlation between inflammatory

tone and bacterial translocation was observed.

medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.
© 2021 The Authors. Obesity Science & Practice published by World Obesity and The Obesity Society and John Wiley & Sons Ltd.

56 Obes Sci Pract. 2022;8:56-65.

wileyonlinelibrary.com/journal/osp4


https://doi.org/10.1002/osp4.545
https://orcid.org/0000-0002-2819-9395
https://orcid.org/0000-0001-8653-6591
https://orcid.org/0000-0003-1446-3180
https://orcid.org/0000-0002-1926-7659
mailto:g.j.bakker@amsterdamumc.nl
https://orcid.org/0000-0002-2819-9395
https://orcid.org/0000-0001-8653-6591
https://orcid.org/0000-0003-1446-3180
https://orcid.org/0000-0002-1926-7659
http://wileyonlinelibrary.com/journal/osp4

BAKKER ET AL.

KEYWORDS

inflammation

1 | INTRODUCTION

An extensive body of research has shown that obesity and insulin
resistance are characterized by a state of chronic low-grade
inflammation, originating from visceral adipose tissue.x® Visceral
adipose tissue secretes many cytokines, termed adipocytokines,
involved in inflammatory processes. For example, in both diet- and
genetically-induced obesity, expression of pro-inflammatory cyto-
kines such as tumor necrosis factor (TNF)-a, interleukin (IL)-18 and
IL-6 is increased in adipose tissue.®® Moreover, in participants with
obesity, IL-18 expression was found to be 100-1000 times higher in
visceral adipose tissue compared to subcutaneous adipose tissue
and liver.” These pro-inflammatory cytokines directly interfere with
insulin signaling through insulin receptor substrate-1 in muscle
tissue.”

The mechanistic link between high-fat diet and visceral adipose
tissue inflammation remains to be determined. In this regard,
altered intestinal microbiota has been suggested as a contributing
factor to chronic low-grade inflammation in obesity. The approxi-
mately 10*% bacteria in the gut live in close interaction with the
host immune system and play a large role in nutrient digestion and

10 Moreover, translocation of bacteria or their

energy handling.
metabolites into the blood or adipose tissue may result in a sys-
temic inflammatory response. For example, using fluorescently
labeled Escherichia coli, Amar et al. showed high-fat diet-induced
translocation of live bacteria into blood and mesenteric visceral
adipose tissue, resulting in visceral adipose tissue inflammation and
insulin resistance in mice.!* Bacterial translocation was dependent
on microbial pattern recognition receptors cluster of differentiation
(CD)14 and Nod1 and could be reversed by manipulation of the gut
microbiota, resulting in improvement of the animals' inflammatory
and metabolic status.*

The role of bacterial translocation into visceral adipose in
humans is less clear. Pyrosequencing of mesenteric visceral adipose
of humans with obesity revealed DNA of several bacterial species
to be present.'? However, whether this represents active trans-
location or merely contamination remains unclear. This study thus
aimed to assess the effect of fecal microbiota transplantation (FMT)
on bacterial translocation in visceral adipose tissue inflammation in
individuals with clinically severe obesity and insulin resistance.
It was hypothesized that FMT results in altered bacterial
translocation and visceral adipose tissue inflammation compared to
no FMT.
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Conclusions: Visceral bacterial DNA content and level of inflammation were not
altered upon FMT. Thus, bacterial translocation may not be the main driver of
visceral adipose tissue inflammation in obesity.

bacterial translocation, fecal microbiota transplantation, gut microbiota, visceral adipose tissue

2 | MATERIALS AND METHODS

2.1 | Patient selection
Individuals with clinically severe obesity (body mass index [BMI]
>35 kg/m?) who were on the waiting list for Roux-en-Y gastric bypass
(RYGB) bariatric surgery in the Slotervaart Hospital in Amsterdam
were recruited via the outpatient clinic and screened for the char-
acteristics of metabolic syndrome (>3/5 criteria: waist circumference
>102 cm for men or >88 cm for women; blood pressure >130 mmHg
systolic or >85 mmHg diastolic or treatment for hypertension; fasting
plasma glucose >5.6 mmol/L; high-density lipoprotein cholesterol
(HDL-C) <1.03 mmol/L for men or <1.29 mmol/L for women; fasting
triglycerides >1.7 mmol/L%). Participants who had a medical history
of recent weight loss, a cardiovascular event, use of any medication
known to influence gut microbiota composition, compromised im-
munity, a diagnosis of diabetes, and participants who actively smoked
were excluded from the study. After including participants for lean
donor allogenic FMT, controls who received no FMT were matched
from the BARIA cohort, an ongoing prospective cohort study of par-
ticipants undergoing bariatric surgery, based on age, sex and BMI, of
whom visceral adipose tissue was sampled during surgery. For FMTs,
lean healthy fecal donors with BMI 18.5-25 kg/m? and no medication
use were recruited via local advertisement and screened to exclude
the risk of transmission of infectious disease, as described below.
Written informed consent was obtained from all participants.
The study was approved by the local Institutional Review Board of
the Amsterdam UMC, location AMC in Amsterdam, the Netherlands
and conducted in accordance with the Declaration of Helsinki
(version 2013). This study was registered as NTR5141 in the Dutch
Trial Registry (https://www.trialregister.nl/trial/4894).

2.2 | Study design

Participants visited the hospital after an overnight fast of at least 10 h.
After measurement of height, weight, waist and hip circumference, and
blood pressure; blood was drawn for screening. Participants who were
included in the FMT arm of the study returned 4 weeks prior to
planned RYGB after an overnight fast of at least 10 h, for collection of a
blood sample, morning fecal sample, and duodenal mucosal tissue
samples collected during gastro-duodenoscopy and FMT as described
below. Collection of these samples was repeated the day before the
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surgery. In participants who were included as matched controls, a
fasting blood sample and morning fecal sample were collected on the
day of the surgery. During surgery, the gastro-intestinal surgeon
collected mesenteric visceral adipose tissue samples from the epiploic
appendages of the transverse colon. Tissue was either snap frozen in
liquid nitrogen and stored at —80°C until further analysis or fixed in
formaldehyde for histopathological analysis. Sterilized equipment was
used to handle all samples. Participants were asked to keep 3-day
online food diaries in the days preceding all study visits except for
the screening to ensure a stable diet.

2.3 | Fecal microbiota transplantation

Fecal microbiota transplantation was performed as previously
described.* In short, during gastro-duodenoscopy, duodenal biopsies
were collected and immediately snap frozen in liquid nitrogen and
stored at —80°C until further analysis. A nasoduodenal probe was
then inserted, of which correct positioning was confirmed by an
abdominal X-ray. Bowel lavage was then performed by infusing 2-4 L
of Klean-Prep (a laxative consisting of dissolved macrogol/electro-
lytes) through the probe at a rate of 1 L/h, until stools were clear.
Participants were matched to one of three donors using computerized
randomization. A donor fecal sample of at least 50 g was used within
6 h of production. The sample was processed by homogenizing with
500 ml 0.9% sterile saline and filtering through a sieve. The solution
was stored in a sterile glass 500 ml bottle. The homogenized 500 ml
fecal suspension was then administered through the nasoduodenal
tube. To exclude the risk of transfer of pathogens, the lean healthy
donors were screened for the presence of infectious diseases using
questionnaires and fecal and blood tests for known pathogens.®®

2.4 | Biochemical analyses

After an overnight fast, blood was collected in sterile Vacutainer®
tubes containing heparin, Ethylenediaminetetraacetic acid, or spray-
coated silica and a polymer gel for serum separation (Beckton
Dickinson), centrifuged at 1550 g (15 min, 4°C), and plasma and
serum were stored at —80°C until further analyses. Fasting plasma
glucose was determined with a commercial assay on the Cobas 8000
c702 analyzer (Roche). Plasma insulin was determined using the
ADVIA Centaur XP Immunoassay System (Siemens), according to the
manufacturer's protocol. Plasma total cholesterol, HDL-C, and tri-
glycerides were determined using commercial assays (Diasys and
WAKO) on the Selectra® (Sopachem) according to the manufac-
turer's instructions.

2.5 | Bacterial translocation

Bacterial translocation was assessed by 16S sequencing of feces, small

intestinal biopsies, visceral adipose tissue, as well as plasma samples.

DNA was extracted using a repeated bead beating protocol.*® For
tissue DNA extraction, as a prestep proteinase K was added, and
samples were shaken at 56°C for 60 min. DNA was then purified using
a Maxwell RSC Whole Blood DNA Kit. 16S rRNA gene amplicons were
generated using a single step polymerase chain reaction (PCR) pro-
tocol targeting the V3-V4 region.r” Polymerase chain reaction prod-
ucts were purified using Ampure XP beads, and purified products were
equimolar pooled. The libraries were sequenced using a MiSeq plat-
form using V3 chemistry with 2 x 251 cycles.

Forward and reverse reads were truncated to 240 and 210 bases,
respectively and merged using USEARCH.® Merged reads that did not
pass the lllumina chastity filter, had an expected error rate higher than
2, or were shorter than 380 bases were filtered. Amplified Sequence
Variants (ASVs) were inferred for each sample individually with a
minimum abundance of four reads. Unfiltered reads were then mapped
against the collective ASV set to determine abundances. Taxonomy
was assigned using the RDP classifier'? and SILVAZ° 165 ribosomal
database V132. Contaminating ASVs were removed after identifica-
tion using decontam (https://www.biorxiv.org/content/10.1101/
221499v2) and manual curation. Non-contaminant ASVs present in
both fecal and visceral adipose tissue samples from the same individual
were marked as possible translocations. Raw sequence data was sub-
mitted to ENA repository under study PRJEB35645. Microbiota data
was further analyzed and visualized using phyloseq,?? vegan,?? and

picante.?®

2.6 | Visceral adipose tissue cytokine expression

Visceral adipose tissue samples were collected by a gastro-intestinal
surgeon during RYGB at the start of the surgery from the epiploic
appendages of the transverse colon using sterile laparoscopic scis-
sors and graspers and immediately frozen in liquid nitrogen and
stored at —80°C until further analysis, or fixed in formaldehyde for
histopathological analysis (see below). RNA was isolated from
adipose tissue biopsies using TriPure Isolation Reagent (Roche) ac-
cording to the manufacturer's instructions. Complementary DNA
(cDNA) was prepared using the SensiFAST cDNA Synthesis Kit
(Bioline), and mRNA expression was measured using the SensiFAST
SYBR No-ROX Kit (Bioline). The primers for that were used are
shown in Supplementary Table S1. Expression levels were normalized

to 36B4 and expressed as arbitrary units (AU).

27 |
tissue

Macrophage infiltration in visceral adipose

After fixation in formaldehyde of at least 18 h, the visceral adipose
tissue samples were embedded in paraffin and stored at room tem-
perature until further analysis. The samples were cut into sections of
5 um, dewaxed in xylene (3 x 10 min) and rehydrated in four steps
(100%, 100%, 96%, and 70% ethanol for 1 min each, respectively)
followed by ddH20O. The assay involved 20 min of heat-induced
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antigen retrieval using 10 mmol/L sodium citrate buffer (pH 6.0) and
endogenous peroxidase quenching with a 1% peroxide block in
methanol. Next, samples were incubated with Ultravision protein
block (Fisher Scientific) at room temperature (RT) for 10 min and
then incubated with CDé68-antibody PGM1 (DAKO, Jena, Germany)
overnight at 4°C. Samples were incubated with BrightVision Poly-
HRP goat anti-mouse IgG, HRP labeled (Immunologic) for 30 min at
RT. Next, samples were visualized using a Perma RED kit (Diagnostic
BioSystems) per instructions of the manufacturer for 4 min. Finally,
samples were counterstained with hematoxylin for 1 min, after which
a cover slip with VectaMount Mounting Medium (Vector Labora-
tories) was placed over the tissue. The areas of most abundant CD68
positivity were photographed at x20 magnification. Macrophages in
these photos were manually counted. The average of 10 photographs
for each sample that contained most macrophages was used in the
analyses. Second, the amount of crown-like structures (CLSs) was
assessed at x 10 magnification and normalized for total sample area.

All assessments were done in blinded fashion.

2.8 | Statistical analyses

Data were assessed for normality with the Shapiro-Wilk test and by
visually inspecting histograms. Effects FMT compared to controls
were assessed using unpaired t-tests for normal continuous variables,
the Kolmogorov-Smirnov Z test for non-normal continuous variables
and Fisher's exact test for proportions. Effects of FMT within groups
were assessed using paired t-tests for normal continuous variables
and Wilcoxon signed rank tests for other variables. Shift in taxonomic

microbiome composition after FMT was tested using adonis with

TABLE 1 Baseline characteristics
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appropriate repeated measure permutation design. Bivariate corre-
lations were assessed using the Spearman's correlation test. Statis-
tical analyses were performed using SPSS Statistics software, version
24 (IBM). Data are provided as mean with standard deviation or
median with interquartile range (IQR). p-values <0.05 were consid-
ered statistically significant.

3 | RESULTS

Eight participants received donor FMT prior to RYGB surgery. The
participants were age-, sex-, and BMI-matched to controls who did
not receive FMT in a 1:2 fashion. Baseline characteristics are shown
in Table 1. The individuals included in the study did not receive any
particular diet before FMT or before surgery. There were no adverse

events in any of the participants.

3.1 | Effect of FMT versus no FMT on bacterial
translocation

At 4 weeks after FMT, both fecal (MANOVA p = 0.015) and small in-
testinal (MANOVA p = 0.006) microbiota composition were signifi-
cantly altered (Figure 1). As previously described, there was a very low
abundance of 16S rRNA gene in visceral adipose tissue in both groups.
While sequencing did show a bacterial signal in visceral adipose tissue,
most of the detected ASVs (median 98%, IQR 95%-99%) could be
marked as kit contaminants. After removing the contaminants, most
samples had some remaining ASVs that could indicate true presence of
bacterial DNA. The possible translocations, quantified as ASVs present

Characteristics FMT (n = 8)
Male gender, n (%) 4 (50)

Age, years 42.3 (10.9)
BMI, kg/m? 39.8 (3.1)
Waist circumference, cm 124.3 (8.2)
Systolic blood pressure, mmHg 137.0 (11.7)
Diastolic blood pressure, mmHg 87.1 (5.7)

HDL-cholesterol, mmol/L?

Triglycerides, mmol/L®

1.19 [1.08-1.48]
0.96 [0.57-1.59]

CRP, mg/L? 2.6 [2.1-6.6]
Fasting glucose, mmol/L 6.0 (0.8)
Fasting insulin, pmol/L 141.3 (37.1)
HOMA-IR 5.5 (2.0)

Controls (n = 16) p
8 (50) 1.000
44.3 (9.0) 0.658
40.7 (2.5) 0.453
127.4 (12.7) 0.534
136.4 (12.5) 0.907
83.9 (11.3) 0.464
1.01[0.78-1.18] 0.058
1.89 [1.25-2.75] 0.126
5.2[2.9-7.8] 0.233
5.8 (0.6) 0.479
135.7 (50.6) 0.789
5.0 (1.9) 0.574

Note: p values were calculated using unpaired t-tests and Kolmogorov-Smirnov Z tests for normally and non-normally distributed data, respectively.

Data are mean (SD) unless otherwise specified.

Abbreviations: BMI, body mass index; CRP, C-reactive protein; FMT, fecal microbiota transplantation; HDL, high-density lipoprotein; HOMA-IR,
homeostasis model assessment of insulin resistance; IQR, interquartile range; n, number of patients; SD, standard deviation.

?Data are median (IQR).
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FIGURE 1 Multilevel principal component analysis (PCA) plot of (A) fecal and (B) small intestinal microbiota composition before (time

point 0) and after (time point 1) fecal microbiota transplantation

in both fecal and visceral adipose tissue samples from the same indi-
vidual, did not differ between treatment groups (Wilcoxon p = 0.086,
Figure 2). Also, in overnight fasted plasma samples, obtained reads
were minimal (median 180 reads) and not significantly different be-
tween groups. Direct comparisons of visceral adipose tissue 16S
sequencing data between groups could not be made due to technical

confounders.
3.2 | Effect of donor FMT on visceral adipose tissue
inflammation

Visceral adipose tissue gene expression (quantitative polymerase
chain reaction) of the adipocytokines IL-1B, IL-6, IL-10, and TNF-a did

not significantly differ between the FMT group and control group.
Also, there was no significant difference in visceral adipose tissue
expression of monocyte chemoattractant protein (MCP)-1, CD11b,
CDé8, adiponectin, and leptin between groups (Table 2). Only nuclear
factor kappa-light-chain-enhancer of activated B cells (NFkB)
expression was significantly increased upon donor FMT compared to
controls (Figure 3). There was no correlation between fecal micro-
biota composition and expression of pro-inflammatory cytokines in
visceral adipose tissue (data not shown).

Inline, histopathological analysis of visceral adipose tissue showed
no significant difference in CLSs (donor FMT group (median [IQR]),0.59
[0.43-1.05] CLS/cm? versus control group, 0.51 [0.28-1.19] CLS/cm?;
p = 0.641; Figure 4a) or macrophage infiltration (donor FMT group
(median [IQR]), 10.30 [7.13-12.40] macrophages versus control



BAKKER ET AL.

H
o
|

w
o
|

3
_I_ e o

1 |
FMT No FMT

-
o
|

°
°

Possible translocations
N
<

o

FIGURE 2 Boxplot showing possible translocations, defined as
Amplified Sequence Variants present in both visceral adipose tissue
and feces within one participant. Boxes show median, interquartile
range, and range. FMT, fecal microbiota transplantation

TABLE 2 Effects of donor FMT on inflammatory gene
expression in visceral adipose tissue

Marker FMT group Control group p

MCP-1 0.63 [0.42-0.84] 0.61 [0.37-0.84] 0.804
CD11b 1.82 [1.06-2.77] 0.85 [0.49-1.63] 0.068
CD68 0.51 [0.37-0.78] 0.40 [0.36-0.48] 0.809
Adiponectin 0.24 [0.22-0.52] 0.37 [0.21-0.45] 0.441
Leptin 0.53 [0.27-0.88] 0.26 [0.15-0.40] 0.139

Note: Expression of inflammatory genes in visceral adipose tissue,
measured using qPCR, in the donor FMT group (n = 8) versus matched
controls (n = 16). Expression was normalized for expression of a
housekeeping gene (36B4) and expressed as arbitrary units. p values
were calculated using Kolmogorov-Smirnov Z tests. Data are median
(IQR).

Abbreviations: CD, cluster of differentiation; FMT, fecal microbiota
transplantation; IQR, interquartile range; MCP, monocyte
chemoattractant protein; gPCR, quantitative polymerase chain reaction.

group, 8.10 [5.38-12.28] macrophages; p = 0.571; Figure 4b).
Examples of histopathological adipose tissue samples are shown in
Supplementary Figures S1 and S2.

4 | DISCUSSION

Recently, lean donor FMT studies in humans have shown a clinically
relevant effect on glucose metabolism, specifically insulin sensi-
tivity.2#242¢ As mesenteric visceral adipose tissue inflammation is an
important driver of insulin resistance in obesity, in this study the effect
of lean donor FMT on visceral adipose tissue was evaluated. This was
the first study in which the effect of lean donor FMT on bacterial

translocation and visceral adipose tissue inflammation in humans with
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obesity was assessed. Although (beyond level of contamination) small
amounts of bacterial DNA in visceral adipose tissue that could indicate
bacterial translocation were found, there was no difference in trans-
location between the group that received donor FMT and the matched
controls. Moreover, no significant difference in level of visceral adi-
pose tissue inflammation was observed. Finally, there was no corre-
lation between presence of bacterial DNA and inflammatory markers
in visceral adipose tissue. Taken together, these results do not provide
evidence in support of the hypothesis of bacterial translocation as
driver of visceral adipose tissue inflammation.

Translocation of bacteria or bacteria-derived metabolites from
the gut and subsequent mesenteric visceral adipose tissue inflam-
mation in obesity has been postulated to occur in when the gut
barrier function is impaired.5 Indeed, in animal models, obesity is
associated with increased intestinal permeability and translocation of
gut-derived lipopolysaccharide (LPS).272% In turn, this has been
shown to drive chronic low-grade inflammation and subsequent in-
sulin resistance, a mechanism that has been dubbed metabolic
endotoxemia.?® In turn, inflamed visceral adipocytes may promote
the expression of tight junction proteins in intestinal epithelial cells,
improving gut barrier function, through secretion of adipocyto-
kines.?? For example, in a diet-induced mouse model of obesity, a
high-fat diet resulted in increased gut permeability and macro-
phage infiltration in visceral adipose tissue, in conjunction with
increased IL-6.° Moreover, gut-derived LPS increased the number of
CLSs in white adipose tissue and shifted the adipose tissue macro-
phages towards a pro-inflammatory phenotype.*°

Bacterial translocation in humans has mainly been investigated in
the setting of inflammatory bowel disease, which is associated with
compromised gut barrier function.** Using immunofluorescence,
Enterococcus faecalis was detected in mesenteric adipose tissue of
Crohn's disease patients undergoing surgery for complications.®!
Moreover, ex vivo infection with E. faecalis resulted in proliferation of
preadipocytes and adipocytes, which suggests that adipose tissue
expansion may be a result of bacterial translocation.®* One study
found that in patients who received surgery for colorectal neoplasia,
culturing of mesenteric adipose tissue resulted in bacterial growth in
27% in those with inflammatory bowel disease. However, this was
not statistically significantly different from positive culture rates in
controls without inflammatory bowel disease.*?

Studies of bacterial translocation into visceral adipose tissue in
humans with obesity are scarce.'**3** Previously, omental adipose
tissue of 14 participants with obesity with and without diabetes and
five normal-weight participants was obtained during abdominal sur-
gery.%® 165 rRNA gene sequencing of isolated adipocytes revealed
that the majority of reads belonged to Clostridium histolyticum spe-
cies, of which an enzyme that was used in adipocyte isolation was
purified. 5%-10% of reads were unclassified, and less than 1.5% of
reads were classified as “other.” In whole adipose tissue, qRT-PCR of
the 16s rRNA gene resulted in only femtograms of bacterial DNA,
which was comparable to the no-template control amount. Cultured
specimens also remained negative.®®> Although these findings are

interesting, contamination of used reagents has always been an issue
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measured using quantitative polymerase chain reaction (qPCR). Expression was normalized for expression of a housekeeping gene (36B4) and
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when studying these relatively small amounts of bacterial DNA
compared to human genomic DNA in human tissue.%¢-%8

Indeed, this study further underscores the technical difficulty in
assessing bacterial translocation based on presence of 16S rRNA
gene in tissues with low biomass. As there is a relatively high risk of
contamination of samples during sampling and during each step of
DNA extraction and sequencing, the utmost care to keep samples
sterile was taken. Moreover, all positive signal of known contami-
nants was removed. Furthermore, all materials used during the
sequencing process were sequenced, and positive signal that
matched both the materials and the tissues was also removed. In
order to further avoid improper labeling of bacterial DNA as trans-
location from the gut, translocation was defined as ASV reads that
were both present in visceral adipose tissue and fecal samples.
However, it is important to note that this is not a standard way of
assessing translocation. The majority of reads (median 98%) of bac-
terial DNA in adipose tissue were found to be contaminant-derived.
Thus, it was difficult to interpret the relatively low signal of bacterial
DNA which did not fit the criteria for contaminants. Of note, some
reads in visceral adipose tissue that were not clear contaminants
were nevertheless not marked as translocation, since these reads

were not found in feces and were thus not gut inhabitants in the

individuals in this study. These strict precautions were used in order
to avoid falsely labeling reads as translocation. However, this
approach may have resulted in an underestimation of bacterial
translocation into visceral adipose tissue.

In the plasma samples, there was not enough signal to discern
true translocation from contamination. In several studies, bacterial
DNA was found in plasma of healthy participants.®”*® One study
even reported positive blood cultures in otherwise healthy blood
donors, suggesting the presence of live bacteria in the blood
stream.*! Moreover, in a large prospective population study, plasma
16S rRNA gene sequences were found to be markers of cardiovas-
cular disease risk.** Nevertheless, intervention studies showing
possible causality in humans so far were lacking.

Importantly, mesenteric visceral adipose tissue inflammation was
also assessed using inflammatory gene expression and histology. A
difference in inflammatory tone between the FMT group and the
controls was not observed. Interestingly, visceral adipose tissue
expression of NFkB, a central regulator of inflammatory pathways,
was increased in the FMT group compared to the group that did not
receive FMT. Nevertheless, other inflammatory parameters were not
different between groups. Moreover, the lack of correlation between

bacterial signature and inflammation might be in further support of
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the hypothesis that bacterial translocation may not be the main
driver of visceral adipose tissue inflammation. Importantly, although
this study focused on bacterial translocation, the gut microbiota may
impact visceral adipose tissue inflammation through other mecha-
nisms, such as production of secondary bile acids, short-chain fatty
acids, or trimethylamine-N-oxide.*®

This study had several limitations. As the participants were
scheduled for bariatric surgery, mesenteric visceral adipose tissue
could be sampled, which is the compartment that is closest to the gut.
In a study comparing bacterial DNA levels in different adipose tissue
compartments, concentrations were the highest in mesenteric
adipose tissue, followed by omental adipose tissue, and lowest in
subcutaneous adipose tissue.*® However, as participants only un-
derwent one surgery, it was not possible to compare samples at
different time points (e.g., before and after intervention) within
participants. Second, as the control group was derived from a cohort
study, these participants did not receive autologous fecal trans-

plantation. However, in previous studies no major microbiota and
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metabolic effects upon autologous FMT were observed,'*? and the
current study design did allow us to match the groups for age, sex,
and BMLI. Finally, the sample size was relatively small. However, as in
other FMT studies, #2426 3 significant effect of fecal transplantation
on gut microbiota composition after 4 weeks was observed, and FMT
was the principal component in the multilevel principal component
analysis. Thus, the intervention had significant impact and changes in
translocation of gut bacteria into visceral adipose tissue should have
been detected, had it occurred. Nevertheless, it cannot be excluded
that long-term changes in gut microbiota composition do have an
effect on bacterial translocation. Future studies might be aimed at
investigating effects of long-term gut microbiota manipulation on
bacterial translocation within individuals.

In conclusion, this study shows that bacterial translocation and
mesenteric visceral adipose tissue inflammation were not altered
after FMT in participants with obesity. This suggests that bacterial
translocation may not be the main driver of visceral adipose tissue
inflammation in obesity. This study further highlights technical issues

with 16S rRNA gene sequencing of tissues with very low biomass.
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