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Abstract: Alterations in intestinal microbiota composition could promote a proinflammatory state in adipose tissue
that is associated with obesity and insulin resistance. Our aim was to identify the gut microbiota associated with
insulin resistance in appendix samples from morbidly obese patients classified in 2 groups, high (IR-MO) and low
insulin-resistant (NIR-MO), and to determine the possible association between these gut microbiota and variables
associated with insulin resistance and the expression of genes related to inflammation and macrophage infiltration
in adipose tissue. Appendix samples were obtained during gastric bypass surgery and the microbiome composition
was determined by 16S rRNA pyrosequencing and bioinformatics analysis by QIIME. The Chao and Shannon indices
for each study group suggested similar bacterial richness and diversity in the appendix samples between both study
groups. 16S rRNA pyrosequencing showed that the IR-MO group had a significant increase in the abundance of
Firmicutes, Fusobacteria, Pseudomonaceae, Prevotellaceae, Fusobacteriaceae, Pseudomonas, Catenibacterium,
Prevotella, Veillonella and Fusobacterium compared to the NIR-MO group. Moreover, in the IR-MO group we found a
significant positive correlation between the abundance of Prevotella, Succinovibrio, Firmicutes and Veillonella and
the visceral adipose tissue expression level of IL6, TNF alpha, ILB1 and CD11b respectively, and significant nega-
tive correlations between the abundance of Butyricimonas and Bifidobacterium, and plasma glucose and insulin
levels, respectively. In conclusion, an appendix dysbiosis occurs in IR-MO patients, with a loss of butyrate-producing
bacteria, essential to maintenance of gut integrity, together with an increase in mucin-degrading bacteria and op-
portunistic pathogens. The microbiota present in the IR-MO group were related to low grade inflammation in adipose
tissue and could be useful for developing strategies to control the development of insulin resistance.
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Introduction

Obesity is characterized by chronic subclinical
inflammation that affects insulin activity in
metabolically sensitive tissues (liver, muscle
and adipose tissues) [1]. Recent studies in the
past ten years have shown that this metabolic
inflammation is characterized by a moderate
excess in cytokine production, including inter-
leukin (IL) IL-6, IL-1 or tumor necrosis factor
alpha (TNF alpha), that injures cellular insulin
signals and contributes to insulin resistance
and diabetes [2, 3]. Recent research has high-

lighted links between the gut microbiota, obe-
sity and insulin resistance [1, 4-7]. Growing evi-
dence suggests that the gut microbiota contrib-
ute to host metabolism through communication
with adipose tissue, which influences the devel-
opment of metabolic alterations associated
with obesity [8].

The intestinal microbiota have been shown to
influence intestinal permeability in obese mice,
thereby promoting translocation of bacterial
products and stimulating the low-grade inflam-
mation characteristic of obesity and insulin
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resistance [9, 10]. Verdam et al. showed that
the human obesity-associated microbiota pro-
file is associated with local and systemic inflam-
mation, although they did not find an associa-
tion between the obesity-related microbiota
composition and intestinal permeability, sug-
gesting that the obesity-related microbiota
composition has a proinflammatory effect [11].

The physiologic function of the human appen-
dix is largely unknown but several hypotheses
involve interactions between the abundant lym-
phoid tissue in the appendix and the microbiota
contained within the appendix [12, 13]. In a
recent study Guinane et al. concluded that the
human appendix, although sharing a substan-
tial amount of microbes with the intestinal
tract, has its own defined microbiome. This
microbial composition of the human appendix
is subject to extreme variability and comprises
a diversity of microbiota that may play an impor-
tant role in human health [14]. The microbiota
in appendix samples are a reflection of the
microbiota present in the small intestine, which
play an important role in host immunity and
metabolism. In a preliminary study using poly-
merase chain reaction denaturing gradient gel
electrophoresis (PCR-DGGE) we reported that
intestinal bacterial DNA is a signature of insulin
action in humans, but we did not identify the
gut microbes associated with the insulin resis-
tance phenotype [15].

The aim of the present study was to identify,
using next-generation sequencing technolo-
gies, the precise gut microbiota associated
with insulin resistance in appendix samples
from morbidly obese patients, to provide a gut
microbial signature for this phenotype, and also
to determine the possible relationship between
these gut microbiota and variables associated
with insulin resistance and the expression of
genes related to inflammation and macrophage
infiltration in adipose tissue.

Material and methods

The homoeostasis model assessment of insu-
lin resistance (HOMA-IR) was used to classify
the morbidly obese female patients. Specifically,
patients with a HOMA-IR score of <3 were con-
sidered to comprise the low-insulin-resistant
(NIR-MO) group, according to the mean + 2SD
of a healthy control population. The morbidly
obese patients with a HOMA-IR score of >7
were considered to be from the high insulin-
resistant (IR-MO) group. Appendix samples
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from 5 IR-MO and 5 NIR-MO patients matched
for body mass index (BMI), age, gender, race
and dietary intake were obtained during bariat-
ric surgery. The samples were washed, frag-
mented, and frozen in liquid nitrogen before
being stored at -80°C. All subjects were of
Caucasian origin with no systemic disease or
infection during the month before the study.
Liver disease and thyroid dysfunction were spe-
cifically excluded by biochemical work-up. Other
patient exclusion criteria included type 2 diabe-
tes mellitus treated with insulin or oral antidia-
betics, cardiovascular disease in the 6 months
prior to study inclusion, arthritis, evidence of
acute or chronic inflammatory disease, infec-
tious diseases, or receiving drugs that could
alter the lipid profile or the metabolic parame-
ters at the time of inclusion in the study, renal
involvement, history of drug or alcohol abuse
(defined as 80 g/day), or serum transaminase
activity more than twice the upper limit of nor-
mal, and the patient’s decision not to partici-
pate in the study. The patients had not received
any antibiotic, probiotic, or prebiotic agents in
the 3-month period before the collection of
appendix samples. The subjects were invited to
participate by the Endocrinology Service of the
Virgen de la Victoria Hospital (Malaga, Spain).
Written informed consent was obtained in all
cases and the protocol was approved by the
Ethics Committee of Virgen de la Victoria
Hospital.

Dietary assessment

A very-low-energy diet (Optifast® VLCD, Nestlé
Health Science, Spain) was consumed by all the
patients for a period of 8 weeks before gastric
bypass surgery. Subjects ingested 3 shakes/
day of Optifast®, which provided 456 kcal, 52 g
protein, 7 g fat, and 45 g carbohydrates plus
the recommended daily intake of vitamins, min-
erals, and trace elements. The patients were
also permitted to eat other low-calorie food-
stuffs (such as low-starch vegetables) to pro-
vide a total energy intake of 800 kcal/day. The
dietary requirements were outlined by a dieti-
tian before commencement of the diet, and all
subjects attended for dietary counseling fort-
nightly thereafter. Any adverse effects of the
diet were noted.

Analysis of biochemical variables

Blood samples were collected after an over-
night fast. The serum was separated in aliquots
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and immediately frozen at -80°C. Serum levels
of glucose, cholesterol, triglycerides and HDL
cholesterol were analyzed using a Dimension
autoanalyzer (Dade Behring Inc., Deerfield, IL)
by enzymatic methods (Randox Laboratories
Ltd., UK). LDL cholesterol was calculated from
the Friedewald equation. Gamma-glutamyl
transpeptidase (GGT), glutamate-oxaloacetate
transaminase (GOT), and glutamic pyruvic
transaminase (GPT) (Wako Bioproducts, Rich-
mond, VA, USA) were all measured by standard
enzymatic methods. Additionally, insulin was
quantified by RIA provided by BioSource S.A.
(Nivelles, Belgium). High-sensitivity C-reactive
protein (CRP) levels were measured by ELISA kit
from BLK Diagnostics (Badalona, Spain). Leptin
and adiponectin were analyzed by enzyme
immunoassay (ELISA) kits (DSL, Webster, TX,
and DRG Diagnostics GmbH, Germany, respec-
tively). Glucagon-like peptide-1 (GLP-1) was
measured by a human GLP-1 enzyme immuno-
assay (EIA) kit from Phoenix Pharmaceuticals
(Karlsruhe, Germany). Pancreatic peptide YY
(PYY) was measured using a human PYY EIA kit
from Phoenix Pharmaceuticals (Karlsruhe,
Germany). The HOMA-IR was calculated from
fasting insulin and glucose with the following
equation: HOMA-IR = fasting insulin (mlU/mL)/
fasting glucose (mol/L)/22.5.

Intravenous glucose tolerance test

An intravenous glucose tolerance test (IVGTT)
was performed as previously described (Sori-
guer et al., 2009; Garcia-Serrano et al., 2015).
The insulin sensitivity index (Sl) was calculated
after introduction of the results for glucose and
insulin obtained during the IVGTT into the
MINMOD program (version 3.0, 1994, Richard
N. Bergman).

Anthropometric measurements

Body weight, height, waist and hip circumfer-
ences were measured according to standard-
ized procedures [16]. BMI was calculated as
weight (kilograms) divided by height (meters)
squared.

Visceral adipose tissue mRNA

Visceral adipose tissue (VAT) was obtained dur-
ing bariatric surgery in morbidly obese patients.
The biopsy samples were washed in physiologi-
cal saline buffer and immediately frozen in lig-
uid nitrogen until analysis. Frozen adipose tis-
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sue was homogenized with an Ultra-Turrax 8
(Ika, Staufen, Germany). Total RNA was extract-
ed by RNeasy lipid tissue midi kit (QIAGEN
Science, Hilden, Germany), and treated with 55
U RNase-free deoxyribonuclease (QIAGEN
Science, Hilden, Germany) following the manu-
facturer’s instructions. RNA purity was deter-
mined by 260/280 absorbance ratios on a
Nanodrop ND-1000 spectrophotometer (Ther-
mo Fisher Scientific Inc. Waltham, MA). Total
purified RNA integrity was checked by denatur-
ing agarose gel electrophoresis and ethidium
bromide staining. Total RNA was reverse tran-
scribed to cDNA by a high-capacity cDNA
reverse transcription kit with RNase inhibitor
(Applied Biosystems, Foster City, CA). Quanti-
tative real-time PCR with duplicates was done
with the cDNA. The amplifications were per-
formed using a MicroAmpH Optical 96-well
reaction plate (Applied Biosystems, Foster City,
CA) on an ABI 7500 Fast Real-Time PCR System
(Applied Biosystems, Foster City, CA). Commer-
cially available and pre-validated TagMan®
primer/probe sets were used as follows: cyc-
lophilin A (4333763, RefSeq NM_002046.3),
used as endogenous control for the target gene
in each reaction, TNF alpha (Hs00174128_m1,
RefSeq NM_000594.2), IL.-6 (Hs00174131_
m1, RefSeq NM_000600.2), IL-1B (HsO017-
4097_m1, RefSeq NM_000576.2), comple-
ment component 3 receptor 3 subunit (CD11b)
(Hs01064804_m1, RefSeq NM_000632.3),
insulin receptor substrate 1 (IRS-1) (Hs0017-
8563_m1, RefSeq. NM_005544.2), insulin
receptor substrate 2 (IRS-2) (Hs00275843_s1,
RefSeq. NM_003749.2). A threshold cycle (Ct
value) was obtained for each amplification
curve and a ACt value was first calculated by
subtracting the Ct value for human cyclophilin A
cDNA from the Ct value for each sample and
transcript. Fold changes compared with the
endogenous control were then determined by
calculating 24¢t.

RNA extraction from cecal appendix

Total RNA was extracted from cecal appendix
samples using a commercially available TriPure
Isolation Reagent (Roche) and treated with
DNase (RNase-free DNase Set; Qiagen). The
RNA concentration was determined by absor-
bance at 260 nm (A260), and the purity was
estimated by determining the A260/A280 ratio
with a Nanodrop spectrophotometer (Nanodrop
Technologies, Wilmington, DE). Denaturing aga-
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Table 1. Biochemical and clinical characteristics of both
study groups together with the expression of inflammatory
cytokine and macrophage infiltration genes in visceral adi-
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KARA Bio USA, Madison, WI) and
the PCR primers HDA1l (5-GAC-
TCCTACGGGAGGCAGCAGT-3’) and

pose tissue HDA2 (5-GTATTACCGCGGCTGCTG-
NIR-MO patients IR-MO patients GCAC-3'). Forward primers were
N=5 N=5 designed with the adaptor A seq-
Age (years) 48.0+10.5  44.40+8.64 0.570 uence (CGTATCGCCTCCCTCGCGC-
BMI (kg/m?) 59.18+4.71  58.20+4.12 0.735 CA) plus a key sequence (TCAG) and
Waist circumference (cm)  146.60+11.71 151.40+14.56 0580 ;Z‘:JGJ:C’;”Tg;%ggég?gégfé CEf
Hip circumference (cm) 162.67+14.36 162.20+17.03 0.964 CCG) plus a key sequence (TCGA).
SBP (mmHg) 132.00423.28 141.0+27.87 0.595 454-adaptors were included in the
DBP (mmHg) 82.40+10.90 86.60+10.13 0.546 forward primer followed by a 10 bp
Total cholesterol (mg/dl)  211.60+16.34 207.80+18.70 0.741 sample-specific Multiplex Identifier
HDL cholesterol (mg/dl)  51.60+11.80  47.40+11.30 0.581 (MID). The PCR program was set as
LDL cholesterol (mg/dl) ~ 130.23+17.67 127.33+19.12 0.810 follows: 95°C 10 min and 30 cycles
Triglycerides (mg/dl) 89.04+13.46 159.39+15.9 0.001 of 95°C 1 min, 50°C 1 min, 72°C
Insulin (mg/dl) 8.92+1.74  26.93+3.85 0.001 1.5 min followed by 72°C for 10
Glucose (mg/dl) 94.40+4.36  104.80+3.63 0003  Minutes. Agarose gel electrophore-
HOMA-IR 2.18+0.53 834:124 0001  Sis was performed and PCR prod-
SI (10 min/(uU/ml) 2964233  0.84+0.80 0.020 Xﬁiuﬁzr'f'iﬂ tv{&i.ﬁﬁgﬁ%ﬁﬁiﬁ
GOT (U/)) 27.50+6.47  20.40+5.77 0.104 Milan, Italy) and quantified using
GPT (U/1) 39.00+15.05 42.80+16.76 0.716 the Quant-iT™ PicoGreen® dsDNA
GGT (U/1) 47.27+16.00 42.20+13.84 0.649 Assay kit (Invitrogen, Burlington,
CRP (mg/L) 3.62+0.91 5.82+0.52  0.002 ON). An equimolar pool was ob-
Leptin (ng/ml) 59.25+11.75 95.08+15.88 0.001 tained prior to further processing.
Adiponectin (ug/ml) 13.52+3.54 7.44+1.44  0.007 This equimolar pool was sequen-
PYY 0.55+0.17 0.34+0.10 0.044 ced in a GS Junior 454 platform
GLP1 88.80+9.67  56.40+11.52 0.001 according to the manufacturer's
IL6 V 0.07+0.02 0.27+0.07  0.001 protocols using Titanium chemistry
IL1B_V 0.08+0.02  0.28+0.07 0.001 (pF:)?i‘;hleN)App“ed Science, Indiana-
TNF_alpha_V 0.002+0.0009 0.006+0.002 0.004 T
IRS1_V 0.014+0.001  0.005%£0.001 0.001 Bioinformatics analysis
IRS2_V 0.59+0.15 0.63+0.08 0.633
CD11b_V 0.12+0.04 0.35:0.10  0.001 454 pyrosequencing data were ana-

Values are presented as means + SD. N=5 subjects per group. DBP, Dia-
stolic blood pressure; SBP, Systolic blood pressure; Sl, Insulin sensitivity;
GGT, Gamma-glutamyl transferase; GOT, Glutamic oxaloacetic transaminase;
GPT, Glutamic pyruvic transaminase; CRP, C-reactive protein. Values are

significantly different for *P<0.05.

rose gel electrophoresis and ethidium bromide
staining were used in order to check the integ-
rity of total purified RNA. cDNA was synthesized
using SuperScript Il reverse transcriptase and
random hexamer primers as described in the
manufacturer’s protocol (Invitrogen Corp).

PCR amplification and analysis of 16S rRNA
sequences

Variable regions 2-3 of the 16S rRNA gene were
amplified using TaKaRa Ex Taq PCR mixture (TA-
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lyzed using QIIME 1.8.0 software
[17]. Raw reads were first filtered
following the 454 amplicon pro-
cessing pipeline. The pyrosequenc-
ing reads were demultiplexed and
further filtered through the split_
library.py script of QIIME. Reads with an aver-
age quality score lower than 25, ambiguous
base calls, primer mismatches or shorter than
100 bp were excluded from the analysis in
order to increase the level of accuracy. After the
quality filter, the pipeline analysis used to ana-
lyze 16S gene reads was the following: sequenc-
es were denoised and singletons excluded. Ope-
rational taxonomic units (OTUs) were picked by
clustering sequences at a similarity of >97%
and the representative sequences, chosen as
the most abundant in each cluster, were sub-
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Table 2. Chaol richness estimator and Shan-
non diversity index among microbial commu-
nities obtained from appendix samples from
IR-MO and NIR-MO patients

IR-MO patients NIR-MO patients

(n=5) (n=5)

Chao 1 99.19429.03 102.0+36.51 0.89
Shannon 3.69+0.91 3.34+0.92 0.59

The Chao richness estimator and Shannon diversity
index were calculated at 3% distance.

P

mitted to the UCLUST to obtain the taxonomy
assignment and the relative abundance of
each OTU using the Greengenes 16S rRNA
gene database. Alpha and beta diversity were
evaluated through QIIME, as described [18].

Statistical analysis

Group abundance was determined with a g-test
using the group_significance.py script within
QIIME in order to test whether the presence/
abundance of any OTUs was significantly asso-
ciated with a specific group. An Anosim statisti-
cal test through the compare_category.py
script of QIIME was performed with a weighted
UniFrac distance matrix in order to verify wheth-
er there were differences between the two
types of patients. Comparisons between the
results of the morbidly obese patients with
high- and low-insulin-resistance were made
with the Mann-Whitney test with a Bonferroni
post hoc test. The Spearman correlation coef-
ficients were calculated to estimate the correla-
tions between variables. Statistical analyses
were carried out with the statistical software
package SPSS version 15.0 (SPSS Inc.,
Chicago, IL, USA). Values were considered to be
statistically significant when P<0.05. The
results are given as the mean * SD.

Results

Biochemical and clinical characteristics to-
gether with gene expression in visceral adi-
pose tissue in both study groups

The metabolic and anthropometric characteris-
tics of the two study groups are shown in Table
1. The plasma levels of triglycerides, insulin,
glucose, CRP, leptin and the HOMA-IR values
were all significantly higher in the IR-MO group
than in the NIR-MO group (P<0.05). Conversely,
the Sl, GLP-1, PYY and adiponectin levels were
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significantly higher in the NIR-MO group com-
pared to the IR-MO group (P<0.05).

We also found significantly higher mRNA
expression levels in visceral adipose tissue of
IL6, ILAB, TNF alpha, IRS2 and CD11b in the
IR-MO group as compared with the NIR-MO
group (P<0.05). Only the visceral adipose tis-
sue expression levels of IRS1 were significantly
higher in the NIR-MO group (P<0.05).

Analysis of the microbial community diversity
between the study groups

A total 45,820 good quality 16S rRNA gene
sequences with an average of 4,582+2,674.45
sequences per sample passed the filters
applied through QIIME. To obtain a detailed
structural overview of the microbiome of each
study subject, an OTU analysis was performed.
The microbiota of all appendix samples after
QIIME were composed of 1128 OTUs with a
relative abundance higher than 1% in at least
two samples (97% similarity cut-off).

Prior to assessing alpha and beta diversity
measures, samples were rarefied to 302 seq,
which corresponded to the lowest number of
quality reads obtained from any individual sam-
ple in the data set. The IR-MO group had a
greater number of OTUs than the NIR-MO group
(mean = 303 versus mean = 282, respectively;
P>0.05).

The average diversity (Shannon index) and
community richness (Chao index) were calcu-
lated to estimate the alpha diversity. The Chao
and Shannon indices of each group suggested
a similar bacterial richness and diversity in the
appendix samples from the NIR-MO group com-
pared to those from the IR-MO group, with no
significant differences (P=0.89 and P=0.59,
respectively) (Table 2). The rarefaction curve of
observed OTUs calculated at 3% distance start-
ed to plateau at approximately 100 reads, sug-
gesting that a higher number of reads per sam-
ple would not have provided a more compre-
hensive catalogue of bacterial taxa.

The unweighted UnifracPCoA Principal analysis
based on the relative abundance of OTUs for
each sample showed useful information about
the phylogenetic relationships in the appendix
bacterial microbiota in both study groups. Not
all the samples from the IR-MO group were
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PC2 - Percent varnation explained 16.49%

Within the 22 families de-
tected among all the groups,
16 families were detected
with a relative abundance
greater than 1% in at least
- one group. In the IR-MO
group we found a significant
increase in Pseudomonac-
eae (27.83% IR vs. 20.72%
NIR, P<0.001), Prevotellac-
R eae (7.89% IR vs.0.46%
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PC1 - Percent vanation explained 22.99%

Figure 1. Principal component analysis of bacterial communities from appen-
dix samples subjected to 454 sequencing. Positions of the bacterial commu-
nities for each species along the two first principal coordinate axes are illus-
trated, along with the percentage of variation explained by each axis. Results
are based on unweighted Unifrac metrics. IR-MO samples (n=5) represented
by red dots; NIR-MO samples (n=5) represented by blue dots.

totally separate from the NIR-MO group in the
combinations of coordinates, as demonstrated
by the two principal component scores, which
accounted for 23% and 16% of total variations.
ANOSIM with permutations revealed no signifi-
cant differences between groups (P=0.46),
indicating no notable separation between the
two groups (Figure 1).

16S rRNA gene pyrosequencing of samples
from patients with high and low insulin resis-
tance

In this study there were variations in the com-
position of appendix microbiota in the IR-MO
and NIR-MO groups at different bacterial levels.
At the phylum level, Firmicutes (47.98% IR vs.
21.45% NIR, P<0.001) and Fusobacteria
(7.35% IR vs. 1.56% NIR, P<0.001) were signifi-
cantly more abundant in the IR-MO patients,
whereas Bacteroidetes (37.25% IR vs. 51.67%
NIR, P=0.02) and Proteobacteria (7.23% IR vs.
25.90% NIR, P<0.001) were significantly pre-
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i
02

03 04 NIR, P=0.01), and moreover
in the unique family within
the phyla Fusobacteria, Fu-
sobacteriaceae (P<0.001);
and a significant decrease
in the abundance of Bac-
teroidaceae (49.92% IR vs.
70.41 % NIR, P=0.03), Lach-
nospiraceae (36.11% IR vs.
43.26% NIR, P<0.001), Ruminococcaceae
(34.85% IR vs. 43.61% NIR, P<0.001) and
Enterobacteriaceae (20.00% IR vs. 36.04%
NIR, P<0.001). No significant differences bet-
ween study groups were found in other abun-
dant families, including Erysipelorichaceae
(5.56% IR vs. 5.08% NIR, P=0.064), Odori-
bacteraceae (7.25% IR vs. 8.04% NIR, P=0.659),
Porphyromonadaceae (0.48% IR vs. 2.65% NIR,
P=0.108), Christensenellaceae (3.03% IR vs.
0.70% NIR, P=0.783), Rikenellaceae (34.30%
IR vs. 17.53% NIR, P=0.297), Alcaligenaceae
(20.87% IR vs. 4.68% NIR, P=589), Succinovi-
brionaceae (19.13% IR vs. 1.5% NIR, P=0.982),
Veillonellaceae (14.39% IR vs. 5.08% NIR,
P=0.984), and Peptococcaceae (1.26% IR vs.
0.53% NIR, P=0.668) (Figure 3).

We also found significant differences in micro-
bial composition at the genus level between
the study groups. A total of 28 genera were
identified among the appendix samples, with
six significantly different genera between the
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Figure 2. Pyrosequencing analysis of phyla in the IR-
MO and NIR-MO groups. Data are shown as a per-
centage of the total identified sequences per group.

IR-MO and the NIR-MO groups. Pseudomonas
(27.83% IR vs. 20.72% NIR, P<0.001), Cateni-
bacterium (3.54% IR vs. 0.88% NIR, P=0.027),
Prevotella (7.89% IR vs. 0.46% NIR, P=0.01),
Veillonella (2.27% IR vs. 0% NIR, P<0.001) and
Fusobacterium (P<0.001) were significantly
greater in the IR-MO group within the constitu-
tive genera over 1% of the phylum bacteria in
the appendix samples. On the other hand,
Bacteroides (49.76% IR vs. 67.85% NIR, P=
0.05) and Blautia (5.56% IR vs. 8.41% NIR,
P=0.013) exhibited a significantly higher abun-
dance in the NIR-MO patients compared to the
IR-MO patients. In addition, the genera Odori-
bacter (6.12% IR vs. 5.48% NIR, P=0.702),
Sutterella (20.87% IR vs. 4.68% NIR, P=0.589),
Succinovibrio (19.13% IR vs. 0% NIR, P=1.000),
Lachnospira (2.02% IR vs. 1.75% NIR, P=0.356),
Oscillospira (4.04% IR vs. 1.05%, P=0.770),
and Ruminococcus (3.03% IR vs. 0.35% NIR,
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P=0.637) dominated the IR-MO group, while
Butyricimonas (1.13% IR vs. 2.56% NIR, P=
0.395), Parabacteroides (0.48% IR vs. 2.65%
NIR, P=0.107), Megamonas (0.25 IR vs. 1.75%
NIR, P=0.650) and Phascolarctobacterium
(1.26% IR vs. 3.33% NIR, P=0.956) dominated
the NIR-MO group. Differences in abundance
for all these minority genera between the IR-MO
and NIR-MO groups were not significant
(P>0.05 in all cases) (Figure 4).

QIIME software generally provides confident
phylogenetic assignments of DNA sequences
down to the taxonomic level of the genus [19].
We were able to detect the following taxa:
Prevotella stercorea, Mitsuokella multacida
and Veilloneilla disparin in the IR-MO group.

Relationship between the gut microbiota com-
position, clinical parameters and inflammatory
gene expression in the visceral adipose tissue
from both study groups

The IR-MO patients had a significant univariate
correlation between the abundance of specific
bacterial groups and the plasma glucose levels
(Butyricimonas r=-0.918, P=0.028), plasma
insulin levels (Bifidobacterium r=-0.975, P=
0.005), the expression levels of IL6 (Prevotella
r=0.921, P=0.026), IL1B (Firmicutes r=0.963,
P=0.009), TNF alpha (Succinovibrio r=0.975,
P=0.005) and CD11b (Veillonella r=0.894,
P=0.041). No significant correlation was found
in the NIR-MO group (P<0.05).

Discussion

This study is the first to use appendix samples
to establish that IR-MO and NIR-MO patients
have a specific gut microbial profile using next-
generation sequencing technologies. While lim-
ited data are available on the microbial compo-
sition of the appendix, it has been postulated
that this organ could serve as a microbial reser-
voir for repopulating the gastrointestinal tract
in times of necessity [12]. The associated lym-
phoid tissue of the appendix has been recog-
nized to provide an ideal environment for bacte-
rial growth in biofilms acting as an enteric res-
ervoir [20, 21]. The aforementioned arguments
thus strongly suggest the importance of focus-
ing on the appendix microbiota as a novel actor
capable of modulating host metabolism via
shaping the appendix immune function. In this
study, analyzing the relationship between the
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Figure 3. Family-level microbial classification of bacteria from the IR-MO and NIR-MO appendix samples. Data are
shown as a percentage of the total identified sequences per group.

Bacteroidetes Genera Firmicutes
100 . Genera
m Bacteroides
1 m Butyricimonas
Odoribacter
1 m Parabacteroides
u Prevotella
2 & Other
€ g
] o ‘g
- - ;
- | -
2
£ ]
£ %
§ | —_—
F g
—_—T

IR-MO IR-MO

NIR-MO

NIR-MO

m Blautia

m Lachnospira
Oscillospira

m Ruminococcus

w Megamonas

m Phascolarctobacterium
Veillonella

m Catenibacterium
Eubacterium

m Other

Total identified sequences (%)

Proteobacteria Genera

0% m Sutterella
1 m Succinivibrio
i Pseudomonas
m Other
80 —|
60 —
40 —
20 -
o
—_— 1

IR-MO

NIR-MO

Figure 4. Relative abundance of bacterial genera in the microbiota of the IR-MO and NIR-MO patients. Data are
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microbiota composition and insulin resistance
in both groups of morbidly obese patients, we
considered confounding factors such as BMI,
race, gender, age and dietary intake of the
study subjects.
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Our results indicate that the IR-MO patients
have no increased bacterial diversity, as there
was no separate cluster when compared to the
NIR-MO group, clearly indicated by OTU based
PCoA plot. However, the pyrosequencing analy-
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sis of the 16S rRNA gene sequences of the rela-
tive abundance of predominant phyla, family
and genera taxa in the appendix samples
revealed large significant differences between
the IR-MO and the NIR-MO patients. At the
family and genera level, we found that there
was a significant increase in the abundance of
Pseudomonaceae, Prevotellaceae, Fusobacte-
riaceae, Pseudomonas, Prevotella, Catenibac-
terium, Veillonella, and Fusobacterium and a
decrease in Bacteroidaceae, Lachnospiraceae,
Ruminococcaceae, Enterobacteriaceae, Bac-
teroides and Blautia in the appendix samples
from the IR-MO group. These results suggest
that the dominant microbiota are different in
the IR-MO patients with respect to the NIR-MO
patients. Alterations in the gut microbiota have
also been suggested to occur in other human
diseases such as Crohn’s disease, ulcerative
colitis [22-24], celiac disease in children [25],
and allergic inflammation in infants [26]. The
morbidly obese patients with an IR microbiota
phenotype also had a higher rate of systemic
inflammation, with a significant increase in CRP
and leptin levels and a decrease in serum adi-
ponectin levels. Recent data have shown that
variations in intestinal microbiota are associat-
ed with pro-inflammatory changes in adipose
gene expression [27]. In this study we also
found a significant increase in the expression
level of inflammatory markers such as IL6, IL1B
and TNF alpha in the VAT of the IR-MO patients.
Moreover, there was a significant positive cor-
relation between the abundance of Prevotella,
Succinovibrio and Firmicutes and the VAT
expression levels of IL6, TNF alpha and IL1B,
respectively. Several years ago, Burcellin et al.
suggested that a so-called ‘metabolic infection’
might exist, suggesting that the gut microbiota
might be an important factor in low-grade sys-
temic inflammation and the development of
insulin resistance. In their study using animal
models, the authors demonstrated that prior to
the onset of diabetes, and soon after the mice
are switched to a high-fat diet, intestinal bacte-
ria translocate from the gut to the adipose tis-
sue and blood, where they might induce low-
grade inflammation [28]. In addition, TNF alpha
is able to phosphorylate serine residue sub-
strate from the IRS-1, leading to its inactivation
[29].

Based on these data, the presence of a local
appendix dysbiosis and the inflammation trig-
gered by the intestinal bacteria in the IR-MO
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group might be pathological and could be
linked to the development of insulin resistance
in morbidly obese patients. In accordance with
our results, Meadows described that Firmicutes
are linked to weight gain and insulin resistance
because they provide a source of extra calories
by breaking down polysaccharides that are oth-
erwise indigestible in mammals [30]. Verdam et
al., with results similar to ours, showed that a
decrease in Bacteriodetes and an increase in
Firmicutes is associated with the presence of
obesity and inflammation in humans [11].
Fusobacterium spp. has also been considered
a pro-inflammatory passenger bacteria in the
origin and proliferation of human colorectal
cancer [31].

In this study, the significant increase in the
abundance of Prevotella suggests an evolution
of a mucin-degrading niche in the IR-MO group.
Mucin degradation by bacteria is often regard-
ed as an initial stage in pathogenesis [32],
since it would disturb the protection of the host
mucosal surfaces and potentially lead to a dis-
ruption in the epithelial barrier, increasing
intestinal permeability, facilitating bacterial
translocation and a paracellular flux of lipopoly-
saccharides (LPS) able to induce inflammation
in the host [33, 34], as we thought might pos-
sibly occur in the IR-MO patients. In addition,
the significant increase in the VAT expression of
CD11b in the IR-MO group may be due to this
increase in permeability, which would trigger an
immune response, inflammation, and immune
cell (such as macrophages) infiltration in the
adipose tissue. Moreover, we observed a sig-
nificant positive correlation between the VAT
expression of CD11b and the relative abun-
dance of Veillonella in the IR-MO group. These
bacteria are able to ferment glucose and lac-
tate to propionate, acetate and succinate; how-
ever, these short fatty acids do not induce
mucin synthesis [35], which could result in a
reduction of the tight junction assembly, gener-
ating an increase in gut permeability. This situ-
ation is able to induce insulin resistance and
also reduce the levels of gut-secreted hor-
mones, such as GLP-1 and PYY, as we have
described in the IR-MO patients in our study.
One possible mechanism to explain the signifi-
cant decrease in secretion of GLP1 and PYY in
the IR-MO patients may be that its secretion is
modulated by the short-chain fatty acids (SCFA)
produced by the altered gut microbiota. The sig-
nificant decrease in the abundance of Lach-
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nospiraceae and Ruminococcaceae found in
this study in the IR-MO group is very relevant
because both families are able to degrade com-
plex polysaccharides to SCFA, including ace-
tate, butyrate, and propionate that can be used
for energy by the host [36]. Moreover, these
SCFA act as anti-inflammatory molecules,
capable of inhibiting NF-kB activation in the
host immune cells by binding to G-protein-
coupled receptors (GPR43 and GPR41), there-
by blocking inflammatory responses and sup-
pressing TNF alpha and IL6 release [37]. In
addition, previous studies have also shown that
butyrate induces mucin synthesis [35], decre-
ases bacterial transport across the epithelium
[38] and decreases intestinal epithelial perme-
ability by increasing the expression of tight
junction proteins [39].

Butyrate producing intestinal bacteria also
seem to play an important role in blood glucose
regulation and lipid metabolism, as shown by
fecal transplantation studies [40]. In the pres-
ent study we found negative and significant cor-
relations between the abundance of bacteria,
such as Butyricimonas (butyrate producers
with anti-inflammatory effects) and Bifidobac-
terium, and the plasma glucose and insulin lev-
els, respectively, in the IR-MO patients. In previ-
ous studies, the levels of Bifidobacterium have
also been related to improved glucose metabo-
lism, insulin resistance and low-grade inflam-
mation [11, 41]. Furthermore, improved insulin
sensitivity was found after infusion of butyrate-
producing intestinal microbiota from lean
donors to male subjects with the metabolic syn-
drome [40].

Our results also demonstrate that the abun-
dance of bacteria that can act as opportunistic
pathogens, such as Pseudomonas and Sut-
terella, was elevated in the appendix samples
from the IR-MO patients compared with the
NIR-MO patients. Williams et al. found high
detection rates of Sutterella in gastrointestinal
biopsies from autistic children with a gastroin-
testinal disturbance. These authors indicated
that it is not yet evident what the consequenc-
es of this increase in fecal Sutterella popula-
tion means, but it is possible that under spe-
cific conditions these bacteria could cause
infection [42]. Previous reports have shown
that Pseudomonadaceae were significantly
increased in the stools of patients with end-
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stage renal disease [43] and Geng et al. consid-
ered the Pseudomonadaceae family as a new
potential driver bacteria in human colorectal
cancer progression [44].

In conclusion, our data support the hypothesis
that appendix dysbiosis occurs in the IR-MO
group. Moreover, the IR-MO patients showed a
loss of butyrate-producing bacteria, essential
to maintain gut integrity, together with an
increase in mucin-degrading bacteria and
opportunistic pathogens. Finally, the significant
increase in the expression of inflammatory
cytokines and macrophage infiltration genes in
adipose tissue, possibly triggered by the micro-
biota present in the IR-MO group, may suggest
that these specific bacteria could initiate the
inflammation and the insulin resistance associ-
ated with obesity in these patients. These find-
ings could be useful for developing strategies
to control the development of insulin resistance
by modifying the gut microbiota.
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