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2 1. GENERAL INTRODUCTION

1.1. ROLE OF INTESTINAL MICROBIOTA IN CARDIO-METABOLIC
DISEASES

HE obesity epidemic forms one of the major healthcare challenges of the current era
T and forms a global healthcare challenge [1]. Obesity is strongly associated with a dis-
turbed glucose and lipoprotein metabolism and is also associated with a proinflamma-
tory state [2, 3]. Obesity plays a causal role in a range of comorbidities like type 2 diabetes
(T2D) and cardiovascular disease (CVD) [4]. One of the most prominent factors causing
obesity is the modern lifestyle characterized by a disbalance between caloric consump-
tion and energy expenditure due to an overall sedentary lifestyle. However, since not all
obese individuals develop T2D or CVD, additional factors like genetic background and
specific environmental exposures must contribute to the development of obesity and
obesity associated diseases.

Within the past decade, our understanding of the intestinal microbiota, the microbes
harbouring our gastrointestinal tract (GI-tract), has increased remarkably. It has been
shown that intestinal microbiota are associated with different diseases, and that they
play a role in our metabolism and immunity [5, 6].

Our intestinal microbiota are the cumulative result of (early and late) environmental
exposure, life style and genetics and are strongly implicated in the development of obe-
sity and associated diseases [7, 8, 9, 10]. As such, they may explain at least a portion of
the interindividual variability in susceptibility to T2D and CVD. In this thesis, we focus
on the role of the intestinal microbiota in cardiometabolic disease. This was conducted
by studying the effects of A. municipia on plasma lipids, immunity and neointima for-
mation in the hyperlipidemic E3L.CETP mouse model and by studying the effects of co-
housing in mice on immunity in the setting of bone marrow transplantation (BMT). Be-
cause of the inherent limitations and biases of the DNA sequencing technologies. In
addition, we investigated the effects of different DNA sequencing technologies on the
interpretation of experiment outcomes.

1.1.1. RISK FACTORS FOR CARDIOMETABOLIC DISEASE
CVD is a leading cause of death responsible for 32% of deaths globally in 2019 and the
contribution of CVD to mortality is expected to increase over the next decades [1]. The
main underlying cause of CVD is atherosclerosis, which is chronic deterioration of the
heart and blood vessels, promoted by multiple risk factors including, dyslipidemia, high
blood pressure, disturbed glucose metabolism and inflammation. The co-occurrence of
metabolic risk factors that specifically increase the risk of T2D and CVD is termed the
Metabolic syndrome (MetS). MetS is defined by the presence of three out of the five fol-
lowing factors: abdominal obesity, hypertriglyceridemia, hypertension, fasting hyper-
glycemia and low High Density Lipoprotein (HDL)-cholesterol [11]. The prevalence of
MetS is currently increasing rapidly in parallel with the obesity epidemic.
Atherosclerosis is initiated by damage to the endothelium, which can be caused by
dyslipidaemia, smoking and/or high blood pressure. Atherogenic lipoproteins, predom-
inantly LDL and very low-density lipoprotein (VLDL) particles, accumulate in the vessel
wall and after oxidation are taken up by macrophages via endocytosis [12]. Excess uptake
of oxidized lipids causes macrophages to differentiate into foam cells [13]. Macrophages
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and foam cells secrete pro-inflammatory mediators such as cytokines like TNF-o and IL-
6, which activate other immune cells and result in exacerbation of inflammation. Vas-
cular inflammation subsequently induces smooth muscle cell activation. Foam cells,
smooth muscle cells, and accumulated lipoproteins together form lesions or atheroscle-
rotic plaques, narrowing the vascular lumen [14].

Since atherosclerosis is driven by dyslipidaemia and local inflammation, it is likely
exacerbated by a systemic pro-inflammatory state [15, 14]. Obesity is clearly associated
with systemic inflammation. The obesity associated systemic inflammation originates
at least partly from white adipose tissue (WAT) [16, 17]. Expansion of WAT leads to in-
filtration of immune cells like macrophages and T-cells in this tissue. These infiltrated
immune cells express pro-inflammatory cytokines such as TNF-a and IL-6, that spill over
in the circulation, resulting in systemic inflammation, that subsequently may aggravate
atherosclerosis [18].

Another cause for the induction of systemic inflammation in obesity is leakage of
bacterial components like lipopolysaccharides (LPS) from the intestine into the circu-
lation [19]. Consumption of a high fat diet has been associated with dysfunction of the
mucin producing goblet cells and degradation of the mucin layer in the gastrointestinal
tract, which forms a physical barrier between the intestinal content and the system [19].
Consumption of a high fat diet also decreases intestinal tight junction protein content
[20]. Tight junctions are intercellular junctions in the intestinal epithelial cell mono-
layer, which seal neighbouring epithelial cells together and control paracellular perme-
ability of the intestinal cell monolayer [20, 21, 22]. Dysfunction of the mucin layer and
disrupted tight junctions results in a so called ‘leaky gut’ and translocation of bacterial
components like LPS into the portal vein blood and circulation [23, 19, 20]. This LPS
binds to Toll-like receptors (TLRs) on various immune cells. Binding of LPS to TLRs leads
to activation of immune cells and results in an (innate) immune response [24]. Studies
in obese and diabetic mice have shown that restoration of the mucin layer thickness by
bacterial interventions ameliorates metabolic endotoxemia induced inflammation [25,
26, 27]. Thus, leakage of LPS from the intestinal lumen into the circulation results in
systemic inflammation, which may also promote atherosclerosis [25, 28].

1.1.2. MOUSE MODELS TO STUDY ATHEROSCLEROSIS
Wild type mice are relatively resistant to the development of atherosclerosis. That is
because in mice, unlike in humans, plasma cholesterol is mainly present in the HDL
fraction and not in the pro-atherogenic LDL or VLDL fraction [29]. However, several
mouse models have been developed to study the effects of experimental interventions
on atherogenesis. The Apolipoprotein E*3Leiden. Cholesteryl Ester Transfer Protein
(E3L.CETP) mouse, expressing a mutated human apolipoprotein E (APOE) and the hu-
man Cholesteryl Ester Transfer Protein (CETP) gene, is a hyperlipidemic, diet sensitive,
atherosclerosis model characterized by a human-like lipid and lipoprotein metabolism
[29, 30]. On a cholesterol containing Western type diet, E3L.CETP mice develop atheroscle-
rosis in the aortic root area after ~8-16 weeks. This model is particularly responsive to
human drugs that target lipid metabolism [30].

In addition, more rapid models of vascular damage and response have been devel-
oped. One such model entails placement of a non-constricting polyethylene cuff around
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the femoral artery of E3L.CETP mice on a Western type diet. Vascular remodelling with
signs of accelerated atherosclerosis takes place in a relatively short time frame of 2-3
weeks in the cuffed femoral artery [31]. This model of cuff-induced neointima forma-
tion resembles both restenosis as it occurs after balloon angioplasty in humans as well
as the very early steps of atherosclerotic plaque formation, as the lesions formed after
cuff placement contain both smooth cells and macrophages that might become foam
cells [32]. This model is particularly responsive to immune modulation [33].

1.1.3. BONE MARROW TRANSPLANTATION, A TOOL TO STUDY GENE FUNC-
TION IN ATHEROGENESIS

A widely used tool to study the role of immune cells in many immune-associated dis-
orders such as atherosclerosis, is experimental bone marrow transplantation (BMT) in
mouse models. With this technique, host hematopoietic cells are depleted by lethal to-
tal body irradiation (TBI) and replaced by donor bone marrow cells harbouring genetic
alterations in a relevant inflammatory pathway [34]. Both the more natural and cuff-
induced models of atherosclerosis development have been used in conjunction with
bone marrow transplantation (BMT) to determine the effects of deletion or addition of a
gene to the bone marrow compartment on atherosclerosis development in mouse mod-
els [35, 36].

Experimental BMT in mice is relatively easy, effective and cost-efficient. However,
a drawback is that BMT, and in particular the lethal TBI that is part of the procedure,
may induce metabolic disturbances per se such as decrease in body weight, reduced adi-
posity, reduced organ weight, reduced insulin secretion and glucose intolerance [37, 38,
39]. While BMT is a relatively easy and effective method to assess gene function, the BMT
procedure has multilevel effects on the organism and affects metabolically important or-
gans and processes that are involved in development and progression of atherosclerosis.
Therefore, BMT might affect atherosclerosis development per se, which should be taken
in consideration in experimental design and interpretation of experimental outcome.

1.2. MICROBIOTA

1.2.1. INTESTINAL MICROBIOTA

Over the past decade, our understanding of the mutual symbiotic relationship between
mammals and microorganisms has evolved rapidly. The human microbiome project
revealed that the human body is populated by hundreds of different bacterial species,
collectively termed microbiota [40], harbouring our skin, body cavities and our internal
organs like the gastrointestinal tract (GI tract) [41, 8]. The composition, complexity and
abundance of microbiota are shaped by both the local micro-environment and environ-
mental exposure and therefore differ at different body sites [42].

It is becoming clear that disruption of homeostasis of the intestinal microbiota (i.e.
microbial dysbiosis) is associated with and is potentially causal in the development of
various diseases in humans. Dysbiosis may not only play a role in intestinal diseases
such as inflammatory bowel disease and ulcerative colitis, but also in diseases with a
metabolic and an immune component such as type-2 diabetes [43, 44, 45].

Multiple factors like age, sex, lifestyle, medication use, host genetics, geography and
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diet modulate and shape intestinal microbiota acutely and longitudinally. Diet is one
of the most direct modulators and dietary intervention changes the activity and com-
position of intestinal microbiota already within 24 hours [46]. Individuals consuming a
paleolithic diet like the Hadza hunter gatherers were shown to have a distinct GI tract
microbiota composition as compared with European lean subjects [47]. It has also been
shown that intestinal microbiota of lean and obese human individuals and mice dif-
fer. Obese individuals and obese mice have, in general, a less diverse microbiota and it
has been shown that certain gut microbial patterns correlate with obesity [48, 7]. More
recently, the first evidence for the causality of gastrointestinal microbiota in metabolic
disease by direct interaction with the immune system, by either their metabolites or cell
components, have been shown in animal studies [49, 50, 51]. For instance transplant-
ing uncultured fecal microbiota of obese people to germ-free mice promoted obesity in
these mice, showing the causal role of intestinal microbiota in obesity [52]. Although
causality of intestinal microbiota in disease in different mouse studies has been shown,
proving the causality of intestinal microbiota with disease in human subjects remains
challenging.

1.2.2. BENEFICIAL INTESTINAL BACTERIA

Over the past decade, investigations of beneficial microorganisms that reside in the hu-
man gut have attracted much attention, in order to study the utilization of intestinal
microbiota as a potential treatment agent for metabolic and intestinal inflammatory
diseases. To this end, controversial approaches like Fecal Microbiota Transplantation
(FMT) and less controversial approaches like oral administration of single bacterial specie
have been used. The aim of FMT is to transplant healthy fecal microbiota to an individ-
ual with unhealthy fecal microbiota, while the aim of administration of single bacterial
specie is to expose an individual to a beneficial bacterium.

Fecal Microbiota Transplantation is one of the oldest strategies for modulation of
intestinal microbiota as it was applied in Traditional Chinese medicine back in the 4th
century B.C. and described in western medicine in 1958 [53]. In humans, Fecal Micro-
biota Transplantation is achieved by blending donor fecal matter with saline solution
to a homologous liquid solution. This liquid solution is delivered to the recipient ei-
ther via a duodenal tube or via colonoscopy [54]. More recently, FMT studies have been
conducted, using capsules containing fecal matter for oral administration [55]. FMT in
rodents can be achieved by oral gavage of donor fecal material into the recipient or by
co-housing. Since rodents are coprophagic, co-housing of a donor and a recipient ro-
dent, results in fecal microbiota exchange [52]. Currently, FMT is applied as an effective
therapy for the treatment of recurrent Clostridium dificile infection (CDI) in humans.
Multiple studies have shown more than 90 percent efficacy in resolving recurrent CDI by
FMT [56]. Animal studies have also demonstrated the ability of co-housing to alter the
metabolic phenotype of the host [52].

Although FMT is an effective therapy for CDI and showed promising experimen-
tal outcomes in the onset of other inflammatory and metabolic diseases, it is a black
box approach. FMT transplants several hundred or thousands bacterial species from
the donor to the recipient and thus the procedure does not pinpoint which bacterial
species are responsible for the beneficial outcome. Oral administration of a single bac-
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terial specie rather than a complex bacterial population has also been extensively stud-
ied within the past decade. Akkermansia muciniphila (A. muciniphila) and Faecalibac-
terium prausnitzii( E prausnitzii) are two potential beneficial bacterial species that have
been subjected to multiple animal and human studies for their antiglycemic and anti-
inflammatory properties [57, 58, 59, 60, 61].

A. muciniphila is a strictly anaerobic, gram-negative commensal bacterium of the
human and mouse GI-tract and has been isolated from the human GI-tract. A. muciniphila
degrades mucin and produces propionate and acetate [62]. Treatment with viable A.
muciniphila decreased fat mass, restored mucus layer thickness, decreased endotox-
emia and improved glycaemia in obese mice [26]. More recently, a clinical trial showed
beneficial metabolic effects of A. muciniphila administration in overweight/obese insulin-
resistant humans [63]. Administration of pasteurised A. muciniphila tended to reduce
body weight and fat mass. Plasma total cholesterol, insulinemia were reduced and in-
sulin sensitivity was improved compared to the placebo group [63]. Numerous in vivo
and in vitro studies have addressed the anti-inflammatory properties of F prausnitzii.
E prausnitzii exerts its anti-inflammatory properties via different mechanisms [64]. E
prausnitziiproduces a 15kDa peptide named microbial anti-inflammatory molecule (MAM),
which enhances the anti-inflammatory milieu in the gut by inhibition of pro-inflammatory
cytokines such as IL-8, Th1 and Th17 [65, 66]. Furthermore, E prausnitzii exerts its anti-
inflammatory effects by inducing secretion of anti-inflammatory IL-10 and enhancing
the intestinal barrier function via expression of tight junction proteins claudin-1 and
claudin-2 [60, 67]. A. muciniphila and F prausnitzii are examples of beneficial bacteria,
which potentially can be used as a single bacterial species with therapeutic properties.

1.3. INTESTINAL MICROBIOTA AND THE IMMUNE SYSTEM

1.3.1. PHYSICAL AND IMMUNOLOGICAL BARRIERS OF THE INTESTINE

The gastrointestinal tract organ contains the largest number of microorganisms of all
body sites. These microorganisms are comprised of viruses, fungi, parasites and, pre-
dominantly, bacteria [68]. The main purpose of intestinal bacteria is degradation of oth-
erwise indigestible compounds and thus supply additional nutrients to the host [69].
Their concentration per gram luminal content increases from the upper intestine to-
wards the colon [70]. To prevent exposure and migration of the intestinal luminal bacte-
ria to the circulation, the lumen is confined by both physical and immunological barriers
[71].

The first physical barrier or the extrinsic barrier is the mucus layer consisting of
mucin glycoproteins, produced by goblet cells. The mucus layer prevents exposure of
bacteria to the epithelium layer which forms the second physical barrier or the intrin-
sic barrier. The epithelial cells are circumferentially linked together by tight junctions
making them impermeable for whole bacteria [72].

In addition to physical barriers, the intestinal lumen is also guarded by immunolog-
ical barriers. The immune system has a variety of tools like anti-microbial peptides and
immune cells belonging both to innate and adaptive immunity which can recognize and
respond to microbiota and their components. The first immunological barrier is via se-
cretion of anti-microbial peptides such as defensins and lysozyme by Paneth cells and
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immunoglobulin alpha (IgA) by B cells into the mucus layer [73].

On top of secretion of antimicrobial compounds, different immune cells are able to
recognize and eliminate microorganisms that have penetrated the intestinal epithelial
layer and entered the underlying connective tissue called lamina propria, before they
enter the circulation. Neutrophils which can phagocytose these intruders along with
monocytes and T-cells are patrolling the lamina propria. Upon infection, inflammatory
monocytes and T-cells can be recruited to the lamina propria [74]. It seems likely that the
immune system can distinguish between symbiotic microorganism which are beneficial
for the host and the pathogenic bacteria which might have a negative effect on the host
health [71].

1.3.2. INTESTINAL MICROBIOTA INTERACT DIRECT AND INDIRECTLY WITH

HOST IMMUNE SYSTEM

Intestinal microbiota interact directly with antigen presenting immune cells (APC), such
as dendritic cells (DCs). Pattern recognition receptors (PRR) like the TLRs recognize a
variety of microbial components and allow (innate) immune cells to sense pathogen as-
sociated molecular patterns (PAMPs). These receptors are expressed on the intestinal
epithelial cells (IEC) and the APCs [74]. Denderitic cells are also able to sense the intestinal
lumen directly by protruding dendrites and take up epitopes from the intestinal lumen.
The APCs migrate to secondary lymphoid organs like the Peyer’s patches or mesenteric
Iymph nodes (MLNs) for antigen presentation to T cells, which results in T cell differ-
entiation. T cells can differentiate into anti-inflammatory regulatory T cells (TReg) or
pro-inflammatory T helper 1 (TH1) and TH17 cells [73].

Intestinal microbiota not only directly interact with the immune system, but also
indirectly via the metabolites they produce. Intestinal microbiota convert indigestible
carbohydrates to Short Chain Fatty Acids (SCFAs) which have been shown to interact
with immune cells. Kim et all. demonstrated SCFA production in the intestine of mice
after feeding them with a mixture of dietary fibres pectin and inulin. This was associated
by antibody production in B cells [75]. SCFAs also seem to control gene expression to
express molecules necessary for plasma B cell differentiation [75]. They also showed that
increased SCFA levels not only affected local immunity in the intestine but also systemic
immunity, because of increased numbers of IgA+ cells in mesenteric lymph nodes and
the spleen.

Thus, the interaction of intestinal bacteria with the host does not only affect local
immunity but also affects systemic immunity. Experiments in germ-free mice, born
and raised in sterile conditions and therefore lacking intestinal bacteria, showed that
the splenic lymphocyte population had decreased CD4+ T cell proportions compared
to conventionally raised mice [76]. Mono-colonization of these germ-free mice with
Bacteroides fragilis restored the splenic CD4+ T cell proportions. Therefore it can be
concluded that intestinal microbiota play a crucial role in regulation of the systemic im-
mune system. CD4+ T cells also play a role in atherogenesis as TH1 cells seem to be
pro-atherogenic and Treg cells athero-protective [77].
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1.4. NEXT GENERATION SEQUENCING

1.4.1. NEXT GENERATION SEQUENCING AS A TOOL TO PROFILE THE IN-
TESTINAL MICROBIOTA AND MICROBIOME

Microbiota are defined as an ecological community of commensal, symbiotic and patho-
genic microorganisms whereas the microbiome is defined as the collective genomes of
these microorganisms [78, 40]. Studying the microbiome has been made possible with
the rapid evolution of Next Generation Sequencing (NGS). Due to NGS technology, it is
now possible to sequence billions of nucleotides in multiple samples in limited time and
at limited cost. Roche 454 pyrosequencing was one of the first commercially available
NGS platforms. Pyrosequencing technology yielded an approximately 100-fold increase
in throughput over conventional Sanger sequencing, reducing sequencing time and cost
significantly [79]. This technological improvement made the fast rise of the microbiome
field possible. Currently, there are multiple NGS platforms available, with different spe-
cific properties like for e.g. differences in amplicon sequence length, sequencing time
per run and sequencing depth (number of sequence copies per run), from different com-
panies like Oxford Nanopore, Pacific Bioscience and [llumina.

Every gram of stool sample contains billions of bacteria belonging to hundreds of
different taxa. In order to distinguish these bacterial taxa the 16s ribosomal RNA gene
(16s rTRNA) serves as a marker gene [80]. 16s rRNA gene consists approximately of 1500
base pairs with nine hypervariable regions. The hypervariable regions are 70 up to 250
base pairs long and each of them is flanked by highly conserved regions [81]. Due to
the hypervariability of these regions, bacterial taxa within a sample can be distinguished
by sequencing one or multiple hypervariable regions and aligning the sequences to a
reference sequence.

1.4.2. 16S SEQUENCING AND METAGENOMIC SEQUENCING
For studying the bacterial composition of a sample, sequencing one or multiple V-regions
of the 16s gene is sufficient to distinguish different bacteria. This strategy is called 16s
V-region sequencing and is currently the most commonly applied strategy for studying
bacterial communities [82]. However, 16s sequencing provides only information about
the bacterial taxa, not about eukaryotes, viruses or their gene content. Furthermore, 16s
sequencing has a limited taxonomic resolution (~genus level) because of the relatively
short sequenced amplicon and overlap in these sequences between different species.
For studying microbiomes, metagenomic sequencing has a substantially higher tax-
onomic resolution. With metagenomic sequencing, all the DNA present in the sample
is sequenced. When using Illumina technology this will result in short reads. Subse-
quently, genomes are reassembled from these short reads and aligned against reference
databases. Reads from the same genome are merged into a single contiguous sequence
or so called contig [83]. After assembly, genes are predicted and functionally anno-
tated using a sequence database such as for example KEGG [83]. Since metagenomic
sequences deal with all the DNA present in the sample and genomes are reassembled
from the sequence DNA it is also possible to identify eukaryotes, viruses and their gene
content. Metagenomic sequencing provides far more information about the microbiota
and their genomic potential compared to 16s sequencing. However it is a more compu-
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tational and cost expensive strategy.

1.5. OUTLINE OF THE THESIS

As introduced above, atherogenesis and CVD are promoted by multiple risk factors in-
cluding dyslipidaemia, high blood pressure, disturbed glucose metabolism and inflam-
mation. Intestinal microbiota have been associated with many of these CVD risk fac-
tors. In this thesis, we set out to investigate the role of intestinal microbiota in car-
diometabolic disease and its underlying risk factors.

We used different strategies for manipulation of intestinal microbiota and studied
the effects of modified intestinal microbiota on cardiometabolic risk factors. In chapter
2 and chapter 3, we investigated the role of intestinal microbiota in bone marrow trans-
plantation (BMT) studies, since the microbiota are more than likely severely affected
by the drastic BMT procedure. We exploited natural coprophagy while co-housing BMT-
treated and control mice, as a tool to cross-transfer fecal microbiota. Chapter 2 describes
the effects of autologous BMT on metabolic parameters, since the BMT procedure itself
was found to have pleiotropic organ-specific effects. In chapter 3, we show that the au-
tologous BMT procedure itself triggers a pro-inflammatory immune response which is
mediated and transferred via the intestinal microbiota from a BMT-treated mouse to its
co-housed partner. These data are proof for the causality of intestinal microbiota in the
modulation of the systemic immune response.

Specific intestinal microbiota have been proposed to play beneficial roles in the mod-
ulation of inflammation. Since fecal transplantation is not a selective manipulation
strategy and potentially transfers multiple bacterial and eukaryotic strains, viruses and
host material, we aimed to introduce a single bacterial strain as a selective manipu-
lation strategy. In chapter 4, we modulated the intestinal microbiota directly by oral
administration of A. muciniphila and studied its local and systemic immune modulat-
ing properties and determined whether A. muciniphila administration would prevent
neointima formation. Although lipid metabolism and the immune system showed signs
of improvement by A. muciniphila administration, this was insufficient to ameliorate
neo-intima formation. In chapter 5, we focussed on strategies to analyse the bacterial
composition of the microbiota. Using two different sequencing platforms, we studied
whether full length versus V4-region sequencing of the 16S rRNA gene affected the in-
terpretation of the bacterial composition. Our results do indicate that the sequencing
platform and strategy indeed affect the results and interpretation of the bacterial com-
position of the microbiota before and after an intervention. The implications of the find-
ings described in this thesis and the future perspectives of these findings are discussed
in chapter 6.
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1.6. ABBREVIATIONS

T2D

CVD
MetS
BMT
HDL
LDL
VLDL
WAT

LPS
E3L.CETP
APOE
CETP
IgA
SCFAs
APC

DC

MLN
PRR
PAMPs
IEC

TReg
TH1

TLR

GI tract
A. muciniphila
NGS

16s rRNA

Type 2 diabetes

Cardiovascular disease

Metabolic syndrome

Bone marrow transplantation
High-density lipoprotein

Low-density lipoprotein

Very low-density lipoprotein

White adipose tissue
Lipopolysaccharides
APOE*3Leiden.humanCholesteryl Ester Transfer Protein
Apolipoprotein E

human Cholesteryl Esther Transfer Protein
Immunoglobulin alpha

Short Chain Fatty Acids

Antigen presenting cells

Dendritic cell

Mesenteric lymph node

Pattern recognition receptors

Pathogen associated molecular patterns
Intestinal epithelial cells

Regulatory T cells

T helper 1

Toll-like receptor

Gastrointestinal tract

Akkermansia muciniphila

Next Generation Sequencing

16s ribosomal RNA gene



BIBLIOGRAPHY

[1] Roth, G. A., Mensah, G. A., Johnson, C. O., Addolorato, G., et al. “Global Burden of
Cardiovascular Diseases and Risk Factors, 1990-2019”. In: Journal of the American
College of Cardiology 76.25 (Dec. 2020), pp. 2982-3021. 1SSN: 07351097. DOI: 10.
1016/j.jacc.2020.11.010.

[2] Kathryn, E, Wellen, and Gokhan, S. “Obesity-induced inflamatory changes in adi-
pose tissue”. In: J.Clin.Invest 112.12 (2003), pp. 1785-1788. po1: 10 . 1172/ JCI
200320514 .0besity.

[3] Chang, E. H., Chavan, S. S., and Pavlov, V. A. Cholinergic control of inflammation,
metabolic dysfunction, and cognitive impairment in obesity-associated disorders:
Mechanisms and novel therapeutic opportunities. 2019. DOI: 10 . 3389/ fnins .
2019.00263.

[4] Larsson,S.C., Burgess, S., Ba, M., Rees, J. M. B, and Mason, A. M. “Body mass index
and body composition in relation to 14 cardiovascular conditions in UK Biobank :
a Mendelian randomization study”. In: Eur Heart J (2019), pp. 1-8. DOI: 10.1093/
eurheartj/ehz388.

[5] Belkaid, Y. and Hand, T. W. “Role of the Microbiota in Immunity and Inflamma-
tion”. In: Cell 157.1 (Mar. 2014), pp. 121-141. 1SSN: 00928674. DOI: 10. 1016/ .
cell.2014.03.011.

[6] Delzenne, N. M., Knudsen, C, Beaumont, M, Rodriguez, ], et al. “Contribution of
the gut microbiota to the regulation of host metabolism and energy balance: A
focus on the gut-liver axis.” In: Proceedings of the Nutrition Society 78.3 (2019),
pp- 319-328. DOI: 10.1017/S0029665118002756.

[7]1 Le Chatelier, E., Nielsen, T., Qin, J., Prifti, E., et al. “Richness of human gut micro-
biome correlates with metabolic markers.” In: Nature 500.7464 (2013), pp. 541-6.
ISSN: 1476-4687. DOI: 10.1038/nature12506.

[8] Huttenhower, C., Gevers, D., Knight, R., Abubucker, S., et al. “Structure, function
and diversity of the healthy human microbiome”. In: Nature 486.7402 (June 2012),
pp. 207-214. 1SSN: 0028-0836. DO1: 10.1038/nature11234.

[9]1 Tilg, H. and Moschen, A. R. “Microbiota and diabetes: an evolving relationship.”
In: Gut (2014), pp. 1-9. ISSN: 1468-3288. DOI: 10.1136/gut jnl-2014-306928.

[10] Tilg, H., Zmora, N., Adolph, T. E., and Elinav, E. The intestinal microbiota fuelling
metabolic inflammation. Jan. 2019. DOI: 10.1038/s41577-019-0198-4.

[11] Grundy, S. M., Cleeman, J. 1., Daniels, S. R., Donato, K. A., et al. “Diagnosis and
Management of the Metabolic Syndrome”. In: Circulation 112.17 (Oct. 2005), pp. 2735
2752.1SSN: 0009-7322. DOI: 10.1161/CIRCULATIONAHA. 105.169404.

11


https://doi.org/10.1016/j.jacc.2020.11.010
https://doi.org/10.1016/j.jacc.2020.11.010
https://doi.org/10.1172/JCI200320514.Obesity
https://doi.org/10.1172/JCI200320514.Obesity
https://doi.org/10.3389/fnins.2019.00263
https://doi.org/10.3389/fnins.2019.00263
https://doi.org/10.1093/eurheartj/ehz388
https://doi.org/10.1093/eurheartj/ehz388
https://doi.org/10.1016/j.cell.2014.03.011
https://doi.org/10.1016/j.cell.2014.03.011
https://doi.org/10.1017/S0029665118002756
https://doi.org/10.1038/nature12506
https://doi.org/10.1038/nature11234
https://doi.org/10.1136/gutjnl-2014-306928
https://doi.org/10.1038/s41577-019-0198-4
https://doi.org/10.1161/CIRCULATIONAHA.105.169404

12

BIBLIOGRAPHY

(12]

(13]

(14]

(15]

(16]

(17]

(18]

(19]

(20]

(21]

(22]

(23]

Hashizume, M. and Mihara, M. “Atherogenic effects of TNF-a and IL-6 via up-
regulation of scavenger receptors”. In: Cytokine58.3 (June 2012), pp. 424-430. ISSN:
10434666. DOI: 10.1016/j.cyto.2012.02.010.

Shashkin, P, Draguley, B., and Ley, K. “Macrophage differentiation to foam cells.”
In: Current pharmaceutical design 11.23 (Sept. 2005), pp. 3061-72. 1SSN: 1381-6128.
DOI: 10.2174/1381612054865064.

Arida, A., Protogerou, A. D., Kitas, G. D., and Sfikakis, P. P. “Systemic inflammatory
response and atherosclerosis: The paradigm of chronic inflammatory rheumatic
diseases”. In: International Journal of Molecular Sciences 19.7 (2018), pp. 1-27.
ISSN: 14220067. DOI: 10.3390/1jms19071890.

Abou-Raya, A. and Abou-Raya, S. “Inflammation: A pivotal link between autoim-
mune diseases and atherosclerosis”. In: Autoimmunity Reviews 5.5 (May 2006),
pp- 331-337. 1SSN: 15689972. DOI: 10.1016/j .autrev.2005.12.006.

Xu, H., Barnes, G. T,, Yang, Q., Tan, G., et al. “Chronic inflammation in fat plays a
crucial role in the development of obesity-related insulin resistance”. In: Journal
of Clinical Investigation 112.12 (Dec. 2003), pp. 1821-1830. 1SSN: 0021-9738. DOTI:
10.1172/3CI19451.

Van Beek, L., van Klinken, J. B., Pronk, A. C. M., van Dam, A. D, et al. “The limited
storage capacity of gonadal adipose tissue directs the development of metabolic
disorders in male C57Bl/6] mice”. In: Diabetologia 58.7 (2015), pp. 1601-1609.
ISSN: 14320428. DOI: 10.1007/s00125-015-3594-8.

Hotamisligil, G., Shargill, N., and Spiegelman, B. “Adipose expression of tumor
necrosis factor-alpha: direct role in obesity-linked insulin resistance”. In: Science
259.5091 (Jan. 1993), pp. 87-91.1SSN: 0036-8075. DOI: 10.1126/science.7678183.

Gulhane, M., Murray, L., Lourie, R., Tong, H., et al. “High Fat Diets Induce Colonic
Epithelial Cell Stress and Inflammation that is Reversed by IL-22”. In: Scientific
Reports 6.1 (Sept. 2016), p. 28990. ISSN: 2045-2322. DOI: 10.1038/srep28990.

Nascimento, J. C., Matheus, V. A, Oliveira, R. B., Tada, S. E S., and Collares-Buzato,
C. B. “High-Fat Diet Induces Disruption of the Tight Junction-Mediated Paracel-
lular Barrier in the Proximal Small Intestine Before the Onset of Type 2 Diabetes
and Endotoxemia”. In: Digestive Diseases and Sciences 66.10 (Oct. 2021), pp. 3359—
3374.1SSN: 0163-2116. DOIL: 10.1007/s10620-020-06664~-x.

Turner, J. R. “Intestinal mucosal barrier function in health and disease”. In: Na-
ture Reviews Immunology 9.11 (Nov. 2009), pp. 799-809. ISSN: 1474-1733. DOI: 10.
1038/nri2653.

Nusrat, A., Turner, J. R., and Madara, J. L. “IV. Regulation of tight junctions by ex-
tracellular stimuli: nutrients, cytokines, and immune cells”. In: American Journal
of Physiology-Gastrointestinal and Liver Physiology 279.5 (Nov. 2000), G851-G857.
ISSN: 0193-1857. DOI: 10.1152/ajpgi.2000.279.5.G851.

Cani, P D, Amar, J., Iglesias, M. A., Poggi, M., et al. “Metabolic Endotoxemia Initi-
ates Obesity and Insulin Resistance”. In: Diabetes 56.7 (July 2007), pp. 1761-1772.
ISSN: 0012-1797. DOI: 10.2337/db06-1491.


https://doi.org/10.1016/j.cyto.2012.02.010
https://doi.org/10.2174/1381612054865064
https://doi.org/10.3390/ijms19071890
https://doi.org/10.1016/j.autrev.2005.12.006
https://doi.org/10.1172/JCI19451
https://doi.org/10.1007/s00125-015-3594-8
https://doi.org/10.1126/science.7678183
https://doi.org/10.1038/srep28990
https://doi.org/10.1007/s10620-020-06664-x
https://doi.org/10.1038/nri2653
https://doi.org/10.1038/nri2653
https://doi.org/10.1152/ajpgi.2000.279.5.G851
https://doi.org/10.2337/db06-1491

BIBLIOGRAPHY 13

(27]

(29]

(32]

Lu, Y.-C., Yeh, W.-C., and Ohashi, P. S. “LPS/TLR4 signal transduction pathway”. In:
Cytokine 42.2 (May 2008), pp. 145-151. 1SSN: 10434666. DOI: 10.1016/j . cyto.
2008.01.006.

Li, ], Lin, S., Vanhoutte, P. M., Woo, C. W,, and Xu, A. “Akkermansia Muciniphila
Protects Against Atherosclerosis by Preventing Metabolic Endotoxemia-Induced
Inflammation in Apoe -/- MiceCLINICAL PERSPECTIVE”. In: Circulation 133.24
(June 2016), pp. 2434-2446. 1SSN: 0009-7322. DOI: 10 . 1161 /CIRCULATIONAHA .
115.019645.

Everard, A., Belzer, C., Geurts, L., Ouwerkerk, J. P, et al. “Cross-talk between <i>Akkermansia

muciniphila</i> and intestinal epithelium controls diet-induced obesity”. In: Proc.
Nati. Acad. Sci. USA110.22 (2013), pp. 9066-9071. DOI: 10.1073/pnas . 1219451110/~
/DCSupplemental .www.pnas.org/cgi/doi/10.1073/pnas.1219451110.

Shin, N.-R., Lee, ].-C., Lee, H.-Y., Kim, M.-S., et al. “An increase in the Akkermansia
spp. population induced by metformin treatment improves glucose homeostasis
in diet-induced obese mice”. In: Gut 63.5 (May 2014), pp. 727-735. ISSN: 0017-
5749.D01: 10.1136/gut jn1-2012-303839.

Panpetch, W., Hiengrach, P, Nilgate, S., Tumwasorn, S., et al. “Additional Can-
dida albicans administration enhances the severity of dextran sulfate solution in-
duced colitis mouse model through leaky gut-enhanced systemic inflammation
and gut-dysbiosis but attenuated by Lactobacillus rhamnosus L34”. In: Gut Mi-
crobes 11.3 (May 2020), pp. 465-480. 1SSN: 1949-0976. DO1: 10.1080/19490976 .
2019.1662712.

Van den Maagdenberg, A. M., Hofker, M. H., Krimpenfort, P. J., de Bruijn, I, et

al. “Transgenic mice carrying the apolipoprotein E3-Leiden gene exhibit hyper-
lipoproteinemia.” In: The Journal of biological chemistry 268.14 (May 1993), pp. 10540-
5. ISSN: 0021-9258.

Van den Hoek, A. M., van der Hoorn, J. W. A, Maas, A. C., van den Hoogen, R. M., et
al. “APOE*3Leiden.CETP transgenic mice as model for pharmaceutical treatment
of the metabolic syndrome.” In: Diabetes, obesity & metabolism 16.6 (June 2014),
pp. 537-44. 1SSN: 1463-1326. DO1: 10.1111/dom. 12252.

Lardenoye, J. H., Delsing, D. J., de Vries, M. R., Deckers, M. M., et al. “Accelerated
atherosclerosis by placement of a perivascular cuff and a cholesterol-rich diet in
ApoE*3Leiden transgenic mice.” In: Circulation research 87.3 (2000), pp. 248-53.
ISSN: 0009-7330. DOI: 10.1161/01 .RES.87.3.248.

Pires, N. M. M., Schepers, A., Van Der Hoeven, B. L., De Vries, M. R., et al. “Histopatho-
logic alterations following local delivery of dexamethasone to inhibit restenosis
in murine arteries”. In: Cardiovascular Research 68.3 (2005), pp. 415-424. ISSN:
00086363. DOI: 10.1016/j.cardiores.2005.06.015.

Eefting, D., Schepers, A., De Vries, M. R., Pires, N. M., et al. “The effect of interleukin-

10 knock-out and overexpression on neointima formation in hypercholesterolemic
APOE*3-Leiden mice”. In: Atherosclerosis 193.2 (Aug. 2007), pp. 335-342. 1SSN: 00219150.
DOI: 10.1016/j.atherosclerosis.2006.09.032.


https://doi.org/10.1016/j.cyto.2008.01.006
https://doi.org/10.1016/j.cyto.2008.01.006
https://doi.org/10.1161/CIRCULATIONAHA.115.019645
https://doi.org/10.1161/CIRCULATIONAHA.115.019645
https://doi.org/10.1073/pnas.1219451110/-/DCSupplemental.www.pnas.org/cgi/doi/10.1073/pnas.1219451110
https://doi.org/10.1073/pnas.1219451110/-/DCSupplemental.www.pnas.org/cgi/doi/10.1073/pnas.1219451110
https://doi.org/10.1136/gutjnl-2012-303839
https://doi.org/10.1080/19490976.2019.1662712
https://doi.org/10.1080/19490976.2019.1662712
https://doi.org/10.1111/dom.12252
https://doi.org/10.1161/01.RES.87.3.248
https://doi.org/10.1016/j.cardiores.2005.06.015
https://doi.org/10.1016/j.atherosclerosis.2006.09.032

14

BIBLIOGRAPHY

(34]

[35]

(36]

(37]

(38]

(39]

(40]

(41]

(42]

(43]

(44]

(45]

Aparicio-Vergara, M., Shiri-Sverdlov, R., de Haan, G., and Hofker, M. H. “Bone mar-
row transplantation in mice as a tool for studying the role of hematopoietic cells in
metabolic and cardiovascular diseases”. In: Atherosclerosis 213.2 (2010), pp. 335-
344.1SSN: 00219150. DOI: 10.1016/j.atherosclerosis.2010.05.030.

Thiem, K., Hoeke, G., van den Berg, S., Hijmans, A., et al. “Deletion of hematopoi-
etic Dectin-2 or CARD9 does not protect against atherosclerotic plaque formation
in hyperlipidemic mice”. In: Scientific Reports 9.1 (Dec. 2019), p. 4337. ISSN: 2045-
2322.D01: 10.1038/541598-019-40663-x.

Wezel, A., van der Velden, D., Maassen, J. M., Lagraauw, H. M., et al. “RP105 defi-
ciency attenuates early atherosclerosis via decreased monocyte influx in a CCR2

dependent manner”. In: Atherosclerosis 238.1 (Jan. 2015), pp. 132-139. 1SSN: 00219150.

DOI: 10.1016/j.atherosclerosis.2014.11.020.

Poglio, S., Galvani, S., Bour, S., André, M., et al. “Adipose tissue sensitivity to ra-
diation exposure.” In: The American journal of pathology 174.1 (2009), pp. 44-53.
ISSN: 1525-2191. DOI: 10.2353/ajpath.2009.080505.

Ablamunits, V., Weisberg, S. P, Lemieux, J. E., Combs, T. P, and Klebanov, S. “Re-
duced adiposity in ob/ob mice following total body irradiation and bone marrow
transplantation.” In: Obesity (Silver Spring, Md.) 15.6 (2007), pp. 1419-1429. ISSN:
1930-7381. DOI: 10.1038/0by. 2007 .170.

Katiraei, S., Hoving, L. R., van Beek, L., Mohamedhoesein, S., et al. “BMT decreases
HFD-induced weight gain associated with decreased preadipocyte number and
insulin secretion”. In: PLOS ONE 12.4 (Apr. 2017). Ed. by V. Souza-Mello, e0175524.
ISSN: 1932-6203. DOI: 10.1371/journal . pone.0175524.

Ursell, L. K., Metcalf, J. L., Parfrey, L. W, and Knight, R. “Defining the human mi-
crobiome”. In: Nutrition Reviews 70.Suppl 1 (Aug. 2012), S38-S44. 1SSN: 00296643.
DOI: 10. 1111/j .1753-4887.2012.00493.x.

Peterson, J., Garges, S., Giovanni, M., Mclnnes, P, et al. “The NIH Human Micro-
biome Project”. In: Genome Research 19.12 (Dec. 2009), pp. 2317-2323. ISSN: 1088-
9051. DO1: 10.1101/gr.096651.109.

Lloyd-Price, J., Mahurkar, A., Rahnavard, G., Crabtree, J., et al. “Strains, functions
and dynamics in the expanded Human Microbiome Project”. In: Nature 550.7674
(Oct. 2017), pp. 61-66. 1SSN: 0028-0836. DOI: 10.1038/nature23889.

Amar, J., Chabo, C., Waget, A., Klopp, P, et al. “Intestinal mucosal adherence and

translocation of commensal bacteria at the early onset of type 2 diabetes: Molecu-

lar mechanisms and probiotic treatment”. In: EMBO Molecular Medicine3.9 (2011),
pPp. 559-572. 1SSN: 17574676. DOI: 10.1002/emmm.201100159.

Cho, I. and Blaser, M. “The human microbiome: at the interface of health and dis-
ease.” In: Nature Reviews Genetics 13.4 (2012), pp. 260-270. I1SSN: 1471-0064. DOI:
10.1038/nrg3182.

Huda, M. N., Kim, M., and Bennett, B. J. “Modulating the Microbiota as a Ther-
apeutic Intervention for Type 2 Diabetes”. In: Frontiers in Endocrinology 12 (Apr.
2021). 1SSN: 1664-2392. DOI: 10.3389/fendo.2021.632335.


https://doi.org/10.1016/j.atherosclerosis.2010.05.030
https://doi.org/10.1038/s41598-019-40663-x
https://doi.org/10.1016/j.atherosclerosis.2014.11.020
https://doi.org/10.2353/ajpath.2009.080505
https://doi.org/10.1038/oby.2007.170
https://doi.org/10.1371/journal.pone.0175524
https://doi.org/10.1111/j.1753-4887.2012.00493.x
https://doi.org/10.1101/gr.096651.109
https://doi.org/10.1038/nature23889
https://doi.org/10.1002/emmm.201100159
https://doi.org/10.1038/nrg3182
https://doi.org/10.3389/fendo.2021.632335

BIBLIOGRAPHY 15

[46]

(50]

(52]

Wu, G. D, Chen, J., Hoffmann, C., Bittinger, K., et al. “Linking Long-Term Dietary
Patterns with Gut Microbial Enterotypes”. In: Science 334.6052 (Oct. 2011), pp. 105—
108. 1SSN: 0036-8075. DOI: 10.1126/science. 1208344,

Schnorr, S. L., Candela, M., Rampelli, S., Centanni, M., et al. “Gut microbiome of
the Hadza hunter-gatherers.” In: Nature communications 5 (2014), p. 3654. ISSN:
2041-1723. DOI: 10.1038/ncomms4654.

Cotillard, A., Kennedy, S. P, Kong, L. C., Prifti, E., et al. “Dietary intervention impact
on gut microbial gene richness.” In: Nature 500.7464 (2013), pp. 585-8. ISSN: 1476-
4687. DOI: 10.1038/nature12480.

Dao, M. C., Everard, A., Aron-Wisnewsky, J., Sokolovska, N., et al. “Akkermansia
muciniphila and improved metabolic health during a dietary intervention in obe-
sity: relationship with gut microbiome richness and ecology.” In: Gut (2015), pp. 1-
11. 1SSN: 1468-3288. DOI: 10.1136/gut jnl-2014-308778.

Khosravi, Y., Seow, S. W., Amoyo, A. A., Chiow, K. H., et al. “Helicobacter pylori
infection can affect energy modulating hormones and body weight in germ free
mice”. In: Scientific Reports 5.1 (Aug. 2015), p. 8731. I1SSN: 2045-2322. DOI: 10 .
1038/srep08731.

Vijay-Kumar, M., Aitken, J. D., Carvalho, E A., Cullender, T. C,, et al. “Metabolic
Syndrome and Altered Gut Microbiota in Mice Lacking Toll-Like Receptor 5”. In:
Science 328.5975 (Apr. 2010), pp. 228-231. 1SSN: 0036-8075. DOI: 10.1126/scienc
e.1179721.

Ridaura, V. K., Faith, J. J., Rey, E E., Cheng, J., et al. “Gut Microbiota from Twins
Discordant for Obesity Modulate Metabolism in Mice”. In: Science 341.6150 (Sept.
2013), p. 1241214. 1SSN: 0036-8075. DOI: 10.1126/science.1241214.

EISEMAN, B, SILEN, W, BASCOM, G. S., and KAUVAR, A.J. “Surgery”. In: Surgery
134.3 (Sept. 2003), A7. 1SSN: 00396060. DOI: 10.1067/S0039-6060(03) 00474-4.

Marotz, C. A. and Zarrinpar, A. “Treating Obesity and Metabolic Syndrome with
Fecal Microbiota Transplantation.” In: The Yale journal of biology and medicine
89.3 (2016), pp. 383-388. 1SSN: 1551-4056.

Varga, A., Kocsis, B., Sipos, D., Késa, P, et al. “How to Apply FMT More Effectively,
Conveniently and Flexible — A Comparison of FMT Methods”. In: Frontiers in Cel-
lular and Infection Microbiology 11.June (June 2021), pp. 1-11. ISSN: 2235-2988.
DOI: 10.3389/fcimb.2021.657320.

Drekonja, D., Reich, J., Gezahegn, S., Greer, N., and Shaukat, A. “Fecal Microbiota
Transplantation for Clostridium difficile Infection”. In: Annals of Internal Medicine
162.9 (2015), pp. 630-639. DOI: 10.7326/M14-2693.

Katiraei, S., Vries, M. R., Costain, A. H., Thiem, K., et al. “Akkermansia muciniphila
Exerts Lipid-Lowering and Immunomodulatory Effects without Affecting Neoin-
tima Formation in Hyperlipidemic APOE*3-Leiden.CETP Mice”. In: Molecular Nu-
trition & Food Research 64.15 (Aug. 2020), p. 1900732. 1SSN: 1613-4125. DOI: 10.
1002/mnfr.201900732.



https://doi.org/10.1126/science.1208344
https://doi.org/10.1038/ncomms4654
https://doi.org/10.1038/nature12480
https://doi.org/10.1136/gutjnl-2014-308778
https://doi.org/10.1038/srep08731
https://doi.org/10.1038/srep08731
https://doi.org/10.1126/science.1179721
https://doi.org/10.1126/science.1179721
https://doi.org/10.1126/science.1241214
https://doi.org/10.1067/S0039-6060(03)00474-4
https://doi.org/10.3389/fcimb.2021.657320
https://doi.org/10.7326/M14-2693
https://doi.org/10.1002/mnfr.201900732
https://doi.org/10.1002/mnfr.201900732

16

BIBLIOGRAPHY

(58]

[59]

[60]

(61]

(62]

(63]

(64]

(65]

(66]

[67]

[68]

Cani, P D. and Knauf, C. “A newly identified protein from Akkermansia muciniphila
stimulates GLP-1 secretion”. In: Cell Metabolism 33.6 (June 2021), pp. 1073-1075.
ISSN: 15504131. DOI: 10.1016/j . cmet.2021.05.004.

Ottman, N., Reunanen, J., Meijerink, M., Pietild, T. E., et al. “Pili-like proteins of
Akkermansia muciniphila modulate host immune responses and gut barrier func-
tion.” In: PloS one 12.3 (2017), €0173004. 1SSN: 1932-6203. DOI: 10.1371/journal
.pone.0173004.

Rossi, O., Van Berkel, L. A., Chain, E, Tanweer Khan, M., et al. “Faecalibacterium
prausnitzii A2-165 has a high capacity to induce IL-10 in human and murine den-
dritic cells and modulates T cell responses”. In: Scientific Reports 6.0ctober (2016),
pp- 1-12. 1SSN: 20452322. DOI: 10.1038/srep18507.

Lukovac, S., Belzer, C., Pellis, L., Keijser, B. J., et al. “Differential modulation by
Akkermansia muciniphila and Faecalibacterium prausnitzii of host peripheral lipid
metabolism and histone acetylation in mouse gut organoids.” In: mBio 5.4 (Aug.
2014), pp. 01438-14. 1SSN: 2150-7511. DOI: 10.1128/mBio.01438-14.

Derrien, M., Vaughan, E. E., Plugge, C. M., and de Vos, W. M. “Akkermansia munici-
phila gen. nov,, sp. nov., a human intestinal mucin-degrading bacterium”. In: Inter-
national Journal of Systematic and Evolutionary Microbiology 54.5 (2004), pp. 1469—
1476. 1SSN: 14665026. DOI: 10.1099/1js.0.02873-0.

Depommier, C., Everard, A., Druart, C., Plovier, H., et al. “Supplementation with
Akkermansia muciniphila in overweight and obese human volunteers: a proof-of-
concept exploratory study”. In: Nature Medicine 25.7 (July 2019), pp. 1096-1103.
ISSN: 1078-8956. DOI: 10.1038/s41591-019-0495-2.

Almeida, D., Machado, D., Andrade, J. C., Mendo, S., et al. “Evolving trends in next-
generation probiotics : a 5SW1H perspective”. In: Critical Reviews in Food Science
and Nutrition 8398.May (2019). DOI: 10.1080/10408398.2019.1599812.

Quévrain, E., Maubert, M. A., Michon, C., Chain, E, et al. “Identification of an anti-
inflammatory protein from Faecalibacterium prausnitzii, a commensal bacterium
deficient in Crohn’s disease”. In: Gut 65.3 (2016), pp. 415-425. 1SSN: 14683288. DOI:
10.1136/gutjnl-2014-307649.

Breyner, N. M., Michon, C., de Sousa, C. S., Vilas Boas, P. B,, et al. “Microbial Anti-
Inflammatory Molecule (MAM) from Faecalibacterium prausnitzii Shows a Pro-
tective Effect on DNBS and DSS-Induced Colitis Model in Mice through Inhibition
of NF-xB Pathway”. In: Frontiers in Microbiology 8.FEB (Feb. 2017), pp. 1-8. ISSN:
1664-302X. DOI: 10.3389/fmicb.2017.00114.

Carlsson, A. H., Yakymenko, O., Olivier, 1., Hikansson, E, et al. “Faecalibacterium
prausnitzii supernatant improves intestinal barrier function in mice DSS colitis”.
In: Scandinavian Journal of Gastroenterology 48.10 (Oct. 2013), pp. 1136-1144.
ISSN: 0036-5521. DOI: 10.3109/00365521.2013.828773.

Lozupone, C. A., Stombaugh, J. I., Gordon, J. L., Jansson, J. K., and Knight, R. “Di-
versity, stability and resilience of the human gut microbiota”. In: Nature 489.7415
(Sept. 2012), pp. 220-230. 1SSN: 0028-0836. DOI: 10.1038/nature11550.


https://doi.org/10.1016/j.cmet.2021.05.004
https://doi.org/10.1371/journal.pone.0173004
https://doi.org/10.1371/journal.pone.0173004
https://doi.org/10.1038/srep18507
https://doi.org/10.1128/mBio.01438-14
https://doi.org/10.1099/ijs.0.02873-0
https://doi.org/10.1038/s41591-019-0495-2
https://doi.org/10.1080/10408398.2019.1599812
https://doi.org/10.1136/gutjnl-2014-307649
https://doi.org/10.3389/fmicb.2017.00114
https://doi.org/10.3109/00365521.2013.828773
https://doi.org/10.1038/nature11550

BIBLIOGRAPHY 17

[69] Round, J. L. and Mazmanian, S. K. “The gut microbiota shapes intestinal immune
responses during health and disease”. In: Nature Reviews Immunology 9.5 (May
2009), pp. 313-323. 1SSN: 1474-1733. DOIL: 10.1038/nri2515.

[70] Sears, C. L. “A dynamic partnership: Celebrating our gut flora”. In: Anaerobe 11.5
(Oct. 2005), pp. 247-251. 1SSN: 10759964. DOI1: 10.1016/j . anaerobe . 2005.05.
001.

[71] Takiishi, T., Fenero, C. I. M., and Camara, N. O. S. “Intestinal barrier and gut mi-
crobiota: Shaping our immune responses throughout life”. In: Tissue Barriers 5.4
(Oct. 2017), e1373208. 1SSN: 2168-8370. DOI: 10.1080/21688370.2017.1373208.

[72] Madara, J. L. “Warner-Lambert/Parke-Davis Award lecture. Pathobiology of the
intestinal epithelial barrier.” In: The American journal of pathology 137.6 (Dec.
1990), pp. 1273-81. 1SSN: 0002-9440.

(73] Bron, P a., van Baarlen, P, and Kleerebezem, M. “Emerging molecular insights into
the interaction between probiotics and the host intestinal mucosa”. In: Nature Re-
views Microbiology 10.1 (Nov. 2011), pp. 66-78. ISSN: 1740-1526. DOI: 10 . 1038/
nrmicro2690.

[74] Kinnebrew, M. A. and Pamer, E. G. “Innate immune signaling in defense against
intestinal microbes”. In: Immunological Reviews 245.1 (Jan. 2012), pp. 113-131.
ISSN: 01052896. DOI: 10.1111/3j.1600-065X.2011.01081 . x.

[75] Kim, M., Qie, Y., Park, J., and Kim, C. H. “Gut Microbial Metabolites Fuel Host An-
tibody Responses”. In: Cell Host & Microbe 20.2 (Aug. 2016), pp. 202-214. ISSN:
19313128. DOI1: 10.1016/j.chom.2016.07.001.

[76] Mazmanian, S. K., Cui, H. L., Tzianabos, A. O., and Kasper, D. L. “An immunomod-
ulatory molecule of symbiotic bacteria directs maturation of the host immune sys-
tem”. In: Cell 122.1 (2005), pp. 107-118. 1SSN: 00928674. DOI: 10.1016/j . cell.
2005.05.007.

[77] Tse, K., Tse, H., Sidney, J., Sette, A., and Ley, K. “T cells in atherosclerosis”. In:
International Immunology 25.11 (Nov. 2013), pp. 615-622. 1SSN: 0953-8178. DOI:
10.1093/intimm/dxt043.

[78] Bickhed, E, Ley, R. E., Sonnenburg, J. L., Peterson, D. A., and Gordon, J. I. “Host-
bacterial mutualism in the human intestine.” In: Science (New York, N.Y.) 307.5717
(Mar. 2005), pp. 1915-20. 1SSN: 1095-9203. DOI: 10.1126/science. 1104816.

[79] Margulies, M., Egholm, M., Altman, W. E., Attiya, S., et al. “Genome sequencing in
microfabricated high-density picolitre reactors”. In: Nature437.7057 (2005), pp. 376—
380. 1SSN: 00280836. DOI: 10.1038/nature03959.

[80] Schmidt, T. M., DeLong, E. E, and Pace, N. R. “Analysis of a marine picoplankton
community by 16S rRNA gene cloning and sequencing.” In: Journal of Bacteriology
173.14 (July 1991), pp. 4371-4378. 1SSN: 0021-9193. DOI: 10. 1128/ jb.173.14.
4371-4378.1991.

[81] Karlsson, E, Tremaroli, V., Nielsen, J., and B?2ckhed, E “Assessing the human gut
microbiota in metabolic diseases”. In: Diabetes 62.10 (2013), pp. 3341-3349. ISSN:
00121797. DOI1: 10.2337/db13-0844.


https://doi.org/10.1038/nri2515
https://doi.org/10.1016/j.anaerobe.2005.05.001
https://doi.org/10.1016/j.anaerobe.2005.05.001
https://doi.org/10.1080/21688370.2017.1373208
https://doi.org/10.1038/nrmicro2690
https://doi.org/10.1038/nrmicro2690
https://doi.org/10.1111/j.1600-065X.2011.01081.x
https://doi.org/10.1016/j.chom.2016.07.001
https://doi.org/10.1016/j.cell.2005.05.007
https://doi.org/10.1016/j.cell.2005.05.007
https://doi.org/10.1093/intimm/dxt043
https://doi.org/10.1126/science.1104816
https://doi.org/10.1038/nature03959
https://doi.org/10.1128/jb.173.14.4371-4378.1991
https://doi.org/10.1128/jb.173.14.4371-4378.1991
https://doi.org/10.2337/db13-0844

18 BIBLIOGRAPHY

[82] Drancourt, M, Bollet, C, Carlioz, A, Martelin, R, et al. “16S ribosomal DNA se-
quence analysis of a large collection of environmental and clinical unidentifiable
bacterial isolates.” In: Journal of clinical microbiology 38.10 (Oct. 2000), pp. 3623—
30. 1SSN: 0095-1137. DOI: 10.1073/pnas . 0504930102.

[83] Sharpton, T. J. “An introduction to the analysis of shotgun metagenomic data.”

In: Frontiers in plant science 5.June (June 2014), p. 209. I1SSN: 1664-462X. DOI: 10.
3389/fpls.2014.00209.


https://doi.org/10.1073/pnas.0504930102
https://doi.org/10.3389/fpls.2014.00209
https://doi.org/10.3389/fpls.2014.00209

