
Host-microbial crosstalk along the gut-liver axis in metabolic disease

Background: Extensive alterations in microbiome composition and function have been
described in response to Western dietary patterns and in particular in obese individuals (1).
Increased abundance of opportunistic pathogens is hypothesized to be a key driver of
inflammation associated with these conditions and active contributions of the microbiota to the
progression of metabolic diseases such as non-alcoholic fatty liver disease (NAFLD) have
been reported(2, 3). However, the specific pathways of crosstalk between mucosal immunity,
intestinal physiology and the microbiota in metabolic disease remain poorly understood. The
Harb group has expertise in the study of interactions between metabolism and immunity in the
lung and the liver and has established a range of metabolic disease models (obesity, non-
alcoholic fatty liver disease [NAFLD], non-alcoholic steatohepatitis [NASH]) (4-8). The Slack
group has extensive expertise in the mechanistic study of host-microbial interactions and has
established worldwide unique facilities to carry out real-time volatile metabolomics under full-
barrier axenic conditions (9-13).
Aims: We aim in this project to investigate how metabolically induced alterations in intestinal
physiology affect microbiota composition and function and how they contribute to hepatic and
systemic metabolic inflammation. Additionally, we aim to assess the mechanisms driving host-
microbial interactions that lead to metabolic disease progression and thus identify potential
therapeutic targets.
Approach: We will perform a systematic mapping of host-microbial interactions along the gut-
liver axis using gnotobiotic mice, including mice carrying patient-derived microbiota.
Disturbances in intestinal motility, barrier function, and intestinal, hepatic and systemic
immunity will be assessed in these models and dependence on microbiome will be
characterized. We will use mice carrying murine endogenous microbiota as well as mice
carrying human patient-derived microbiota established through fecal microbiome transfer from
lean and obese individuals as well as NAFLD patients. These studies will identify mechanistic
links between the microbiome, altered intestinal homeostasis and metabolic inflammation and
shall identify microbial regulators of metabolic dysfunction and inflammation. Within-host
population dynamics and genome-scale metabolic models of microbiota species established
in the Slack group can further generate mechanistic insight into disease-associated microbiota
shifts, and vaccine-based interventions to alter the abundance and behaviour of individual
microbiome components. Together this allows host and microbiota metabolism to be tracked
over the circadian rhythm in gnotobiotic models, simultaneously with quantification of the
growth and behaviour to intestinal microbes. Rational interventions to increase or decrease
intestinal motility, barrier function, inflammatory state and/or pH will be used to understand the
mechanistic drivers of biomarker shifts in the volatile metabolome and/or microbiome
composition. Mechanistically resolved biomarker panels can then be translated into more
complex animal models and patients. Working iteratively between the two groups will allow us
to develop rational interventions that ameliorate dysbiosis and prevent opportunistic infections
in metabolic disease states.
Topics for the PhD studentships will be:
Ad i) Study metabolically induced alterations in intestinal physiology, motility, and

immunity, and their contribution to hepatic and systemic metabolic inflammation
(Dresden)

Ad ii) Delineate the role of altered metabolic landscape and altered intestinal physiology in
driving alterations in microbiota composition and microbiota function in metabolic
disease (Zurich)

Ad iii) Identify underlying mechanisms driving host and microbial biomarkers of metabolic
disease progression and identify potential therapeutic targets (Dresden & Zurich)

Work to be performed in Dresden: Students will identify individual pathways of host-microbial
interactions contributing to the pathogenesis of metabolic inflammation. This includes
generating humanized microbiota mouse models of NASH and detailed analysis of
pathophysiology and mammalian pathways involved.
Work to be performed in Zurich: Students will elucidate the underlying mechanisms which
drive an expansion of proinflammatory host-microbial interactions in metabolic diseases. This



will include rational physiological interventions in gnotobiotic mouse models with real-time
metabolomics and microbial within-host population dynamics quantification, as well as
computational modelling to disentangle the metabolic versus physiological contributions of
disease to dysbiosis.

Added value through the collaboration between Dresden & Zurich: The Harb lab provides
expertise in mouse models of metabolic diseases and the study of host-microbial interactions
in the regulation of intestinal and hepatic immunity. The Slack laboratory has extensive
expertise in gnotobiotic studies including a unique setup for comprehensive metabolomic
assessment under axenic conditions, within-host population dynamics of microbes,
microbiome engineering technologies and computational modelling. Expertise of the two PIs
will be combined to identify novel therapeutic and diagnostic targets in metabolic inflammation.

References
1. Aron-Wisnewsky J, Warmbrunn MV, Nieuwdorp M, Clement K. Metabolism and
Metabolic Disorders and the Microbiome: The Intestinal Microbiota Associated With Obesity,
Lipid Metabolism, and Metabolic Health-Pathophysiology and Therapeutic Strategies.
Gastroenterology. 2021;160(2):573-99.
2. Aron-Wisnewsky J, Vigliotti C, Witjes J, Le P, Holleboom AG, Verheij J, et al. Gut
microbiota and human NAFLD: disentangling microbial signatures from metabolic disorders.
Nat Rev Gastroenterol Hepatol. 2020;17(5):279-97.
3. Tilg H, Adolph TE, Trauner M. Gut-liver axis: Pathophysiological concepts and clinical
implications. Cell Metab. 2022;34(11):1700-18.
4. Juznic L, Peuker K, Strigli A, Brosch M, Herrmann A, Hasler R, et al. SETDB1 is
required for intestinal epithelial differentiation and the prevention of intestinal inflammation.
Gut. 2021;70(3):485-98.
5. Peuker K, Muff S, Wang J, Kunzel S, Bosse E, Zeissig Y, et al. Epithelial calcineurin
controls microbiota-dependent intestinal tumor development. Nat Med. 2016;22(5):506-15.
6. Peuker K, Strigli A, Tauriello DVF, Hendricks A, von Schonfels W, Burmeister G, et al.
Microbiota-dependent activation of the myeloid calcineurin-NFAT pathway inhibits B7H3- and
B7H4-dependent anti-tumor immunity in colorectal cancer. Immunity. 2022;55(4):701-17 e7.
7. Strigli A, Gopalakrishnan S, Zeissig Y, Basic M, Wang J, Schwerd T, et al. Deficiency
in X-linked inhibitor of apoptosis protein promotes susceptibility to microbial triggers of
intestinal inflammation. Sci Immunol. 2021;6(65):eabf7473.
8. Zeissig S, Peuker K, Iyer S, Gensollen T, Dougan SK, Olszak T, et al. CD1d-
Restricted pathways in hepatocytes control local natural killer T cell homeostasis and hepatic
inflammation. Proc Natl Acad Sci U S A. 2017;114(39):10449-54.
9. Diard M, Bakkeren E, Lentsch V, Rocker A, Bekele NA, Hoces D, et al. A rationally
designed oral vaccine induces immunoglobulin A in the murine gut that directs the evolution
of attenuated Salmonella variants. Nat Microbiol. 2021;6(7):830-41.
10. Hoces D, Greter G, Arnoldini M, Staubli ML, Moresi C, Sintsova A, et al. Fitness
advantage of Bacteroides thetaiotaomicron capsular polysaccharide in the mouse gut
depends on the resident microbiota. Elife. 2023;12.
11. Hoces D, Lan J, Sun W, Geiser T, Staubli ML, Cappio Barazzone E, et al. Metabolic
reconstitution of germ-free mice by a gnotobiotic microbiota varies over the circadian cycle.
PLoS Biol. 2022;20(9):e3001743.
12. Lan J, Greter G, Streckenbach B, Wanner B, Arnoldini M, Zenobi R, Slack E. Non-
invasive monitoring of microbiota and host metabolism using secondary electrospray
ionization-mass spectrometry. Cell Rep Methods. 2023;3(8):100539.
13. Moor K, Diard M, Sellin ME, Felmy B, Wotzka SY, Toska A, et al. High-avidity IgA
protects the intestine by enchaining growing bacteria. Nature. 2017;544(7651):498-502.


