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Aim

The aim of this project is to understand by which mechanisms
butyrate can affect the central nervous system, with a special
focus on the function and expression of the tryptophan
transport system, one of the biomarkers for neuropsychiatric
disorders.
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Background

The gut-brain axis is a bidirectional communication system
between the gut with its microbiota and the brain.
Gastrointestinal and psychological problems often affect each
other reciprocally. Clinically, gastrointestinal disorders such as
irritable bowel syndrome are frequently associated with
psychological problems, whereas neuropsychiatric disorders such
as autism are often accompanied by intestinal symptoms.
From a mechanistically point of view, the gut-brain interaction
includes endocrine, immune and neural pathways. On the one
hand, the brain applies these mechanisms to influence several
gut targets. On the other hand, the gut microbiota can modulate
brain function, for instance by the production of short-chain fatty
acids which are neuroactive bacterial metabolites, or altered
systemic tryptophan levels. One of the short-chain fatty acids,
butyrate, has been shown to positively influence intestinal and
neurological functions. This suggests butyrate as a key mediator
in the microbiota-gut-brain interaction.

Fig.1: Gene expression of tryptophan transporters after butyrate treatment and/or oxidative stress
Ratio of SLC7A5 mRNA normalized to GAPDH and compared to an untreated control and oxidative stress (1
hr H2O2 10 µM): (A) 1 hr butyrate treatment; (B) 6 hrs butyrate treatment.
For every condition two biological replicates were analysed in triplicates each.
Statistical analysis: One-way ANOVA with Sidak’s multiple comparison correction. Shown: mean + SD;
vs. control * p < 0.05; ** p < 0.01; *** p < 0.001; vs. 1 hr H2O2 10 µM # p < 0.05; ## p < 0.01; ### p < 0.001
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Fig.2: Gene expression of tryptophan transporters after butyrate treatment and/or oxidative stress
Ratio of SLC3A2 mRNA normalized to GAPDH and compared to an untreated control and oxidative stress
(1 hr H2O2 10 µM): (A) 1 hr butyrate treatment; (B) 6 hrs butyrate treatment.
For every condition two biological replicates were analysed in triplicates each.
Statistical analysis: One-way ANOVA with Sidak’s multiple comparison correction. Shown: mean + SD
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Conclusion

These findings suggest that gut-derived butyrate can alter
tryptophan transport which potentially might affect central
nervous system function.
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Fig.3: Gene expression of tryptophan transporters after butyrate treatment and/or oxidative stress
Ratio of SLC7A8 mRNA normalized to GAPDH and compared to an untreated control and oxidative stress (1
hr H2O2 10 µM): (A) 1 hr butyrate treatment; (B) 6 hrs butyrate treatment.
For every condition two biological replicates were analysed in triplicates each.
Statistical analysis: One-way ANOVA with Sidak’s multiple comparison correction. Shown: mean + SD;
vs. control * p < 0.05; ** p < 0.01; *** p < 0.001; vs. 1 hr H2O2 10 µM # p < 0.05; ## p < 0.01; ### p < 0.001

Fig.4: Gene expression of tryptophan transporters after butyrate treatment and/or oxidative stress
Ratio of SLC1A5 mRNA normalized to GAPDH and compared to an untreated control and oxidative stress
(1 hr H2O2 10 µM): (A) 1 hr butyrate treatment; (B) 6 hrs butyrate treatment.
For every condition two biological replicates were analysed in triplicates each.
Statistical analysis: One-way ANOVA with Sidak’s multiple comparison correction. Shown: mean + SD

Fibroblast have previously been shown to be a valid model
system to study the gut-brain axis, among others, as they express
several neuronal-specific enzymes and receptors. In this project,
primary adult human dermal fibroblasts were cultured until
confluency and thereafter treated as following:
H2O2 10 µM
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Results

Transporter assays showed that H2O2 incubation decreased the
tryptophan transport capacities. These processes were rescued
by butyrate treatment.
The gene expression of LAT1, a major tryptophan transporter,
which is comprised of Solute Carrier Family 3 Member 2
(SLC3A2) and Solute Carrier Family 7 Member 5 (SLC7A5), and
the gene expression of LAT2, a minor tryptophan transporter,
which is comprised of Solute Carrier Family 7 Member 8
(SLC7A8), were not altered by incubation with H2O2 for 1 hr.
However, exposure of fibroblasts to butyrate (20 mM, 40 mM)
for 6 hrs with and without following exposure to oxidative stress
(1 hr H2O2 10 μM) upregulated the expression of SLC7A5 and
SLC7A8 more than two-fold, while it had no effect on the
expression of SLC3A2. Further, the gene expression of another
minor tryptophan transporter Solute Carrier Family 1 Member 5
(SLC1A5), which is coexpressed on serotonergic neurons, was
not altered.
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