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We read with interest the recent work by Uhde et a/,! which demonstrated that physically
asymptomatic non-coeliac gluten/wheat sensitivity involves compromised intestinal
epithelium barrier dysfunction in conjunction with systemic immune activation events. We
also read with interest the recent work by Marchesi et a/,2 which comprehensively reviewed
the role of microbiota in physical disorders of the gut and extra-gut organs.

But common to these Gut papers was the lack of accounting for anxiety and depression,
comorbidities often experienced in gastroenterology clinics. Patients who are otherwise
physically asymptomatic often do not explicitly divulge these mental disorders, or the
disorders are unintentionally overlooked, yet they report ‘diminished quality of life’.
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In response to this gap, we explored roles of dysbiosis and gut barrier integrity in individuals
physically asymptomatic for gastrointestinal distress, yet nonetheless experiencing mental
distress. We hypothesised that anxiety and depressive disorders are linked to human gut
dysbiosis with microbiota that secrete lipopolysaccharide (LPS) endotoxin into plasma,
which in conjunction with compromised gut barrier integrity has systemic manifestations
including the brain. We further hypothesised that this correlates with altered intestinal
epithelium paracellular integrity molecules discharged into blood as biomarkers, namely
zonulin and intestinal fatty acid-binding protein-2 (FABP2). Zonulin is the master regulator
of endothelial and epithelium tight junctions, modulating both gut and blood-brain barriers.3

We analysed stool faecal microbiota and plasma in 50 subjects who self-reported to be
asymptomatic for gastrointestinal physical disorders; 22 volunteers met Diagnostic and
Statistical Manual of Mental Disorders, Fifth Edition criteria for a depressive disorder or an
anxiety disorder (DEP/ANX), and 28 more were control reference subjects (NODEPANX).
Subjects refrained from probiotics and antibiotics during 30 days prior to providing samples
(see online supplementary methods).

LEfSe analyses (online supplementary figures S1 and S2) revealed gut dysbiosis in the
DEP/ANX subijects, in contrast to microbiome of control subjects. PICRUSt analyses (figure
1) predicted KEGG orthologue gene differences consistent with a pathophysiological gut
metagenomic signature in DEP/ANX versus NODEPANX microbiome. Notable in figure 1
were over-represented LPS biosynthesis genes in the gut microbiome of DEP/ANX subjects.
Over-represented KEGG genes of DEP/ANX microbiome (figure 1) also reflected
deleterious metabolism of mood neurotransmitter pathways and host intestinal protective
glycosaminoglycan mucins, in contrast to beneficial counterparts in controls.

Figure 2 shows that plasma levels of LPS, zonulin and FABP2 were each significantly
elevated in DEP/ANX versus NODEPANX controls. The enhanced plasma LPS in
DEP/ANX likely derived from the skewed distribution of gram-negative taxa of this cohort
(see online supplementary figures S1 and S2) with their attending over-represented LPS
biosynthesis genes (figure 1). FABP2 and zonulin are biomarkers of gut epithelium tight
junction barrier integrity, reportedly upregulated and released by the presence of dysbiotic
microbiota.34 Uhde et at assayed FABP2, but not zonulin nor LPS.

These results support our hypothesis that anxiety and depressive disorders are associated
with gut dysbiosis linked with discharge of intestinal epithelial integrity molecules into
blood of subjects asymptomatic for gastrointestinal physical distress. They provide evidence
substantiating prior human and preclinical studies of mental illness models that predicted
attending gut dysbiosis and altered intestinal barrier integrity.>~’

In conclusion, these data represent the first correlation of human gut dysbiosis with the
tripartite consensus clustering of zonulin, FABP2 and LPS plasma biomarkers of increased
gut permeability in individuals with DEP/ANX disorders versus NODEPANX controls.
These findings highlight that gut can be considered a novel target for DEP/ANX
management, notably in individuals physically asymptomatic for gastrointestinal distress.
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Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
PICRUSt metagenome KEGG orthologue gene distribution in microbiomes of depressive

disorder or an anxiety disorder (DEP/ANX) versus control subjects (see online
supplementary material). LDA, linear discriminate analysis; TCA, tricarboxylic acid; tRNA,
transfer RNA.
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p=0.032

Plasma LPS endotoxin, zonulin and fatty acid-binding protein-2 (FABP2) blood markers of
gut dysbiosis and gut permeability pathophysiological epithelium integrity.3* Analysis of
variance yielded significant mean differences (p<0.05) (see online supplementary material).
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