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Development of novel therapeutics for intractable vascular diseases
through elucidation of the pathogenesis focusing on gut dysbiosis
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Abstract
Introduction

The gut microbiota has been shown to correlate with the onset and exacerbation
of various diseases by influencing host metabolism and immunity. One of the most
well-known metabolites derived from the gut microbiota in the field of cardiovascular
disease 1s trimethylamine N-oxide (TMAO), a gut-associated metabolite of
phosphatidylcholine and carnitine derived from dietary components. TMAO
has received a great deal of attention due to its association with atherosclerosis,
aortic aneurysm, renal disease, and heart failure. In this presentation, I would
like to introduce the relationship between intestinal microbiota alteration and the
pathogenesis of intractable vascular diseases such as pulmonary hypertension and
Takayasu arteritis, and the attempts toward novel diagnostics and therapeutics
based on this relationship.

1. Alteration of intestinal microbiota and aortic aneurysm formation in Takayasu
arteritis

Takayasu arteritis (TAK) is an intractable disease designated by Ministry of



Health, Labour and Welfare in Japan. TAK is frequently observed in young women
in Japan and other East Asian countries. TAK causes inflammation of aorta and
1ts primary branches, leading to vascular complications such as aortic aneurysms
and aortic regurgitation. Although high doses of steroids can bring TAK patients
into remission, more than half of them relapse during the steroid-tapering process.
We have been working on the development of a new treatment for patients with
TAK refractory to steroid therapy, and have found that tocilizumab, a monoclonal
antibody targeting the receptor for inflammatory cytokine interleukin-6 (IL-6), may
be effective for the steroid-resistant TAK patients from clinical trials (Nakaoka et
al. Ann Rheum Dis 2018, Nakaoka et al. Rheumatology (Oxford) 2020, Nakaoka et al.
Rheumatology (Oxford) 2022). Based on the above findings, tocilizumab was approved
by the Japanese health authorities for TAK in 2017 and is now available in clinical
practice. One problem with tocilizumab treatment is that inflammatory markers
that serve as biomarkers in blood tests can become negative due to the pharmacologic
effects of tocilizumab and no longer serve as therapeutic markers; relapse of TAK can
only be carefully monitored by subjective symptoms and regular imaging tests. Thus,
we would like to develop a novel biomarker to effectively predict the risk of aortic
aneurysm and aortic regurgitation in TAK patients. Comparing the gut microbiota
of the patients with TAK and healthy controls, we found a significant increase of the
oral commensal bacterium Campylobacter gracilis in patients with TAK compared
to healthy controls. The increase in Campylobacter gracilis was strongly correlated
with the use of proton pump inhibitors (PPIs), which are administered to prevent side
effects of drugs associated with TAK, and the incidence of aortic aneurysm formation
and progression-related events was significantly higher among the TAK patients
taking PPIs than among those who were negative for Campylobacter gracilis (Manabe
et al. Arthritis Res Ther 2023). Based on these results, we launched a validation study
group is collaborating with the 23 medical centers of JPVAS study group to examine
the association between Campylobacter gracilis and aortic aneurysm formation,
including verification of whether PPI oral administration is necessary for TAK
patients.

2. Role of gut microbiota alterations and aromatic hydrocarbon receptor signaling
in the pathogenesis of pulmonary hypertension

Pulmonary hypertension (PH) is an intractable disease, designated by the MHLW,
that causes stenosis or obstruction of distal pulmonary arteries (small arteries) due
to unknown cause. We have reported that a signaling axis consisting of IL-6 and
its downstream Thl7 cells and Thl17 cell-derived IL-21 plays a central role in the
pathogenesis of PH (Hashimoto-Kataoka et al. PNAS2015, Yaku et al. Circulation
2022, Ishibashi et al. PNAS2024). We focused on the aryl hydrocarbon receptor



(AHR), a transcription factor with an important role in Th17 cell differentiation,
and found that AHR has an essential role in the pathogenesis of PH (Masaki et al.
PNAS 2021). AHR is also known as dioxin receptor and serves as a chemical sensor
for organic chemical toxins in the environment which is responsible for induction
of detoxification metabolic enzymes. However, the ligands for AHR and the sources
remain unknown. We hypothesized that gut microbiota might be involved in the
production of AHR ligands derived from diet. We investigated the gut microbiota
in the PAH model rats and the PAH patients using 16S metagenomic analysis. Both
PAH model rats and patients displayed gut dysbiosis compared to the respective
controls. The pathophysiology of PAH mode rats significantly improved in the rats
treated with antibiotic cocktails to reduce gut microbiota. Furthermore, in the 89
patients with PAH, the prevalence of Veillonella, Streptococcus, Rothia, and other
oral bacteria increased, whereas Alistipes, Subdolignulum, and other butyrate
producing bacteria decreased, compared with the 82 healthy controls. The ectopic
colonization of oral bacteria in the gut significantly correlated with the severity of
PAH and independently associated with poor prognosis. Next, we transferred fecal
microbiota from the PAH patients (PAH-FMT) and healthy controls (HC-FMT) to
germ free rats. PAH-FMT rats showed exacerbated monocrotaline-induced PAH
pathophysiology along with increased AHR activation, compared to HC-FMT rats.
These results indicate that AHR signaling in the intestinal tract is enhanced in PH
patients and PH model animals. In addition, oral administration of an AHR inhibitor
to patients” FMT rats improved PH pathology, suggesting that PH patients have
an altered intestinal microbiota in which oral commensal bacteria increase in the
intestinal tract, resulting in enhanced AHR ligand production in the intestinal tract
due to their migratory colonization (Asano et al. manuscript in preparation). Take
together, controlling the alteration of the intestinal microbiota and the associated
increment of AHR activity might lead to the development of novel therapies for PH.





