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The gut microbiome, a term that describes the entire intestinal habitat including resident
microorganisms (the microbiota) and their metabolic byproducts, has a profound impact on
systemic health ranging from immune development, metabolism, and protection from
infection~4. The innovative use of the 16S ribosomal RNA gene for phylogenic analysis,
paired with the decreasing cost of sequencing paved the way for numerous surveys
describing the composition of human bacterial microbiota®8. The ability to characterize
bacterial membership at various body sites beyond our limited capacity to culture organisms
has enabled us to find associations between the microbiota and many human diseases.

The role of the microbiome in cardiovascular disease (CVD) has only been investigated in a
small number of human studies that have primarily linked differences in the composition of
microbiota to various disease processes associated with CVD?. For example, taxa abundant
in atherosclerotic plaques were also increase in patient oral cavities®. Studies in both animal
models and humans have demonstrated a link between microbial metabolism of diet-derived
metabolites and increased levels of trimethylamine N-oxide®. Together these studies point
tantalizingly toward the promise of modulation of microbiome for treatment of CVD.

In this issue of Circulation Research, Malik et al. sought to move microbiome studies from
observation to intervention by examining whether Lactobacillus plantarum 229v altered
vascular endothelial function in men with stable coronary artery diseasel®. To completely
meet these goals the following questions must be asked: Did the intervention alter the gut
microbiome? Did the intervention alter measures of vascular disease? Are the vascular
measures a reliable clinical surrogate?

The study used G3 PhyloChip to assess the effect of oral L. plantarum 229v on the
microbiota though PhyloChip does not, as stated, rely on “16S rDNA sequencing” but rather

Disclosures: No relevant conflicts of interest.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Leslie and Annex

Page 2

is a microarray-based approach. To the best of our knowledge, no recent papers have
benchmarked G3 PhyloChip relative to lllumina 16S rRNA gene sequencing so it is difficult
to compare the two methods. The microarray based approach enables detection of taxa from
both Bacteria and Archaeall. Archaea are an understudied minority member of the gut
microbiota which have been proposed as a potential means to decrease trimethylamine levels
in the gut12. The authors reported that, L. plantarum 229v did not result in significant
differences in the overall microbiota, including the number of observed species (richness)
but they noted significant differences in the relative abundance of 70 operational taxonomic
units between the pre and post-treatment samples with an enrichment of Lactobacillus spp.
in the post-treatment samples. However, these findings were not significant after correcting
for multiple comparisons. Perhaps other analytical methods like machine learning based
models might be better able to parse the differences between samples314. Overall the
findings from this study are in line with other work, which have seen minimal effects of
probiotic supplementation on community structurel®:16. Plasma levels of acetic, propionic,
and butyric acid, which are derivatives of microbial derived short chain fatty acids, were
measured as a surrogate to determine if L. plantarum 229v supplementation altered the
microbiomel”. Following supplementation, levels of acetic acid significantly decreased
while levels of propionic acid increased. This result begs the question if the changes reflect
L. plantarum 229v metabolism or if they reflect changes in metabolism of other members of
the microbiota from the dietary supplementation. Others have found that while no significant
alterations in the community structure were observed during probiotic therapy, the gut
microbial transcriptional program was significantly changed!®. This suggests that future
studies seeking to determine the effects of an intervention on the microbiota should move
beyond metrics of community structure (“who is there”) and instead focus on what the
microbes are doing.

Following the probiotic supplementation the outcome measures included change in brachial
artery flow mediated dilation (FMD) from 3.55+/-1.96 to 4.73+/-2.32 with no change in
resting vessel diameter, hyperemic sheer stress, or vascular smooth muscle mediated
vasodilation. They then took plasma from 4 subjects and tested the net/bulk effects on
adipose arterioles. There were reductions in IL-8 and IL-12 and again, effects were limited
to the endothelium as the effects were smooth muscle independent and blocked by L-
NAME. Direct measures of bioavailable nitric oxide (NO) are feasible but were not madel8.
Following a washout period, a subset of patients also took oral vancomycin as the authors
had previously seen a therapeutic effect in animal models!®. Vancomycin did not result in a
significant change in brachial artery FMD post treatment. It is tempting to speculate that this
result lends support for more targeted microbial therapeutics, however, the value of
vancomycin as an intervention control for the specificity of the probiotic therapy is yet to be
determined.

The role of NO as the key factor in the maintenance of endothelial function, overall vascular
health, and arterial tone is an established paradigm and central theme of translational
vascular biology. Though brachial artery FMD is technically challenging, it does provide the
best non-invasive assessment and is a frequently used accepted “biomarker” of the state of
NO bioavailability in the endothelium. Changes in FMD suggest that the responsive of the
endothelium can be inversely related to disease progression, although even in this space

Circ Res. Author manuscript; available in PMC 2019 October 12.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Leslie and Annex

Page 3

BAR serves more as a marker for prediction of risk and its role is less clear as a response to
therapy.

It is quite likely that the gut microbiome can influence the balance of vascular homeostasis
(Figure 1) in critical features like NO production, inflammation, and thrombosis. Variations
in baseline and alterations within the microbiome should be considered as an important and
influential factor. Studies of the microbiome within and outside cardiovascular medicine are
likely to and indeed should increase. In parallel, we will see an increase in the complexity of
the analytic tools needed to fully establish the absolute and relative importance of this area
on vascular health.
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Figure 1.
The gut microbiome (bottom) can serve as a fulcrum in the ongoing battle of vascular injury

and repair that determines overall endothelial health.
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