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ABSTRACT

The mechanism of how gut microbiota is involved in the host
inflammatory processes that influence human immunodeficiency
virus (HIV) replication and disease progression in HIV is elucidated
in present review.

Key words: Histone butyrylation and crotonylation; Beneficial
efficacy; Human immunodeficiency virus; HIV-1 latency

© 2020 The Authors. Published by ACT Publishing Group Ltd. All
rights reserved.

3054

Yagi A, Abe H. Beneficial Efficacy of Histone Deacetylase Inhibitor
Butyrate and Histone Crotonylation to Human Immunodeficiency
Virus-Infected Subjects. Journal of Gastroenterology and Hepatol-
ogy Research 2020; 9(1): 3054-3058 Available from: URL: http:/
www.ghrnet.org/index.php/joghr/article/view/2796

INTRODUCTION

Canadian human immunodeficiency virus (HIV) Trial Network
(Montaner et al'l) assessed the safety and surrogate marker’s effect
of acemannan (ACM) in aloe vera gel fraction as an adjunctive to
anti-retroviral therapy among patients with advanced HIV disease
receiving zidovudine (ZDV) in a randomized double-blind, placebo-
controlled trial of ACM (400mg orally 4 times daily). The results
demonstrated that ACM at an oral daily dose of 1.6 g does not
prevent the decline in CD4 count characteristic of progressive HIV
disease. While ACM showed no significant effect on p24 antigen
and quantitative virology, ACM was well tolerated and showed no
significant pharmacokinetic interaction with ZDV, and moderated
the side effect. Oral administration of ACM may not be directly
efficacious to HIV disease, but inhibits viral replication. The ability
is important to the effectiveness of a vaccine, as antigens alone
sometimes fail to produce an immune response. This immune-
stimulant and vaccine adjuvant ability would be extremely important
in the fight against acquired immunodeficiency syndrome. In our
early review!” we discussed importance of ACM as an immune
stimulant and an adjuvant for HIV, and importance of diet and host-
microbial cross talk to ensure maintenance of homeostasis. ACM
was approved by United States Department Agriculture for use as a
vaccine adjuvant in chickens, cats and dogs.

Alterations in the gut microbiota have been associated with age-
related phenotypes, and proper maintenance of microbiota with
epigenetic modifiers, like probiotics has shown to be effective in
managing chronic disease progression. Histone acylation which is
one of the key epigenetic modification processes controlling gene
expression is known to be involved in lifespan determination. There
is substantial evidence that indicates the geroprotective potential of
histone deacetylase inhibitor, such as butyrate. The ability of human
immunodeficiency virus-1(HIV-1) to establish latent infection and its
re-activation is considered critical for progression of HIV-1 infection.
Imai et al investigated the effect of butyric acid on HIV-1 gene



expression. The authors suggested that butyric acid stimulates HIV-1
promoter through inhibition of the transcription factor Sp1-associated
HDAC activity and recruitment of cAMP response element-
binding protein to the HIV-1 viral long terminal repeat (LTR).The
transcription factor Spl is a target of acetylation at K703 and is
known to be associated with HDAC1. Sp1 binding site is essential
for butyric acid-induced transactivation of HIV-1LTR. The findings
suggest that SP1 binding sites within the HIV-1promoter are primarily
involved in butyric acid-mediated HIV-1 activation. Sp1 should be
considered as one of therapeutic targets in anti-viral therapy against
HIV-1 infection aggravated by butyric acid-producing bacteria.

Targeting the microbiome for HIV cure

The components of the human gut microbiome have been found to
influence a broad array of pathologic conditions ranging from hearts
disease to diabetes, cognitive impairment and even to cancer. HIV
infection upsets the delicate balance in the normal host-microbe
interaction both through alterations in the taxonomic composition
of gut microbial communities as well as through disruption of
the normal host response mechanisms. Koay et a/'* discussed the
interaction between HIV infection, the gut microbiome, inflammation
and immune activation, and HIV reservoirs, along with interventions
to target the microbiome and their implications for HIV remission
and cure. Understanding the association of HIV with the microbiome,
metabolome, and metaproteome may lead to novel therapies to
decrease inflammation and immune activation, and impact HIV
reservoir size and vaccine responses.

Butyrate-producing bacteria live in the colon and are primarily
utilized by colon cells as a major energy sources in HIV-infected
subjects

In the mitochondria of colon cells, 70% to 90% of butyrate is
oxidized into acetyl-CoA, which is subsequently processed
through the TCA cycle to generate a large quantity of ATP. Histone
deacetylase inhibitors (HDAC!H) are studied in HIV-infected adults
as latency reversing agents as a way to eradicate the latent HIV
reservoir. HDACi have been shown to upregulate HIV transcription
but have not led to reductions in HIV reservoirs when added to
standard antiretroviral therapy. Rasmussen et a/'®' provided an
overview of the initial experiences with the use of latency-reversing
agents in clinical trials in HIV and discussed and contrasted results
arising from these studies.

Serrano-Villar et a/' studied that a deeper understanding of
how nutritional interventions could ameliorate gut dysbiosis in
the pilot blindly randomized study. Increases in the abundance of
Faecalibacterium and Lachnospira strongly correlated with moderate
but significant increases of butyrate production and amelioration
of the inflammatory biomarkers soluble CD14 and high-sensitivity
C-reactive protein, especially among HIV-viremic untreated patients.
The bacterial butyrate synthesis pathway holds promise as a viable
target for interventions.

A cross-sectional study by Dillon et all” was performed to compare
the relative abundance of butyrate-producing bacterial species in
colonic biopsies and stool of untreated, chronic HIV-1-infected (n
= 18) and HIV-1-uninfected (n = 14) study participants. Relative
abundance of total butyrate-producing bacteria and specifically
of Roseburia intestinalis, were lower in colon mucosa of HIV-1-
infected versus HIV-1-uninfected individuals. In HIV-1-infected
study participants, R. intestinalis relative abundance inversely
correlated with systemic indicators of microbial translocation,
immune activation, and vascular inflammation. The effect of
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exogenously added butyrate on gut T-cell activation and HIV-1
infection was evaluated using an ex-vivo human intestinal cell culture
model. Reductions in mucosal butyrate from diminished colonic
butyrate-producing bacteria may exacerbate pathobiont-driven gut
T-cell activation and HIV replication, thereby contributing to HIV-
associated mucosal pathogenesis.

HIV infection upsets the delicate balance in the normal host-
microbe interaction both through alteration in the taxonomic
composition of gut microbial communities as well as through
disruption of the normal host response mechanisms. Liu et a/*)
described some of the important biomolecules produced by gut
microbiota and the role that they may play in maintaining host
immune homeostasis with and without HIV infection. Alterations in
the fecal microbiota and intestinal epithelial damage involved in the
gastrointestinal disorder associated with HIV-1 infection result in
microbial translocation that leads to disease progression and virus-
related comorbidities. Notably via production of SCFAs, bacteria
migrating from the lumen to the intestinal mucosa could influence
HIV-1 replication by epigenetic regulatory mechanisms, such as
histone acylation.

Noguera-Julian ef al’”! indicated that initial cross-sectional studies
provided contradictory associations between microbial richness and
HIV serostatus and suggested shifts from Bacteroides to Prevotella
predominance following HIV-1 infection which have not been found
in animal models or in studies matched for HIV-1 transmission
groups. The findings indicated that HIV gut microbiome studies must
control for HIV risk factors and suggest interventions on gut bacterial
richness as possible novel avenues to improve HIV-1-associated
immune dysfunction.

Bolduc et al'""! investigated the effect of acetate on the
susceptibility of primary human CD4" T cells to HIV-1 infection and
demonstrated that HIV-1 replication is increased in CD3/CD28-
costimulated CD4" T cell upon acetate treatment. Acetate enhances
virus production in primary human CD4" T cells. Moreover, the
authors reported that acetate impairs class I/l histone deacetylase
activity and increases integration of HIV-1 DNA into the host
genome. Therefore, it can be postulated that bacterial metabolites
such as acetate modulate HIV-1-mediated disease progression.

HIV-1 infection causes severe gut and system immune damage,
but its effects on the gut microbiome remain unclear. Shotgun
metagenomics studies in HIV-negative subjects linked low-microbial
gene counts (LGC) to gut dysbiosis in diseases featuring intestinal
inflammation. Using a similar approach in 156 subjects with different
HIV-1 phenotypes, Guillen et a/'"! found a strong, independent,
dose-effect association between nadir CD4" T-cell counts and LGC.
Low nadir CD4" T-cell counts, rather than HIV serostatus per se,
predict the presence of gut dysbiosis in HIV-1 infected subjects.
Such dysbiosis does not display obvious HIV-specific features;
instead, it shares many similarities with other diseases featuring
gut inflammation. Gonzalez-Hernandez LA et all'? compared the
composition of fecal microbiota, SCFAs, and systemic biomarkers
between elderly HIV-positive and HIV-negative subjects. An increase
in the Firmicutes/Bacteroides ration, coupled with a significant
increase in the proteobacteria phylum was detected in HIV-positive
subjects. In contrast, a decrease in the Clostridium leptum group was
observed. Nevertheless, these elderly HIV-positive patients showed
higher levels of total SCFAs mainly by an augmented propionic acid
values, compared to HIV-negative subjects. Whereas high levels of
hs-CRP were positively correlated with sCD14 in the HIV-positive
group. Alterations in bacterial communities reveal a dysbiotic state
related to an unbalance of fecal SCFAs. Therefore, these intestinal
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conditions might drive an increase of poor prognostic biomarkers in
elderly HIV-positive subjects.

Qing et al'"¥ reported a cross-sectional comparison of 15
asymptomatic HIV-infected men who have sex with men treated
with non-nucleoside reverse transcriptase inhibitors-based
combination antiretroviral therapy with 10 non-matched HIV-
negative heterosexual male controls. The authors found that
Rikenellaceae, Microbacteriaceae, Roseburia, Lachnospiraceae,
Alistipes, and Ruminococaceae were decreased, while Maraxellaceae
and Psychrobacter were increased in HIV-positive patients. Butyric
acid and valeric acid were reduced in HIV-positive patients. The
differences in the distribution of intestinal flora between HIV-infected
and healthy individuals, especially some SCFAs, suggest that there is
already a predisposition to intestinal mucosa damage in HIV-infected
individuals. In a cross-sectional study of older people living with
HIV(PLWH), median age 61.5 years, N = 14, and uninfected controls
(median 58 years, N = 22), Liu et al'"¥ compared stool microbiota,
levels of microbial metabolites (SCFAs) and systemic inflammatory
biomarkers by HIV serostatus and age. The authors found that stool
SCFAs levels were similar between the two groups yet patterns of
associations between individual microbial taxa and SCFAs levels
differed. Abundance of various genera including Escherichia
and Bifidobacterium positively associated with inflammatory
biomarkers among PLWH, but not among control. The age effect
on the gut microbiome and associations between microbiota and
microbial metabolites or systemic inflammation differed based on
HIV serostatus, raising important implications for the impact of
therapeutic interventions, dependent on HIV serostatus or age.

The microbiota profile of rectal swabs from 26 HIV-infected
individuals and 20 HIV-uninfected controls were examined by Lee
et all™). Patients were classified as suboptimal responders (n = 10,
CD4"T-cell < 359 cells/ul) and optimal responders (n = 16, CD4"T-
cell > 500 cells/pl) after a minimum of 2 years on suppressive
antiretroviral therapy (ART). The authors found that Fusobacterium
was significantly enriched among the HIV-infected and suboptimal
responders. Enrichment of Fusobacterium, butyric acid-producing
bacteria, was associated with reduced immune recovery following
ART. Modulating the abundance of the bacterial taxa in the gut may
be a viable intervention to improve immune reconstitution in the
setting. To understand the longitudinal effects of HIV-1 infection on
the human gut microbiota, Rocafort et all'® prospectively followed 49
Mozambican subjects diagnosed with recent HIV-1 infection (RHI),
and 54 HIV-1-negative controls for 9-18 months and compared
them with 98 chronically HIV-1-infected subjects treated with anti-
retrovirals (n = 27) or not (n = 71). Despite early resilience to change,
an HIV-1-specific signature in the gut bacteriome-featuring depletion
of Akkermanisia, Anaerovibrio, Bifidobacterium, and Clostridium-
previously associated with chronic inflammation, CD8'T cell anergy,
and metabolic disorders, can be eventually identified in chronically
HIV-1-infected subjects. Recent HIV-1 infection is associated with
increased fecal shedding of eukaryotic viruses, transient loss of
bacterial taxonomic richness, and long-term reduction in microbial
gene richness. An HIV-1-associated microbiome signature only
becomes evident in chronically HIV-1-infected subjects. Longitudinal
studies addressing the ability of ART to prevent and/or recover such
changes are needed.

Short chain fatty acid, essential for a newly discovered
epigenomic modification: histone crotonylation

Lysine is an amphipathic residue with a hydrophobic side chain.
Acylation of lysine neutralizes the positive charge of the amino group
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and may change the conformation of proteins. According to the
difference in hydrocarbon chain length, hydrophobicity and charge,
the short chain lysine acylation include the well-studied lysine
acylation; acetylation, propionylation, butyrylation, 2-hydroxy-
isobutyrylation, succinylation, malonylation, glutarylation,
crotonylation and B-hydroxybutyrylation. Various chain acylation of
histone have been characterized, including butyrylation, 2-hydroxyl-
butyrylation, and crotonylation. These acylation has been linked
to cellular metabolism, because they reflect the availability of the
SCFAs and their coenzyme A adducts in the cells.

Follows et al'”

characterized histone crotonylation in intestinal
epithelial and found that histone H3 crotonylation at lysine 18 is a
surprisingly abundant modification in the small intestine crypt and
colon, and is linked to gene regulation. Furthermore, the authors
showed that known histone deacetylase (HDAC) inhibitors, including
the gut microbiota-derived butyrate, affect histone decrotonylation.
The authors suggested that depletion of the gut microbiota leads to
a global change in histone crotonylation in the colon and histone
crotonylation connects chromatin to the gut microbiota, at least in
part, via SCFAs and HDACs.

Regulation of HIV latency with histone deacetylase inhibitor
Although the clinical administration of histone deacetylase inhibitors
to HIV-infected individuals to antiretroviral therapy significantly
increased cell-associated HIV RNA in CD4" T cells and some cases
plasma HIV RNA, this did not reduce the frequency of latently
infected cells in blood. Potential reasons for this include insufficient
potency in latency reversal, lack of virus or immune-mediated cytosis
of virus-expressing cells and/or a high frequency of immune escape
mutations in the recently activated virus. More effective latency-
reserving interventions and additional strategies to eliminate virus-
expressing cells are needed.

Eradication of HIV-1 (HIV) is hindered by stable viral reservoirs.
Viral latency is epigenetically regulated. Jiang ez al"*! discovered that
histone crotonylation involved in HIV replication and decrotonylation
of histone tails at HIV long terminal repeats may be linked to the
establishment of HIV latency. Reactivation of latent HIV was
achieved following the induction of histone crotonylation through
increased expression of the crotonyl-CoA-producing enzyme; acyl-
CoA synthetase short-chain-family member 2 (ACSS2). ACSS2
induction was highly synergistic in combination with either a protein
kinase C agonist or a histone deacetylase inhibitor in reactivating
latent HIV. The present study links the HIV/simian immune
deficiency virus (SIV) infection-induced fatty acid enzyme ACSS2
to HIV latency and identifies histone lysine crotonylation as a novel
epigenetic regulator for HIV transcription that can be targeted for
HIV eradication. This epigenetic modification mechanism and its
reversal open new avenues for HIV cure approaches.

Crakes and Jiang!"”! review that the current understanding of
gut microbial signatures across various stages of HIV versus
SIV infection, with an emphasis on the impact of microbiome-
based therapies in restoring gut mucosal immunity as well as their
translational potential to supplement current-HIV cure efforts. Lysine
crotonylation is a newly discovered post-translational modification,
which is structurally and functionally different from the widely
studied lysine acylation. Wan et a/*” summarized the writers, erasers
and readers of lysine crotonylation, and their physiological functions,
including gene transcription, acute kidney injury, spermatogenesis,
depression, telomere maintenance, HIV latency and cancer process.
Lysine crotonylation facilitates telomere maintenance and enhances
chemically induced reprogramming to pluripotency.



SUMMARY

Currently there are no data directly linking the gut microbiome
in HIV patients, via any sampling methodology, to later clinical
outcomes. Detailed dietary information may explain changes
in microbial composition and metabolism. More throughout
investigation of colonic mucosa tissue samples may identify HIV-
associated defects. Multiple sampling points such as stool, rectal
swab, colonic mucosal biopsy, and small bowel aspiration or biopsy
will need to be concurrently evaluated to determine which is most
relevant to systemic disease in HIV.

Studies in non-human primates have contributed greatly working
knowledge of viral transmission, gut-associated inflammation and
early immune responses. Recent findings indicate the signaling
pathways critical for HIV disease progression and gut mucosal
damage, which require the development of powerful computation
tools, such as bacterial transcriptome and epigenetic analyses in
combination with host genetic and metabolomics analyses. The
mechanisms of how metabolic function in the gut is altered in HIV
and SIV infection and how this can be targeted therapeutically to
promote both gut and brain health is under active investigation.
Harnessing the SIV model to study host-microbial interactions at the
molecular level could provide great insight in restoring gut mucosal
immunity in HIV infection. Current strategies of gut microbial
alterations to restore mucosal damage, suppress viral replication, and
reduce reservoir size in patients are the key to the success of HIV
cure efforts.
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