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Abstract

Native Hawaiian and Pacific Islander (NHPI) populations suffer from dispro-
portionately higher rates of chronic conditions, such as type 2 diabetes, that
arises from metabolic dysfunction and are often associated with obesity and
inflammation. In addition, the global coronavirus disease 2019 pandemic has
further compounded the effect of health inequities observed in Indigenous
populations, including NHPI communities. Reversible lifestyle habits, such as
diet, may either be protective of or contribute to the increasing prevalence of
health inequities in these populations via the immunoepigenetic-microbiome
axis. This axis offers insight into the connection between diet, epigenetics, the
microbiome composition, immune function, and response to viral infection.
Epigenetic mechanisms that regulate inflammatory states associated with
metabolic diseases, including diabetes, are impacted by diet. Furthermore,
diet may modulate the gut microbiome by influencing microbial diversity and
richness; dysbiosis of the microbiome is associated with chronic disease.
A high fiber diet facilitates a favorable microbiome composition and in turn
increases production ofintermediate metabolites named short-chain fatty acids
(SCFAs) that act on metabolic and immune pathways. In contrast, low fiber
diets typically associated with a westernized lifestyle decreases the abundance
of microbial derived SCFAs. This decreased abundance is characteristic of
metabolic syndromes and activation of chronic inflammatory states, having
larger implications in disease pathogenesis of both communicable and non-
communicable diseases. Native Hawaiians and Pacific Islanders that once
thrived on healthy traditional diets may be more sensitive than non-indigenous
peoples to the metabolic perturbation of westernized diets that impinge on
the immunoepigenetic-gut microbiome axis. Recent studies conducted in the
Maunakea lab at the University of Hawai'i at M&noa John A. Burns School of
Medicine have helped elucidate the connections between diet, microbiome
composition, metabolic syndrome, and epigenetic regulation of immune
function to better understand disease pathogenesis. Potentially, this research
could pointto ways to prevent pre-disease conditions through novel biomarker
discovery using community-based approaches.
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Abbreviations

COVID-9 = coronavirus disease 2019

HDAC = histone deacetylase

HFD = high fiber diet

GCPR = G protein-coupled receptor

NHPI = Native Hawaiians and Pacific Islanders

SCFA = short chain fatty acid

SARS-CoV-2 = severe acute respiratory syndrome coronavirus 2

Introduction

Health disparities among minority populations across the US
include higherrates of metabolic syndrome, a condition that can
arise from persistent low-grade systemic inflammation. Com-
mon characteristics of this syndrome include obesity, insulin
resistance, hypertension, and dyslipidemia.' Native Hawaiians
and Pacific Islanders suffer from the fastest rising prevalence
rate of type 2 diabetes globally, in part due to socioeconomic
constraints thatrestricttheir access to healthy dietary options and
lead to metabolic and immune dysregulation.”* Diet contributes
to the development of both metabolic and immune function
via the immunoepigenetic-microbiome axis that functions to
establish and maintain metabolic homeostasis. Unhealthy diets
alter gut microbiome composition leading to dysbiosis and ab-
errant regulation associated with increased local and systemic
inflammation and metabolic dysfunction.’

The Maunakea lab located at John A. Burns School of Medicine
is part of the Institute for Biogenesis Research in the Department
of Anatomy, Biochemistry and Physiology. The lab focuses on
the biological mechanisms underlying health disparities and
studies diet as both an epigenetic modulator and as a potential
intervention to reverse health inequities. Community-based par-
ticipatory research studies that have engaged NHPI individuals
and their social networks have offered new insight into the con-
nection between diet, epigenetics, the microbiome composition,
immune function, and response to viral infection. The lab refers
to these interactions as the immunoepigenetic-microbiome axis.
This article summarizes each component of this network and
highlights the importance of understanding the relationships in
the context of metabolic function and disease outcomes.
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The Intestinal Microbiome

The gut microbiome plays akey role in metabolic syndrome and
overall human health. Because microbiota facilitate functions
in metabolic and immune responses, dysregulation of the gut
microbiota that results in changes in the abundance and diver-
sity of protective microbial species (ie, dysbiosis) is implicated
in adverse health outcomes and disease progression.’ Dietary
choices can influence microbiome composition and health out-
comes, and there are differences observed between individuals
who consume a westernized diet that is high in processed foods,
animal protein, and low in dietary fiber, versus anon-westernized
traditional diet that is plant-based and high in fiber.’

For example, fiber consumption has positive influences on
microbiome composition and is usually associated with non-
westernized diets.® Non-digestible carbohydrates, also known
as insoluble fiber or dietary fiber, are found in whole grains and
some fruits and vegetables. The human gastrointestinal tract lacks
digestive enzymes to process these sources of dietary fiber, but the
gut microbiota utilizes insoluble fiber to synthesize short chain
fatty acids (SCFAs) such as butyrate, acetate, and propionate via
bacterial fermentation. SCFAs represent epigenetic regulators
of the microbiome-immune axis and are mediators of immune
activation. Locally, SCFAs such as butyrate are the main source
of cellular energy of the colonic epithelium and contribute to
strengthening the gut barrier and reducing intestinal inflam-
mation. Systematically, SCFAs promote cellular metabolism
and activate signaling cascades to regulate immune functions
in colonic tissue and circulating immune cells.”

Immunoepigenetic-Microbiome Axis and
Immunomodulatory Metabolites

The interactions between microbial derived metabolites and
epigenetic regulation of immune cell function, part of the
immunoepigenetic-microbiome axis, influence overall immune
function and play major roles in disease. The innate immune
system is shaped by epigenetic processes as seen in inflamma-
tory states precursing type 2 diabetes pathogenesis. Microbial
derivatives stimulate the innate immune system to cause cascad-
ing events that initiate transcriptional responses in specific cell
types. Epigenetic modulators such as SCFAs recruit transcription
factors, prevent expression of mediators, and repress or activate
secondary gene programs responsible for metabolic functions
such as histone modification and DNA methylation. Addition-
ally, SCFA metabolites regulate immune responses resulting in
either pro-inflammatory or anti-inflammatory cascades.®

SCFAs are important mediators between the intestinal microbi-
ome and immune system. In the local gut environment, SCFAs
strengthen gap junctions and epithelial barrier integrity.” In doing
so, they reduce the opportunity for pathogenic bacteria to elicit
inflammatory cascades in macrophage and monocyte immune
cells. Additionally, SCFAs are actively transported through

the epithelial barrier and up taken by lymphocytes to further
mediate immune activation. SCFAs have 2 major signaling
mechanisms: inhibition of histone deacetylases (HDAC) and
activation of G protein-coupled receptors (GPCRs). HDACs
epigenetically regulate gene expression and are implicated in
anti-inflammatory immune programming. SCFAs are ligands
of GPCRs such as GPR41, GPR43, and GPR109A that are
expressed on a wide variety of cells, including hematopoietic
tissues and their derivative immune cells indicating modula-
tory activity of immune cell development and differentiation
to produce anti-inflammatory states (Figure).’

Epigenetic Modulation to Reduce Type 2
Diabetes Risk

The Mauli Ola study is an ongoing community-based research
project of the Maunakea lab that includes NHPI participants
interning at MA‘O Organic Farms in Wai‘anae, O‘ahu. This
study provides an example of how diet-mediated changes in
the gut microbiome can impact epigenetic regulation of the
inflammation linked to glycemic control and risk for type 2
diabetes. Data from this study have revealed that individuals
with higher fiber intake modulate their risk for type 2 diabetes
as measured by changes in levels of hemoglobin Alc, a bio-
marker of glycemic control. The changes in Alc appeared to
be mediated by increased butyrate-producing gut bacteria and
associated with decreased systemic inflammation, which is
consistent with other studies.'” Additionally, butyrate reduces
systemic inflammatory cytokines IL-1b, TNF-a, IFN-g, IL-6 and
MCP-1; the genes encoding these cytokines are epigenetically
regulated. This in turn causes a systemic cascade to decrease
inflammation in the pancreas and adipose tissue, ultimately
eliciting homeostatic regulation of glucose uptake and insulin
production. Furthermore, SCFA microbiota are associated
with increased production of gut hormones PYY and GLP-1
which act through molecular pathways to further reduce type
2 diabetes by initiating insulin release, glucose uptake, and
fatty acid oxidation."

Diet, Microbiome and Type 2 diabetes

The results from the Mauli Ola study offers insight into the
mechanisms in which SCFAs influence metabolic functions
and reduce type 2 diabetes risk. Participants whose gut micro-
biomes exhibited increased alpha diversity scores, attributed
to consuming high fiber diets (HFD), had greater capacity to
produce SCFAs. This is because greater diversity was associ-
ated with increased abundance of SCFA-producing microbiota.
Furthermore, participants with greater microbial diversity had
increased presence of the butyrate kinase (Buk) gene and sub-
sequent production of the butyrate kinase enzyme in the gut
microbiome. Presence of the Buk gene enables microbiota to
ferment non-digestible fiber into butyrate and this metabolic
capacity was significantly associated with decreased type 2
diabetes risk. Notably, participants with confirmed type 2 dia-
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Figure. Diagram of the Immunoepigenetic-Microbiome Axis. Consumption of a high fiber diet enhances
gut microbiome health and metabolic output to decrease systemic inflammation.
Abbreviations: HFD, high fiber diet; SCFA, short chain fatty acid; HDAC, histone deacetylase

betes suffered from a characteristically dysbiotic microbiome
with constrained host-symbiotic interactions, elucidating pos-
sible dietary interventions to minimize or reverse pathogenesis
of type II diabetes. Further research in the Maunakea lab is
currently underway to investigate how the youth-targeted,
land-based programs of MA‘O Organic Farms may offer an
innovative intervention to ameriorate type II diabetes risk in
the NHPI community.

Microbiome Composition and SARS-CoV-2

In another study of the Maunakea lab, data from participants
recovering from severe acute respiratory syndrome coronavi-
rus 2 (SARS-CoV-2) infection offered insights into how the
immunoepigenetic-microbiome axis impact the development
of coronavirus disease (COVID-19). Initial results of this study
indicate that the gut microbiome appears to play a major role
in the host-viral response and in some cases was protective
against severe pathogenesis. Specifically, in comparison to
those who harbored low gut microbiome diversity as mea-
sured by DNA sequencing technologies, participant plasma
samples who exhibited a more diverse microbiome were able
to neutralize the SARS-CoV-2 virus with better efficacy in ex
vivo assessment; these individuals also experienced less severe

symptoms of COVID-19. In addition, those with pre-existing
conditions, such as obesity, tended to experience more severe
symptoms of COVID-19 and had an attenuated immune re-
sponse during recovery, which was associated with dysbiosis
of the gut microbiome beyond what is characteristic of people
with obesity. Although preliminary, these results reinforce the
concept of a relationship between immune function and gut
microbial composition. Given the protective role of a more
diverse microbiome that is characteristic of a HFD, the work
of the Maunakea lab implicates that interventions that include
diet to reduce diabetes and/or obesity risk may be potentially
useful to prevent and/or mitigate severe COVID-19 progression.

Conclusion

Systematically imposed socioeconomic constructs on Indig-
enous communities are partially responsible for unhealthy
lifestyle choices that include poor nutrition. This has fostered
the manifestation of gut microbiome dysbiosis that contributes to
epigenetically altered immune responses and leads to the onset of
inflammationunderlying the progression of non-communicable
diseases. Dysregulation of the immunoepigenetic-gut micro-
biome axis acts as a preface for many inflammatory related
diseases because gut dysbiosis leads to increased intestinal
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permeability and subsequent mucosal inflammation. Prolonged
perturbation of the immunoepigenetic-gut microbiome may be
responsible for inducing systemic inflammation via epigenetic
reprogramming of immune cells to influence lineage differentia-
tion to pro-inflammatory states.

Thus, it is essential to study the immunoepigenetic-gut micro-
biome axis in diverse populations where access to healthy tradi-
tional diets is limited in order to better understand the degree such
diets might serve to restore health in populations with high risk
for metabolic diseases. Modifying diet offers interventional op-
portunity to enhance gut microbiomeresilience and re-establish
healthy metabolic and immune function. Understanding the
impact of dietary modifications on the composition and func-
tion of the microbiome for favorable characteristics may allow
for manipulation of the immunoepigenetic-microbiome axis to
reduce metabolic dysregulation and deter onset of inflammation
implicated in obesity and other co-morbidities associated with
type 2 diabetes. Incorporating diet interventions can improve
SCFA metabolite production, which could combat systemic in-
flammation through the immunoepigenetic-gut microbiome axis
and may even protectagainst severe disease from viral infections
such as COVID-19. As the microbiome is labile over the course
of a lifetime and can rapidly respond to modifications, dietary
interventions that consider the immunoepigenetic-microbiome
axis may reveal new therapeutic and preventative strategies for
populations afflicted by diseases of health disparities.
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