1duosnue JIoyiny vA 1duosnue Joyiny wA

1duosnue Joyiny vA

U.S. Department of Veterans Affairs
Public Access Author manuscript
Gastroenterology. Author manuscript; available in PMC 2020 May 26.

Published in final edited form as:
Gastroenterology. 2019 November ; 157(5): 1180-1183.e1. doi:10.1053/j.gastro.2019.07.060.

Targeting Gut Microbiome Interactions in Service-Related
Gastrointestinal and Liver Diseases of Veterans

Jasmohan S. Bajajl, Arun Sharma?, Pradeep K. Dudeja3

Lvirginia Commonwealth University and Hunter Holmes McGuire VA Medical Center, Richmond,
Virginia,;

20ffice of Research and Development, Veterans Affairs, Washington, DC;

SUniversity of lllinois at Chicago and Jesse Brown Veterans Affairs Medical Center, Chicago,
lllinois

In response to a Request for Applications to support meetings to develop a novel roadmap
for the Department of Veterans Affairs with focus on gastrointestinal (GI) illnesses that
primarily affect returning veterans, a team of Gl experts was invited to address these medical
conditions affecting Veterans. A meeting was held on May 17, 2019, in San Diego,
California, focused at developing a roadmap for targeting gut-microbe interactions in
service-related Gl diseases of veterans. This meeting was funded by Office of Research and
Development (Dr Sharma and Dr Igbal) and led by Dr Pradeep Dudeja and Dr Jasmohan
Bajaj. Initial discussion based on the talks from Drs. Bajaj and Dudeja focused on the
current state of gut microbiome data in veterans’ diseases and the overall significance of gut
microbiome. It was agreed that, to date, there are no systematic, controlled, longitudinal, and
sufficiently powered studies available on the role of gut microbiome in Gl illnesses of
veterans. Also, few studies examining the microbiome in Gulf War illnesses (GWI) veterans
and traumatic brain injury (TBI) are underway. The meeting focused on the role of gut
microbiome in (1) diarrheal diseases, pain, and the gut-brain axis, (2) liver diseases, and (3)
inflammatory bowel diseases (IBD). The overall discussion was focused on the potential role
of gut microbiome in some of the key veterans service-related diseases GWI, post-traumatic
stress disorder (PTSD) and TBI and its connections to the 3 focus areas.
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Focus Group 1: Gut—Microbe Interactions in Diarrheal Diseases, Pain, and
Gut-Brain Axis

Diarrheal illnesses are one of the most important diseases encountered during deployment.
Our veterans have reported as high as 76% incidence of diarrheal illnesses during
deployment to Iraq and Afghanistan, resulting in major job performance impairment.l Most
cases were associated with food- or water-borne infections or related to deployment-related
stress.2 Many of these acute diarrheal illnesses become chronic ailments afflicting our
veterans, such as functional bowel disorders including diarrhea-predominant irritable bowel
syndrome (IBS) or have a nonspecific etiology related to GWI. In these diarrheal illnesses,
chronic deployment-related stress and an altered microbiome appear to be common features.

Results from animal models, clinical outcomes of treatment, and individual susceptibility to
diarrheal diseases have established a key role of gut microbiota in pathogenesis of these
diseases. For example, Citrobacter rodentium (the murine counterpart of the human
enteropathogenic Escherichia coli) infection only occurs in certain susceptible mouse strains
and this phenotype can be transferred via microbial transfer.3 Similarly, diarrhea due to
recurrent Clostridioides (formerly Clostridium) difficile infection in humans can be treated
effectively by fecal microbial transplantation (FMT) from healthy donors. Furthermore,
repeated bouts of infectious gastroenteritis combined with exposure to chronic stress
increases the risk for developing IBS, which can be up to 6-fold higher.® It is, therefore,
critical to model the service-related illnesses in experimental animals and to systematically
investigate the role of the gut microbiome in veterans’ diseases (eg, GWI, PTSD, and TBI)
and the associated GI symptoms. Before planning detailed translational studies, it is also
critical to first establish the microbial signatures of these diseases in veterans using
systematic, longitudinal and well-powered randomized trials.

The key diarrheal pathogens in veterans include £ coli, Clostridioides difficile,
Campylobacter jejuni, nontyphoid Salmonella, Shigella, Norovirus, and West Nile virus.2
However, the pathophysiology of diarrhea in veterans’ diseases with respect to the role of
gut—-microbe interactions has not been investigated. Therefore, there are 3 critical needs to
address these issues: (1) perform studies in humanized mice utilizing gut microbiota from
veterans with GWI, PTSD, and TBI, (2) elucidate the pathophysiology of IBS-associated
diarrhea in veterans (IBS-associated diarrhea is multifactorial and incorporates alterations in
Gl barrier function, motility, sensory function, brain-gut axis dysfunction, genetics and
microbial dysbiosis), and (3) design effective therapies for these veterans’ diseases to
improve the current therapeutic regimens. It is anticipated that modelling veterans’ diseases
using state-of-the-art in vivo and in vitro approaches will provide better targets for
therapeutic interventions. These include using humanized animal models to investigate host—
pathogen interactions and the ion transport basis of diarrhea, as well as human gut-derived
enteroid and enteroid-derived monolayers. Strategies to restore the microbiome using
biotherapeutics such as FMT, synbiotics, and improved probiotics and postbiotics may be
important and novel ways to combat these diseases.

This focus area also discussed the importance of brain-gut microbiota axis in the
pathogenesis of IBS,>6 the role of corticotropin-releasing factor and its receptor, the role of
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probiotics in reducing visceral pain and diarrhea associated with IBS, newer targets such as
nerve growth factor and its receptor tropomyosin receptor kinase A in IBS/IBD pain, and the
use of animal models to study microbiome-gut-brain interactions in visceral hypersensitivity
in veterans’ diseases. Graft versus host disease diarrhea, which is affected by gut microbiota,
is another important targetable area because war-related chemical exposure (eg, agent
orange) in veterans increases the risk of developing hematological malignancies that require
bone marrow or hematopoietic stem cell transplantation.’

The overarching goal of the focus group 1 will be to investigate the pathophysiological basis
of diarrhea associated with Gl tract infections, IBD, IBS, and graft versus host disease in the
setting of dysbiosis parallel to veteran’s diseases and design novel strategies to restore a
healthy microbiome to combat these illnesses. Key parameters that need to be examined
include (1) gut-microbe interactions, (2) epithelial barrier function, (3) gut immune
responses, and (4) gut-brain dysfunction/visceral pain. The studies pertaining to the barrier
function and immune responses need to be carried out in collaboration with focus group 3.

Focus Group 2: Liver Diseases

Liver disease is epidemic in veterans due to the high prevalence of chronic hepatitis C,
obesity and alcohol use disorder.8 Wartime injuries are a major contributor to the
development of these predominantly lifestyle-associated etiologies of chronic liver disease.
These can be varied but most often are related to depression and PTSD. PTSD and
depression can further worsen the course of chronic liver disease by impacting medication
adherence, clinic visits, potential candidacy for liver transplantation, and can worsen life
expectancy.® In animal models, PTSD is linked with differences in gut microbial
composition, which can, in turn, modulate aggressive behavior and exert a negative
influence on the mice that suffer because of this aggression.19.11 Moreover, these changes
can be transmitted by fecal transplant in rodent models, setting the stage for gut microbial
modulation as an important avenue in PTSD.1911 Human studies are currently lacking in
veterans with PTSD; however, patients with noncombat PTSD show altered gut microbial

composition compared with those exposed to similar trauma but who did not develop PTSD.
12,13

The interaction between PTSD, depression and the onset of liver disease in veterans is a
relevant question since several lifestyle-associated disorders can propagate liver disease.
Prominent among these are alcohol use disorder and nonalcoholic fatty liver disease, which
are associated with the metabolic syndrome and obesity.? These illnesses are comorbid with
PTSD and depression, which can affect the microbial composition, function, and
subsequently brain function. By the time veterans present with liver disease to the
hepatology clinics, their disease process is a sum of liver disease, PTSD, depression, and
comorbid substance abuse.1# Current therapies for PTSD involve group sessions,
antidepressant and antianxiety therapy, and supportive psychotherapy.1® Although these
approaches can potentially help many veterans, their adherence is suboptimal and those with
liver disease have altered pharmacodynamics of prescribed drugs. Therefore, beneficially
altering the gut microbiota could present another therapeutic approach, the greatest need for
which being those with PTSD and chronic liver disease. Therefore, a greater understanding
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of the gut-liver—brain axis and its modulation is an important step in the roadmap of
studying gut microbiota in Veteran’s war-related diseases. Gut microbiota influence both
precirrhotic and cirrhotic stages of liver diseases.18 Gut microbial modulation by dietary and
xenobiotic (including alcohol) intake can produce metabolically active bile acids, ammonia,
xenobiotics and short-chain fatty acids (SCFA).16 These, in turn, affect the gut-brain axis in
the setting of liver disease. In patients with cirrhosis, alteration of the gut-brain axis often
manifests in the form of hepatic encephalopathy.16 Cognitive impairment is greater in
veterans with cirrhosis and PTSD compared to veterans with cirrhosis without PTSD.14

There is, therefore, a major need to beneficially alter the gut microbiota composition and
function in human and animal models of PTSD and chronic liver disease. Basic,
translational, and clinical investigators need to use state-of-the-art novel approaches that
include animal models, organoids and clinical trials. The roadmap will call on investigators
to focus on gut microbiota as (a) major modulator(s) of the gut—brain axis in liver disease
and PTSD, (b) propagators of liver injury in conjunction with worsening brain injury, (c) a
targetable focus for therapy using FMT experiments in germ-free and specific pathogen-free
mice with demonstrable impact on behavior, neuroinflammation, and gene expression in the
brain, and (d) target for beneficial impact using individual microbial function modification,
phage therapy and development of new probiatics. This roadmap will help to prioritize
strategies for addressing the major burden of PTSD and cirrhosis, which has the potential to
beneficially modulate liver disease in veterans.

Focus Group 3: IBD

IBD cause substantial morbidity and a 2- to 3-fold increase in IBD prevalence has been
reported in US veterans.1” Although the cause of this increased prevalence is not known, this
results in a high burden for the VA system. IBD involves a complex interaction between
genes and environment, that includes an altered microbiome.18 Despite advances in
understanding specific risk genes, increasing IBD incidence in areas such as China and India
emphasizes the interaction between genetic and environmental factors. Among
environmental factors, psychological stress has been implicated in inducing and/or
promoting IBD. Early studies strongly associated IBD with psychological stress, and the
role of stress has been demonstrated in experimental colitis in animals.2® Now, psychoneuro-
endocrine-immune modulation through the brain—gut axis is well-recognized in IBD
susceptibility and chronicity.20 Patients with inactive IBD had more relapses if their
depression scores were increased. Service-related diseases, TBI, GWI, and PTSD may hold
clues to increased frequency of IBD.

The association between psychological stress and gut dysbiosis may be another key in IBD
development.2! Deployment-related psychological disorders in veterans are associated with
gut dysbiosis, and dysregulation of the gut-brain axis, and immune function.1® However, it
remains unclear what instigates changes in the gut microbiome and/or gut—brain
communication to increase IBD susceptibility.

Dysbiosis, an altered balance of beneficial and aggressive resident microbiota, is a consistent
finding in IBD patients. The expansion of aggressive resident strains, such as
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Enterobacteriaceae, is felt to drive TH1 and TH17 immune responses that mediate the tissue
injury of IBD, as demonstrated in selective colonization and human fecal transplant to germ-
free mice. Human FMT to genetically susceptible mice represents an extremely powerful
strategy to determine functional properties of dysbiotic microbial populations in veterans,
which can be further dissected by selective colonization of cultured strains in gnotobiotic
mice.

Dietary imbalances and dysregulated gut barrier integrity can help to determine gut
dysbiosis and drive mucosal inflammation. Factors associated with military deployment and
war-related syndromes, including chronic stress, infections, food intolerance/allergies, and
toxins, and nonsteroidal anti-inflammatory drugs are associated with a leaky gut.22
Disrupting the epithelial barrier/gut microbiome equilibrium may promote disease. Genetic
determinants of gut barrier function and immunoregulation can modulate mucosal epithelial/
immune homeostasis, and susceptibility to IBD and colitis-associated colon cancer.23 It
remains to be determined how stress, gut barrier dysfunction, and immune activation may
induce susceptibility to gut inflammation in veterans with war-related syndromes.

Nutrition is critical in regulating the gut barrier. SCFA, metabolic byproducts of gut
microbiota fermentation of dietary substrates, are an essential fuel source for colonic
epithelial cells and are effective in mouse models of colitis and IBD patients.2* SCFA and
other protective bacterial metabolites, such as indoles and sphingolipids, are decreased in
IBD patients. Other metabolic regulators, especially amino acids and polyamines, have
recently been investigated in human 1BD.25 How military deployment affects SCFAs, amino
acids, polyamines, and the microbiome, and whether this is involved in immune/epithelial
dysregulation and IBD needs to be investigated.

There is a significant need to investigate IBD pathogenesis in veterans, especially those with
coexistent PTSD and TBI. This includes determining relationships between stress, gut
microbiome, and IBD by physiologic and pathologic simulation with FMT from patients
into germ-free murine IBD models. These efforts should be combined with determining
transcriptional signatures at the single-cell level in patients and mouse models to determine
the microbial interactions and cell types and behaviors that determine disease phenotypes.
We hypothesize that by combining high-level expertise in clinical IBD, biosample
procurement, metabolomics, single-cell RNA sequencing and analysis, multiplex tissue
immunofluorescence, and FMT for modeling of dysbiosis/stress/barrier dysregulation/IBD,
we can define causes for susceptibility to IBD in veterans and impact this major clinical
problem.

Conclusions

Gut microbe-host interactions can modulate several diseases experienced by veterans,
including functional Gl disorders, IBD, infectious and IBD associated diarrhea and liver
diseases. Additionally, an altered gut microbiome in response to deployment related diseases
such as PTSD, GWI, and TBI can further exacerbate Gl and liver diseases. Most of these
disorders are painful, debilitating, and chronic. Their symptoms can continue to affect the
quality of life long after a soldier’s tour is over, and the stress or infection subsides.
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Therefore, there is a critical need to understand the mechanisms underlying these disorders
and identify novel therapeutic targets. This field meeting explored and identified several
multidisciplinary, multi-institutional, collaborative options to develop a roadmap
(summarized in Figure 1) specifically focused on gut-microbe interactions in service-related
Gl diseases to identify novel and translatable therapeutic targets.
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