Perera J.

INVITED REVIEW

The human microbiome: Role in health and disease and its potential

applications

Jennifer Perera'

1Facul'[y of Medicine, University of Colombo, Sri Lanka

Article Information

Total number of
Words 3633

Author has no conflicts of interest to
declare

Keywords: Human microbiome,
Health, Disease.

Date of submission: 16.01.2018
Date of acceptance: 25.01.2018

DOI:
http://doi.org/10.4038/cjms.v54i2.4927

Author responsible for
correspondence:

Jennifer Perera

Dean and Chair Professor of
Microbiology

Faculty of Medicine,
University of Colombo

P O Box 271, Colombo

Sri Lanka

http://orcid.org/0000-0002-7450-5672

Abstract

The human microbiota comprises all microorganisms living within the human
body and microbiome is their collective genome. They include eukaryotes,
archaea, bacteria and viruses. Most microbes live in the gut, particularly in the
large intestine. The number of genes contributed to by the microbes is 100 times
the number of genes in the human genome. The sheer microbial abundance
suggests that the human body is a collection of human and microbial cells and
their genes resulting in a blend of human and microbial traits.

The microbiome is essential for maintenance of human life. The microbes that live
in and on us are mostly beneficial colonizers and have many important functions
such as assisting in digestion, regulating immune system, producing essential
vitamins and protecting against bacteria that cause diseases. Research has
demonstrated that dysbioses in the human microbiome correlate with numerous
disease states, including inflammatory bowel disease, malignancy and autoimmune
diseases.

The metagenome of the human microbiome, the total DNA content of microbes
inhabiting our bodies shows a large degree of interpersonal diversity. With the
advent of culture-independent techniques such as high throughput next generation
sequencing of DNA and advances in computational biology, research on human
microbiome has reached new heights. A breakthrough in research was the
development of Human Microbiome Project (HMP), which was established in
2008, which is also known as the second human genome project, with the objective
of generating a metagenomic reference database for “normal” individuals to serve
as a resource for researchers. The introduction of new technologies has permitted
the study of the functional component of the microbe-host interactions through
metabolomics. The resultant biomarkers have been used to predict and diagnose
diseases early. Future research should focus on understanding mechanisms
responsible for pathology and the causality role of the microbiome to use them as
therapeutic modalities.

Introduction

The human body is colonized by an array of
microorganisms, which outnumber the host cells
by about 10 to 1. The microbial community, which
comprises 10 - 100 trillion symbiotic microbial
known as the

cells, is collectively

Therefore, the humans have two genomes, the
genome inherited from the parents which is almost
stable and the acquired microbiome which is
extremely dynamic. Although humans are 99%
identical to each other in their genetic make-up, they
are significantly different from one another in terms

‘human of the human microbiome [1].

microbiota’ and the collection of the microbial

genome is termed as ‘human microbiome’[1]. The
also known as our

human microbiome is
“forgotten organ”[2].

The microbes which inhabit the human body are
important for human physiology, immune system
development, digestion and detoxification of
harmful substances.
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Some of these microorganisms residing in the gut
encode proteins involved in functions required for
host survival, but not found in the human genome.
They produce enzymes required for the hydrolysis
of specific indigestible compounds in the diet, and
the synthesis of vitamins [3].

A variety of microorganisms usually colonize the
surfaces of the human body which are exposed to
the external environment. This diverse array of
microorganisms which inhabit humans include
bacteria, archaea, viruses and eukaryotic
microorganisms with the dominant phyla being
Bacteroidetes and Firmicutes [4]. Several research
studies have emphasized the difference in
compositions and diversity of the human microbial
community in different body sites [5-7]. It was also
identified that every individual’s habitat is
characterized by a few signature species. A
significantly high degree of diversity has been
observed in gut and mouth compared to other
regions of the body [8].

Although the wvariation of microbial community
within a subject over time is relatively low at each
body site, there is also considerable inter-individual
variability [9,10]. From the point of view on health
and disease, understanding the microbiota variations
between individuals is of utmost importance in the
study of its impact on understanding disease
conditions. Among the multiple factors that
contribute to the shaping of the host microbiome,
environmental factors such as exposure to cigarette
smoke, air pollutants, allergens and antibiotics play
a major role [11-14]. Host associated factors such as
age, gender, genetics, diet, medications, are also
vital determinants of adult microbiome [15,16].

The microbes that inhabit humans have dynamic
interactions with the environment, and are freely
transferred between different sites. Although there is
considerable  inter-individual  variability  in
taxonomic composition of microbes, the metabolic
pathways in a specific body site are considerably
stable among individuals. This highlights the fact
that the human microbiome has shared “core” of
functionalities [2].

New advancements in microbiology such as culture-
independent  high-throughput sequencing and
metabolomics studies are aimed at determining the
relationship between the microbiome and the disease
conditions and targeting therapies against individual
patient’s microbiome rather than targeting the
relatively stable host genome [1].

It has long been speculated, that relationships
between humans and their microbiota are beneficial
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in maintaining health. Yet, at the same time the
same microbiota has been implicated in the
actiology of various diseases in humans. In this
Review, [ give an overview of the current
understanding of the microbiota and its different
interactions in healthy individuals. I will then go on
to discuss the imbalances in the composition of the
microbiota, and relate to diseases such as obesity,
diabetes etc. and argue that functional studies rather
than composition based studies will foster a deeper
understanding of the many diseases and lead to
microbiota based therapeutic options.

Role of Human microbiota in maintenance of
health

Role in metabolism

Endogenous human gut microbiota plays a major
role in nutrient metabolism. Main source of nutrients
to gut microbiota is derived by fermentation of
carbohydrates which are otherwise indigestible by
the host [3,6]. The colonic organisms such as Bacteroides,
Roseburia,  Bifidobacterium,  Fecalibacterium,  and
Enterobacteriaare mainly responsible for this function
whichresult in the synthesis of short chain fatty acids
such as butyrate, propionate and acetate, which are
rich sources of energy for the host [17,18]. Thus, gut
microorganisms enhance the ability of humans to
extract energy from diverse diets. Short chain fatty
acids are also important for modulating immune
response [3]. Human gut microbiota is also involved
in the synthesis of several important compounds
such as Vitamin K and some components of Vitamin
B, linoleic acid, secondary bile acids [19]. Gut
microbiota has the ability to suppress the inhibition
of lipoprotein lipase activity in adipocytes and
thereby impart a positive effect on lipid metabolism
[20]. The gut microbiota is also enriched with an
efficient protein metabolizing machinery that
function through the microbial proteinases and
peptidases in partnership with human proteinases
[21].

Role in immunity

The role of gut microbiota in regulation of immune
system and immunomodulation has been extensively
studied. This involvement is identified with regards
to both innate and adaptive immune systems [22,23].
Studies comparing normal mice with germ free (GF)
mice have found that GF mice show extensive
defects in the development of gut-associated
lymphoid tissue and antibody production [24,25].

Humans are continuously exposed to a number of
xenobiotics  (e.g. drugs, drug metabolites,
environmental pollutants) in day-to-day life. A



convincing body of evidence has described the role
of human microbiome in detoxification of
xenobiotics. This is mainly achieved by inducing gut
microbiota to express genes which are capable of
metabolizing xenobiotics [26].

Potential impact of microbiome on diseases
Role in gastrointestinal diseases

Human gut is home for about 100 trillion
microorganisms. The three main dominant phyla
found in gut are namely, Firmicutes, Bacteroidetes
and Actinobacteria [27]. The composition varies
significantly along the gastrointestinal tract and a
progressive increase in both density and diversity is
observed in distal segments.

Gut microbiota plays an important role in
maintenance of a healthy immune system, by aiding
in development and maturation of the immune
system. As the gastrointestinal tract is continuously
exposed to foreign substances, this ability of
immune system to identify pathogens and mount an
appropriate response is of paramount importance.
Inability to do so may result in uncontrolled
inflammation and development of conditions such as
inflammatory bowel disease [28].

The rise in the incidence of inflammatory disorders
in the last decade has been attributed to
modifications in gut microbial community. Loss of
bacterial diversity and microbial dysbiosis are two
major concerns in patients with this disease.
Changes in microbial conformation, inappropriate
immune response towards commensal microbial
antigens are some of the abnormalities identified in
the pathogenesis of inflammatory bowel disease. For
instance, an increase in Bacteroidetes and
Proteobacteria coupled by a decrease in Firmicutes,
with an overall reduction in diversity is reported in
Crohn disease. A significant reduction in the
population of Faecalibacterium prausnitzii, a
Firmicute with anti-inflammatory properties was
also identified in these studies [29]. Dysbiosis of
intestinal microbiota has been implicated in the
pathogenesis of Ulcerative colitis too, but to a lesser
extent [30].

As described earlier, gut microbiome is able to
digest material like plant polysaccharides, which are
contained in dietary fibre. Short chain fatty acid,
butyrate produced in this process, has important
anti-inflammatory activities in addition to providing
energy for colonic epithelial cells [31]. This has
been implicated in the pathogenesis of inflammatory
bowel disease and other intestinal diseases [32].

Use of probiotics is a treatment option in patients
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with inflammatory bowel disease. Probiotics are
beneficial microbes that imparts a positive impact on
the gut microbial composition and function [33].
Data from the results of clinical trials suggest that
probiotics consisting of lactic acid bacteria may be
effective in treatment of ulcerative colitis [34]. and
to a lesser extent in Crohn disease [35].

Role in gastrointestinal malignancy

Aside from the widely accepted genetic factors, non-
genetic factors including residential microbes in the
gut has an impact on development of cancers in the
gastrointestinal tract. Helicobacter pylori associated
chronic inflammation is considered the strongest risk
factor for development of gastric cancer and
elimination of the H pylori prior to development of
gastric atrophy may protect against development of
cancer in the stomach [36]. Similarly a pathological
imbalance of the microbial flora has been observed
in patients with adenomas compared to normal
controls [37]. Although results have been variable,
Pseudomonas, Helicobacter and Acinetobacterspp
are found in higher numbers with lower abundance
of butyrate producing protective bacteria [38].

Moreover, many other bacteria derived metabolites
have been implicated both in the suppression and
colon cancer development [39]. It has been
suspected for a long time that disturbance of
microbiota is also associated with colorectal cancer
[40]. Experimental studies conducted using colitis
susceptible IL-10- mouse strains, demonstrated that
bacteria specific factors may be involved in the
development of colitis associated colorectal cancer
[41]. Chronic inflammation also plays an important
role in pathogenesis of colorectal cancer, possibly by
creating a platform for bacteria to adhere to colonic
mucosa and thus altering the colonic microbial
composition. In addition, inflammation has an effect
on gene expression and may influence functional
capabilities of microbes [42].

Genetic studies have been able to identify specific
microbial groups associated with colorectal cancer.
For example, analysis of stool samples of patients
diagnosed with colorectal cancer, have shown to
harbour anaerobic bacterial group Bacteroides-
Prevotella in abundance, compared to healthy
individuals [43]. Bioactive substances produced by
intestinal microbiota perform many functions like
degrading protective mucins and activating
environmental carcinogens [43]. These may
influence the occurrence of colorectal cancer.

Another fact that supports the link between colonic
microbiota and colorectal cancer is the ability of
antibiotics to alter the microbial composition and
affect the expression of host genes involved in the



pathogenesis of colorectal carcinoma [44].
Role in obesity and type 2 diabetes mellitus

A marked increase in incidence and prevalence of
obesity is observed, due to the sedentary life style,
genetic and other environmental factors within the
community. Additive to these novel factors, recent
studies have revealed the significant role of
intestinal microbiome in precipitation of obesity
within a population [44]. It is interesting to note that
studies carried out in mice as well as humans have
shown that gut microbiota differ in their
composition between obese and lean subjects
[45.,46].

Further research carried out to identify the
association of intestinal microbiome and occurrence
of obesity, have shown that the changes occurring in
gut microbiome related to the composition and
metabolic function leads to extraction of increased
amounts of calories from the diet [47]. This
additionally extracted energy gets deposited in the
adipose tissue leading to obesity of the individual.

Under normal circumstances, the energy storage and
utilization is determined by the interaction of
intestinal microorganisms with host epithelial cells.
Yet due to increased age and dietary malpractices,
the composition of normal gut microbiome has
changed markedly, leading to increased absorption
of calories. Increased intake of high fat diet has
shown to affect the intestine in two main ways.
Compared with their lean controls, obese humans
showed a decrease in Bacteroidetes and a
corresponding increase in Firmicutes, the two main
phyla in the gastro intestinal tract [48]. Secondly, it
leads to disruption of epithelial integrity leading to
changes in cellular permeability. All these ultimately
lead to obesity of the individual.

Type 2 diabetes mellitus is the most common form
of disease accounting for approximately 90 % of
cases. It is a disease characterized by the reduced
sensitivity of receptors to insulin, despite the
presence of sufficient insulin within the circulation.
Research evidence suggests that the microbial flora
in intestines play a role in regulation of insulin
sensitivity. Some research studies suggest that
irrespective of the obesity status of the individual,
type 2 diabetes mellitus itself cause changes in the
composition of gut microbiome [44].

Studies on obesity have also shown that obese
individuals have altered small chain fatty acid
production in comparison to normal individuals.
Due to this abnormality, obese individuals are
subjected to impairment in satiety, hepatic glucose
and lipid production as well as inflammation. As an
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added function, butyrate, which is produced in the
digestion of dietary fibre, prevents translocation of
endotoxic compounds. In the absence of sufficient
butyrate, translocation of endotoxins occur leading
to low grade inflammation, which in turn has an
impact on insulin resistance and occurrence of type
2 diabetes mellitus [49]. Therefore all the research
findings support the concept that occurrence of
obesity and type 2 diabetes mellitus have an
association with changes in intestinal microbiome.

Role in lung diseases

The lung, which contains numerous bronchioles,
alveolar sacs is known to be a sterile area without
any microorganisms. Contrary to this, recent
research studies have discovered presence of
bacterial DNA, fungi and viruses beyond the level of
terminal bronchioles in individuals who have no
specific respiratory infections [50]. Thus, the
concept of healthy microbiome in lungs has become
a widely accepted fact.

Density of lung microbiome is mainly determined
by entry of organisms to the lower airways through
inhalation, disruption of preventive barriers leading
to reduced elimination of organisms from airways
and environmental factors with which the person
lives with. Under normal circumstances the entry
and elimination is in a balanced state thus the
density of microorganisms is usually static [51-53].

When compared to gut microbiome, the Ilung
microbiome is more variable and dynamic due to the
bidirectional air flow through the airways. In terms
of bacterial density of airways, it is comparable to
that of the duodenum [54]. Differences in the
anatomical structures like the epithelial surfaces and
the wvariances in the functional aspects like
production of mucous, differentiate the gut and lung
community of microorganisms in a broader manner.

Role of microbiome in lungs ranges from
maintenance of normal health of the individual,
prevention of diseases and initiation and mediation
of metabolic pathways in response to injurious
agents. Asthma is a chronic airway disease with
reversible airflow limitation. Microbiome plays an
important role in the occurrence of allergic asthma
[55,56]. It is mainly a consequence of activation and
maturation of innate and adaptive immune systems
in the body. Exposure to specific microoraganisms is
a key factor in early onset asthma. Research
evidence suggests that harbouring Moraxella
catarrhalis and Haemophilus influenzae in the
hypopharynx of infants implicate an additional risk
on the child for development of asthma [57].
Furthermore, adult asthmatics have found to harbour
an increased amount of proteobacteria in lower



airway tract secretions compared to healthy
individuals [58].

Chronic obstructive pulmonary disease (COPD) has
an insidious onset and progresses over time with
acute intermittent exacerbations. COPD patient’s
microbiome largely differs from normal microbiome
due the immune cell infiltration and corresponding
inflammatory reactions. There is a reduction in the
diversity of respiratory microbiome in COPD
patients [59]. Although the microbial community
harbouring the respiratory tract of COPD patients is
subjected to continuous change, H influenzae, M.
catarrhalis and S. pneumoniae are identified as the
most prominent microoraginisms in the stable state
of COPD. Acute bacterial exacerbations of COPD
was dominated by the phyla Proteobacteria (mainly
Haemophilus spp.). Firmicutes were the dominant
figures in eosinophilic exacerbations [60].

Role in skin diseases

The skin is home to a diverse microbial community
[61]. Colonization of microbes is determined by the
topographical location, host factors and environmental factors.
Actinobacteria, Proteobacteria, Firmicutes, and Bacteroidetes
are the most dominant phyla of bacteria that inhabit
the skin [62]. Topographical variation is a key
feature observed in skin microbiota. The regions
which are high in temperature, humidity and
moisture favour growth of microflora such as
Staphylococcus and Corynebacterium spp whereas
dry areas of the skin harbour greater amounts of
Proteobacteria and Bacteroidetes [63,64]. Sebaceous
areas tend to be harboured by high proportions of
bacterium Propionibacterium spp [63-65].

Certain dermatological conditions manifest at
stereotypical sites. For instance, psoriasis manifests
on extensor surfaces of elbow whereas atopic
dermatitis manifests on the flexor surfaces [66].
Characterizing the microbiota that colonize specific
sites may thus provide an insight to understanding
the pathophysiological basis of dermatological conditions.

Acne vulgaris is a common skin condition most
prevalent among adolescents. Although the
aetiology is still unclear, researchers have identified
that Gram-positive lipophilic anaerobe
Propionibacterium acnes play a role in acne
pathogenesis. Pilosebaceous units in skin matures at
onset of puberty and provides optimum atmosphere
for lipophilic microorganisms. Acne commonly
occurs in sites with high density of sebaceous glands
as these sites favour growth of lipophilic
microorganisms. Due to the bacterial involvement in
pathogenesis of acne, antibiotics are a well-
established therapeutic modality [66].
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A link between skin microbiome changes and
progress of disease is identified in atopic dermatitis,
which is a chronic inflammatory skin condition
commonly seen in childhood. In the majority of
patients suffering from atopic dermatitis, the skin
becomes colonized by S. aureus [67]. These species
can penetrate the epidermis and induce an
inflammatory response. S. aureus is also capable of
inducing disease flares [68]. Use of dilute bleach
baths with intermittent intranasal application of
mupirocin ointment decreased the clinical severity
of atopic dermatitis and provides supporting
evidence [69].

Hence, a thorough understanding of the microbial
communities and their variations would be of utmost
importance in managing many dermatological
conditions.

Role in psychiatric diseases

The presence of a gut-brain axis play a key role in
maintaining normal brain function and this has been
known for decades [70]. This axis has been extended
to the “microbiota-gut-brain axis,” and all these
organ systems are in constant interactions [70]. Gut
microbiota dysbiosis is known to lead to the
translocation of bacteria through gut wall and into
the mesenteric lymphoid tissue, which in turn
provokes an immune response. The resulting release
of inflammatory cytokines cause activation of vagus
and spinal afferent neurons [71,72]. Autism
spectrum disorder (ASD) has been reported as
correlated with an altered gut microbiota. The low
relative abundances of the mucolytic bacteria
Akkermansiamuciniphila and Bifidobacterium spp.
have been found in the faeces of children with
autism  [73]. Similarly, faecal microbiotic
composition has increased levels of
Enterobacteriaceae and Alistipes, but reduced levels
of Faecalibacteriumin patients with major depressive
disorder [74]. These studies suggest that the role of
the gut microbiota needs further investigation in
psychiatric diseases.

Advances in research and applications
Metabolomics

A review on microbiome is incomplete with no
reference to metabolomics. Microbiome studies
focus on composition or answer the question “What
is there?”. In contrast the metabolomics study the
function or answer the question “What are they
doing?. In other words, metabolomics is the study of
host — microbial interactions including exchange of
metabolic products and signalling molecules, which
in turn provides the essential functional role to the
host and microorganisms. Metabolic biomarkers
have been developed to assess these functionalities.



The quantitative measurement of these metabolites
using mass spectrometry will characterise a
particular phenotype of the microbiome [75].

Advancements in microbial technology

During the past two decades microbiome research
has been revolutionised by high throughput
sequencing technology and bioinformatics analysis.
Only 50% of the gut microbes that are identified by
16S rDNA high throughput sequencing are
cultivable even wusing gnotobiotic mice and
anaerobic culture systems [76]. It is also widely
known that the microbes with the highest
abundance are not always the most active ones.
Therefore, to achieve precise microbiome related
applications in medicine it 1is necessary to
distinguish microbes that mediate essential host
microbiome interactions from the rest.

Numerous chip based isolation devices (egiChip)
have been developed which has hundreds of
miniature diffusion chambers, each of which can be
inoculated with a single cell and recovery rates are
known to be higher compared to conventional
culture techniques [77]. An advancement of this
technique is the iTip which traps the microbe in a
gel, that allows the study of metabolites and
nutrients [78]. There are many other developments
such as the ‘Simulator of the Human Intestinal
Microbial ~ Ecosystem’  colonic  stem  cell
constructions, microfluidic devices that have been
used to study the microbe host interactions in detail
[79].

Future directions and Applications

Human microbiome, our “second genome” plays a
role on genetic diversity, disease modification and
immunity and its functional component can
influence metabolism. With advances in technology
leading to better research outcomes, microbiome
analysis of an individual would be useful to
diagnose and predict diseases [80]. Prevention and
treatment of diseases by targeting the microbiome is
being widely investigated and some treatment
modalities are already in application for C. difficle
infections [81] and liver diseases [82]. Future
research should be focussed at a deeper level, on
providing evidence of causality and mechanisms of
microbe human interactions, made possible with
ever-expanding novel technologies and approaches
with a view to developing therapeutic applications.
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