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Gut Microbiota and the Diseases
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Abstract: Human body has lesser human cells and more
microbes in their system. Microbes and human cells exist
in 10:1 proportions in our bodies. It is 10 trillion human
cells versus 100 trillion microbial cells. Thus we are just
10% humans!!!! The entire repertoire of microbes
present in an organism is termed as microbiota.
Endogenous microbiota is so vast that it’s termed as
‘microbial organ’. Microbiota exists almost everywhere
in our bodies: skin, mouth, vagina, gut. Each point in our
body is a microbial community and its dysbiosis
(imbalance) leads to diseases. Dysbiosis of microbiota
has potential roles in many diseases: Kidney disease in
Systemic lupus erythematosus [1], food allergies [2],
Ulcerative colitis [3], Crohn’s disease [4], cystic fibrosis
[5], asthma [6], irritable bowel syndrome [7], obesity [8]
and even cancer [9]. The list is large. This review focuses
on dysbiosis of the gut microbiota and the associated
diseases. A deeper understanding of the gut microbiota
will lead us to cures of many incurable diseases which
are actually caused due to dysbiosis.
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Fig.1. Gut microbiota is associated with many diseases:
Atherosclerosis, Inflammatory Bowel Disease, Obesity,
Hypertension and colorectal cancer

Microbiota develops after birth of the child. Vaginally
delivered children versus children born by C-section
develop different microbiota. It not only depends on
method of delivery but also breast feeding and weaning

period. Soon it develops into adult like microbiota
which can change with age, environment, body mass
index and lifestyle. Gut microbiota can by studied in
DNA extracted from poops by 16S rRNA sequencing.
16SrRNA is only present in microbes and not in us.
This provides us information about the gut
microbiome, which is the collection of genomes from all
the microorganisms. The human gut microbiota
majorly contains the Bacteroidetes and the Firmicutes.
The homeostasis of gut microbiota is essential for
maintaining health of the individual [10]. This review
focuses on few diseases when dysbiosis of gut
microbiota occurs: Obesity, Inflammatory bowel
disease, atherosclerosis and colorectal cancer. We also
highlight the plausible importance of fecal microbiota
transplant in treatment of these diseases in addition to
current therapies being used for additive cure of the
disease.

(A) Obesity

A multifactorial disease defined by body mass index
greater than 30 kg/m?2 Fat distribution pattern further
divides obesity into android and gynoid obesity.
Android obesity (apple shaped or central obesity)
common in men is more dangerous than gynoid or pear
shaped obesity predominant in women. Centrally obese
person is more prone to cardiovascular diseases and
diabetes type II. Dysbiosis of gut microbiota has been
seen in obese person with increased Firmicutes and
decreased Bacteriodetes (Fig. 2). Also, obese people
show less alpha diversity of microbes illustrating
diverse kinds of microbes is not present in the fecal
samples of obese person [11]. Like any multifactorial
disorder, dietary changes influence the microbiota to
larger extent. For example, change to diet rich in animal
fat increases Bacteriodetes levels, while switching to
diet rich high fat and low fiber decreases plant
polysaccharide degrading microbes like Eubacterium
rectale. Dietary fiber intake improves overall
microbiota richness of the gut [11].

Although in its infancy, fecal microbiota transplant
(FMT) or bacteriotherapy, a process by which fecal
bacteria from a healthy individual is transplanted in
intestine of an obese person carry promising
therapeutic potential for treating obesity.
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(B) Inflammatory Bowel Disease (IBD)

In this disease there is severe inflammation of the gut
mucosa. It includes Ulcerative colitis, in which the
inflammation is restricted to large intestine (colon) and
Crohn’s disease in which the inflammation can be in
any part of the digestive tract. Dysbiosis plays an
important role in the pathogenesis of IBD. Quantitative
PCR analysis revealed overall 10-fold reduction in total
bacterial load in IBD patients specifically the members
of Lachnospiraceae and Bacteroidetes are significantly
reduced [12-17] (Fig. 2).

Antibiotics, prebiotics (dietary supplements supporting
protective bacterial growth) and probiotics (live
friendly bacteria) are frequently used to gain back our
intestinal microflora [16]. FMT is a promising
treatment of IBD along with probiotics to regenerate
back the gut flora.

(C) Atherosclerosis

Atherosclerosis is one of the cardiovascular diseases
which also show signs of dysbiosis apart from genetic
and dietary factors. In atherosclerosis, plaques are
formed by accumulation of cholesterol and
macrophages (foam cells) at the site. Gut barrier
protects the gut from the invading pathogens. Gut
dysbiosis leads to increase in the intestinal
permeability. Lipopolysaccharide (LPS) increases at
the site and hence toll like receptor 4. This promotes
the development of atherosclerosis. Short chain fatty
acids and many other metabolites like trimethylamine
N-oxide (TMAO), and secondary bile acids (BAs) by gut
microbiota are involved in many diseases including
atherosclerosis [18, 19, 20, 21]. Relative abundance
of Roseburia and Eubacterium is decreased while
Collinsella was increased in atherosclerotic patients
compared to aymptomatic healthy controls [21].
Fecal transplantation will help in treatment of
atherosclerosis also by introduction of healthy good
bacteria.

(D) Hypertension

Hypertension is a term describing the medical
condition of 'high blood pressure'. It refers to an
increased systolic and diastolic pressure (in resting
state). Systolic pressure above 140mm Hg and diastolic
pressure above 90mm Hg is a condition of
hypertension. Being a complex mechanism, the
regulation of blood pressure involves the interaction of
multiple physiological systems, such as, the renin-
angiotensin-aldosterone system, the sympathetic
nervous system (SNS), the nitrate-nitrite-nitric oxide
signaling pathway (NO), uric acid, endothelin, the
vasopressin system and many more, and is influenced
by environment and genes. Many researches on gut
microbiota, have demonstrated a significant decrease
in microbial richness and diversity in the presence of
hypertension.

In a rat model of hypertension, the number of cecal
“good bacteria” from the phylum Bacteroidetes, is
reduced, which is accompanied by a proportional
increase in the number of “bad bacteria” from the
phylum Firmicutes. It has been also observed that there
is significant decrease in microbial richness and
diversity in hypertension [19, 20, 21, 22].
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Fig. 2: Dysbiosis in the gut microbiota and its
outcomes are related to diseases.

(E) Colorectal cancer

Colorectal cancer (CRC) is the gastrointestinal cancer
which is multifactorial. Apart from genetic and
environmental factors, Sulfidogenic bacteria, such as
Fusobacterium, Desulfovibrio and Bilophila
wadsworthia, have been implicated in CRC
development. The production of hydrogen sulphide by
these bacteria results in the genotoxicity damaging the
DNA and introduction of mutations. Streptococcus
bovis, a Gram positive organism and Fusobacterium
nucleatum (F. nucleatum) are also linked with
CRC. Bacteroides fragilisis an anaerobic bacteria
commonly found in the human body but its numbers
increase in CRC [26, 27, 28] (Fig. 2). These bacteria and
their numbers are also influenced by lifestyle and
dietary factors such as low fiber foods, consumption of

alcohol, smoking and sedentary lifestyle. Other
environmental factors that cause dysbiosis are
oxidative stress, toxins, virulence factors and

inflammation [27]. In normal scenario, commensal
bacteria in our gut are detected by host Toll like
receptor and NOD like receptors which triggers
cytokine release maintaining balance. However,
destruction of the tight junction and entry into the
inner mucous lining by pathogens are sensed as danger
signals. These signals are spread and activate diverse
signalling cascades [28].

Conclusion

Microbes play important roles in our body. They
provide us with B and K vitamins, help in digestion.
They outnumber us in a 10:1 proportion. Thus any
changes in their numbers disturb the homeostatis of
human body. This omics era-metabolomics, genomics,
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proteomics, transcriptomics- is helping us in better
understanding of the gut microflora and its association
with these diseases. We had an insight into the
dysbiosis leading to many diseases. The research on
fecal microbiota transplant (FMT) is still in its infancy
but shows promising therapeutic potential.
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Fig.3. Gut microbiota: a promising cure to diseases
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