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Microbes and Gut-Epithelium
More than Bickering Neighbors
Sarita Ahlawat
Healthy interaction between microbes and the intestinal
epithelium is essential for the normal development of the
gut-immune system and overall health of the organism.
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Diseases such as obesity, diabetes, asthma, inflammatory bowel
syndrome, and some forms of cancer are increasingly being
linked to imbalances in the gut-microbial community. Gut-microbes are kept in check by the intricate interplay of the intestinal
epithelium and the gut-associated lymphoid tissue (GALT), the
main components of the innate and adaptive immune system of
the intestine. Health of the epithelium and the associated protective immune system along with the gut-microbiota is directly
affected by changes in diet, lifestyle, or antibiotic use. Compared
to the two components of the gut immune system, microbes have
a better ability to change and evolve with the host. Therefore,
there is an immense research interest in understanding the complicated symbiotic relationship of the gut-microbes with the
epithelium-associated immune system components so that novel
ways can be developed to manipulate the properties of the
human gut-microbiome to improve overall human health.
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The entire human body surface is colonized by bacteria; the
intestine alone houses around 100 trillion microorganisms [1].
By a rough estimate, bacterial cells are atleast ten times more
numerous than the total human cells [2]. Microbes residing
within the gastrointestinal tract are collectively referred to as
gut-microbiota or microflora and are essential in many metabolic
activities such as fermentation of unused energy substrates, and
production of vitamins, biotin, and vitamin K for the host [3].
Another important role played by the gut-microbes is the modu-
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lation of the immune system, preventing the growth of harmful
pathogenic bacteria and regulating the development of the gut [4]
(Figure 1). Gut-microbes play a central role, both in the intestinal
immune system and in digestion. Therefore, there is an immense
interest in understanding gut-bacteria and their relation to the host.
However, it is difficult to identify all species (estimated to be more
than 1000 different in humans) of gut bacteria because more than
90% of them are anaerobes, which are unable to survive in the
presence of oxygen. Also, the growth conditions and nutrient
media required are not known for most of them; therefore it is very
difficult to culture them under laboratory conditions with current
available methods.

Figure 1. Influence of diet,
life style, and antibiotic use
on the development of intestinal immune system.
Diet is the primary component that shapes the gutmicrobiota and the robustness of the intestinal epithelium starting from birth.
Adaptive immune system
formed by GALT (Gut-associated Lymphoid Tissue) is
directly or indirectly affected
by even a small change in
diet, life style or use of antibiotics.

This makes it difficult to understand how bacteria survive in the
gut, interact with each other and with other bacterial species and
the epithelium. Nonetheless, culture-independent techniques have
greatly enhanced our understanding of these microbial communities and led to some ideas on how a bacterial population may both
induce and respond to metabolic changes in the host. In the 1980s,
Woese and others pioneered a method for identifying bacterial
species using the 16S rRNA gene, also designated as 16S rDNA
sequencing (both terms can be used interchangeably) [5]. 16S
rRNA is a component of the prokaryotic ribosome, which is
required in protein synthesis. Its gene is about 1,550 base pair
long, highly conserved, and universally present in all strains of
bacteria. This gene has a few variable regions which are different
among bacteria and can serve as a tool for identifying bacterial
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Figure 2. Profiling of gutmicrobial community with
16S rDNA sequencing. Fecal matter collected from
humans or any other organism serves as the source of
microbial DNA or RNA which
is used as a template in a
PCR reaction which amplifies only a small portion of
the genome of interest using specific primers. The
amplified 16S DNA sequence is read by a highthroughput sequencing
method with capability of
reading each sequence
many times over. Collected
sequences are matched
against the DNA gene data
base of all microbes and
results are interpreted using special software, e.g.,
QIIME (pronounced ‘chime’).

strains (Figure 2). Using such sequencing methods, over 26 million sequences have been deposited in GenBank
(www.ncbi.nlm.nih.gov/genbank/), a genetic sequence database
with over 100,000 sequences of 16S rRNA. Thus any bacterial
sequence obtained from gut-microbiota can be compared against
the gene database. Based on 16SRNA sequencing of bacteria
obtained from fecal matter, gut-microflora is found to be made up
of bacteria belonging to genuses Bacteroides, Firmicutes,
Clostridium, Fusobacterium, Eubacterium, Ruminococcus,
Peptococcus, Peptostreptococcus, Bifidobacterium, many fungal
species including Candida, Saccharomyces, Aspergillus, Penicillium, and a large number of viruses preying on the bacteria [6].
Previously, gut-microbes were believed to have only a commensal
relationship in which the bacteria alone benefitted from the host
without harming it. Researchers have now established that the
relationship between gut-microbes and their host is mutualistic, in
which both host and bacteria benefit from each other, though in
current literature, the relationship is still referred to as commensal.
Humans and all other organisms have evolved to tolerate commensal bacteria, but they also at times mount a severe immune response
against bacterial and viral pathogens. This delicate balance
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between the host and commensal bacteria is essential and even a
slight change in bacterial population can result in many pathological conditions such as obesity, asthma, diabetes, inflammatory
bowel syndrome and in some cases, cancer.
Intestinal Immune System
The intestinal epithelium is central to the gut-immune system, in
addition to being vital in the absorption of nutrients from the
intestinal lumen. It is able to balance two unique functions due to
the presence of different cell types with distinct functions and
specialized structures along its length which are discussed in the
following section.
The intestinal epithelium consists of columnar cells joined by tight
junctions that cover a large surface area almost equivalent to that of
a large seminar hall. It allows only the passage of water and ions,
but acts as a physical barrier to macromolecules, commensal
bacteria and occasional bad guests in the form of pathogens. It has
a unique property of self-renewing its entire surface every 5–10
days in most mammalian species; by doing so, cells damaged by
environmental insults in the form of consumption of contaminated
food and assault from bacteria are completely removed and the
epithelial barrier remains strong [7]. Most of the intestinal epithelium is arranged in finger-like projections known as villi and each
cell is further coated with microvilli which are predominantly
involved in the absorption of nutrients. Enterocytes or epithelial
cells of villi are interspersed with goblet cells, which as the name
suggests are shaped like a goblet and constantly produce the thick
viscous mucin (high molecular weight glycoprotein) that forms a
mucus layer which blankets the villi completely [8]. This mucus
layer which is around 0.5mm in thickness is important for defense,
preventing easy access to the epithelium for bacteria. Epithelial
cells residing at the base of villi, called paneth cells, play a more
active role in controlling bacterial growth by secreting anti-bacterial peptides, alpha defensins, digestive enzymes and lysozymes
[9].
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The intestinal epithelium can also mount a specific immune
response to keep the commensal bacterial population in check
and to prevent pathogenic bacteria from invading the host by
having a close interaction with the underlying gut-associated
lymphoid tissue (GALT). The intestinal immune response follows a simple motto with not so friendly neighbors: make peace,
not war. This truce is achieved by mounting a mild immune
response against commensal bacteria and a more severe response
against pathogenic bacteria by having monitoring systems strategically placed at regular intervals among villi across the entire
small intestine, called Peyer’s patches [10].
Humans are born with up to 200 Peyer’s patches, while mice
develop six to nine after birth (Figure 3). Peyer’s patches are
macroscopic structures consisting of up to 10 follicles arranged in
a dome-like structure (Figure 3). A particular epithelium which is
Figure 3. Peyer’s patches – the immuno-surveillance centers of the small intestine. (A) Mouse Peyer’s
patches (PP) are arranged along the small intestine wall. (B) Schematic organization of a Peyer’s patch
and a villus. M-cells interspersed in the epithelium of the PP capture luminal microbes and transport them
inside the dome (1). In the sub-epithelial region, the entire bacterium or a part of it is bound by the dendritic
cells. This process leads to the activation of DCs (2). Activated DCs communicate with B-cells to produce
specific Abs against the bound bacterium. B-cells which had interaction with activated DCs move away
and start to divide to generate more B-cells (3). B-cells transform into terminally differentiated antibody
producing cells called plasma cells (4). Antibodies are transported into the lumen by the specific polymeric
immunoglobulin receptor (pIgR) of epithelial cells (5). In the lumen, antibodies bind to the bacteria and
cause its excretion in the feces.
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different in many ways from the rest of the intestinal epithelium
covers the entire Peyer’s patch and is called follicle associated
epithelium (FAE) [11]. The FAE is lined by a comparatively thin
layer of mucus. It is not merely a physical barrier; rather it serves
as the only place where the gut-microflora is actively sampled by
the host with the help of its special cells called microfold or Mcells present at regular intervals. M-cells can be considered as
small windows opening into the intestinal lumen. They have the
ability to take up an entire microorganism or part of it by a process
called transcytosis that transports bacteria inside the sub-epithelial dome region (Figure 3), where special cells called dendritic
cells (DCs), which have many long branched projections called
dendrites, interact with all or part of the microorganism brought
in by the M-cells [12]. Dendritic cells are derived from bone
marrow cells similar to red blood cells (RBC) and white blood
cells (WBC). In the last decade, researchers have also shown that
dendritic cells have the additional unique ability of projecting
their dendrites into the intestinal lumen and therefore, directly
sampling the intestinal microorganisms.
The other two prominent cell types in Peyer’s patches are B-cells
and T-cells. B-cells are solely responsible for producing antibodies (Abs) against foreign antigens, microorganisms, viruses, etc.,
thereby, inhibiting, and neutralizing their activity. B-cells originate in bone marrow, but the abbreviation ‘B’ comes from the
bursa of Fabricius (where they mature in birds and first identified). B-cells can only make antibodies if activated by the dendritic cells with antigen or T-cells. T-cells are lymphocytes
originating from the thymus (that is where the ‘T’ comes from)
(Figure 3). One type of T-cells called ‘T-cytotoxic’ cells can
directly kill the bacteria and has a unique cell surface marker,
CD8+, which is routinely used in identification of these cells in
various tissues. The other type are called ‘T-helper’ cells or
CD4+, because they help B-cells in making antibodies by communicating the presence of bacteria to B-cells. Both T-cytotoxic and
T-helper cells have a common marker CD3, which helps in the
identification of both (Figure 4).
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Under non-infectious conditions,
B-cells are dormant; they only get
activated when a dendritic cell
bound to an antigen or an activated
T-cell interacts with it. Activated
B-cells change their morphology
and dedicate themselves completely to the secretion of antibodies specific to the antigen bound
by a T-cell or DCs by undergoing
many cell divisions to make many
copies of itself, thereby increasing
the number of activated B-cells.
Figure 4. Cells in Peyer’s
patches and villi are spatially
organized. (A) Image of entire murine small intestine
cross-section 20  M thick
stained for DC, B-, and T-cell
markers obtained with confocal microscope. Dendritic
cells (magenta) occupy the
sub-epithelial region of the
Peyer’s patch and mostly tips
of the villi. B-cells (blue) occupy most of the PP surrounded by the inter-follicular region of T-cells (green).
T-cells are also present in
the stem of villi. (B) Closer
view of Peyer’s patch at
higher magnification. (C) Image of villi stained only for
nucleus marker delineating
all the cells of epithelium and
all the cell-types present in
the villi.

512

Finally, B-cells differentiate into ‘plasma cells’ which secrete
many Abs. In the small intestine, B-cells secrete predominantly
one type of Ab, the secretory IgA (SIgA) which is different from
other antibodies in that it is actually synthesized as a dimer of two
Y-shaped antibodies joined at the tail by a protein called the J
chain. Once out of the plasma cells, the Abs bind to their receptors
at the basolateral surface of epithelial cells, called polymeric globulin
receptor (pIgR) and are taken into the cells via endocytosis (Figure 4).
The receptor-Ab complex passes through the cellular compartments before being secreted out on the luminal surface of epithelial cells, still attached to the receptor secretory complex which
stays with IgA the whole time, and, therefore, are simply referred
to as secretory IgA. Once in the lumen, SIgA antibodies are free to
bind to the microorganisms and neutralize bacteria, leading to
their excretion in fecal matter, or change the morphology of the
bacteria causing internal changes and eventual death [13].
Relationship between Epithelium, Gut-microbiota and
Overall Health
Even a slight change in the ability of the epithelium to produce
antibacterial peptides or secrete mucus could lead to big changes
in the microbial community of the intestine. The reverse is also
true: change in microbial community could weaken the epithelium
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and the gut-immune system in general. In both cases, the ability of
the intestine to keep the commensal and pathogenic bacteria
under control is affected severely and is known to be the cause of
many diseases including inflammatory bowel syndrome [14, 15,
16]. Most often, the change in microbial community and epithelium fitness is brought about by an alteration in diet, life style, or
excessive antibiotic use. Therefore, significant differences are
found in the gut-microbiota of people on different diets and from
different countries. For instance, the western diet is high in fats
and simple sugars in comparison to the Indian fiber-rich, low
sugar diet. Such differences have resulted in the depletion of
bacteria belonging to the class Bacteroidetes and enrichment of
Firmicutes in people on the western diet and are linked to increase
in obesity, allergies, asthma, and inflammatory bowel diseases.
Many a times, the treatment includes surgically removing part of
affected intestine, restoring microbial community by transplanting external gut-bacteria from fecal matter of a healthy person, or
administration of antibiotics to curb the growth of unhealthy
microbes.

Although the gutmicrobial community
is quite resilient and
with time can
recover from the
antibiotic challenge,
the total number of
bacterial strains
never returns to
normal.

Administration of antibiotics early in life when the microbial
community is not fully established can have the long lasting
consequence of being more prone to asthma and obesity as an
adult. Although the gut-microbial community is quite resilient
and with time can recover from the antibiotic challenge, the total
number of bacterial strains never returns to normal.
As the Indian society is becoming more affluent and diet and
lifestyles are changing to become more similar to that of the
western world, it is likely to lead to an increase in obesity and
inflammatory bowel diseases. Therefore, before grabbing that
slice of pizza or that potato chip, remember how your gut bacteria
will react. A healthy lifestyle is essential for maintaining a
healthy microbiota and the over-all health of an organism.
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