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Abstract

differentiation leading the cells to undergo EMT.

Epithelial tissues make up most organs in the body and perform various functions like protection, excretion,
secretion etc. The epithelial tissues consist of different cell type like squamous, cuboidal, glandular and columnar
depending on the organ and function. These cells can be of single or multiple layers. The epithelial cells are tightly
packed together and connected by junctional complexes. They are tight junctions, adherens junctions, gap junctions,
desmosomes and hemi desmosomes. These junctional complexes are made up of trans-membrane proteins that
form homo or hetero complexes. The proteins expressed at the cell-cell junctions act as binding docks for various
adaptor molecules at their c-terminus and there regulate cell signaling. Some junctional molecules connect to cell
cytoskeleton and basement membrane and maintain epithelial integrity, cell polarity and epithelial differentiation. Any
dysregulation of cell-cell junctional molecules due to pathogenic conditions results in loss of epithelial integrity and
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Epithelial Cells

Four types of tissues are there, epithelial, connective, muscle and
nervous which make up the human body. Among them epithelial
tissues are avascular. Epithelial cells perform various functions like
secretion, excretion, absorption, and protection. The nutrient or waste
exchange takes place through diffusion with neighboring connective
tissue. Cells in the epithelial tissue are closely packed together with
very little intercellular matrix. It consists of nonliving material like
salts and fibers that are tissue specific. Epithelial cells are wide spread
throughout the body and perform many functions like protection,
secretion, absorption etc. Epithelial cells are of different types like
squamous, cuboidal or glandular, columnar and may be multiple
or single layered depending on the organ. Glandular epithelium is
specialized to produce and secrete substances and it forms two types of
glands. They are endocrine and exocrine glands. The endocrine glands
like thyroid gland secrete hormones like thyroxin directly into the
blood stream that is spread through-out the body. On the other hand,
exocrine glands secrete substances into ducts or tubes that are secreted
to the epithelial surface. Exocrine glands are of three types based on
their structure. They are merocrine, apocrine and holocrine glands.
Mammary glands belong to apocrine type where the milk from the
lobules is secreted into a duct that is released from the apical portion
to the outside. In a mature mammary gland the alveolar and luminal
epithelial cells are surrounded by myoepithelium. The epithelial cells
are connected together at the lateral sides and basement membrane
by junctional complexes. They are tight junctions, adherens junctions,
desmosomes, gap junctions and hemi-desmosomes (Figure 1).

Tight Junctions

Tight junctions (TJs) are present at the apical region above the
adherens junctions around the epithelial cell’s circumference. T]Js play
several important roles: they hold the cells together, act as a barrier,
help maintain cell polarity, prevent lateral diffusion of proteins, ions,
molecules. TJs also play an important role in maintaining the blood
brain barrier. TJs are known to form strongest connections between
adjacent cells which are not broken even until a dead cell is replaced
by a new one. They perform these functions either by homotypic or

heterotypic interactions, by binding to peripheral proteins like ZO-1,
Z0-2, ZO-3, ZONAB, PAR3, PARG etc. at their cytoplasmic tail that
link them to the actin cytoskeleton. ZONAB is a Y-box transcription
factor that binds to CDK4 and both these proteins are sequestered
at the cell membrane via ZO-1 [1]. Y-box transcription factors play
a role in cell proliferation [2,3]. Disruption of these junctions allows
ZONAB to translocate to the nucleus, promote expression of cyclin D1,
proliferating nuclear antigen and thus cell proliferation. It is known to
regulate erbB-2 expression and cell proliferation based on cell density
[4,5]. There are four main trans-membrane proteins found at TJs. They
are occludins, claudins and junctional adhesion molecules (JAMs) and
nectins. Occludins and claudins have four trans-membrane segments,
two intracellular and 2 extracellular domains, while JAMs have single
transmembrane segment. Occludins are involved in signaling event,
claudins mediate ca+2 independent cell-cell adhesions, and JAMs are
thought to mediate Para-cellular barrier.

Adherens Junctions

Adherens junctions are mediated by E-cadherin. By using
electron microscopy identified that E-cadherin is localized at the
adherens junctions of epithelial cells in the intestine [6]. It is a calcium
dependent cell-cell adhesion molecule [7]. All the epithelial cells
express E-cadherin on their lateral sides at the adherens junctions.
McNeill et al 1990 showed that E-cadherin helps maintain apico-
basal polarity in addition to mediating cell-cell adhesion. E-cadherin
is a type I transmembrane glycoprotein that is about 728 amino acids
long [7]. It has 5 domains EC1 to EC5 that binds to calcium in the
extracellular domain, a single transmembrane domain and cytoplasmic
domain. E-cadherin interacts with other E-cadherin molecules on
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Figure 1: A monolayer of epithelial cells showing junctional complexes.
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adjacent cells through its histidine-alanine-valine (HAV) motif in the
amino-terminus [8,9]. The cytoplasmic tail of E-cadherin is important
for adhesion even though cell-cell adhesion occurs at the extracellular
domain. The cytoplasmic tail of E-cadherin anchors protein complexes
that connect it to the actin cytoskeleton. They are a, 8, y catenin’s and
p120 [10]. Therefore E-cadherin along with the adaptor molecules
maintains the adherens junction integrity. These adaptor molecules not
only play structural role but are involved in various signaling pathways.
For example, beta catenin plays a role in signaling, loss of alpha catenin
causes hyper activation of MAPK signaling and p120 catenin regulates
NF-kp and Rho pathways [11,12]. Any disruption of E-cadherin
expression or the protein complexes at the adherens junctions lead the
cells to lose their epithelial phenotype.

Desmosomes

Desmosomes are also called macula adherens junctions and are
mediated by cadherin family member’s desmoglein and desmocollin.
They are cell-cell adhesion molecules that connect the adjacent
cells intercellularly to the intermediate cytoskeletal filaments. The
cytoplasmic tails of desmoglein or desmocollin bind to adaptor protein
molecules like plakoglobin (Y-catenin), plakophillin and desmoplakin.
There are two dense structures called outer dense plaque and inner
dense plaque on the cytoplasmic side of desmosomes. The region
where the cytoplasmic domains of cadherins bind to demoplakin
via plakophillin and plakoglobin is called outer dense plaque. The
region where desmoplakin binds to intermediate filaments is called as
inner dense plaque. The main function of desmosomes is to provide
mechanical strength to epithelial tissue as well as in cardiac muscle and
meninges that are nonepithelial [13].

Gap Junctions

Gap junctions are small intercellular channels that range from 3 to
25 nm in diameter. Gap junctions constitute transmembrane proteins
called connexins. Six copies of connexins form a tube like cylinder
called connexon that allow passage of ions and small molecules
between cells. They function as a channel for exchange of chemical
messages between cells.

Hemidesmosomes

Hemidesmosomes are mediated by integrin family members.

These junctions allow the cells strongly adhere to the underlying
basement membrane. Integrin a6p4 binds to laminin an extracellular
matrix component and therefore forms adhesion site between cell and
extracellular matrix. Integrin a6p4 binds to intermediate filaments via
plectin and dystonin at its cytoplasmic tail. There are other integrin
family members that bind to actin via filamin, vinculin, focal adhesion
kinase, paxillin etc. at their cytoplasmic tails. These junctions not only
mediate adherence to basement membrane but also mediate signaling
events to maintain tissue homeostasis [14].

Conclusion

Various signaling ligands and protein-protein interactions regulate
the cell-cell junctions and their integrity. Any dysregulation in the
junctional molecules leads to loss of cell-cell junctions that result in loss
of epithelial differentiation. This leads to change in cell morphology and
it is called epithelial to mesenchymal transition (EMT). EMT happens
during implantation, embryonic gastrulation or organogenesis;
during wound healing in response to inflammation and during cancer
metastasis. During EMT the junctional proteins are down regulated
and mesenchymal markers are unregulated. We have found that
CLCA2 and EVAL expressed at AJs forms a complex with ZO-1 and
inhibits cell proliferation and EMT. On the other hand alone sequesters
beta-catenin at the cell membrane and inhibits EMT [15] Junctional
reprograming occurs during EMT depending on the various pathogenic
conditions or organogenesis. Therefore, the proteins expressed at cell-
cell junctions perform important functions and maintain the epithelial
integrity, fight infections and are also possible tumor suppressor genes
that inhibit metastasis and regulate cell proliferation.
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