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Abstract

Liver, a complex organ performs various functions to maintain homeostasis in the body. The regenerative
capacity of the liver is enormous and any injury to the liver can be detected only when 60-70 percent of
the organ has been damaged. Injury to any organ can be detected by the use of biomarkers. Biomarkers
are any biological molecule which acts as measurable indicators of biological process and one such
biomarker for hepatic disease is Cytokeratin 18, an intermediate filament protein predominantly
expressed in hepatocytes along with cytokeratin 8. Apart from maintaining the mechanical stability to
cell structure, cytokeratin18 unveils highly dynamic features such as cell to cell signaling, progression of
cell cycle, resistance to apoptosis, regulation of protein synthesis and hemostasis. This review explores
the various studies related to functions mediated by cytokeratin 18 and its role as a potential biomarker
for different pathological alterations in accordance with hepatic diseases.
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1. Introduction

Cytoskeletal proteins are a framework of proteinaceous structural filaments that are present
within the cellular cytoplasm to maintain the structure of a cell. Based on the filament
diameter, they are classified into three major cytoskeletal filamentous proteins as
Microfilaments (6nm), made up of actin, Microtubules (25nm) which are hollow cylinders and
Intermediate filaments (10nm) heteropolymers 1. Intermediate filament proteins helps in
organizing the internal 3- dimentional cellular structure by holding the cell organelles in
position in the cytoplasm. Cytokeratin 18 is a type | acidic keratin intermediate filament
protein which are expressed in tissue specific manner in the cytoplasm of simple glandular
epithelial cells such as liver, gut and pancreas. In hepatocyte, it always pairs with Keratin 8, a
type Il basic intermediate filament through coil - coil interaction to perform its function such
as cell structural integrity, protein synthesis [6 241,

2. Structure

The gene for keratin 18 expression is K18 gene which is 3791 base pairs in length and is
encoded by seven exons. The K18 gene contains an unusual slice site AG/GC at intron 3
instead of AG/GT sequence which is present in chromosome 18. The K18 is typical as it has 7
exons instead of 8 where the last exon codes for the tail domain ['°l. The intermediate filament
of hepatocyte is formed by cytokeratin 8 and 18, each consisting of a centrally placed a-helical
rod domain, made of 310 - 350 aminoacids, has subdomains 1A, 1B, 2A, 2B which are
connected to each other by L1, L12 and L2 linkers. The central rod domain is guarded on both
sides by a non o-helical N terminal (head) and C terminal (tail) domains, both have
subdomains V1, H1 and H2, V2 [}, VEVD238 and DALD397 are the caspase cleavage sites.
VEVD238 is found in the central rod domain and DALD397 site is found only in the tail
domain of cytokeratin 18 [4,
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3. Functions of cytokeratin 18
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Non-traditional function ‘

Phosphorylation

|

1. Protection of cell from stress

3. Role in cell cycle

3.1 Post translational modification

Post translational modification is an important step in keratin
intermediate filaments in order to perform filament
disassembly and reorganization. The two important post
translational modification noticed in keratin filaments are
phosphorylation and glycosylation . Colcemid / nocodazole
treatment shows drastic increase in the phosphorylation of
cytokeratin 18, predominantly within the NH2 terminal of 125
aminoacids which are included in the proximal and the head
rod domains especially at the serine residues. Mitotic arrest is
also mediated via glycosylation Fl. Ser-52 in K18 is the major
site of phosphorylation during interphase of cell cycle. When
the cells are treated with okadaic acid, they show alterations
in filament due to mutation of Ser-52 site. Those cells with
K18 Ser---ala mutations were introduced into insectcells and
were compared with PO4- labeled tryptic peptides after
labelling with normal colonic tissues and studies with K18
Ser---ala mutant mammalian cells revealed absence / minimal
phosphorylation at the site when compared with the wild type
K18 8, The structural integrity during mechanical stress is
maintained by Cytokeratin 8/18 filaments in studies done in
homozygous (HMZ), Heterozygous and Wild-type mutant
mice models 24,

3.2 Role in cell cycle

During S/G2/M phases of cell cycle, phosphorylation of
K8/18 is a significant step for the association of 14-3-3
proteins inorder to protect the cells from the consequence of
heat stress or okadoic acid treatment. In invitro study, has
demonstrated 14-3-3 proteins as a solubility factor in cells
during S/G2/M phases of cell cycle by interacting with the
keratin 18 after its phosphorylation by various signal
transduction kinases [4. The 14-3-3 proteins forms
phosphoamino acid binding through typical groove formation
with the lysine and arginine residues. By invitro labelling and
2D gel analysis, it was identified that the Keratin 18
phosphorylation was more pronounced than keratin 8, even
though basal levels of keratin 18 phosphorylation is less than
keratin 8. With the treatment of cytosolic, NP40 and Emo
soluble they noticed the increase in the solubility component
which results in the reduction of intracellular signalling till

Post-translational modification

N

Ubiquitination

Keratin degradation

2. Maintenance of structural integrity =~ Excess indicates dysfunction

1.Protein synthesis
2. Resistance to apoptosis
3. Regulate haemostasis

4. Regulate associate proteins

mitosis. At the end of mitosis, treatment 14-3-3 protein
complex with phosphatases resulted in the dephosphorylation
of keratin 18 from 14-3-3 protein which then continues with
reorganisation of keratin filament for the normal cell cycle
progression. They putforth the idea of various roles of keratin
as chaperones, linkers for 14-3-3 protein function in cell
signaling 2%,

3.3 Resistence to apoptosis

To maintain tissue homeostasis, special mechanism called
apoptosis is mediated by the body to destruct the abnormal or
damaged cells 28, In vitro studies using various cell lines
revealed apoptosis is mediated through various signaling
complexes by death inducing members of tumour necrocis
factor family (61, Fas and FasL are highly expressed in
hepatocytes %1, Studies using K8 null and Wild Type mouse
hepatocytes in primary culture uncovered that the K8/ K18
intermediate filament protein expressed in hepatocytes
provides resistance to FAS receptor mediated apoptosis by
induction of Jo2 injection which is similar to FAS ligand in
K8 null mouse hepatocyte and highly sensitive wild type
hepatocyte mouse models and also concluded that Fas
mediated apoptosis is regulated through the interaction of
K8/K18 intermediate filament proteins with the microtubule
cytoskeletal protein for the trafficking of FAS receptors to the
surface membrane and also trimerization of Fas receptor for
Fas ligand binding [,

3.4 Regulation of hemostasis

A thrombin-anti thrombin binding protein expressed on
hepatocyte plasma membrane has protein sequence,
electrophorectic mobility and insolubility in detergents which
is highly homogenic with the cytokeratin 18. Culture labeling
studies revealed the localization of cytokeratin 18 receptor on
plasma membrane of hepatocyte. The introduction of anti-
cytokeratin 18 IgG antibodies to hepatoma cell culture
revealed the inhibition of radio-lodine labelled Thrombin-
anti thrombin (1251-TAT) protein complex binding and their
internalization to the hepatoma cells. Low density lipoprotein
receptor- related Protein is one of the surface membrane
protein that interacts with the serpin enzyme complex to
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eliminate thrombin-anti thrombin protein from circulation 51,
The study suggested that the initiation of Thrombin- anti
thrombin binding to hepatocytes is mediated by Cytokeratin
18 acts as a cofactor which then results in the initiation of
Low density lipoprotein receptor-related Protein for removal
of Thrombin- antithrombin complex from circulation inorder
to maintain hemostasis (%,

3.5 Regulation in protein synthesis

Cytokeratin 8 null mouse model (ck8-/-) studies revealed that
lack of cytokeratin 8 results in absence of cytokeratin 18
which leads to improper organization of microtubules to the
apical anchoring sites in the plasma membrane in hepatocytes,
indicating that intermediate filaments cytokeratin 8/18 has
direct influence on the the apical compartmentalization of
apical membrane proteins, microtubules and y-tubulins in
polarized epithelial cell ™ 25, In vitro studies using mouse
model Ktyll-/- revealed that protein synthesis is regulated
through another pathway by keratin 8/18 filaments in simple
epithelial cells. The Ktyll-/- mouse that lacked the keratin
18/8 filaments in the cytoplasm showed mislocalization of
GLUT 1 and GLUT 3 in the cell membrane without showing
any change in the microtubule organization indicating that
lack of keratins has direct influence on GLUT 1 and GLUT 3
localization which leads to phosphorylation of raptor by AMP
kinase which results in the inhibition of mMTOR pathway
mediated protein synthesis. The Ktyll-/- mouse model
revealed that the keratin 8/18 expression directly regulates the
apical proteins, y-tubulins and microtubules localization and
by indirect/ direct means on 14-3-3 ¢ proteins, AMPK, ¢EF
1y which are involed in the mTOR pathway mediated protein
synthesis there by regulating AMPK mediated glucose
homeostasis [2% 11 131,

4. Cytokeratin 18 and disease condition

In vitro studies using transgenic mice models that has
cytokeratin 18 caspase digestion resistant double mutant K18-
D238/379 in a k18 null mouse revealed that cytokeratin 18
filaments are involved in cell stability and organization,
provides resistence to apoptosis that are mediated by tumour
necrosis factor family 2. The knockout mouse models show
cases the role of k8 and k18 in cytoplasmic hyaline inclusion
bodies, Mallory Denk Bodies formation in hepatocytes.
Keratin8, 18 fragments, chaperones, phosphoepitopes,
ubiquitinization products ¢! are the components of Mallory
Denk Bodies identified with the DDC intoxicated mice
models. Mallory denk bodies serve as histological marker in
liver diseases such as non-alcoholic fatty liver diseases [,
Experiments with KI8/K8 mutant models are more susceptible
to fas mediated apoptosis when treated with toxic agents 271,

5. Role as potential biomarker

K8 is resistant to apoptosis due to conserved caspase cleavage
sites, but k18 has two caspase cleavage sites VEVD238 and
DALD397 which gets digested during apoptosis X1, The
fragments of apoptosis in circulation can be used as
biomarker for the detection of hepatic dysfunction. Non
alcoholic steatohepatitis is a chronic liver disease in humans.
Liver biopsy is a gold standard test for the detection of non-
alcoholic steatohepatitis. Several studies were conducted to
identify a non invasive method to detect the liver injury.
Hepatocyte apoptosis is the predominant feature of Non
alcoholic Steatohepatitis and the degree of apoptosis depends
upon the progressionof the disease. Studies were conducted to
measure the levels of cytokeratin 18 fragments in plasma of

patients with Non alcoholic Steatohepatitis and were
compared with normal and liver biopsy studies. Results
revealed that plasma levels of cytokeratin 18 fragments were
significantly elevated than control group suggesting that
cytokeratin 18 fragments in plasma could be used as potential
biomarker in diagnosing the various states of hepatic
dysfunction 71,

Mouse models with intestinal disease and hepatosplenic
schistosomiasis studies showed the cytokeratin 18 levels in
serum were elevated in case of hepatosplenic schistosomiasis
than in intestinal disease. It showed significant changes in the
levels of cytokeratin 18 in sera samples that could be
correlated closely with the progression of disease 22,
Meta-Analysis of correlation of cytokeratin 18 levels in serum
with hepatitis revealed that cytokeratin 18 fragments in
circulation could be a detector for hepatic fibrosis and
hepatoma. Studies revealed that it is a promising marker for
the identification of various stages of hepatic dysfunction 34,
During apoptosis, caspases cleaves the highly conserved
aspartate residues via intrinsic or extrinsic pathway. The
apoptotic cleavage of cytokeratin 18 at 396 DALD site results
in the neoepitope formation. The level of this neoepitope in
the serum of critically ill patients was measured by using M30
antibody in circulation. The result revealed a significant
elevation in the levels of M30 serum (M30>250.8 U/L) in
progression with the dysfunction of liver, concluding that the
elevated levels of apoptosis mediated keratin intermediate
filament fragment M30 can be used as a prognostic indicator
for short term mortality in critically ill patients [24],

6. As biomarker in veterinary medicine

Due to negative energy balance in dairy cows during
postpartum period, lipolysis occurs to meet out the energy
demand. The excess fat is re-esterified into triglycerides
resulting in fatty liver disease. Lipotoxicity due to fatty liver
causes oxidative stress leading to liver apoptosis. In ketotic
cows the elevated levels of serum M30 concentrations were
estimated to indicate the hepatic apoptosis ©1.

Studies conducted in using small intestine of porcine revealed
the expression of cytokeratin 18 immediately above the
Payer’s patches indicating that cytokeratin 18 can be used as
M cell marker (€,

7. Conclusion

Cytokeratin 18 being an integral part of hepatocyte, acts as a
modulator for various cellular functions of the liver and could
be used as potential biomarker for various hepatic diseases.
Studies in Veterinary Medicine on the role of cytokeratin 18
as a biomarker in hepatic diseases is meager, limelight has to
be shown on cytokeratin 18 in the field of veterinary medicine
to improve the diagnostic approach in hepatic disorders in
animals to come with fruitful outcome to safeguard the lives
of animals.
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