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Abstract

Calpains are a group of non-lysosomal Ca**-dependent cysteine proteases with numerous substrates. Calpains have been identified
in almost all eukaryotes and bacteria but not in archaebacteria. In the human genome, this group of enzymes has 15 isoforms and
is present ubiquitously and demonstrates tissue-specific patterns of expression. Calpains are involved in different physiological
and pathological processes such as cell proliferation, migration, invasion, apoptosis and signal transduction and their roles in
various disorders have been reported. In this review, functions of calpains, their substrates, their mechanism of regulation and their

involvement in diseases have been summarized.
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Introduction
Calpains are a well-conserved group of cysteine
proteases that are involved in some Ca**-dependent
cellular processes including cell proliferation, migration
and differentiation, signal transduction and cell death."?
Recent studies have provided increasing evidence of the
role of calpains in neuronal migration and differentiation,
synaptic plasticity, and neuroprotection.*” Calpain
homologs are present in a wide range of species including
Drosophila melanogaster, Caenorbabditis elegans, several fungi,
plants and some bacteria but there is no homolog in
archaea.® These enzymes have 15 isoforms and are
present in mammals ubiquitously and in a tissue-specific
pattern (Figure 1). Based on different motif(s) in the
C-terminal domain of calpain proteins, they are classified
into 2 groups: classic (typical) and non-classic (atypical)
calpains (Figure 2). Classic calpains include CAPNI, 2,
3,8,9,11, 12, 13, and 14 composed of a large catalytic
subunit (80 kDa) and a small regulatory subunit (28 kDa).
The large subunit exhibits an anchor a-helix at the amino
terminal, protease core 1 and 2 domains also identified
as CysPc domain, a calpain-type B-sandwich (CBSW;
previously referred to as C2-domain-like domain) and a
penta EF hand domain [PEF(L)], L referring to a large
subunit. Glycine rich (GR) and PEF(S) (S referring to
a small subunit) are components of the small subunit
(CAPNS1T or CAPN4).”

Non-classic calpains consist of CAPN5, 6,7, 10,13, 15,
and 16, in which the PEF domain is replaced by another
motif(s) in this group. The protease domain (domain II)

and catalytically active sites, including Cys105, His262 and
Asn280, are conserved in the calpain superfamily. Upon
binding of Ca?!, the N-terminal a-helix is autolysed in
typical calpains1, 2 and 9, after its activation by Ca*", and
this event leads to a decrease in Ca®" requirement.*'* It
is not clear whether autolysis occurs in other typical or
atypical calpains."

Mammalian calpains are also categorized into 2 classes
based on their expression in different organ(s). Calpains
1, 2, 5, 7, 10, 13, and 15 are expressed ubiquitously
whereas calpain 3 (p94) is expressed in skeletal muscle,
calpain 6 is expressed in placenta, calpain 8/9 (nCL-2/
nCL-4) is expressed in the gastrointestinal tract, calpain
11 is expressed in testis and calpain 12 is expressed in
hair follicles. Defects in some of the ubiquitous calpains
may induce lethality, which is observed in Capn2’- and
Capn4”/- mice highlighting the fundamental roles of
these genes during development, while defects in organ-
specific calpains result in tissue-specific phenotypes such
as muscular dystrophy due to mutations in the CAPN3
gene. In spite of the embryonic lethality of calpain-2
knock-out mice, calpain-1 knock-out mice did not exhibit
lethality although they revealed abnormality in cerebellar

development and ataxia.”'*"

Although calpain-1 and
calpain-2 are the most widely studied calpains, little is
known about other human calpains, their mechanism of
action and their roles in physiological and pathological
conditions.'

The precise number of known proteins cleaved by

different calpains in mammals is unknown although it is
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Figure 1. Human Calpains.

speculated that more than 1000 proteins are modulated
by calpains."”

Calpains are recognized as intracellular ‘modulator’
proteases which act in the process of proteolysis rather
than protein degradation, while ‘eraset’ proteases such
as caspases and ubiquitin-proteasome and autophagy
systems degrade their substrate proteins and exclude
them. Another issue is that calpains recognize their
substrates themselves, whereas in autophagy and
proteasome systems, the substrate should be tagged
by other systems such as autophagosome formation
and ubiquitination, respectively. Calpains may modify
the substrate at a limited number of sites, and after
that, the modified protein acquires novel or additional
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Substrate Specificities of Calpains
Calpains have been suggested to control cell migration
and invasion through their ability to regulate adhesion
and proteolysis of cytoskeletal proteins.'”?  Calpain
proteolyses the actin associated protein cortactin, which
is a regulator of membrane protrusion.® In cell migration
and invasion processes, calpains modulate talin, focal
adhesion kinase (FAK) and paxillin; these proteins
are present in focal adhesion and regulate adhesion
turnover and cell migration. Calpain induces an increase
in cell migration and invasion which is consistent with
upregulation of calpains in some types of cancer.””* The
cytoplasmic tails of integrin and actinin are involved in
cell spreading and are regulated by calpain proteolysis.””

Protein kinase C (PKC), CaMKII, Bid, Bax23,
ERK1/2 and Cdk5/p35 ate other calpain substrates
that are protein kinases and regulate the proteolysis of
cytoskeletal proteins.” P35 is converted to p25 by calpain,
and p25 activates cyclin dependent kinase 5 (CDKD5) itself,
which may play a role in memory formation. Calpain
also cleaves dysferlin, a protein involved in LGMD2B.
One interesting calpain substrate is spectrin (spectrin-o
is also known as a-fodrin).*** Spectrin is proteolysed by
calpains in neuronal cells and is associated with neuronal
apoptosis. 7232426

Calpain modulates the activity of some proteins that
are involved in neuronal plasticity, neurodegeneration
and cognition. Axon outgrowth and guidance are Ca**-
dependent processes and are mediated by a calpain which
regulates the proteolysis of talin and FAK.*? Among
other substrates for calpain is drebrin, a neuron-specific
F-actin binding protein. Drebrin controls microtubule
entry into dendritic spines and a decrease in the level
of this protein can lead to a decrease in dendritic spine
microtubules.”

The role of calpain in modulating cytoskeletal proteins
including actin is also an important step in long-term
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Figure 2. Calpain Classification.
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potentiation (LTP) and synaptic plasticity. Calpain is
activated by Ca*? influx through glutamate receptors that
result in truncation of spectrin and subsequently allows
the disassembly and reassembly of actin filaments, thereby

recruiting and regulating glutamate receptors.>'*"?

Calpain Inhibition and Induction
Under physiological conditions, these enzymes are
regulated by Ca*" and ate involved in pathways which
are regulated by this ion. The catalytic site in the
protease cote domain of calpain includes cysteine-105,
histidine-262 and aspargine-280; this triad is conserved
through the entire family with one exception, calpain-0.
In this enzyme, the cysteine residue in catalytically active
sites is replaced by lysine, leading to inactivation of the
enzyme. " Ca®* binding causes a conformational change
in the protease core domain and brings PC1 and PC1
into close proximity producing an active catalytic site.”
Calpain inhibition is controlled by calpastatin (CAST),
a specific inhibitor of classic calpains. Most of the
calpain inhibitors are not specific to calpain and suppress

other proteases.'™!%*43!

Calpain-1 and calpain-2 are 2
major calpains recognized in the central nervous system
(CNS)>"; other calpain isoforms present in the brain

include calpain-3, -5 and calpain-10.>%

Role of Calpain in Synaptic Plasticity

Role of calpains in LTP, learning and memory was
identified many years ago. Up to the present time, several
studies have clarified participation of calpain-1 and -2 in
neuronal migration and differentiation, synaptic plasticity,
and neuroprotection.>’ LTP is a kind of synaptic
plasticity, and translation initiation is an important step
in strengthening of LTPR'®"

Extracellular signals that trigger calpain-1 and -2
activation include 17-B-estradiol (E2), brain derived
neurotrophic factor (BDNF) and glutamate. Calpain-2
activation after LTP induction, which leads to
consolidation of LTP, could take place through various
intracellular signaling pathways, one of which is ERK
signaling. ERK-mediated activation of calpain-2 initiates
with binding of BDNF to tyrosine receptor kinase
B (TrtkB) receptor.’ Activated calpain-2 inactivates
Phosphatase and tensin homolog (PTEN) and stimulates
Akt and phosphorylates mammalian target of rapamycin
(mTOR). mTOR phosphorylation causes activation of
different translation factors such as ribosomal protein
S6 and eukaryotic initiation factor 4E which leads to
synthesis of dendritic proteins.>” 17-B-estradiol (E2)
and positive modulators of AMPA receptors can also
trigger the release of BDNE, stimulate calpain-2 through
the ERK signaling pathway in dendritic spines and finally
phosphorylate  mTOR."

On the other hand, activation of calpain-1 and -2
leads to cleavage of Poly(A)-binding protein interacting
protein 2A (PAIP2A) and Cytoplasmic polyadenylation
element-binding protein 3 (CPEB3). These proteins
are repressors of translation initiation and elongation,
respectively, and their cleavage by calpain after N-methyl-
D-aspartate (NMDA) receptor stimulation initiates this
inhibition.

The actin cytoskeleton is a key component of cell
structure and plays a major role in various cellular
functions including cell proliferation, migration, division
and adhesion. In neuronal cells, actin filaments control
dendritic spine growth and o«-amino-3-hydroxy-5-
methyl-4-isoxazolepropionic acid (AMPA) receptor
trafficking- 2 significant steps in synaptic plasticity.”'"**
AMPA receptors mediate the bulk of fast excitatory
synaptic neurotransmission in the brain.”* Calpains
are among the most important genes involved in actin
filament remodeling that occurs during LTP" Calpain
activation by Ca*" influx through NMDA receptors
leads to spectrin cleavage; spectrin as a cytoskeletal
protein causes reorganization of actin filaments within
dendritic spines required during LTP. Other proteins that
are calpain targets and involved in the synaptic plasticity
process include cortactin, talin, drebrin and Myristoylated
alanine-rich C kinase substrate (MARCKS). MARCKS
and drebrin manage the morphology and stability of
dendritic spines.”!? Calpain regulates axon outgrowth and
morphology via the proteolysis of talin and cortactin,
respectively.?’

Cortactin is necessary for dendritic spine remodeling
during synaptic stimulation® and its binding to actin is
regulated by phosphorylation. Phosphorylation modifies
the susceptibility of cortactin to proteolysis by calpain.
TrkB activation results in phosphorylation of cortactin at
the Ser residue by ERK which associates this protein with
F-actin, whereas its phosphorylation at the Tyr residue
by Src dissociates cortactin from the actin cytoskeleton
which subsequently causes its degradation by calpain and
testrains membrane protrusion.”!>!%%7

Talin, an important calpain target, links integrin to
the actin cytoskeleton and is involved in the assembly
of adhesion complexes, and their truncation by calpain
hampers adhesion signaling through integrin.**"*
Calpain is also involved in RhoA synthesis and
degradation; calpain-1 regulates RhoA degradation while
calpain-2 stimulates RhoA synthesis.” IntegtinB3 cleavage
by calpain results in cell shrinkage through triggering
downstream RhoA signaling which is a major component
in actin filament remodeling and cell migration. In
addition, calpain indirectly controls RhoA signaling and
axonal growth through p53 truncation.”'*""*" Cofilin is a
calpain substrate and downstream effector of RhoA. Itis
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another regulator of actin filament dynamics.”'*

Calpain and Diseases

In the human genome, several genes, such as CANP7
and CANP2, encode calpain-like protease domain.
According to the role of calpain in disease pathogenesis,
calpain-involved disorders are classified into three
groups: Type 1; disorders caused or worsened by calpain
including cancer, neurodegenerative and cardiovascular
disorders, cataracts and ischemia, and Type 2; including
malaria, trypanosomiasis, schistosomiasis, candidiasis and
periodontitis. In these disorders, parasites or pathogenic
microorganisms use their host’s calpains for infection.
Type 3 includes calpainopathies caused by a deficiency
in calpain genes. Examples include muscular dystrophies,
vitreoretinopathy, gastric ulcer and esophagitis (Table 1).%*

Neurodegenerative Disorders

In some cell types during aging process, level of
modified or abnormal proteins increase as a result of
improper and inefficient activity of protease, while in
other cell types, aging happens due to increased activity
of proteases; cataract and Alzheimer disease (AD) are

examples of elevated calpain activity and degenerative
aging.”! Concentration of intracellular Ca*'is precisely
monitored, as increase in intracellular Ca** level lead to
accumulation of protein and nucleic acid deposition
and disruption of phospholipid membrane integrity.
Impaired Ca signaling has been involved in pathogenesis
of neurodegenerative disorders such as AD, Parkinson
disease (PD) and motor neuron diseases.*?

Under

neuroprotective role, although its over-expression results

physiologic  condition, calpain has a
in neurologic dysfunction such as AD. Calpain mediate
proteolysis of disease associated proteins tau kinase, cylin
dependent kinase 5 and glycogen kinase synthase 3.2 AD
phathogenesis is triggered by deposition of extracellular
B-amyloid (AB), hyper-phosphorylated tau and formation
of intraneuronal neurofibrillary tangles which are
associated with abnormal synaptic plasticity and memory.
Accumulation of AB induces increase in intracellular
Ca®" concentration, elevated Ca** subsequently lead
to stimulation of Ca®'-regulated proteins including
calpains, calcium/calmodulin-dependent protein kinase
(CAMKK?2), calcineurin. Increased activity of calpain has
been reported in end stage AD patient’s brain compared

Table 1. Calpain Family Members and Their Mechanistic Linkage to Some Diseases and Other Pathological Conditions

Gene Disease Effect Reference
Alzheimer disease BT ED
Amyotrophic lateral sclerosis (ALS) 48,50
Spinocerebellar ataxia type 3 i, 52
Parkinson disease A
Huntington’s diseases 2
Spastic paraplegia 76 =
Cataract SEpEd
Calpain-1 and -2 Cardiovascular disorders @i, 697,68
Muscular dystrophy 95
Brain ischemia 5
Breast cancer Overexpression 2207
Colorectal cancer Overexpression B
Cancers Lung cancer Phosphorylations and secretion 100
Renal carcinoma Overexpression 101
Rhabdomyosarcoma 102
Limb-girdle muscular dystrophy type 2A 74-76,78, 103
Calpain-3 c Melanoma Overexpression 104
ancers Urothelial cancer overexpression of active form 105
Celestincs Autosomal don?mant n.eovascular 106
inflammatory vitreoretinopathy
) Uterine cancer Overexpression 1
Calpain-6 Cancers ) ) )
Cervical carcinomas ~ Overexpression 1
. Gastric ulcer 10
Calpain-8 and -9 . .
Cancers Gastric cancer Low/absent expression 107,108

Type 2 diabetes

Polycystic ovary syndrome

Metabolic syndrome
Calpain-10

Cancers

Esophageal cancer

Calpain-14 Eosinophilicoesophagitis

Laryngeal cancer

81-83
109
110
111

Influence of CAPN1O0variants on

Colorectal cancer 12

cancer susceptibility/prognosis

low expression s

114
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to controls and inhibition of calpain ameliorates
dysfunction in synaptic plasticity and memory.**

Upregulated expression of astrocytic calpain-10 due to
disrupted Ca** signaling and its relation to Alzheimet-
type pathology has been reported, although the exact
role of calpain-10 in pathology of the disease remains to
be elucidated.®

Huntington discase (HD) is a neurodegenerative
disorder caused by polyglutamine tract expansion near
the N-terminus of huntingtin (Htt). Studies suggest that
mutant Htt fragments can aggregate and cause cell death
in HD. Mutant huntingtin (mHtt) contains several caspase
and calpain cleavage sites that generate N-terminal
fragments that are more toxic than mHtt. Cleavage of Hitt
in human HD tissue is mediated partly by the calpains. p-,
m- and -5, -7 and -10 calpains have increased levels and
are activated in HD tissue in transgenic mouse model.**

Calpains especially calpain-1 plays an essential role in
pathogenesis of PD. Pathological activation of calpain
due to disruption of Ca** homeostasis lead to abnormal
proteolysis of alpha-synculin («Syn), truncated form of
aSyn aggregate in nervous system which consequently,
result in synaptic impairment.® Due to dysregulation
of Ca*" homeostasis, over-activated calpains cleave
C terminus of transactive response DNA-binding
protein 43 (TDP-43). The generated abnormal TDP-
43 fragments are accumulation-prone and have
been present in the motor neurons of patients with
amyotrophic lateral sclerosis (ALS).*

Calpain and caspase dependent cleavage of mutant
ataxin-3, the mutated protein in Spinocerebellar ataxia
type 3 (SCA3), generate truncated form of ataxin-3.
These toxic fragments predispose to aggregate in
CNS to a higher extent than full-length ataxin-3. In
calpastation knockout mice model, increased calpain
activity was observed, which result in enhanced
proteolytic cleavage and more severe phenotype in
these mice implicating the crucial role of calpastatin in
SCA3 pathogenesis.”

Homozygous mutations in CAPNT gene are involved
in autosomal recessive hereditary spastic paraplegia
(HSP), spastic ataxia, or both."**3* In three models of
calpainl deficiency in C. elegans, Drosophila melanogaster
and Danio rerio, neuronal and axonal dysfunction,
locomotor impairments and disrupted branchiomotor
neuron migration were observed, respectively.”

Calpains are also associated with a number of
neurodegenerative pathologies cerebral ischemia and
traumatic brain injuries (TBI). Activation of calpain
family of protease has been observed during and
after brain ischemia. Brain ischemia and traumatic
brain injury lead to glucose starvation in neuronal

cells, increase in Ca** level, calpain activation and

postischemicneurodegeneration.’*?>%

Macrophages have long been known as a crucial
componentof hostdefence against microbial infections.
Inhibitions of PAR1T or p-calpain in macrophages make
them resistant to Leishmania infection, indicating that
they may prove to be therapeutically effective drug
targets against leishmaniasis.®® The calpain inhibitor
MDL28170 is found to be capable of significantly
reducing the viability of blood stream trypomastigotes
in Chagas disease patients, which making the calpain
inhibitor useful to treat Chagas disease.”” The cytotoxic
effect of Streptococcus  pyogenes on macrophages is
mediated via subsequent activation of p-calpain and
activation of an inflammatory programmed cell death
pathway.>®

Myopathies

In Duchene muscular dystrophy (DMD), loss of
functional dystrophin causes loss of Ca*' homeostasis
and activation of ubiquitous calpain. Increased calpain
activity worsens DMD symptoms since several muscle
proteins are calpain substrates. In a dystrophin-deficient
DMD mouse model, increased calpain activation
was modified by calpastatin (CAST) overexpression,
although recent studies have demonstrated that calpain
inhibition did not improve muscle histology and

function.®2+3%:60

Ophthalmic Diseases

Ischemic injury to the retina is associated with
calpain-1 and -2 activity. Overactivity of calpain leads
to a-spectrin proteolysis, retinal cell degeneration and
vision loss. Calpain overactivity also causes pathological
neovascularization which tesults in defective vascular

flow and retinal damage.*>'

Cancer

Due to the diverse roles of conventional calpains in
cellular processes including apoptosis, cell proliferation
and migration, these genes are also implicated in cancer
pathogenesis and possible molecular mechanisms critical
for cancer formation, progression, and growth such as
cell transformation, cell survival/apoptosis, migration,

invasion and angiogenesis.'***

Oncogenic Transformation
Calpain activation is a key step in cell transformation
stimulated by common  oncoproteins.

During

pathological ~processes, increased calpain activity
and calpastatin inhibition are induced through v-Src
oncoprotein induction and are augmented by other
oncoproteins such as v-Myc, v-Jun, k-Ras and v-Fos

during cell transformation. Calpain overactivity leads
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to decreased adhesiveness and increased migration of
transformed cells through proteolysis of cytoskeletal
proteins including spectrin, paxillin, talin and FAK.®

Cell survival and Apoptosis

Programmed cell death is one of the critical cell processes
and is crucial for organism homeostasis. Various
proteases including caspase and calpain are involved in
apoptosis. Calpainl and 2 regulate caspases via activation
of caspase-3, -7 and -12 and inactivation of caspase-8
and -9."""" P53 is an important modulator of equilibration
between cell proliferation-DNA repair and cell death, and
calpain mediates its processing and accordingly regulates
cell fate.Another regulator of apoptosis is Bcl-2 family
members whose effects upstream of caspases and based
on their homo- or heterodimerization have pro- or anti-
apoptotic functions. Conventional calpains cleave a few
members of the Bcl-2 proteins, including Bax, Bel-xL,
Bid, and Bak. Calpain intervention normally induces an

. 18,66
apoptotic cascade.

Migration and Invasion

Another crucial step in the invasion of malignant cells,
which in the case of distant invasion leads to metastasis,
is migration capability. Under physiologic conditions,
calpain2 regulates the migration of different cell types
by control of growth factors including EGE, PDGF,
and VEGE® Calpain plays an important role in the
mesenchymal mechanism of tumor cell migration.
In this process, adhesion is mediated by integrin, a
proteolytic substrate of calpain. Other proteolytic targets
of calpain associated with migration/invasion of tumor
cells include talin, paxillin, FAK, vimentin,” vinculin,*
cortactin,” fodrin and protein tyrosine phosphatase23
(PTPN23)."" Calpain involvement in the expression and
secretion of matrix metalloproteinase (MMP) has been
identified; MMP is responsible for the degradation and
remodeling of the extracellular matrix and subsequent

tumor invasion.'®

Angiogenesis

Calpain regulates angiogenesis by controlling the
migration of endothelial cells. Vascular endothelial
growth factor (VEGF) is one of the crucial activators
of angiogenesis. Calpain activation is induced by VEGE
Under physiologic conditions, calpain activation leads
to production of NO- a robust angiogenic factor.
Calpain2 mediates VEGF-induced activation of PI3K/
AMPK/ Akt and subsequent phosphorylation of eNOS
and production of NO in endothelial cells, while under
pathological conditions, tumor cell overgrowth leads
to hypoxia which stimulates calpain over-activity and
expression in endothelial cells."***™ Hypoxia, which

is a result of rapid proliferation of cancer cells and is
required for survival and growth of these cells. Hypoxia
stimulates calpain-dependent cleavage of FLNA which
increases nuclear localization of hypoxia-inducible factor-
lo (HIF-1e). HIF-1a is upregulated in cancer and forms
a heterodimer with HIF-13 (HIF-lo/HIF-18) which
stimulates exptession of VEGE>” Other growth factors
implicated in angiogenesis include epidermal growth
factor (EGF) and fibroblast growth factor (FGF).”

Calpainopathies

Mutations in calpain genes result in a group of diseases
defined as calpainopathy. CAPN3, previously called
p94 or calpain3, is mainly expressed in skeletal muscles
although its expression has also been detected in other
tissues. Mutations in this gene are responsible for limb-
girdle muscular dystrophy 2A (LGMD2A), which is
the most common type of LGMD. In most forms of
LGMD, mutations in genes coding for structural proteins
are the seminal event; however, CAPN3 mutations were
the first type of muscular dystrophy with mutations in a
proteolytic enzyme rather than a structural protein.”7
CAPN3 has diverse substrates; however, it does not
possess a consensus cleavage site. This protein has both
proteolytic and non-proteolytic functions and is linked
with sarcomere remodeling.”*”

In CAPN3 knock-out (CAPN3-KO) mice, diminished
well-organized sarcomeres, decreased muscle mass,
disrupted structure of myofibers and myopathy were
observed.”*"" Ca*'-mediated signals are required for
upregulation of adaptive response genes in skeletal
muscle. In CAPN3 KO mice, a decrease in Ca** efflux and
attenuation of CaMKII signaling occur and the muscle
adaptation response is compromised due to a decrease
in PGC1 level, a coactivator of transcription factors that
regulate adaptation response. Decreased PGC1 level is a
result of attenuation in the CaMKII signaling pathway
and the subsequent decrease in p38 MAPK.™">7

Other Calpainopathies
CAPNI1

result in calpain-1 loss of function and are linked to

Pathogenic  homozygous mutations in
spastic paraplegia 76 (SPG76).> Abnormal cerebellar
development has been reported in Capnl /- mice which
led to ataxia phenotype and spinocerebellar ataxia
was observed in dogs and humans with mutations in
CAPNT gene. The underlying etiology includes defective
development of cerebellar granule cells (CGCs) and
impaired synaptic transmission.”

Single nucleotide polymorphisms (SNPs) in calpain8
and 9 (called calpain-8/9 or G-calpain) are thought
to distupt the proteolytic activity of the calpain 8/9
complex and are related to susceptibility to gastric
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Table 2. Common Polymorphisms of CAPNT10 Gene Associated With T2DM

Phenotype dbSNP Mutation
SNP-43 153792267  CAPNI0, IVS3,g.240591757G>A, c.471-176G>A
Suscentibilits 1o nonineulin-denendent Diabetes CAPN10, IVS6, g.240594876_240594877insCGGGAGGAGGG
N:‘ ”itp' my insutin-cep : InDel-19  rs3842570  TGATGATTCTGTCCCAGGAGC,c.998-148_998-147insCGGGA
TS GGAGGGTGATGATTCTGTCCCAGGAGC
SNP-63 155030952  CAPNI10, IVS13, .240603286C>T
Susceptibility to noninsulin-dependent Diabetes g\, 1) 12975760 CAPNTO, V53, 5.240603286C5T, .47 1-187T>C

Mellitus and Polycystic ovary syndrome

injury; moreover, Capn8’" and Capn9’/" mice showed
susceptibility to gastric ulcers induced by ethanol which
suggests that G-calpain is implicated in gastric mucosal
defense.?*#?

Numerous studies have identified an association
between CAPNT0 gene polymorphism and type
2 diabetes mellitus (T2DM) in several populations
although there is debate among the different studies and
the underlying mechanism remains to be fully elucidated.
These polymorphisms including SNP-43 (1s3792267),
SNP-44 (£s2975760), SNP-63(ts5030952) and InDel-19
(rs3842570) are intronic variants (Table 2) and thus
do not interrupt protein translation. They probably
influence gene expression or transcriptional regulation
of CAPNT70.5%

In the Iranian population, SNP-43, SNP-19 and -63
of CAPN10 have been studied and no association was
observed between the genotypes and T2D.%#

Calpains are among the proteases implicated in the
pathogenesis of atherosclerosis, coronary heart disease,
and obesity/insulin-associated heart disease as well as
hypertensive heart disease. Uncontrolled activation of
calpain and caspases results in stimulation of signaling
pathways such as NF-xB and apoptosis pathways. NF-xB
is a key player in inflammatory diseases and is involved in
atherosclerotic plaque formation. The NF-»B signaling
pathway is regulated by calpain through IxB cleavage
without influencing its phosphorylation.?*

Endothelial dysfunction is the first event implicated
in cardiovascular disorder in diabetes. Calpain may
be involved in insulin-regulated pathways and cardiac
hypertrophy associated with Insulin dependent diabetes
mellitus (IDDM). Vascular calpain is activated by
hyperglycemia through the PKC signaling cascade which
stimulates endothelial dysfunction.®

Calpainisinvolved in the development of hypertension-
induced cardiac  hypertrophy.  Calpain  regulates
transcription factors including NF-»B, GATA binding
protein4 (GATA4) and nuclear factor of activated T cells

(NFAT) implicated in hypertensive heart disease.”’

Future Directions
Mote research linking biochemistry, molecular biology

and structural biology is needed to gain further insight
into the basic mechanism for the involvement of both
the large and small subunits of calpains responsible
for its activation and regulation in different cells and
subcellular locations. Although some information
based on biochemical and genetic studies has indicated
links between some forms of calpain overproduction/
deficiency in the etiology of some diseases, more research
is needed to better understand the concerted roles of
serine proteases, calpains and caspases in a variety of
physiological and pathological phenomena in health and

diseases.
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