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Preface

The seventy kilo Dalton heat shock protein (HSP70) family is amongst the most 
studied HSP.  The HSP70 family consists of several proteins, including the heat 
shock cognate 70 (Hsc70 also named Hsp73), which are constitutively expressed 
whilst others, like the heat shock protein 70 (Hsp70 also named Hsp72), are induc-
ible. It has been proposed that Hsp70 would be requested to amplify the chaperone 
function carried out under normal conditions by the cognate Hsc70. These proteins 
are synthesised in response to a variety of stressors including hyperthermia, isch-
emia, infarct, lesions and seizures or following less drastic metabolic changes as 
those produced by physical exercise or psychological stress.

The book HSP70 in Human Diseases and Disorders provides the most compre-
hensive review on contemporary knowledge on the role of HSP70 in human dis-
eases and disorders. Using an integrative approach to understanding HSP70 
structure, function and immunobiology, the contributors provide a synopsis of novel 
mechanisms by which HSP70 is involved in the regulation of human diseases and 
disorders.

To enhance the ease of reading and comprehension, this book has been subdi-
vided into various parts, including Part I, reviews current progress on the role of 
HSP70 in neuro-oncological disorders; Part II, evaluates the role of HSP70 in circu-
latory disorders including cardiovascular diseases and kidney disease and Part III, 
focuses the reader on the role of HSP70 as a novel therapeutic target.

Key basic science and clinical research laboratories from major universities and 
academic medical hospitals around the world contribute chapters that review pres-
ent research activity and importantly project the field into the future. The book is a 
must read for medical students and residents, clinical and basic science researchers, 
postdoctoral fellows and graduate students in the fields of Medicine, 
Physiology, Pharmacology, Biotechnology, Molecular Medicine and Pathology.

Toledo, OH, USA� Alexzander A. A. Asea 
Houston, TX, USA � Punit Kaur 
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Heat Shock Protein 70 and Molecular 
Confession During Neurodegeneration

Komal Panchal, Ajay Kumar, and Anand K. Tiwari

Abstract  Molecular chaperones are the group of proteins that participate in the 
maintenance of cellular homeostasis by regulating several cellular events and pro-
tein homeostasis (proteostasis). It has been shown that failure of protein quality 
control system, formation of protein aggregates and their ectopic accumulation in 
the neuronal cells is the common pathological hallmark of most of the neurodegen-
erative diseases such as Alzheimer’s disease (AD), Parkinson’s disease (PD), 
Huntington disease (HD), Amyotrophic Lateral Sclerosis (ALS), prion disease and 
various forms of spinocerebellar ataxia (SCA) etc. Heat shock protein 70 (Hsp70), 
an evolutionary conserved protein family has been shown to be a key regulator in 
several neurodegenerative diseases. Hsp70 shows its strong expression in stress 
condition and is associated with protein folding, refolding of misfolded protein, 
transport of proteins to different cellular compartments, cell death and cell cycle 
regulation etc. Several recent studies have suggested that Hsp70 can be a key 
molecule to address the major pathologies associated with neurodegenerative 
diseases. This chapter briefly summarizes the Hsp70 and its possible role during 
neurodegenerative diseases.

Keywords  Heat Shock Protein 70 (Hsp70) · Neurodegenerative diseases 
Alzheimer’s disease (AD) · Parkinson’s disease (PD)
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Abbreviations

17-AAG	 17-allylamino-17-demethoxygeldanamycin
17-DMAG	 17-(dimethylaminoethylamino)-17- demethoxygeldanamycin
α-Syn	 α-synuclein
γPKC	 Protein kinase Cγ
Aβ42	 Amyloid Beta 42
AC	 Azure C
AD	 Alzheimer’s disease
ADP	 Adenosine diphosphate
AIF	 Apoptosis inducing factor
ALS	 Amyotrophic Lateral Sclerosis
Apaf-1	 Apoptotic protease activation factor 1
APP	 Amyloid precursor protein
AR	 Androgen receptor
Ask1	 Apoptosis signal-regulating kinase
ATPase	 Adenosine tri phosphatease
Bag-1	 Bcl-2-associated athanogene-1
Bap	 Benzo(a)pyrene
BiP	 Binding immunoglobulin protein
CHIP	 Carboxy-terminus of HSC70-interacting protein
CMA	 Chaperone mediated autophagy
CNS	 Central nervous system
DA	 Dopaminergic
E. coli	 Escherichia coli
ER	 Endoplasmic reticulum
FMRP	 Fragile X mental retardation protein
GBA	 Glucocerebrosidase
GFP	 Green fluorescent protein
GGA	 Geranylgeranyl acetone
Grp75	 Glucose-regulated protein
HD	 Huntington disease
HOP	 HSP70 and HSP90 organizing protein
HSC	 Heat shock cognate
HSF1	 Heat shock transcription factor-1
HSP	 Heat shock proteins
Hsp70	 Heat shock protein 70
IDE	 Insulin degrading enzyme
JNK	 c-Jun N-terminal kinase
LBs	 Lewy bodies
LRRK2	 Leucine-rich repeat kinase 2
MAPK	 Mitogen-activated protein kinases
MB	 Methylene blue
MY	 Myricetin

K. Panchal et al.
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NBD	 Nucleotide binding domain
ND	 Neurodegenerative diseases
NEF	 Nucleotide exchange factor
NF-ƙB	 Nuclear factor-kappaB
NFT	 Neurofibrillary tangles
PD	 Parkinson’s disease
PDB	 Protein data bank
PQC	 Protein quality control
PTEN	 Phosphatase and tensin homolog
rhHSP70	 Recombinant human Hsp70
ROS	 Reactive oxygen species
SBD	 Substrate binding domain
SBMA	 Spinal & Bulbar Muscular Atrophy
SCA	 Spinocerebellar ataxia
SOD	 Superoxide dismutase
Ubl	 Ubiquitin-like protein
UCHL-1	 Ubiquitin c-terminal hydrolase-1
UPS	 Ubiquitin proteasome system
TGF-β1	 Transforming growth factor beta 1
TLR4	 Toll-like receptor-4
UMN	 Upper motor neurons
LMN	 Upper motor neurons
NMJ	 Neuromuscular junction
FUS	 Fused-in-sarcoma
TDP43	 TAR DNA binding protein

�Introduction

The Heat Shock Proteins (HSP) are a group of proteins categorized under the molec-
ular chaperones family, plays an important role during different cellular events such 
as protein folding, protein trafficking, autoimmunity and protection from environ-
mental stress etc. (Jaattela and Wissing 1992; Ross and Poirier 2004). The optimum 
level of HSP in the cell maintains the protein homeostasis, hence represents the 
“Protein Quality Control” (PQC) system of the cell in different cellular conditions 
(Sheikh et al. 2013; Meijering et al. 2014; Kakkar et al. 2016; Gidalevitz et al. 2011; 
Van Drie 2011; Verghese et al. 2012). HSP have been categorized on the basis of 
their molecular mass such as Hsp100, 90, 70, 60, 40, 27 & 26 etc. Heat shock pro-
tein 70 (Hsp70) is one of the most conserved ubiquitously expressed protein, present 
in the organism from archaebacteria to human (Gupta and Singh 1994; Lindquist 
and Craig 1988; Hunt and Morimoto 1985). This protein was discovered by Ritossa 
in 1960 in the fruit fly “Drosophila”. He examined chromosomal puff in the flies 
that indicates the transcriptional active region of chromatin, named as “heat shock 

Heat Shock Protein 70 and Molecular Confession During Neurodegeneration
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response” and the protein formed by heat shock was named as “Heat-shock pro-
teins” (HSP) (Ritossa 1964; Lindquist and Craig 1988).

The Hsp70 is ~66–78 kDa proteins possess three functional domains N-terminal 
ATPase domain (~45 kDa), Substrate binding domain (~25 kDa) and C-terminal 
domain (Fig.  1) (Hartl 1996; Hendrick and Hartl 1993) ATP hydrolysis in the 
N-terminal domain is linked to a conformational change in the client binding 
domain (Vogel et  al. 2006). In humans, 13 members of Hsp70  i.e.  HSPA1A, 
HSPA1B, HSPA1L, HSPA2, HSPA3, HSPA4, HSPA5, HSPA5BP1, HSPA6, 
HSPA7, HSPA8, HSPA9B and HSPA10 are present (Brocchieri et al. 2008). Human 
Hsp70 is 72% homologues to Drosophila (Fruit fly) Hsp70 and 47% to E.coli dnak 
(Jaattela and Wissing 1992; Hunt and Morimoto 1985; Daugaard et  al. 2007). 
Drosophila HSP70 family contains two heat inducible (HSP68 and HSP70) and six 
constitutively expressed members (HSC1–HSC6)  (Kumar and Tiwari 2017) 
(Shopland and Lis 1996); (Rubin et  al. 1993). The HSC4 protein (Hsc4p) is the 
most abundantly produced cytoplasmic Hsc70 members and the HSC3 protein 

Fig. 1  Hsp70 domain architecture. (a) Schematic representation of human Hsp70 domain struc-
ture. The N & C terminal domains along with ~45 kDa Nucleotide Binding Domain (NBD), a short 
Linker and a ~25 kDa Substrate Binding Domain (SBD). (b) Three dimensional model of HSP0 
showing ADP bound conformational state; that represents the nucleotide-binding domain (Protein 
Data Bank (PDB) Code: 3HSC) (Flaherty et al. 1990) and substrate binding domain (PDB Code: 
1DKZ) (Zhu et al. 1996), are joint together by a flexible linker, the substrate (blue) is locked in 
substrate binding pocket by lid of substrate binding domain. (c) The ATP bound conformation state 
of HSP70 (PDB Code: 4B9Q) (Kityk et al. 2012) showed the docking of the lid and substrate bind-
ing domain showing the folding event of substrate

K. Panchal et al.
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(Hsc3p) is the sole endoplasmic reticulum (ER) resident  Hsc70 family member. 
Hsc3p and Hsc4p are homologous to the mammalian ER resident protein BiP and 
the cytoplasmic clathrin uncoating ATPase protein respectively (Elefant and Palter 
1999). The Hsp70 possess housekeeping function and are associated with variety of 
cellular processes in normal condition such as it binds with an unfolded protein 
substrate, maintain it in an extended conformation and stabilized its exposed hydro-
phobic regions, involved in protein folding through its chaperonin cycle (Fig. 2), 
refolding, degradation of misfolded proteins, protein trafficking, possess anti-
apoptotic activity by inhibiting the translocation of Bax into mitochondria, release 
of cytochrome c from mitochondria, formation of apoptosome and inhibit activation 
of initiator caspases, eye development in Drosophila (Kumar and Tiwari 2017) etc. 
(Hartl 1996; Arya et al. 2007; Gething and Sambrook 1992). Under stress condition 
activation of Hsp70 reduces cellular stress, oxidative stress, promotes cell survival 
and refolding of the misfolded proteins (Fig. 3 and 4).

Fig. 2  The chaperone cycle of Hsp70: (1) The co chaperone of Hsp70, the Hsp40, first recognized 
and bind to the client polypeptide or newly synthesized polypeptide chain, later it interact and 
stimulates the ATPase domain of Hsp70. (2) The Hsp70 interact with unfolded client polypeptide 
chain by its substrate-binding domain (SBD) in an ATP-bound state, in this state Hsp40 stimulate 
the ATP hydrolysis (ATP = ADP + Pi) hence dissociate itself from Hsp70 machine, this makes a 
more tight interaction between Hsp70 and client protein. (3) A crucial co-factor, nucleotide 
exchange factor (NEF) bind with Hsp70 + client protein complex and (4) promotes the replace-
ment of ADP to ATP. (5) The other co-factors: HspB1, Bag-1 and Bap enter into the cycle and 
folded client polypeptide and NEF are separate from the Hsp70 molecule, representing the com-
pletion of one chaperone cycle

Heat Shock Protein 70 and Molecular Confession During Neurodegeneration
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