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Abstract The HSP70 is a chaperon protein that is expressed during stress conditions
that participates in many biological processes, including protein trafficking, nascent
polypeptide folding and the refolding of the wrong proteins and cleaning of the mis-
folded ones. The expression is increased during various pathological conditions such
as cerebral ischemia, neurodegenerative diseases, epilepsy, and trauma. They are
found in both intracellular and extracellular compartments. HSP70 exhibits different
functions in accordance with its location. Intracellular HSP70 exerts cytoprotective
functions as a chaperone protein, whereas extracellular HSP70 exerts immunomodu-
latory functions that trigger immunological responses. They play an auxiliary role in
antigen presentation in the appearance of immunological response in multiple scle-
rosis. Epilepsy is thought to have emerged as a stressor. HSP overexpression is pro-
posed as a potential therapy for neurodegenerative diseases characterized by the
accumulation or aggregation of abnormal proteins. In this chapter, we wanted to
summarize the recent studies on the role of HSP70 in neurological disorders.
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EAE Experimental allegic encephalomyelitis
FFI Fatal familial insomnia

GSS Gerstmann-Striussler-Scheinker syndrome
HD Huntington disease

HSP Heat shock protein

LRRK2  Leucine-rich repeat kinase-2

MG Myasthenia gravis

MS Multiple sclerosis

MTS Mesial temporal sclerosis

PD Parkinson’s disease

PINK1  PTEN-induced putative kinase 1
polyQ Poly-glutamine

PrPC Cellular prion associated proteins
PrPSc Disease associated prion proteins
SNCA  Alpha-synuclein

TDP-43  Tar DNA binding protein 43

UPS Ubiquitin-proteasome system
vCID Variant Creutzfeldt-Jakob disease

Introduction

Heat shock protein (HSP) is a survival protein that acts as a molecular chaperone.
When the metabolism is in danger, HSP70 expression increases in order to remove
the unwanted, unfolded proteins, to repair of the damaged proteins and to help the
synthesis of new polypeptides. HSP70 binds to protein substrates to stabilize them to
avoid denaturation and apoptosis, assists the maintenance of cellular integrity. In the
central nervous system, it has been found that HSP is produced in many cell types,
including neurons, glia and endothelial cells. In this chapter we review the role of
HSP70 in common neurological disorders and discuss the therapeutic interventions.

HSP70 in Alzheimer Disease

Alzheimers Disease is the most common cause of fatal neurodegenerative disease
characterized by progressive memory loss, language disorders, cognitive function
impairment. Advancing age, mitochondrial DNA mutations, oxidative stress are the
factors that facilitate the development of the disease. The amyloid plaques caused by
B Amyloid (AP) peptide aggregation inside the cell and the neurofibrillary tangles
formed by phosphorylated tau aggregation outside the cell are the pathologic hall-
marks of the disease. Hippocampus and cerebral cortex that is responsible for mem-
ory and cognition are the most affected parts (Ciechanover and Kwon 2015). Efforts
to treat the disease is focused on the accumulation of Af and hyperphosphorylated
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tau proteins. Pathological processes resulting incorrectly folded proteins leads to the
clinical manifestation of the disease (Desler et al. 2017). In the normal cell life, the
nascent (newly formed) proteins about 30%of them are misfolded and they are
destroyed quickly in the cell. Misfolded and aggregated proteins pass from quality
control but some mutant proteins escape from proteolysis and form intracellular
inclusions and extracellular plaques (Pratt et al. 2015). As the proteasome activities
diminish at the older ages, the accumulation of protein aggregate gets easier.

Protein folding is required for a functional and stable protein. Synthesized poly-
peptide chains pass from thermodynamically unstable, a-helix form to a stable
three-dimensional tertiary structure. The most important reason of misfolding of
proteins is mutations rather than posttranslational protein modifications, oxidative
stress, environmental conditions like pH and heat (Ho et al. 2015). AP proteins can
accumulate as oligomer, and aggregate as amyloid fibril forms. HSP70 can selec-
tively recognize the AP oligomers which are the most toxic form (Whyte et al.
2017). Therefore, HSP70 overexpression inhibits AB aggregation that may lead to
the clinical improvement. On the other hand, HSP 70 has an important role on tau
hemostasis by helping degradation of tau by either proteasomal pathway or ubiqui-
tination (Patterson et al. 2011). HSP70 prevents cell death by weakening the
caspase-dependent and independent pathways (Sabirzhanov et al. 2012). For this
reason, treatment approaches to elevate the HSP70 levels are under investigation.
Geldamycin which is a HSP70 inducer prevents the formation of neurofibrillary
tangles by inhibiting tau accumulation (Lu et al. 2014; Hung and Fu 2017). We
think neuroprotective therapy approaches on the chaperone system based studies
must be executed.

HSP70 in Parkinson’s Disease

Parkinson’s disease (PD) is second most common movement disorder, and it affects
nearly 1% of the population over the age of 60. PD is characterized mainly by pro-
gressive and selective loss of dopaminergic neurons in the substantia nigra pars
compacta, with the subsequent dopamine (DA) decline in the nigrostriatal pathway,
and by the presence of intracytoplasmic fibrillar a-Syn protein aggregates (Lewy
Bodies) in the remaining nigral neurons (Halliday et al. 2011). Increased levels of
a-synuclein or a-synuclein-containing aggregates are also characteristic of other
neurodegenerative diseases, including Lewy body dementia, multiple system atro-
phy and AD. This group of diseases termed “synucleinopathies”. Motor impair-
ments, bradykinesia, rigidity, and resting tremor are clinical characteristic features
of PD. These impairments are result of loss of dopaminergic neuron loss in substan-
tia nigra. Although the mechanism is not fully understood it is hypothesized that
disease arise from combination of genetic and environmental factors. Oxidative
stress associated with mitochondrial dysfunction, proteolytic stress due to dysfunc-
tion of the ubiquitin-proteasome system (UPS), and local inflammation are patho-
genic pathways that have been concerned. Although the majority of cases of PD
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appear to be sporadic when the age of symptom onset is younger than 50 years
genetic factors play more role. Glucocerebrosidase, Alpha-synuclein (SNCA),
leucine-rich repeat kinase-2 (LRRK2), Parkin, PTEN-induced putative kinase 1
(PINK1; PARK6) mitochondrial DJ-1 (PARK7) are the genes that was described
which has role in PD (Kriiger et al. 1998).

Correct protein folding is essential for proteins’ biological functions. Heat shock
proteins are critical elements of the cellular response to unfolded proteins. HSP are
involved in promoting proper protein folding and preventing aggregation, as well as
promoting ubiquitination and degradation of misfolded proteins. Under certain patho-
logical conditions the protein quality control machinery is not sufficient to prevent the
accumulation of misfolded proteins and these accumulations may lead to neurodegen-
erative disorders including PD (Kalmar and Greensmith 2017). The role of molecular
chaperones in PD was first suggested by the detection of HSP90, HSP70, HSP60,
HSP40, and HSP27 molecules in lewy bodies. In 1991 NambaY et al. worked on brain
tissues, which were obtained from the autopsy of patients who had neurodegenerative
diseases including PD. They performed immunohistochemical studies on brain tissues
from patients with various neurodegenerative conditions by using specific polyclonal
antibody to HSP 70 and found HSP 70 association with abnormal cytoplasmic inclu-
sions, which are characteristic for neurodegenerative diseases (Namba et al. 1991).

Fiszer U et al. worked on CSF of patients PD. They measured IgG levels against
anti-HSP 70 molecules and found significantly increased levels in patients with PD
compared to patients who had non-inflammatory neurological diseases (Fiszer et al.
1996). It has been shown that neuron cells, are postmitotic cells and they are suscep-
tible to misfolded proteins (Muchowski and Wacker 2005). The misfolded aggregates
are immunoreactive for ubiquitin, and most have been reported to contain molecular
chaperones and components of the proteasome (Davies et al. 1997). Molecular chap-
erones and components of the proteasome can also be found in aggregates formed in
transgenic animal models and transfected cell cultures (Suhr et al. 2001). Sheng
Chen and Ian R. Brown demonstrated intermediate Hsc70 levels in neurons of the
substantia nigra affected as PD in a rat model (Chen and Brown 2007). In this way
determining these proteins, suggest that protein aggregates are recognized as targets
and cellular protein quality control mechanisms are activated in an attempt to prevent
their accumulation (Kazemi-Esfarjani and Benzer 2002). a-Syn is a 140-amino acid
neuronal protein probably involved in regulating cell differentiation, synaptic plastic-
ity, and dopaminergic neurotransmission.It has been demonstrated that HSP70 over-
expression reduced a-Syn accumulation and toxicity in both mouse and Drosophila
models of PD. (Klucken et al. 2004; Auluck et al. 2002). Other experiments using
heat shock induced expression of chaperones demonstrate that HSP70 supplies pro-
tection against cytotoxicity of PD-inducing pesticide rotenone and reduced alpha
synuclein aggregation in a cellular model (Zhou et al. 2004). In the light of this infor-
mation’s Huang et al. showed that HSP70 inhibits as fibril formation via preventing
the formation of prefebrillar a-syn, binding with these species to inhibit nuclei for-
mation, as well as binding with nuclei to retard fibril elongation (Huang et al. 2006).

Roodveldt et al. showed that HSP70 depletion can be a direct result for the pres-
ence of aggregation-prone polypeptides. They found that a nucleotide-dependent
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interaction between HSP70 and aSyn, which leads to the aggregation of HSP70,
with the presence of ADP along with aSyn. Such a co-aggregation phenomenon
could be prevented in vitro by the co-chaperone Hip (ST13). Their findings indi-
cated that Hip utilizes stabilization of HSP70 and helps chaperone mediated amy-
loid formation inhibition. Another finding of this study was that ADP-bound HSP70
has a very high tendency to co-aggregate with a-syn, suggesting that chaperone
depletion favored under certain conditions could be an important feature in the onset
and progression of amyloid disorder (Roodveldt et al. 2009). DnaK/DnalJ/GrpE of
HSP70 system model used by Ahamad et al. By this system they showed that HSP70
inhibits aSyn fibrillar assembling but cannot activate refolding process (Ahmad
2010). For all these reasons misfolded proteins are considered a common therapeu-
tic target in PD and many studies have focused on the neuroprotective role of HSP.

HSP70 in Amyotrophic Lateral Sclerosis

Tar DNA binding protein 43 (TDP-43) neuronal cytoplasmic inclusion aggregations
are thought to be the key in some neurodegenerative disease (amyotrophic lateral
sclerosis, frontotemporal lobar degeneration) Inhibition or the clearance of this toxic
aggregation is, therefore, a strategy for therapeutic intervention. The ubiquitin-
proteasome system or the autophagy pathway participates in resolving potentially
detrimental protein aggregates. HSP might refold TDP-43 and return it to its natural
physiological state. Either transgenic TDP-43 mouse model or sporadic ALS patients
reduced HSP70 levels are assessed. Strategies against HSP activation be may be an
important therapeutic challenge for the TDP-43 proteinopathies. Arimoclomol that
is a co-inducers of heat shock protein 70 and 90 expressions under cellular stress, is
neuroprotective in a number of neurodegenerative disease models, including famil-
ial Amyotrophic Lateral Sclerosis (ALS). Superoxide Dismutase 1 transgenic mice
(an animal model of ALS), Arimoclomol has effects on the prevention of neuronal
loss and the promotion of motor neuron survival. The therapeutic potential of
Arimoclomol is currently under investigation in Phase II/III clinical trials for famil-
ial ALS patients with SOD1 mutations. The HSP70 co-inducer drugs like
Arimoclomol may be a hope for ALS and other neurodegenerative disorders.

HSP in Huntington Disease

Huntington disease (HD) is a non curable, adult-onset, autosomal dominant inher-
ited disorder associated with cell loss within a specific subset of neurons in the basal
ganglia and cortex. The disease named by the physician who described it as heredi-
tary chorea in 1872 (Huntington 1872). Involuntary movements, dementia, and
behavioral changes are HD characteristic hallmarks. Formation of intracellular
inclusions composed primarily of the ubiquitous protein huntingtin, the subsequent
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death of striatal medium spiny neurons and cortical pyramidal neurons are respon-
sible for disease symptoms and signs (Vonsattel and DiFiglia 1998). Electron
microscopy reveals both cytoplasmic and nuclear abnormalities, including the pres-
ence of large neuronal intra nuclear inclusions or aggregates similar to those in
other polyglutamine disorders. The aggregates are also found in dystrophic neurites.
The genetic basis of HD is the expansion of a cysteine-adenosine-guanine repeat
encoding a polyglutamine tract in the N-terminus of the protein product called hun-
tingtin. This leads to a mutant protein that contains an expanded poly-glutamine
(polyQ) sequence (Ho and Hocaoglu 2011). The length of the polyQ sequence
determines the age of disease onset and severity (Zoghbi and Orr 2000). In HD
pathologic examination we can see cytoplasmic and nuclear aggregates, including
large neuronal inclusions like other polyglutamine disorders (Davies et al. 1998).

PolyQ-expanded Htt cooperate differently with the proteostasis network com-
pared to other disease-associated proteins. Bersuker K et al. show that the heat shock
response is not activated by mutant huntingtin gene even in cells selected for the high-
est expression levels and for the presence of inclusion bodies containing aggregated
protein (Bersuker et al. 2013). Tagawa K et al. worked on tree types of neuron and
found different response to mutant polyQ proteins. They established that HSP70 was
up regulated only by mutant htt and selectively in the granule cells within the cerebel-
lum. They also found that granule cells, that are unresponsive to degeneration in HD
pathology, lost their resistance by suppressing HSP70 with siRNA, on the other hand
cortical neurons, affected in human HD, gained resistance by over expressing HSP70.
This indicates that induction levels of HSP70 are a critical factor for determining
vulnerabilities to mutant htt among neuronal subtypes (Tagawa et al. 2007). The
recent studies show that HSP70 and its co-chaperone HSP40 inhibits huntingtin exon
1 fragment aggregation and modifies the structural, seeding, and infectious properties
of the resulting fibrils in a polyQ-independent manner (Monsellier et al. 2015).

HSP70 in Stroke

The effect of HSP70 is studied in many brain ischemia models. In a global cerebral
ischemia model, like the brain damage after cardiac arrest, HSP70 mRNA expres-
sion increased in hours. HSP70 expression was observed within astrocytes, neurons
by glial transfer to protect the neurons from damage. Ischemia in rodents showed
neuroprotection after different kinds of nerve injuries in astrocyte cultures of HSP70
transgenic mice. HSP70 was used as a therapeutic agent in a focal ischemia model
which was formed with 4-min middle cerebral artery occlusion. Twenty minutes
before occlusion some mice were given intravenous HSP70. They reported that the
ischemic zone was little about the group treated with HSP70 (Shevtsov et al. 2014).
Gomez-Choco M et al. studied the existence of HSP70 in lymphoid tissue of acute
stroke patients and exhibited that highly immunoreactive HSP70 was associated
with smaller infarct size and better outcome (Gomez-Choco et al. 2014).
Geldanamycin is a HSP inhibitor that is emerged as a therapeutic agent with the
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ability of upregulation of HSP70. Pretreated astrocytes and glial cells with gel-
damycin were more preserved from cell death (Kacimi and Yenari 2015). Another
experiment on a model of brain ischemia was done with a protein called Dynamin
that triggers apoptosis leads to caspase-dependent cell death. Kim et al. showed that
HSP70 transgenic mice had a better outcome and dynamin inhibitor dynasore also
protected the mice from the stroke. They drew attention to HSP70 and dynamin
interaction may be worthy and target strategies on dynamin inhibition may protect
the brain from the ischemic stroke (Kim et al. 2016).

HSP70 in Epilepsy

Epilepsy is a paroxysmal disorder that is characterized by repeated seizures, which
may be idiopathic, symptomatic or cryptogenic in origin. The repeated seizures
induce apoptosis in the neurons within the brain especially hippocampus. Stress
proteins might be assumed to counteract the pathology of increased neuronal excita-
tion. HSP70 is the most studied neuroprotective chaperon on epilepsy. Seizures are
triggered by hyperexcitability that is caused by the excessive calcium influx into the
cells. HSP70 has an influence of the decrease of the calcium influx to the neurons
thus prevents brain cells from seizure-induced apoptosis. Consequently, HSP70
might be involved in endogenous cellular preservation during seizures. Many animal
experiments demonstrate overexpression of HSP70 exerts protective effects during
kindling. According to recent studies HSP70, transgenic mice were more resistant to
kindling with chemical agents. Seizure threshold and survival during kindling were
higher in HSP70 transgenic mice as compared to wild-type mice (Ammon-Treiber
et al. 2007). Thus, overexpression of HSP70 exerts protective effects on seizure
severity and overall survival during PTZ kindling and decreases the development of
kindling. Mesial temporal sclerosis (MTS) is the most known cause of intractable
epilepsy that can be treated by hippocampal resection. In the surgery material of
human MTS cases, Kandratavicius et al. showed increased expression of HSP70 in
the hippocampal formation. After successful surgery, they saw decreased levels of
HSP70 and HSP90. Surgical excision of the hippocampus with more HSP expres-
sion showed poorer outcome compared with the hippocampus with less HSP expres-
sion (Kandratavicius et al. 2014). There was a positive correlation between seizure
frequency, duration of epilepsy and HSP70 expression as in many studies.

HSP 70 in Migraine

Migraine is the most common primary headache that affects many people in the
world. The World Health Organization estimates the prevalence of migraine %14. It
is characterized by recurrent episodes of headache, mostly unilateral throbbing or
pulsatile intensified with movement and accompanied by nausea or vomiting. The
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pathogenesis is explained by the neurovascular theory which is a primarily neuro-
genic process, and secondary change takes place in cerebral perfusion. In aura
phase, Neuronal hyperexcitability usually begins in the occipital cortex and spread-
ing cortical depression affects the cortex and activates the trigeminovascular system
by stimulation of nociceptive neurons. The sterile inflammation is accompanied
with vasodilatation that causes the headache. In our paper, we examined serum
HSP27 levels during the migraine attack and during remission phase and compared
with control subjects. We couldn’t show any difference between attack and remis-
sion. We showed a positive correlation of HSP27 with headache severity scores
during the migraine attack (Coban et al. 2011). Similarly, Yon et al. found no statis-
tical difference in chronic migraine patients (Yon et al. 2016).

HSP70 in Myasthenia Gravis

Myasthenia gravis (MG) is an autoimmune neuromuscular disease. There is a lim-
ited number of studies into the role of HSP70 in MG. Munakata, et al. studied serum
levels of MG patients just before and after treatment. They found a significant
increase in the patient group. After treatment, in the group which responded therapy,
the HSC71 levels decreased. In the therapy-resistant group, they found no change.
They revealed that heat shock cognate protein 71 elevations may be a useful marker
for the disease prognosis (Munakata et al. 2008). Helgeland et al. showed anti-
HSP70 level elevation in Myasthenia Gravis and Guillain Barre syndrome
(Helgeland et al. 2010).

HSP70 in Multiple Sclerosis

Multiple sclerosis (MS) is an autoimmune disease characterized by inflammation,
demyelination, and axonal injury in central nervous system that leads disability in
one-third of the patients. Between the ages of 20—40, it is the most common cause
of disability after trauma. Myelin sheaths, oligodendrocytes and less frequently
axon and the nerve cell itself are damaged by inflammation (Lucchinetti et al. 2000).
The hallmarks of MS pathology are multifocal demyelination that is characterized
by inflammation and gliosis. These areas are seen as MS plaques, which are diag-
nostic for MS. According to the disease status, MS plaques may be active, including
the more inflammatory infiltrates, T lymphocytes, macrophages fewer
B-lymphocytes, plasma cells, immunoglobulins, and complements (Lucchinetti
et al. 2000). Critical approaches to MS therapy focus on the protection of oligoden-
drocytes and neurons by immunomodulation of T-cells against myelin. As a conse-
quence, the activation of myelin-specific CD4 T-cells by secretion of Inflammatory
cytokines(such as IFN-y, TNF-a, IL-1f, and IL-6) leads to release of adhesion mol-
ecules from the vascular endothelial cells, help the migration of lymphocytes across
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the blood-brain barrier. CD8+ T cells, B cells, antibodies, natural killer cells, join
the complex immune response and responsible for the axonal injury (Mansilla et al.
2014).

The exact role of HSP70 in MS pathogenesis is still debated as the effect changes
with the localization of the protein. While the intracellular HSP70 is neuroprotec-
tive, the HSP70 released into the extracellular space seems to be an antigen-adjuvant
and may have a role in antigen presenting. Selmaj demonstrated the colocalization
of T-cell receptor gamma delta cells with HSP65 and HSP70 in MS lesions post-
mortem (Selmaj et al. 1991). Boiocchi C et al. studied genetic polymorphism of
HSP70 159 relapsing-remitting and 36 secondary progressive MS patients and com-
pared with 586 healthy controls. They hypothesized that over expression of HSP70
as in AA genotype may have less inflammation, and better prognosis (Boiocchi
et al. 2016).

Experimental allergic encephalomyelitis (EAE) is an animal model of MS. After
the injection of a myelin protein (myelin associated protein, myelin basic protein,
proteolipid protein, etc.), a cell-mediated immune reaction against myelin develops
and causes disease like MS (Hernandez-Pedro et al. 2013). Studies with EAE
showed HSP70 over expression seems to be beneficial for the recovery from the
disease. Conversely, the HSP70 knockout mice were significantly resistant to EAE
development (Mansilla et al. 2014). Talla et al. demonstrated that mitochondrial
HSP70 elevation in retinal ganglion cells, which preserves vision by preventing
neuronal apoptosis, and axonal damage in the EAE model with mice. HSP70 can
also act via an anti-inflammatory mechanism by inducing the expression of anti-
inflammatory cytokines and inhibiting inflammatory ones (Talla et al. 2014). In
Boiocchi’s study, Genotyping of HSP70-2 + 1267 A/G polymorphism was found in
195 MS patients. In addition, HSP70-2 protein content in vitro from PBMC was
meaningfully lower in MS patients with GG genotype compared to AA genotype,
indicating an implication of the G allele of HSP70-2 gene polymorphism in the
development of MS (Boiocchi et al. 2016). Caussi et al. found that humoral response
to HSP70 was meaningfully high in a large group of MS patients (Cassu et al. 2013).
Significantly elevated antibody titers against HSP70 proteins were not only found in
peripheral blood but also in the cerebrospinal fluid sample of MS patients (Chiba
et al. 2006). The mitochondrial dysfunction has been proposed to be the key of neu-
rodegeneration in MS. There are studies targeting on mitochondrial HSP70
enhancement as a treatment of choice. Gene therapy to enhance the HSP70 in mito-
chondria is under investigation.

HSP70 in Prion Disease

Prion diseases are neurodegenerative diseases that have long incubation periods and
once clinical symptoms destructively progress. Five human prion diseases are cur-
rently recognized: kuru, Creutzfeldt-Jakob disease (CJD), variant Creutzfeldt-Jakob
disease (vCJD also known as new variant CJD), Gerstmann-Straussler-Scheinker
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syndrome (GSS), and fatal familial insomnia (FFI) (Prusiner 2001). In prion dis-
eases cellular prion associated proteins(PrPC) are changed into disease associated
prion proteins(PrPSc) and those misfolded proteins accumulate within the neural
tissue (Budka 2003). This accumulation gives rise to common features to prion dis-
eases including neuronal loss, proliferation of glial cells, absence of an inflamma-
tory response, and the presence of small vacuoles within the neurons, which produces
a spongiform appearance. For understanding role of chaperons in prion multiplica-
tion yeast eukaryotic models have been used. Transmission, self propagating and
aggregation are properties of yeast prions (PSI+) (King et al. 1997). Jones et al.
worked with yeast cells and showed that a mutation in the SSA1 HSP70 allele
(SSA1-21p) significantly impaired PSI+ self-replication and propagation (Jones
et al. 2004). Propagation of Saccharomyces cerevisiae [PSI+] prion is impaired by
factors that regulate HSP70 substrate binding. Diedrich et al. show elevation in pro-
tein levels of inducible HSP70 in active astrocytes with a C57BL6 mice model
injected with 22L strain of scrapie (Diedrich et al. 1993). In addition a significant
increase in HSP70 RNA expression demonstrated in mice brain that infected with
scrapie forms (Kenward et al. 1994). Tamguney et al. conducted a study on 20
potential genes candidates that could regulate the replication of prions in mice
infected by scrapie or cow 301V prions. They worked in a mice infected with scrapie
or cow 301V prions model potential genes that may regulate replication of prions
examined and overexpression of human HSP70 did not show effect on prion disease
onset (Tamguney et al. 2008). To our knowledge, the mechanism of the aggregation
of those proteins and interventions with chaperons is not exactly understood.

Conclusions

HSP70 has an important role on the immunopathogenesis of multiple neurological con-
ditions. It has neuroprotective effects in various diseases. We think that, treatment of
many neurological diseases with HSP70 overexpression, will be possible in the future.
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