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Abstract

in SSPE is essential for developing targeted therapies.

Introduction Tauopathies are a class of neurodegenerative disorders characterized by the abnormal accumula-
tion of hyperphosphorylated tau protein in the brain. Subacute sclerosing panencephalitis (SSPE) caused by a latent
aberrant measles virus infection, is characterized by extensive inflammation and neuronal impairment. A prominent
pathological hallmark of SSPE described recently is the accumulation of abnormal tau protein possibly resulting
from diffuse brain inflammation triggered by measles virus infection.

Short summary Understanding the role of tau pathophysiology in SSPE is crucial for improving the diagnosis

and management of this debilitating condition. Current research suggests that persistent measles virus infection

in the brain leads to chronic inflammation, which in turn triggers abnormal tau phosphorylation and accumulation.
Further elucidating the precise mechanisms linking measles virus infection, neuro-inflammation, and tauopathy

Conclusion This narrative review provides valuable insights for both researchers and clinicians in understanding

the pathological mechanisms underlying SSPE which is crucial for developing effective treatment strategies. These
might include antiviral drugs to combat persistent infection, anti-inflammatory agents to reduce neuro-inflammation,
or even treatments targeting tau pathology directly. Collaborative efforts among researchers, clinicians, and public
health authorities are crucial for advancing our understanding of SSPE to combat this devastating disorder.

Introduction

Tauopathies encompass a range of neurodegenerative
diseases characterized by the accumulation of abnormal
tau protein in the brain. This aberrant tau protein forms
tangles within nerve cells, disrupting their function
and ultimately leading to cell death. These conditions
can manifest in various ways, including SSPE, Alzhei-
mer’s disease, front temporal dementia, progressive
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supranuclear palsy, and corticobasal degeneration,
among others. Each tauopathy has its own unique clini-
cal features and progression, but they all share this com-
mon underlying pathology of tau accumulation in the
central nervous system [1]. On basis of western blotting
and immunohistochemistry, tauopathies are divided into
three groups. These groups are 3-repeat (3R), 4-repeat
(4R) and a mix of 3-repeat and 4-repeat (3R +4R) tauopa-
thies. Representative 4R tauopathies include globular
glial tauopathy, corticobasal degeneration, argyrophilic
grain disease, and progressive supranuclear palsy (PSP).
These conditions are characterized by the accumulation
of both 3-repeat (3R) and 4-repeat (4R) tau isoforms. On
the other hand, 3R tauopathies predominantly involve
the 3-repeat tau isoforms. Examples include Pick’s dis-
ease (also known as front temporal dementia with Pick
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bodies) and myotonic dystrophy. Chronic traumatic
encephalopathy (CTE), primary age-related tauopathy
(PART), and Alzheimer’s disease (AD) are all also consid-
ered tauopathies, which are a group of neurodegenera-
tive diseases characterized by the abnormal aggregation
of tau protein in the brain [2]. The presence of neurofi-
brillary tangles (NFTs), which are abnormal aggregations
of tau protein, in the brain tissues of SSPE patients sug-
gests a potential link between SSPE and tau pathology.
Moreover, the detection of aberrant tau protein in the
cerebrospinal fluid (CSF) further supports this associa-
tion and might serve as a biomarker for SSPE diagnosis
or disease progression monitoring. Studies have indeed
shown the presence of measles virus (MV) in neurons
and oligodendrocytes in the brains of individuals with
SSPE. These findings suggest that the virus persists in
these cells and may contribute to the pathophysiology of
the disease. Oligodendrocytes are particularly important
because they produce myelin, the fatty substance that
insulates nerve fibers and facilitates the transmission of
nerve impulses. Damage to oligodendrocytes and myelin
is believed to play a role in the neurological symptoms
observed in SSPE [3]. However, there are limited reports
discussing the role of tauopathies in SSPE patients who
have received treatment. Figure 1 represents an overview
of the narrative review in a glimpse.

Tau protein

Tau protein is a microtubule-associated protein that is
primarily found in neurons in the central nervous system.
Its main physiological role is to stabilize microtubules,
which are crucial for the structural integrity and trans-
port of neuronal cells [4]. However, when tau protein
undergoes abnormal changes, it can play a pathological
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role in various neurodegenerative diseases, particularly
in Alzheimer’s disease, but also in other conditions such
as frontotemporal dementia [5]. In disorders like SSPE,
tau proteins become hyperphosphorylated, leading to
their abnormal aggregation into neurofibrillary tangles
(NFTs) and neuropil threads [6].

Subacute sclerosing panencephalitis

Subacute sclerosing panencephalitis (SSPE) is a progres-
sive and catastrophic neurological disorder that is caused
by persistent defective measles virus [7]. It is marked by
the loss of neurons, atrophy affecting both gray and white
matter, infiltration of inflammatory cells, and demyeli-
nation [8]. Approximately 20% of individuals with SSPE
exhibit neurofibrillary tangles, which are mainly com-
prised of microtubule-associated protein tau that has
undergone abnormal phosphorylation [9]. While tau nor-
mally stabilizes microtubule structures, the hyperphos-
phorylation of tau is associated with the formation of
neurofibrillary tangles and subsequent neuronal degener-
ation [10]. The latency period from acute measles infec-
tion to the initial symptoms of SSPE is typically reported
to be between 4 and 10 years, with a range spanning from
1 month to 27 years [11]. Despite a significant reduction
in the disease’s incidence in the post-vaccination era, it
remains higher in developing countries. Saha et al. docu-
mented an annual incidence of 21 cases per million pop-
ulations in India, contrasting with 2.4 cases per million
populations in the Middle East [12]. The clinical progres-
sion is marked by a gradual decline in cognitive function
and behavioural changes, followed by focal or general-
ized seizures, along with myoclonus, ataxia, visual distur-
bances, and eventually a vegetative state. Presently, there
is no cure for SSPE, and the consensus is that its effective
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prevention through vaccination programs is more advan-
tageous and cost-effective than other high-level forms of
control [13].

Analysis of neurological findings, blood, cerebrospinal
fluid, electroencephalograms, and imaging tests, as well
as clinical symptoms, are the primary methods used to
diagnose SSPE [14]. Dyken’s criteria is used for diagnosis,
which include two major and four minor criteria. Major
criteria include elevated anti-measles antibody titres
in CSF or ratio in serum and typical or atypical clinical
history. Minor criteria include the following: (i) charac-
teristic electroencephalogram (EEG) findings; (ii) CSF
globulin levels of the total CSF protein; (iii) brain biopsy;
and (iv) molecular diagnostic test showing identified
mutations of wild-type measles virus. Two major crite-
ria plus one minor criterion is required [15]. Magnetic
resonance imaging (MRI) findings in SSPE patients are
not specific and may be normal in the early stage. In the
early stages, parieto-occipital and frontal involvement are
more common. The involvement of the thalamus, basal
ganglia and the corpus callosum is present in a signifi-
cant number of patients. The cerebellum and brainstem
are rarely involved [16]. Abnormal MRI findings are sig-
nificantly more frequent in the later disease stages, with
the thalamus, corpus callosum, and basal ganglia usu-
ally affected after the cortex has already shown signs of
disease [11]. Here, EEG and MRI findings of a patient
with SSPE are represented. VEEG showed generalized
periodic discharges suggestive of SSPE (Fig. 2). On MRI,
multiple T2/FLAIR hyper intensities was seen in bilateral
frontal and occipital and sub cortical area (Fig. 3).

Pathological role of Tau Protein
Neurons, with intricate morphology forming axons and
dendrites for neural transmission, can undergo structural
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Fig. 3 T2/FLAIR hyperintensities in parieto-occipital region

-

o~

alterations that impact behaviour and lead to pathologi-
cal events. The morphological transformation of neurons
involves significant cytoskeletal rearrangement crucial
for maintaining cell shape [17]. Tau is a hydrophilic pro-
tein that appears as a random coiled protein, primarily
located in neurons and, to a lesser extent, in glial cells,
mainly within axons in mature neurons. However, it
is also present in the mitochondria, nucleus, plasma
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Fig. 2 EEG of the patient with SSPE showing background slowing and generalized periodic discharges occurring at intervals of 7-8 s in longitudinal

bipolar montage
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membrane, dendrites, and synapses, suggesting potential
roles beyond its main function in microtubule regulation
[18]. Cytoskeleton protein aggregation destabilizes neu-
rons, causing structural changes that hinder the seamless
transport of biomolecules in both anterograde and retro-
grade directions along axons. This process can obstruct
axonal pathways, leading to neuronal degeneration from
the lesion site back to the perikaryon. In tau-related con-
ditions affecting structure and function, tau proteins
may translocate to the cell body and dendrites [19]. The
abnormal deposition of modified tau proteins in neu-
rons is a common feature in neurodegenerative disorders
known as "tauopathies” [20]. Abnormal phosphorylation
of tau protein oligomers leads to the formation of neu-
rofibrillary tangles in neurons [21]. These tangles are
composed of hyperphosphorylated tau, which aggregates
into twisted filaments [22]. NFTs disrupt the normal
cytoskeletal structure of neurons, leading to cell dysfunc-
tion and, ultimately, neuronal death. When tau becomes
hyperphosphorylated, it detaches from microtubules
and loses its ability to stabilize them. This disruption of
microtubule function impairs axonal transport, which is
crucial for the proper delivery of essential molecules and
organelles within neurons. As a result, neurons can no
longer function properly, leading to cognitive and motor
impairments [23]. Aberrant tau protein can spread from
neuron to neuron in a prion-like manner. This can con-
tribute to the progressive nature of tauopathies, as the
misfolded tau protein can propagate and induce patho-
logical changes in healthy neighbouring neurons [24].
Recent studies have postulated that the hyperphospho-
rylation of tau protein, especially on serine and threonine
residues, is implicated in its aggregation [10]. Further-
more, various post-translational modifications (PTMs)
such as phosphorylation, acetylation, ubiquitination,
methylation, oxidation, sumoylation, O-GlcNAcylation,
N-glycosylation, and cleavage have been observed in tau
protein [25, 26]. These post-translational modifications
(PTMs) have the potential to modify the charge, hydro-
phobicity, and conformation of tau, thereby affecting its
function, protein—protein interactions, and aggregation.
Consequently, alterations in PTMs are considered cru-
cial indicators in the pathogenesis of neurodegenerative
diseases [27, 28]. Compared to non-aggregated tau pro-
tein, aggregated forms exhibit increased resistance to
dephosphorylation by protein phosphatase 2A (PP2A),
contributing to tau pathology [29]. Tau, primarily an
intracellular protein, is released into the extracellular
space following axonal degeneration, neuronal death, or
direct translocation from the cytoplasm to the plasma
membrane [18]. Translocation may occur via presynaptic
vesicle secretion, exosomes, ectosomes, or in its unbound
state [30]. Once released, tau interacts with low-density

Page 4 of 13

lipoprotein receptor-related protein-1, heparan sulphate
proteoglycans, or muscarinic receptors, and is internal-
ized by neighbouring neurons through dynamin-medi-
ated endocytosis and tunnelling nanotubes connecting
cytoplasmic content between cells [31]. Once seeded, it
prompts the aggregation of natively folded tau proteins
within naive cells, inducing cellular toxicity and disease
spread, reminiscent of a prion-like propagation hypoth-
esis [18, 24]. Phosphorylation is widely acknowledged as
a pivotal factor in regulating tau function and is closely
associated with the advancement of tauopathies. The
hyperphosphorylation of tau can result in its detachment
from microtubules (MTs), impeding its capacity to facili-
tate MT polymerization. In a tauopathy mouse model,
inhibiting exosome production and reducing microglia
activation effectively halts the propagation of abnormal
tau protein. These findings underscore the crucial role of
microglia in tauopathy spread through phagocytosis and
the release of exosomes carrying tau protein, suggesting
that targeting microglia may represent a novel avenue for
tauopathy therapies [32]. Microglia respond to inflamma-
tory stimuli by producing pro-inflammatory mediators
such as IL-1P, IL-6, and TNF-a, heightening the activity
of kinases implicated in tau protein phosphorylation and
exacerbating the disease [33].

Genes: a key player in the pathological responses
in SSPE

SSPE is believed to result from a persistent infection of
the brain by a defective form of the measles virus. This
form of the virus is thought to evade the immune system
and gradually cause neurological damage. The measles
virus in SSPE patients undergoes mutations that allow it
to persist and replicate in the brain. These mutations may
render the virus less susceptible to the immune response
and antiviral treatments. The immune response to the
persistent measles infection in the brain is thought to
play a role in the pathogenesis of SSPE. However, the
exact nature of this response and how it contributes to
the disease are not well understood. Genetic factors may
also play a role in SSPE susceptibility or progression. Cer-
tain genetic variations may influence the immune
response to the measles virus or the ability of the virus to
persist in the brain. It is generally accepted that SSPE is
associated with wild-type measles virus infections rather
than vaccine strains. This is supported by epidemiologi-
cal studies showing that SSPE occurs more frequently in
regions with lower vaccination coverage and by genetic
studies that have identified specific viral mutations asso-
ciated with SSPE cases. However, it is important to note
that the measles vaccine is highly effective at preventing
measles infection and subsequent SSPE. Vaccination pro-
grams have significantly reduced the incidence of both
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measles and SSPE in many parts of the world [34].
Research into the exact mechanisms of SSPE is ongoing,
and while mutated variants of the measles virus may play
arole in the persistence of the virus within the brain, they
are not typically referred to as a distinct "SSPE virus." The
term "SSPE virus" might be a misnomer or an oversimpli-
fication of the complex relationship between the measles
virus and the development of SSPE. Exactly! Measles
virus, scientifically known as Measles morbillivirus, is
indeed a member of the Morbillivirus genus within the
Paramyxoviridae family and the order Mononegavirales.
It is characterized by its negative-sense single-stranded
RNA genome, surrounded by an envelope derived from
the host cell membrane, and containing a nucleocapsid
core. This virus encodes both structural proteins, which
form the virus particle, and non-structural proteins
involved in various aspects of the viral life cycle [35]. Ple-
omorphic virus particles, with an average size of 150-
300 nm and a maximum size of 900 nm, are produced by
this encapsulated virus. Six structural proteins are
encoded by its genome, which is a single-stranded RNA
consisting of 15,894 nucleotides: the polymerase (large,
L) protein, the phosphorylated (P) protein, the matrix
(M) protein, the fusion (F) protein, the hemagglutinin (H)
protein, and the nucleocapsid (N) protein. The non-
structural proteins produced by the P gene, V and C,
often play roles in immune evasion and modulation,
affecting how the virus interacts with the host immune
system. These proteins can influence the host’s sensitivity
and responsiveness to the viral infection. Three proteins-
phosphoprotein (P), large protein (L), and nucleoprotein
are present in the inner nucleocapsid (N).The viral RNA-
dependent RNA polymerase, consisting of the L and P
proteins, plays a crucial role in replicating the viral
genome and producing new viral RNA. The M protein is
involved in virus particle formation and interacts with
the RNA complex, as well as the cytoplasmic tails of the
H and F proteins, which are important for viral entry into
host cells. This intricate interplay between viral proteins
is essential for the successful replication and spread of
the measles virus [36]. The H protein (hemagglutinin)
facilitates the entry of the virus into the target cell by
binding to specific receptors on the cell surface. This
binding event triggers the activation of the F protein
(fusion protein), which allows the virus to fuse with the
host cell membrane, facilitating entry into the cell. Addi-
tionally, the proteins N (nucleoprotein), P (phosphopro-
tein), and L (large protein) are essential for the replication
of the measles virus. These proteins are involved in vari-
ous stages of viral replication, including transcription and
replication of the viral genome. The V and C proteins are
non-structural proteins encoded by the P gene of the
measles virus. These proteins play roles in modulating
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the host immune response and interfering with cellular
processes to facilitate viral replication and spread. Fur-
thermore, the measles virus exhibits genetic diversity,
with 24 genotypes and eight genetic clades (A-H) identi-
fied for the wild-type virus. This diversity reflects the
evolution and spread of the virus over time and across
different geographic regions (Fig. 4) [37]. One of the main
features of the SSPE virus is its inability to produce viral
particles efficiently, which is thought to contribute to its
persistence in the brain. The genetic alterations, particu-
larly in genes such as M (matrix), H (hemagglutinin), N
(nucleocapsid), and F (fusion), likely play a role in this
impaired viral replication and altered protein expression.
The compromised envelope protein expression in the
SSPE virus likely contributes to its ability to evade the
immune response and establish persistent infection in
the brain’s neural cells. This persistence leads to the pro-
gressive neurological deterioration characteristic of SSPE
[38]. Genetic investigations alongside epidemiological
studies have consistently shown that the measles vaccine
virus does not lead to SSPE. The primary reason for this
is the rapid clearance of the vaccine virus by the host’s
immune system after vaccination. This clearance pre-
vents the virus from persisting in the body and causing
the neurological complications associated with SSPE.
This reinforces the critical importance of widespread
measles vaccination in preventing not only measles, but
also its potential complications like SSPE. Absolutely, the
interplay between genetic factors and viral persistence
can be quite intricate. In the case of subacute sclerosing
panencephalitis (SSPE), which is a rare but severe com-
plication of measles virus infection, certain genetic varia-
tions can indeed affect how the immune system responds
to the virus. These variations, such as single nucleotide
polymorphisms (SNPs) in genes related to the immune
system, can potentially influence the likelihood of persis-
tent infection and the development of SSPE. SNPs are
variations in a single nucleotide occurring at a specific
position in the genome and can have various effects on
gene function and expression. Genes associated with
acquired immunity, such as IL2, IL12, IL4, IL17, IL18,
1122, IL23, Interferon-gamma, GZMB, and PD1, play
crucial roles in adaptive immune responses, including T
cell activation, cytokine production, and immune regula-
tion. On the other hand, genes linked to innate immunity,
such as TLR3 (Toll-like receptor 3), TLR4 (Toll-like
receptor 4), MxA (Myxovirus resistance protein A), RIG1
(Retinoic acid-inducible gene I), and MDA5 (Melanoma
differentiation-associated protein 5), are involved in the
recognition of pathogen-associated molecular patterns
(PAMPs) and initiation of the innate immune response,
including the production of interferons and other
cytokines. Studying SNPs in these genes can provide
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Fig.4 An overview of the involvement of proteins in the pathophysiology of SSPE (References: [38-40, 51])

insights into how genetic variations may influence indi-
vidual susceptibility to infections, autoimmune diseases,
and response to vaccines or immunotherapies. It is an
exciting area of research with implications for personal-
ized medicine and understanding the complexities of the
immune system. In infants and toddlers, whose immune
systems are still developing, these subtle genetic differ-
ences can have a more pronounced impact. When the
immune response is not robust enough to completely
clear the virus, it can lead to persistent infection, increas-
ing the risk of SSPE development over time. Understand-
ing these genetic predispositions is crucial for identifying
individuals who may be at higher risk of developing SSPE
following measles infection. This knowledge can inform
targeted interventions and potentially help mitigate the
risk of this devastating complication [39-48]. Indeed, the
interplay between genetic variations and immune
responses is crucial in understanding susceptibility to
diseases like SSPE (subacute sclerosing panencephalitis),
a rare but severe complication of measles virus infection.
SSPE arises when the measles virus persists in the brain,
leading to progressive neurological deterioration. Genetic
variations impacting immune responses can influence
how the body reacts to the measles virus. For instance,
certain genetic factors may affect how efficiently the
immune system clears the virus or regulates its activity.
Additionally, variations in genes involved in immune

signalling pathways could contribute to an overly aggres-
sive immune response, leading to tissue damage. How-
ever, while we recognize the importance of genetic
predispositions, the precise mechanisms underlying
SSPE development remain elusive. Research efforts are
ongoing to unravel the intricate interactions between the
virus, the immune system, and genetic factors. Under-
standing these mechanisms is crucial for developing tar-
geted therapies and preventive strategies for SSPE and
other viral-induced neurological complications.

Tau protein in pathogenesis of SSPE

Anomalous forms of tau in the cerebrospinal fluid (CSF)
of SSPE patients suggests a potential link between SSPE
and tau pathology, possibly indicating neurodegenera-
tive processes in the disease. This finding could have sig-
nificant implications for understanding the mechanisms
underlying SSPE and potentially for developing new diag-
nostic or therapeutic approaches [49]. Research based
studies has indicated that the measles virus can persist in
the central nervous system, affecting both oligodendro-
cytes (cells responsible for producing the myelin sheath
that insulates nerve fibers) and neurons. This persistence
of the virus in the brain is believed to play a role in the
pathogenesis of SSPE [50]. Research investigating tauopa-
thies in treated SSPE patients through brain autopsies
is essential for understanding the underlying pathology
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of this condition. In these studies, researchers typically
perform detailed neuropathological examinations of
postmortem brain tissue from SSPE patients. They pay
attention for evidence of tau protein accumulation, neu-
ronal loss, gliosis (reactive changes in glial cells), and
other pathological features associated with tauopathies.
Such studies can provide insights into the mechanisms
of disease progression, potential therapeutic targets, and
diagnostic markers. This indicates that while the antivi-
ral therapies may help in suppressing the virus, they may
not be sufficient to prevent the development or progres-
sion of tauopathies in SSPE patients. This underscores
the complexity of treating SSPE and the need for further
research into more comprehensive treatment strategies
[3]. NFTs are actually abnormal aggregates of tau protein
within nerve cells. These tangles are formed due to the
abnormal phosphorylation of tau protein, which causes
it to become tangled and disrupt the normal function-
ing of the nerve cells. Such abnormal event was also
observed in the SSPE patient’s brain [51, 52]. Such types
of NFTs were excessively observed in the outermost layer
of the limbic cortex, whereas globose-type NFTs occu-
pied the positioning in the brainstem tegmentum. Entire
of all such types of NFTs were resembled with the fea-
tures of 3R+4R tauopathies. While both SSPE and CTE
involve tauopathies, their underlying causes are different.
SSPE is caused by persistent infection with the measles
virus, leading to brain inflammation and tau pathology,
whereas CTE is associated with repeated head trauma.
However, the similarities in the progression and pres-
entation of tauopathies in these conditions may warrant
further investigation into potential overlapping mecha-
nisms or pathways involved in their development [3]. The
relationship between tau pathology and the measles virus
in SSPE is complex and not fully understood. However,
studies have shown that the measles virus can directly or
indirectly lead to the abnormal phosphorylation (a type
of modification) of tau protein, which may contribute to
the formation of NFTs. Additionally, the presence of viral
intranuclear inclusions, which are characteristic of mea-
sles virus infection, has been observed in SSPE-affected
brains [53]. Phosphorylated tau was dispersed through-
out the entire CNS of the patient. However, there was a
decrease in the quantity of phosphorylated tau in specific
regions, such as the medial temporal lobe, cerebellum,
and medulla oblongata. The conclusion that tauopathies
and SSPE might be the result of diffuse brain inflam-
mation generated through the measles virus suggests a
potential indirect mechanism by which the virus could
contribute to these conditions. This could imply that the
measles virus triggers an inflammatory response in the
brain, which then leads to the development of tauopa-
thies and SSPE. However, further research would be
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needed to fully understand these mechanisms and their
implications for treatment and prevention [3]. Indeed,
the exact cause of NFT formation in SSPE patients is not
fully understood, but researchers have proposed various
hypotheses. One hypothesis suggests that viral infection
leads to disturbances in cellular metabolism, affecting
enzymes responsible for modifying tau proteins, which
are crucial for maintaining the structure and function
of neurons. Tau proteins normally undergo modifica-
tions, such as phosphorylation and dephosphorylation,
regulated by enzymes like proteases, kinases, and phos-
phatases. Disruption in these processes could potentially
result in the abnormal accumulation and aggregation of
tau proteins into neurofibrillary tangles, contributing to
the neurodegenerative pathology seen in SSPE (Fig. 5)
[54]. Tissue culture-based studies were performed and
neuroblastoma cell lines were infected with the measles
virus. The outcomes of these studies were indicate that
persistent infection leads to an increase in the activity
of protein kinase C, which in turn is directly associated
with enhanced viral gene expression. These findings sug-
gest that when cells are infected with the measles virus,
it alters cellular protein metabolism, particularly those
related to the functional activity of neuronal cells. This
could have implications for understanding how the virus
interacts with and affects neural cells, potentially shed-
ding light on the mechanisms underlying measles infec-
tion in the nervous system [55]. Production of NFTs in
SSPE is powerfully connected to the infection of measles
virus and determined at the level of the cell. NFTs con-
figurations have not well established. It is possible that
the connection of NFTs arrangement in patient with
SSPE may be responsible for the existence of the nucleic
acids of the measles virus as well as the immunoreactivity
of tau. Immunoreactivity of tau protein is demonstrated
a distinct connection to the period of disease. Positiv-
ity in the immunoreactivity was observed in those SSPE
patients, which survival was 1 year duration and high-
est positivity was observed in the patient with longer
survival. Furthermore, there was a strong connection
observed in between the measles virus and tau protein
in each distinct cell. This fact was observed in the major-
ity of rigorously affected SSPE patient [52]. NFTs and tau
have been revealed in the brain of 20% of patient with
SSPE. It was found that reduce quantity of p-tau and no
observation of meticulous alteration in S100-B and t-tau.
NET is not along with the pathogenesis procedures in
SSPE, at least in children. On the other hand, the con-
tinuing intracellular infection of virus may be altering
the functional role of kinases, which are responsible for
phosphorylating the tau protein. Nevertheless, it appears
probable that tau polymerization happening in SSPE may
contribute to their neurological characteristics. Staging
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Fig. 5 An overview of the role of tau protein phosphorylation in pathogenesis of SSPE (References: [3, 24, 50, 52])

of SSPE is fundamentally grounded on the symptoms of
myoclonus and motor. NFTs deterioration has possibly
minute involvement to these characteristics, whereas
signs of cortical dysfunction like as retreated language
capability and distressed surroundings rhythm on EEG
were linked with elevated tau levels, signifying a closer
association between these roles and NFTs [49].
Interruptions in the IGF-1 and insulin pathways may
play a role in the phosphorylation of tau protein and neu-
rodegeneration seen in SSPE. Elevated levels of IGF-1
were found in the CSF and serum of SSPE patients in
the fourth stage of the disease. This suggests a potential
role of IGF-1 in the progression of the disease. Enhanced
IGF-1 levels might hinder the phosphorylation-based
modification of tau protein. This interference could have
implications for the development of NFTs, a hallmark
of neurodegenerative diseases. Microglia is identified
as the primary source of IGF-1 in the indignant brain.
This suggests a potential link between neuro-inflamma-
tion and the regulation of IGF-1 in the context of SSPE.
These points suggest a complex interplay between IGF-1,
tau protein phosphorylation, and neurodegeneration in
SSPE [56]. In the fourth stage of SSPE, which is the most
advanced stage, there is significant neuronal loss and

the formation of microglial nodules in the brain. These
microglial nodules represent areas of activated microglial
cells, which are the resident immune cells of the central
nervous system. They become activated in response to
neuronal injury or infection [57, 58]. Enhanced IGF-1
level is associated to reactive gliosis and is more probable
to be secondary to decreased IGF-1 signalling due to the
loss of IGF-1 receptors alongside with neurons [59-63].

Prognostic significance of tau protein in SSPE

The prognostic significance of tau protein in subacute
sclerosing panencephalitis (SSPE) is not well-established,
and tau protein is not typically used as a specific prog-
nostic marker in the context of SSPE. SSPE is a rare, pro-
gressive, and typically fatal neurological disorder caused
by persistent infection with the measles virus (MeV) [64].
The prognosis in SSPE is primarily determined by vari-
ous clinical and neurological factors, including the stage
of the disease, age at onset, and the extent of neurologi-
cal involvement [65]. While tau protein is not typically
considered a prognostic marker in SSPE, it is important
to note that SSPE primarily involves the accumulation of
measles virus-infected cells in the brain, leading to a pro-
gressive and devastating neurodegenerative condition.
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The primary pathogenic mechanisms in SSPE are related
to the persistent presence of the measles virus, the
immune response to it, and the associated neuronal dam-
age [66]. The prognosis for SSPE is generally poor, with
the disease often leading to severe disability and even-
tually death. Given the complexity of SSPE and the lack
of specific biomarkers for prognosis, clinical assessment
and monitoring of neurological and cognitive function
are critical in determining the course of the disease and
guiding treatment decisions.

Therapeutic approaches of SSPE

Because there is no cure for SSPE, treatment options
aim to alleviate symptoms, slow disease progression,
and improve quality of life. There are several treatment
options that have been used among patients with SSPE.
Antiviral medications such as interferon-alpha and riba-
virin have been used in some cases to try to suppress the
replication of the measles virus. However, their effective-
ness in SSPE remains uncertain. Drugs that modulate
the immune system, such as intravenous immunoglobu-
lin (IVIG) and corticosteroids have been used to try to
reduce inflammation and immune-mediated damage in
the brain [11, 67-69]. Medications may be prescribed
to manage symptoms such as seizures, myoclonus and
involuntary movements. These may include anti sei-
zure medications , muscle relaxants, and antipsychotics.
Patients with SSPE often require extensive supportive
care to address their physical and cognitive disabilities.
This may involve physical therapy, occupational ther-
apy, speech therapy, and psychological support. In some
cases, experimental treatments or therapies aimed at
boosting the immune response or targeting specific
aspects of the disease process may be considered [11, 67—
70]. However, these treatments are not standardized and
are typically only available through clinical trials or under
compassionately used protocols. It is important to note
that the effectiveness of these treatments can vary widely
among individuals, and there is currently no consen-
sus on the optimal treatment approach for SSPE. Man-
agement is typically tailored to the individual patient’s
symptoms, disease progression, and response to treat-
ment [11, 70]. Using a recombinant adenovirus, express-
ing small interfering RNA to inhibit replication of the
measles virus and SSPE virus is a promising approach.
It seems like Otaki et al. demonstrated its efficacy con-
vincingly in their study. This method could potentially
offer a targeted and efficient therapeutic strategy against
SSPE, addressing a critical need in managing this condi-
tion [70]. Trihexyphenidyl, clonazepam and valproate
are often used to manage the myoclonus jerks and
involuntary movements in patients. But, these medica-
tions are only symptomatic and are not without side
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effects, hence treatment needs to be individualized.
Plasma exchange therapy has also been tried, but with-
out any short-term or long-term beneficial effects [66].
It is interesting that the mechanism of action of stem
cell transplantation is thought to involve the release of
anti-apoptotic (anti-cell death) and anti-inflammatory
mediators, although the exact mechanisms are not fully
understood. However, despite this potential mechanism,
there is no evidence of benefit from such therapy [67]. In
SSPE, where inflammation in the brain plays a significant
role, the anti-inflammatory properties of the ketogenic
diet could be potentially explored to help mitigate some
of the neurological symptoms. Additionally, its meta-
bolic effects, such as promoting ketosis, might provide an
alternative energy source for neurons, possibly offsetting
some of the neuronal damage caused by the disease pro-
cess. Cognitive improvement with cessation of myoclonic
jerks stopped has aptly been demonstrated in single case
reports [69].

Discussion

The review attempts to discuss the importance of tau
protein in neuronal function and its involvement in
various neurodegenerative diseases. The pathogenesis
of SSPE is primarily focussed around the tau protein,
tauopathies and certain pivotal genes; all of which are
potential therapeutic targets. This would lead to devel-
opment of effective and efficient treatment strategies
thereby improving quality of life in patients. While the
primary role of tau was initially believed to be in stabiliz-
ing microtubules in neurons, several research based stud-
ies emphasize additional and yet unexplored functions.
The non-filamentous form of hyperphosphorylated tau
potentially being held responsible for early behavioural
deficits is rather intriguing. It suggests that tau pathology
might manifest differently than the classical view of tau
aggregation into neurofibrillary tangles. Understanding
the role of phosphorylated tau in development and signal
transduction could indeed shed light on pathways that
are dysregulated in the neurodegenerative diseases. By
exploring these alternative functions of tau, researchers
might unravel novel therapeutic targets and develop new
strategies for combating neurodegenerative disorders.
This underscores the importance of continued investi-
gation into tau biology and its implications for human
health [1, 71].

Development of tauopathy following subacute scleros-
ing panencephalitis (SSPE) is likely due to widespread
brain inflammation caused by the measles virus rather
than direct viral action itself. This inference is drawn
from the observation that the distribution patterns of
phosphorylated tau and measles virus are independent of
each other. Furthermore, existing antiviral treatments for
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SSPE focus on suppressing the measles virus but are una-
ble to effectively halt the progression of secondary tauop-
athy. To address this, a combination therapy approach
involving both antiviral drugs and treatments targeting
tau proteins could offer promising outcomes for SSPE
patients in the future. This combined approach may bet-
ter address the dual mechanisms underlying the disease
and improve patient prognosis [3, 11, 68—70].

In SSPE, the presence of abundant filamentous inclu-
sions made of various brain tau isoforms resembles what
is seen in AD and CTE. While it is known that inflam-
mation and microglial cell activation can influence tau
assembly, the exact mechanisms remain unclear. Stud-
ies in mice have suggested that microglial activation can
promote tau assembly, which is significant because simi-
lar activation is observed in neurodegenerative diseases
beyond SSPE and CTE, with AD being the most studied
among them. Understanding the intricate links between
neuro-inflammation and tau assembly could offer valu-
able insights into the pathogenesis of these diseases and
potentially lead to better therapeutic approaches. How-
ever, further research is needed to elucidate these con-
nections[9, 71].

The precise mechanisms underlying SSPE are not fully
understood, but several factors contribute to its develop-
ment. One key factor is thought to be mutations in the
measles virus genome, particularly in genes encoding
the M, F, and H proteins. These mutations may lead to
alterations in viral replication, assembly, and neuro-vir-
ulence. These biased hyper-mutations observed in the
viral genome, especially in the M gene, may impair the
virus’s ability to produce infectious viral particles while
enhancing its neuro-tropism and persistence in the cen-
tral nervous system. The consequential mutations in the
M, E and H proteins likely play a role in the pathogenesis
of SSPE by altering the interactions between the virus
and host cells, leading to neuronal damage and inflam-
mation. While SSPE remains a rare complication of mea-
sles infection, understanding the molecular mechanisms
underlying its development is crucial for developing tar-
geted therapies and preventive strategies [34, 72].

This hypothesis presents an intriguing connection
between the measles virus and neurodegenerative condi-
tions like tauopathies and SSPE. The idea that the virus
could induce brain inflammation, subsequently leading
to the development of these conditions, highlights the
intricate relationship between viral infections and neuro-
logical health. Understanding the mechanisms underly-
ing these associations could pave the way for innovative
treatment and prevention strategies. If further research
confirms this link, it might suggest avenues for targeting
inflammation in the brain as a means of mitigating the
development or progression of tauopathies and SSPE in
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individuals affected by measles virus infection. It is also
essential to explore how vaccination and other preventive
measures against measles might impact the incidence of
these neurological conditions. Preventing measles infec-
tions could potentially reduce the risk of associated neu-
rological complications, providing yet another incentive
for vaccination efforts [3, 50-55].

There are significant challenges in treating SSPE (suba-
cute sclerosing panencephalitis), particularly in terms of
disease modification. The lag between clinical descrip-
tions and effective treatment strategies underscores the
complexity of the condition. It seems crucial for future
research to focus on newer approaches, especially tar-
geting the early inflammatory stages of SSPE, before
irreversible neurodegeneration occurs. The lack of large-
scale randomized trials and limited patient numbers in
studies make it difficult to assess the efficacy of current
therapeutic strategies accurately. This underscores the
need for more robust research methodologies and col-
laborations to gather meaningful data. Additionally, the
potential use of ketogenic diet strategies in SSPE treat-
ment is challenging , and requires careful consideration
due to its demanding nature and the need for close moni-
toring. This highlights the importance of personalized
approaches and thorough patient evaluation, especially
given the overlapping clinical presentation of SSPE with
conditions, like autoimmune encephalitis. Addressing the
gaps in understanding the pathogenesis of SSPE is also
crucial for developing more effective treatment strate-
gies. Collaborative efforts among researchers, clinicians,
and patients will be essential in advancing our under-
standing and management of this challenging condition
[11, 67-72].

Conclusion

Indeed, the role of tauopathies in subacute sclerosing
panencephalitis (SSPE) is a crucial aspect of the disease
pathology. Tau proteins are essential for the normal
functioning of neurons, but their abnormal accumula-
tion, forming neurofibrillary tangles, is a hallmark of
several neurodegenerative diseases, including SSPE.
Understanding the molecular mechanisms behind tau
accumulation in SSPE is vital for several reasons. Firstly,
it can shed light on the specific pathways through which
the measles virus, (the causative agent of SSPE), triggers
neurodegeneration. Secondly, it can help identify poten-
tial therapeutic targets aimed at preventing or slowing
down tau aggregation. Additionally, understanding the
clinical implications of tauopathy in SSPE can aid in the
development of diagnostic tools to detect the disease at
earlier stages and monitor its progression effectively.
Given the complexity of SSPE and the multifaceted inter-
actions between viral infection, neuro-inflammation,
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and tau pathology, further research is undoubtedly war-
ranted. By elucidating the precise links between these
factors, researchers can pave the way for the develop-
ment of more targeted and effective treatments for SSPE,
ultimately improving the prognosis for affected patients.
It is a challenging task, but one that holds immense
promise for the future.
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