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Abstract
Spinocerebellar ataxias (SCAs), formerly known as autosomal dominant cerebellar ataxias (ADCAs), are a group of heredi-
tary heterogeneous neurodegenerative diseases. Gait, progressive ataxia, dysarthria, and eye movement disorder are common 
symptoms of spinocerebellar ataxias. Other symptoms include peripheral neuropathy, cognitive impairment, psychosis, 
and seizures. Patients may lose their lives due to out of coordinated respiration and/or swallowing. Neurological signs 
cover pyramidal or extrapyramidal signs, spasm, ophthalmoplegia, hyperactive deep tendon reflexes, and so on. Different 
subtypes of SCAs present various clinical features. Spinocerebellar ataxia type 23 (SCA23), one subtype of the SCA fam-
ily, is characterized by mutant prodynorphin (PDYN) gene. Based on literatures, this review details a series of SCA23, to 
improve a whole understanding of clinicians and point out the potential research direction of this dysfunction, including a 
history, pathophysiological mechanism, diagnosis and differential diagnosis, epigenetics, penetrance and prevalence, genetic 
counseling, treatment and prognosis.

Keywords Spinocerebellar ataxia type 23 · Prodynorphin · Clinical symptoms · Pathophysiological mechanisms · 
Epigenetics · Spinocerebellar ataxias

Introduction

Spinocerebellar ataxias (SCAs) are a set of degenerative 
and progressive diseases, and there are two major clas-
sification methods. The first one is Harding classification 
according to clinical manifestation, which comprises three 
types, ADCA I, II, III. ADCA I contains a series of syn-
dromes, that is, ataxia with ophthalmoplegia, dementia, 
extrapyramidal motor signs, optic atrophy and muscular 
atrophy; ADCA II is a kind of progressive ataxia accom-
panied by retinal degeneration; ADCA III means "pure" 
cerebellar ataxia. Spinocerebellar ataxia type 23 (SCA23), 
a subtype of SCAs, belongs to ADCA III in Harding clas-
sification [1]. Helping doctors narrow the clinical scope and 
developing strategies for genetic and molecular detection, 
this classification is still playing a crucial role in clinical 
work. Likewise, another classification, according to the 

mechanism of disease, classify SCAs into three subtypes, 
respectively, Subtype I, II, III. Subtype I, mainly polyglu-
tamine SCAs related to CAG repeat expansion mutations, is 
caused by dynamic repeat expansion mutations in the coding 
region of genes [2]; Subtype II refers to non-coding region 
SCAs encoded by repeat expansion mutations. Subtype III, 
which SCA23 belongs to, means SCAs for deletion, inser-
tion, missense, nonsense or frameshift mutation of a spe-
cific gene [3]. So far, classical genetic studies have revealed 
47 different chromosomal locations of SCAs and identified 
40 pathogenic genes [4–9]. Among the various genes, pro-
dynorphin (PDYN) gene is the pathogenic gene relevant to 
SCA23. Lacking of overall analysis and comparison, studies 
in SCA23, to date, mainly focus on the single or multiple 
mutants identified, which are scattered and independent. 
With available detection and increased diagnosis due to 
recent advances in next-generation sequencing, comprehen-
sive understanding of SCA23 is necessary. There are still 
numerous challenges for us in SCA23, such as the expansion 
of mutant database, the relationship between genotype and 
phenotype, as well as the specific treatment. In other words, 
it shows several research projects waiting for us to explore. 
In this manuscript, we aim to review the existing studies and 
potential future research directions of SCA23, furthermore, 
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to improve acknowledgment of this disorder in clinicians 
and researchers.

History of SCA23

In 2004, Verbeek et al. reported a Dutch three generations 
pedigree of SCA, whose pathogenic gene was located on the 
20p13-p12.3 chromosome by gene linkage analysis. HUGO 
Nomenclature Committee designated the locus as SCA23 
[10]. In 2010, Bakalkin et al. identified PDYN (GenBank 
ID: NM024411.3) as the pathogenic gene of SCA23, and 
also verified the function of the mutant gene [11]. After that, 
research on SCA23 and PDYN has been further studied.

Clinical symptoms and signs of SCA23

The major symptoms of SCA23 are gait ataxia, limb ataxia, 
dysarthria, tendon hyperreflexia, dysfunction of muscu-
lar apparatus. Other features are listed in Table 1 [10–14]. 
According to the statistics, the mean onset-age of SCA23 is 
43.75 ± 15.04 years (range from 10 to 73). Head MRI and 
neuropathology present no significant difference from other 
SCA subtypes, and the mean duration of clinical symptoms 
is 14.76 ± 12.60 years (range from 1 to 47 years). Depend-
ing on the data, the average rate of SCA23-development 
seems to be relatively slow. Most of the initial symptom that 
attracted the attention of patients is gait ataxia, followed by 

dysarthria. Prodromal symptoms include cognitive impair-
ment (such as memory loss or mental retardation), or dizzi-
ness and epilepsy. Because of the limited number of reported 
cases, it is not clear whether these prodromal symptoms are 
associated with SCA23 disease itself. Similarly, no obvious 
characteristic symptoms of SCA23 have been discovered.

Neuroimaging of SCA23

Neuroimaging examinations appear abnormal manifesta-
tions earlier than clinical symptoms, which are helpful in 
the diagnosis of the disease. Semi-quantitative or quantita-
tive MRI, SPECT and PET data can describe the structure, 
microstructure and functional changes of the cerebellum, 
brain stem, brain and spinal cord, and can also be used as 
effective physiological and pathological markers. Simultane-
ously, they are more sensitive than clinical features in track-
ing the progression of neurodegeneration [15]. In addition, 
imaging techniques play a significant role in the differential 
diagnosis of diseases [16, 17].

The most common sign of MRI in patients with SCA23 
is brain atrophy (moderate-severe cerebellum, cerebellar 
vermis, middle cerebellar peduncle, cerebral cortex, corpus 
callosum) with or without brainstem atrophy, besides, “hot 
cross bun” (HCB) sign, in a few cases, can be seen in the 
brainstem. Followed common sign is white matter lesions 
(frontal and parietal lobes, periventricular). Addition-
ally, a few patients show basal ganglia anomaly including 

Table 1  Clinical symptoms and signs of SCA23

Symptoms or signs The percentage Mutations

Gait ataxia 87.00% p. L211S, p. R212W, p. R215C, p. R318S, p. C22Y, p. L85L, p. R206H, p. R206C, p.G227D, p. 
W220GfsX33, p. R215H, p. R213H

Dysarthria 69.57% p. L211S, p. R212W, p. R215C, p. R318S, p.C22Y, p. R206H, p. W220GfsX33, p. R215H, p. 
R213H

Increased tendon reflexes 65.22% p. R318S, p. C22Y, p. L85L, p. R206H, p. R206C, p. G227D, p. W220GfsX33, p. R215H, p. R213H
Limb ataxia 43.48% p. L211S, p. R212W, p. R215C, p. R318S, p. C22Y, p. L85L
Oculomotor impairment 

or Saccade slowing
43.48% p. L211S, p. R215C, p. R318S, p. C22Y, p. R206H, p. R206L, p. R215H

Babinski’s sign 30.43% p. L211S, p. R318S, p. L85L, p. G227D, p. W220GfsX33
Tremor (limbs or head) 30.43% p. R215C, p. R206C, p. W220GfsX33, p. R215H, p. R213H
Polyneuropathy 26.09% p. L211S, p. R212W, p. R215C, p. R318S
Urinary disorders 

(urgency of urination, 
Incontinence)

8.70% p. R206C, p. W220GfsX33

Parkinson-like features 8.70% p. L211S, p. R215H
Occasional dizziness 4.35% p. L85L
Cognitive impairment 4.35% p. R206H
Abnormal behavior 4.35% p. R206H
Psychiatric symptoms 4.35% p. R206H
seizures 4.35% p. C22Y
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hyperintense lateral putaminal rim and atrophy outside the 
globus pallidus, while a few present normal MRI. Compared 
with other subtypes of SCA, there are no meaningful differ-
ences and no characteristic signs in SCA23. Various MRI 
manifestations of the patients may be relevant to the type 
of mutation, the development-stage of SCAs and the age of 
patients, and also the interference of the underlying diseases.

In summary, neuroimaging examination is essential in the 
diagnosis and differential diagnosis. The imaging findings of 
patients with SCA23 are not distinctly different from other 
types of SCAs, which have yet to be further studied.

Gene detection of SCA23

Gene detection is the golden standard of SCAs. Next gen-
eration of sequencing (NGS) improves the accuracy, speed 
and throughput of sequencing. In addition, the cost is lower 
[18]. NGS allows the use of three main methods for gene 
testing: (a) Target re-sequencing panels (TRPs); (b) Exon 
sequencing (ES); (c) Whole-genome sequencing (WGS). 
The sequence of molecular genetic tests and the interpreta-
tion of the results are complex and may require the support 
of experienced laboratories, clinical geneticists and genetic 
consultants [4]. With the detection of the variant genes, it is 
necessary to improve the genetic examination of the patient’s 
related family members to further analyze whether there are 
co-segregation of mutation and phenotype. In addition, func-
tional analysis is indispensable for newly discovered SCA 
mutants. Clinical significance of the mutations can be identi-
fied according to the American College of Medical Genetics 
(ACMG) standards and guidelines [19].

The differential diagnosis of SCA23

SCA23 is diagnosed based on a comprehensive assessment 
of clinical features, physical examination, complementary 
tests (especially gene detection), and family history. In addi-
tion, differential diagnosis is critical to neurodegenerative 
disease, and it is necessary to exclude treatable and/or struc-
tural cerebellar ataxia. Complete neuroimaging and routine 
laboratory tests required for differential diagnosis should be 
guided by medical history and physical examination, while 
blind screening is not recommended for increased cost of 
patients. Differential diagnosis about SCA23 is very exten-
sive, including drugs or toxic effect, lack of nutrition, endo-
crine disease, infection and infection after state, structural 
abnormalities, paraneoplastic syndrome and certain neuro-
degenerative diseases caused by secondary ataxia, and also 
the identification of primary ataxia between each subtype 
[20–25].

Pathology of SCA23

There are few pathological studies on SCA23. The pathol-
ogy of a deceased SCA23 patient studied by Verbeek et al. 
showed that the brain weight is less than a normal brain. 
The macroscopic manifestation is moderate-to-severe brain 
atrophy, while the microscope assumes that the loss of 
neurons in the Purkinje cell layer, especially in the dentate 
nucleus and inferior olive, is accompanied by the loss of 
variable glia and myelin in the surrounding white matter. 
No significant neuronal loss is observed in substantia nigra 
and locus ceruleus in the pontine nucleus. Lewy bodies are 
occasionally found in substantia nigra, and a few neurons 
contain obvious intranuclear inclusions-Marinesco bodies 
(non-specific ubiquitin inclusions in substantia nigra neu-
rons). Other "neurodegenerative deposits" are rarely found 
by immunohistochemical staining. In tau staining, some 
astrocytes around the central nucleus, dentate nucleus and 
substantia nigra are positive [10].

Relationship between genotype 
and phenotype

Previously reported cases of SCA23 show that patients 
with mutant genes behave more or fewer syndromes, but 
the following phenomena are thought-provoking. Differ-
ent missense variations are translated into specific amino 
acids, but the same manifestations are seen in diverse 
patients; Patients who carry the same mutation, have 
their own specific phenotypes including various clinical 
symptoms, age of onset and severity of disease (e.g., p. 
R215C, p. R215H, p. R318S); Some patients’ relatives 
show related symptoms, but the genetic test results are 
negative (e.g., p. R206H); in 2004, there was an asymp-
tomatic gene carrier in the autosomal dominant family of 
mutant p. R318S; although there is a base variation, the 
amino acid does not change after translation, while the 
patient still shows manifestations of SCA (e.g., p. L85L). 
In addition, the syndromes of different subtypes of SCAs 
are identical, and the view that particular mutations lead 
to the same phenotype strongly suggests that the common 
biological pathway is the basis of separate SCA types. At 
present, it is not clear about such polymorphism in the 
gene. Wille-Bille et al. studies have shown that prenatal 
alcohol exposure can affect the expression of PDYN by 
regulating epigenetic parameters such as mRNA and meth-
ylation, and then influence the phenotype of offspring rats, 
which leads us to speculate that the expression of PDYN 
may be related to the epigenetic mechanism, but further 
research is needed.
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Mechanism of epigenetics in genotype 
and phenotype

The body is under a complex metabolic mechanism, which 
is closely applicable to such aspects as genes, internal and 
external environment. Not entirely determined by the DNA, 
the phenotype of an individual essentially decided by both 
genetic and non-genetic factors, in which epigenetics plays 
an indispensable role in the action mechanism of non-genetic 
factors [26]; besides, it is closely linked to the development 
of the nervous system [27]. Epigenetics refers to the change 
in gene expression level stemmed out of non-gene sequence 
changes, which is used to describe the differences between 
genotypes and phenotypes during individual development 
[28, 29]. DNA methylation, histone modification and non-
coding RNA make up the three major epigenetic events [30]. 
Additionally, epigenetic reprogramming and the relationship 
between epigenetics and environment have been also ranked 
as the pioneering research areas [31].

DNA methylation can silence genes through CpG Island 
(CGI) by obstructing gene expression. Bazov et al. reckoned 
that the regulation of PDYN gene expression features rela-
tionship with CGI [32]. Acetylation, phosphorylation, meth-
ylation, ubiquitin and other ways can help modify histone, 
which meanwhile modify the interaction with DNA, change 
the chromatin configuration and regulate gene transcription 
[33, 34]. Non-coding RNA, such as short RNA molecule 
miRNAs, mature miRNAs can be bound to the 3 untrans-
lated regions of the target mRNA, thus resulting in degrada-
tion or inhibition of protein translation [35]. The reprogram 
of epigenetics is achieved in the duration of gametogenesis 
and embryo-fetal development, which helps shape an epige-
netic system different from that of their parents and regulate 
gene expression [31]. In addition, environmental factors also 
exert effects upon epigenetics by impacting intermediates 

or substances required in the body’s metabolic response, 
including specific enzymes, S-adenosine methylene, etc.; or 
by effecting signal receptors involved in the reaction, such 
as G-protein-coupled receptor (GPCR); or by destroying the 
cellular structural continuum from the extracellular matrix, 
plasma membrane to chromatin [36, 37]. In addition to the 
above-mentioned related mechanisms, diet, a touted envi-
ronmental factor, can also modify the epigenetics in virtue 
of regulating the intestinal microflora [38, 39]. Epigenetic 
modification is featured by its reversibility, which can not 
only activate genes [40] but also silence genes [41], taken 
into account in the phenotype that a certain appearance can 
be acquired and inherited. Additionally, it can also disappear 
soon after the attainment (Fig. 1). Epigenetics does not con-
stitute a negation of Mendelian genetics, but an expansion 
and perfection beneficial to unlock the genetic code.

Existence pattern of mutations

Based on previous reports, SCA23 mutations show familial 
autosomal dominant inheritance or sporadic existence.

Penetrance of SCA23

As reported, carries with mutations in the Big dynorphin all 
show explicit symptoms, although the symptoms are various. 
In contrast, other regional variations are uncertain, despite 
most are symptomatic. Notedly, mutant p. R318S contains 
an asymptomatic carrier reported in 2004 [10]. Additionally, 
genetic anticipation maybe consists in SCA23 just as Satoh 
et al. described [42]. Therefore, whether there exists toler-
ance or the phenomenon of decreased penetrance in different 
mutants still needs further exploration to verify.

Fig. 1  Functions of epigenetics 
in phenotypes. DNA determines 
the specific sequences, while 
epigenetics can affect genes 
expression through a variety of 
mechanisms
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Prevalence of SCA23

The global prevalence of SCAs is 3/100,000 [43]. People 
are genetically screened for SCA23 and PDYN in over one 
country, and study groups are ataxia populations. The fre-
quency of mutations investigated is set out in Table 2. These 
studies can just give a general picture of the frequency of 
mutant PDYN in the ataxia group, not prevalence in the 
population, but it is commendable that SCA23 is a rare type 
of SCAs in many countries. The prevalence of ADCAS is 
estimated to be about 1–5:100,000, and the rare SCA in it is 
less than 1%, further showing that the incidence of SCA23 
is 1–5: 10 million people [4].

Existing mutations of SCA23

Based on literatures, 16 mutations (p. L211S, p. R212W, p. 
R215C, p. R318S, p. C22Y, p. R25Q, p. G159D, p. L85L, p. 
R206H, p. R206C, p. G227D, p. W220GfsX33, p. R215H, p. 
R213H, p. H200H, p. M146L) have been reported in PDYN, 
including 15 missense mutations and 1 deletion mutation. 
According to the ACMG standards and guidelines, variants 
of PDYN can be classified into five levels, that is, “patho-
genic”, “likely pathogenic”, “uncertain significance”, “likely 
benign”, and “benign” (Table 3). As shown in the Table 3, 
four variants (p. L211S [11], p. R212W [11], p. R215C [11], 
p. W220GfsX33 [14]) are classified as “pathogenic”, five 
variants (p. R318S [11], p. R206H [14], p. R215H [42], p. 
G227D [14]) “likely pathogenic”, five variants (p. C22Y 
[12], p. R25Q [12], p. G159D [12], p. L85L [13], p. R206C 
[14], p. R213H [46]) “uncertain significance”, two variants 
(p. M146L [45]) “likely benign”, and 1 variant (p. H200H 
[45]) “benign”. Furthermore, eight variants are consid-
ered being directly or indirectly related to dynorphin A 
(Dyn A), and five variants are considered being related to 
dynorphin B (Dyn B). Three variants, besides, tend to have 
familial genetic co-segregation, which are characterized by 
autosomal dominant inheritance. One variant contains a 
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Table 2  The prevalence of SCA23 in several countries

State Ataxia-
group

Control 
group

Frequency (%) References

Dutch 1100 500 4/1100 ≈ 0.36 [11]
UK 852 570 3/852 ≈ 0.36 [12]
Central 

Europe
104 0 0/104 ≈ 0.00 [44]

Chinese 
Han

305 500 0/305 ≈ 0.00 [13]

French 371 400 4/371 ≈ 1.08 [14]
USA 119 0 1/119 ≈ 0.84 [45]
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homozygous missense mutation (p. R215H). Notably, the 
ataxic symptoms the patient presented are more severe than 
heterozygous patients, as well as little younger onset-age. 
These studies show that Dyn A and Dyn B are the most 
pathological neuropeptides, which strongly indicates that the 
Big Dyn is an active mutant region of SCA23.

Pathophysiological mechanisms of SCA23

Neuropeptides are a grand family of signaling molecules that 
regulate a variety of physiological functions and behaviors 
by mediating and regulating neuronal communication pro-
cesses acting on cell surface receptors [47, 48]. Acting on 
the kappa, mu and delta opioid receptors, PDYN, a precursor 
protein of opioid neuropeptide, expresses in specific neu-
ral circuits in the basal ganglia, frontal lobe, hippocampus, 

Fig. 2  Schematic diagram of 
PDYN structure and locus of 
reported mutants

Fig. 3  Pathophysiological mechanisms of  SCA23. a Mechanisms of 
non-opioid pathogenicity; b mechanisms of non-opioid pathogenicity; 
c mechanisms of secondary structural changes of peptides; d mecha-
nisms of dynorphin as signal molecules regulating various physi-

ological and pathological processes. Normal PDYN gene can express 
a moderate amount of dynorphin dominant by an opioid receptor 
protective mechanism. While elevated Dyn A is produced by mutate 
PDYN, thus nerve damage mechanisms playing a major role
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and other brain regions [49–52]. The structure of PDYN 
includes α-neoendorphin (α-neo) and Big dynorphin, while 
Big dynorphin comprises dynorphin A (Dyn A) and dynor-
phin B (Dyn B) (Fig. 2).[53]. With a high affinity for kappa 
opioid receptor (KORs) rather than other opioid receptors 
(ORs), Dyn A plays a vital role in the pathogenesis [54]. 
Genetics, pharmacological and clinical trials have shown 
that dynorphin is associated with reward and emotion con-
trol, learning and memory, stress response, pain, drug use 
and alcohol abuse [54–56]. PDYN and its primary peptide 
products are mainly in Purkinje cells (PCs) of the cerebel-
lum, besides, there are a mass of PCs and atrophic dendritic 
loss in SCA23 [11]. The following mechanisms may account 
for the pathogenesis (Fig. 3).

Mechanisms of opioid receptor actions

Dynorphin can play a neuroprotective role when normal 
PDYN gene expresses moderate amount [57, 58]. Further-
more, Dyn A couples and activates KORs, and then the 
membrane is hyperpolarized with increased excitability 
threshold by regulating, reducing calcium influx, to improve 
nerve damage and antagonize dynorphin non-opioid neuro-
toxicity [59, 60]. ORs, additionally, can be coupled to sig-
nal pathways with nutritional support and cell survival to 
serve a neuroprotective function [61]. The coupling of Dyn 
A and KORs can increase the survival of oligodendrocytes 
[62]. Opioid receptor neuroprotective action, negligible, is 
exerted under a mild amount of dynorphin expressed by 
normal PDYN gene. Instead, mutant PDYN gene results in 
elevated expression of dynorphin, especially the level of Dyn 
A, which initiates the powerful non-opioid mechanism of 
dynorphin dominate [11]. Neuroprotective functions of ORs 
are far from antagonistic to its pathogenic function under 
abnormal circumstances [47]. Ultimately, various pathologi-
cal changes and neurodegeneration are induced by mutant 
PDYN, including neurological dysfunction and cell death 
[11, 63, 64].

Mechanisms of non‑opioid pathogenicity

Non-opioid functions are primarily characterized by neu-
roexcitatory toxicity, which is mainly relevant to directly 
or indirectly interaction between dynorphin and glutamate 
receptors [65]. On one hand, binding to KORs, Dyn A acts 
on N-methyl-D-aspartate (NMDA) receptors indirectly 
through the cellular pathway by increasing the content of 
neurotoxic glutamate. On the other hand, Dyn A can be 
directly coupled with NMDA, such as connecting with the 
redox regulatory site conformation, improving the affinity 
with NMDA receptors, and then plays a non-opioid patho-
genic role [47, 65, 66]. Mutants can lead to markedly ele-
vated expression of Dyn A [14], via the combination with 

NMDA, playing a dominant role in non-opioid pathogen-
esis and exerting excitatory neurotoxicity. There are several 
pieces of evidence to substantiate this view. (i) Intrathecal 
injection of Dyn A in mice can lead to increasing non-opi-
oid excitatory activity through the N-methyl-D-aspartate 
(NMDA) receptor mechanism, resulting in hyperalgesia, 
paralysis and neuronal loss [67, 68]. (ii) Using mice model 
to further verify the function of mutant PDYN, Smeets 
et al. found that the level of Dyn A mutant is significantly 
increased, which coincided with transcriptional maladjusted 
ionic and metabolic glutamate receptors as well as gluta-
mate transporters, and also changed the excitability of neu-
rons, resulting in climbing fiber retraction and Purkinje cell 
loss [68]. (iii) The cerebellar autopsy tissues of one mutant 
PDYN (P. R138S) showed significant changes in the expres-
sion of key components of the opioid system and glutamic 
acid system [11]. (iv) Jezierska et al. analyzed the peptide 
production of PDYN in mutant individuals, indicating that 
SCA23 mutation can enhance the opioid function of dynor-
phin, or may have a dominant-negative effect on inducing 
neurodegeneration of non-opioid drugs [14]. (v) In addition, 
the elevated level of Dyn A is related to the pathology of 
Alzheimer’s disease [69], which further demonstrates the 
neuroexcitatory toxicity of dynorphin in neurodegenerative 
diseases.

In addition to the neurotoxicity caused by interaction 
with glutamate receptors, there are several other non-opioid 
toxic mechanisms listed below. Dyn A can bind to α-amino-
3-hydroxy-5-methyl-4-isoxazolepropionic acid  (AMPA) 
receptors of striatal medium spiny neurons (MSNs) and 
produce neurotoxic effects on striatum neurons by activat-
ing and regulating of apoptosis mechanism in cytochrome 
C and caspase-3 [47]. Furthermore, the C-terminal region 
of dynorphin contains highly basic amino acid sequences 
of neurotoxicity [70]. Besides, Dyn A can also serve neuro-
toxic functions via acid-sensing ion channels (ASICs). When 
dynorphin exists, it can impede the formation of acid ion 
homeostasis in the internal environment as well as cells, thus 
inducing neuronal damage [71]. Additionally, the interac-
tion between peptide and plasma membrane is also involved 
[72–74]. For example, peptides are transferred into the cells 
and/or form membrane pores that allow calcium ions to 
flow into the cells [74, 75]. Calcium influx and membrane 
depolarization may cause excitotoxic reactions, neuronal 
dysfunction and atrophy. Madani et al. showed that patho-
genic mutant Dyn A can cause changes in the membrane 
of the human brain neurodegeneration model, in which the 
formation of transient pores in the phospholipid membrane 
is the main reason for its neurotoxicity [73]. The non-opioid 
excitatory effects of mutant peptides accumulated over the 
years may lead to general pathological changes [68].

In summary, non-opioid functions of dynorphin play a 
crucial role in the pathogenesis of the disease.
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Mechanisms of secondary structural changes 
of peptides

Smeets et al. showed that mutations of SCA23 in the Dyn A 
coding region destroy the secondary structure of the peptide, 
resulting in a decrease in the affinity between the α-helix of 
N-terminal and KORs. Consequently, activation of KORs 
is inhibited, which weakens the protective functions of 
ORs. Besides, the altered secondary structure can lead to 
the increase of peptide stability of Dyn A, thus induces neu-
rological dysfunction and neurodegeneration [76].

Mechanisms of dynorphin as signal molecules 
regulating various physiological and pathological 
processes

Dynorphin is a type of signal molecules that regulate physi-
ological and pathological processes. The synthesis of mutant 
dynorphin may affect the secretory pathways, synaptic trans-
mission, and induce endoplasmic reticulum stress, while 
damage the maturation and transport of signal proteins [11, 
14].

Hereditary heterozygous spinocerebellar ataxia is marked 
by cerebellar atrophy and PCs’ degeneration. PCs are the 
sole output neuron in the cerebellar cortex, while damage 
to PCs can lead to motor dysfunction [77].

Summary of common mechanisms

In  summary, pathological processes have developed on 
account of various long-term accumulated mechanisms 
caused by mutant PDYN gene, ultimately leading to degen-
eration. The phenomenon that different mutation mecha-
nisms in separate genes lead to the same disease pheno-
type strongly indicates that the common biological pathway 
is the basis of the pathogenesis of SCAs. These common 
mechanisms include, but are not limited to, misfolding and 
aggregation of proteins, acquisition of toxic RNA functions, 
transcriptional disorders, and changes in glutamate and cal-
cium signals that affect synaptic transmission [78–81].

Treatment of SCA23

At present, there is no known effective and specific ther-
apy that can change the condition progression of SCA23. 
Therefore, the treatment conforms to the principle of SCAs 
generalization. Supportive care including gait disorders and 

speech therapy for dysarthria is essential. Using mechanical 
aid, such as crutches, walkers or wheelchairs, to maintain 
walking safety and freedom of movement for as long as pos-
sible is beneficial to alleviate the syndromes of the disease. 
Other symptoms such as insomnia, diplopia, spasm and 
urgent micturition or frequent micturition should be treated 
accordingly to promote the quality of life [20]. Depression is 
a potentially treatable and relatively common symptom that 
should be evaluated and actively considered when it exists 
[82]. Even if the management of the above symptoms can 
help improve function and overall condition of life, but it is 
not a fundamental treatment.

Precision therapy is the focus-treatment of SCAs dis-
eases, mainly using two strategies. The first one is to use 
gene targeting strategies (RNA interference and antisense 
oligonucleotide) to silence mutant genes, so as to prevent the 
expression of mutant proteins. The other strategy is to iden-
tify and target disease aggregation mechanisms across SCAs 
as the basis for treatment. In other words, a variety of patho-
genic processes, such as a disorder of homeostasis, RNA 
toxicity, abnormal synaptic signals, regulation of intracel-
lular calcium, the excitability of Purkinje-neuron-membrane, 
and so on, are used as targets for SCAs therapy [83]. Thera-
peutic studies based on these two strategies have emerged. 
Scoles et al. believed that antisense oligonucleotide may be 
effective in the management of SCAs [84, 85]. Thomas et al. 
reasoned out that the application of RNA targeting therapy 
for neurodegenerative diseases has a noble prospect [86]. 
Kampinga et al. supposed that the approach of heat shock 
protein as a mark provides a prospect and hope for a success-
ful project to overcome neurodegenerative disorders [87]. 
Serrano et al. pointed out that changing methylation patterns, 
modifying histone or drugs that can affect the metabolism 
of microRNAs (miRNAs) are potential treatments for SCA 
[88]. Shuvaev et al. found that baclofen can improve ataxia 
in SCA1 mice, and baclofen may be beneficial to other types 
of ataxia [89]. Nishizawa et al. conducted phase III trials on 
the drug treatment of sufferers with spinocerebellar degener-
ation (SCD). The experimental data showed that Lovarelin, 
a thyrotropin-releasing hormone analogue, is a potentially 
efficient choice to treat cerebellar ataxia in patients with 
major cerebellar manifestations of SCD. And the more seri-
ous the symptom is, the more noticeable the effect is [90]. 
Rodíguez-Labrada et al. proposed that cerebellar low fre-
quency repetitive transcranial magnetic stimulation (rTMS) 
can improve some motor symptoms of the disease [91]. Tsai 
et al. suggested that intravenous injection of allogeneic bone 
marrow mesenchymal stem cells seems to be well tolerated. 
So far, precision analysis strategy of SCA23 still needs fur-
ther study [92].
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Genetic counseling of SCA23

Genetic counseling is essential for individuals of child-
bearing age or people who desire to make family planning 
decisions, in addition, preferably in a genetic professional 
sector. Not only in SCA23, the other SCAs are also applica-
ble and valid. Genetic counselling requires the cooperation 
of several experts, including at least one hereditary phy-
sician and one psychologist, whose basic responsibility is 
to provide information on diagnosis, risk, prognosis, medi-
cal aspects, and to assess psychological integrity. While it 
also calls for the cooperation of psychiatrists, neurologists, 
nurses and social workers [93]. During genetic counseling, 
doctors demand to understand the mental needs of suffer-
ers to further communication. Regarding to the concerns 
of patients during genetic counseling, a study conducted in 
Brazil showed that about 57% of patients and their families 
claim questions about etiological diagnosis and/or disclo-
sure of high-risk status, and 17% ask challenges about the 
improvement of quality of life. A few humans, about 3%, 
believe that heredity/inheritance is the greatest concern. 
Pre-test interviews are a valuable tool to clarify counselors’ 
matters and promote better communication among patients, 
family members, and genetic counseling teams. The effec-
tiveness of the genetic hereditary process is largely related 
to cultural values, previous disease experience, social and 
financial background, and family dynamics [94].

Prognosis of SCA23

Longitudinal studies on the prognosis of patients with 
SCA23 have not been carried out, so it is difficult to deter-
mine the accurate prognosis of individual patients. Assum-
ing that the condition continues to progress, the shorten-
ing of life expectancy is worth affirming [20]. Diallo et al. 
conducted prospective studies on the prognosis of some 
types of SCAs, and studies showed that the rate of disease 
progression is the strongest predictor of death. The progno-
sis of SCA23 still needs further study [95]. Clinical scale 
SARA and ICAR are the most commonly used clinical tools 
to monitor the disease progression of SCAs. Testing the 
quantitative performance score of specific motor ability is 
extremely important to measure the effect of disease evolu-
tion on gait and upper limb motor coordination. These tests 
can be invoked as significant indicators of the phased results 
of interventional treatment trials [96].
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Prospects for the future

It is worth affirming that SCAs, including SCA23, will 
appear "preclinical markers" before the typical ataxia syn-
dromes, including specific symptoms, neuroimaging, elec-
trophysiological structural manifestations and so on. After 
finding these markers, we may be in a position to give rel-
evant intervention as soon as possible, and then affect the 
progress of the disease [97]. This is the direction that we 
still need to work hard in the future. Furthermore, there will 
be new breakthroughs in the treatment of the disorder, as 
well as the relationship between genotypes and phenotypes.

Conclusion

SCA23, one type of SCAs, is a group of hereditary disorders 
characterized by gait ataxia accompanying with other spe-
cific symptoms. Based on literatures, there are 16 mutations 
have been reported (Table 4). Big Dyn of PDYN plays an 
essential function in Pathophysiological mechanisms, while 
common mechanisms of SCAs get incremental attention. 
Diagnosis requires a comprehensive of clinical syndrome, 
neuroimaging, and gene detection. Additionally, differen-
tial diagnosis is necessary for inherited diseases. Explora-
tion of the relationship between genotype and phenotype 
remains to be discussed, in which epigenetics may show a 
potential role. Discovering of precision therapy as the focus-
treatment is indispensable, despite supporting care has been 
confirmed. In brief, further work is required to unlock the 
unknown of the SCA23 to promote our cognitive.
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