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Introduction: PRKCG mutations have been implicated in the pathogenesis of
spinocerebellar ataxia type 14 (SCA14), which is a rare autosomal dominant disease
marked by cerebellar degeneration, dysarthria, and nystagmus. Until now, there
has never been a report of patients with mutations of c.1232G>C worldwide.

Case description: We report a case of a 30-year-old Chinese man with episodic
dystaxia, speech disorder, and cognitive impairment; however, his father
exclusively exhibited a speech disorder regardless of the same mutation.
Whole-exome sequencing revealed a heterozygous c.1232G>C (p.G411A)
variant of PRKCG.

Conclusion: This case presents an extended genotype and phenotype of SCA14,
and emphasizes the importance of gene sequencing in patients with
spinocerebellar ataxia.
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Introduction

Spinocerebellar ataxia type 14 (SCA14) [OMIM: 605361] (Yamashita et al., 2000;
Brkanac et al., 2002) (Rossi et al., 2014) is an autosomal dominant disorder
characterized by progressive cerebellar degeneration, dysarthria, and nystagmus.
Symptoms, such as axial myoclonus (Yamashita et al., 2000), cognitive impairment
(Wedding et al., 2013; Bolton and Lacy, 2019), tremors (Koht et al., 2012), and impaired
sensibility (Klebe et al., 2005; Koht et al., 2012), may also be observed. Furthermore,
Parkinson’s disease (Sailer et al., 2012; Chen et al., 2022), which is characterized by muscle
rigidity and tremors, has also been reported in some family pedigrees. Patients with
SCA14 may exhibit further ataxic conditions such as dysphagia (Ueda et al., 2013). The
incidence of SCA14 is from 1% to 4% in all autosomal genetic disorders (Chelban et al.,
2018), and it was first reported in a Japanese family in 2000 (Yamashita et al., 2000). It was
also reported in a 4th generation American family of English and Dutch origin who
displayed pure cerebellar ataxia (Brkanac et al., 2002). SCA14 has also been reported in
various countries such as Australia (Kang et al., 2019), Norway (Koht et al., 2012), Germany
(Ganos et al., 2014), Japan (Ueda et al., 2013), and China (Chen et al., 2022). There is an
ambiguous correlation between clinical manifestations and ethnicity, while the age of onset
occurs between childhood and 60 years old. Diagnosis is mainly based on clinical
manifestations, physical examination, and laboratory tests, and genetic testing is
required to confirm the diagnosis. SCA14 is caused by PRKCG variants encoding
protein kinase C γ (PKCγ) (Yabe et al., 2003). Although missense and deletion
mutations have been found in PRKCG (Chelban et al., 2018), the specific molecular
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mechanism underlying pathogenesis remains poorly understood
(Shimobayashi and Kapfhammer, 2021). Here, we identified a
c.1232G>C mutation in PRKCG in a Chinese family to extend
the genotype and phenotype of SCA14. Our results emphasize
the importance of detecting PRKCG mutations in patients with
episodic ataxia.

Case description

Clinical characteristics

The proband (aged 30) suffered from episodic ataxia for 3 years and
was hospitalized for hypokalemia in the Endocrinology Department,
Dushu Lake Hospital Affiliated with Soochow University on 6 July
2022. The patient was experiencing fatigue and limb weakness after
heavy sweating in hot weather. He had experienced a speech disorder
and cognitive impairment since birth and his speech was characterized
as slow and slurred. A neurological examination revealed that his gait
was ataxic and his tandem gait was impaired. The tendon reflexes were
normal, and Hoffman and Babinski’s signs were negative. No axial
myoclonus or tremors had been observed during the past 30 years.
There was a requirement for assistance while transferring (activities of
daily living score: 95). After admission, a complete examination
revealed that the Renin–angiotensin–aldosterone system was normal.
The potassium level in the 24 h urine sample was 64.58 mmoL/L
(normal range: 25–125 mmoL/L), and the calcium level was
0.59 mmoL/L (normal range: 2.5–7.5 mmoL/L). Because the patient
suffered from headaches, a right-sided parietooccipital tumorectomy
was performed in 2009, and the postoperative pathology suggested an
arteriovenous malformation. The postoperative magnetic resonance
imaging (MRI) and computerized tomography (CT) scans (Figure 1A)

suggested postoperative changes; however, cerebellar atrophy changes
were not observed. The proband had no siblings, and his grandparents
and aunt did not exhibit any clinical manifestations, but his father had a
speech disorder. The pedigree of the proband is shown in Figure 1B.
During hospitalization, the patient’s hypokalemia was corrected, and
the weakness in his limb was improved after administering potassium
supplementation; however, episodic ataxia remained without remission.
The patient refused further follow-up and treatment, which limited the
process of collecting more clinical data. The timeline with relevant data
is shown in Figure 2.

Genetic results

Peripheral blood in EDTA was collected for whole genomic
extraction. The proband and his parents underwent genetic testing,
but his grandparents and aunt were not considered for genetic

FIGURE 1
|(A) Axial CT images showing the cerebellum. (B) Pedigrees of the family. (C) The result of gene sequencing of the PRKCG gene. The arrow indicates
the c.1232 (exon11)G>C.

FIGURE 2
The timeline of the proband.
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testing because they were asymptomatic. The mutation was verified
in samples procured from family members by Sanger sequencing.
The verification revealed the presence of a heterozygous mutation in
PRKCG c.1232G>C (p.G411A) (Figures 1C, 3). The proband’s father
had the same heterozygous mutation. According to the guidelines
developed by the American College of Medical Genetics and
Genomics (ACMG) for the classification of pathogenic or likely
pathogenic variants, the PRKCG mutation was classified under
“uncertain significance” on the basis of the evidence framework
of PM2 and BP4. The PRKCG sequence (NM_002739) was obtained
from the National Center for Biotechnology Information (NCBI)
(https://www.ncbi.nlm.nih.gov/). The three-dimensional model of
PRKCG protein was obtained from the AlphaFold Protein Structure
Database (https://alphafold.ebi.ac.uk/). The three-dimensional
models of the wild-type and p.G411A (c.1232G>C) mutant
proteins were generated by PyMOL 2.5, a protein three-
dimensional structure visualization software (Jumper et al., 2021).

Discussion and conclusion

The clinical manifestations of SCAs, which are a unique type of
cerebellar degenerative disease, range from typical ataxia disturbance to
abnormal ocular movements. Many patients exhibit cerebellar ataxia, but
this may not be an early symptom. In a previous case, dystonia was
reported as the only symptompresent in the early stages (DeMichele et al.,
2022). In this case, the proband had a speech disorder and cognitive
impairment since birth and suffered from episodic ataxia over the last
3 years. Clinical manifestations and imaging results revealed that there

were no traces of postoperative complications such as hydrocephalus and
herniation. Furthermore, we consulted a neurosurgeon and a neurologist
at Dushu LakeHospital Affiliated with SoochowUniversity. Furthermore,
it has been 10 years since the right-sided parietooccipital tumorectomy
was performed, and the cerebellar ataxia of the patient was not considered
to be caused by a craniotomy. Considering the episodic ataxia, mild
cognitive impairment, and speech disorder, it was recommended that the
patient undergo genetic testing. Whole genomic extraction showed
mutations in PRKCG with no mutations in KCNA1 or CACNA1A,
which are commonly observed in episodic ataxia. Based on the
genotype and phenotype, it was concluded that repeated falls were
caused by ataxia rather than hypokalemia. Moreover, during previous
episodic ataxia, the patient did not undergo strenuous exercise or exhibit a
loss of appetite, vomiting, diarrhea, and other causes of low potassium
levels. Additionally, no relationship between SCA14 and hypokalemia was
reported. The absence of ataxia and cognitive dysfunction in the patient’s
father, who had the same genotype, may be explained by the decreased
penetrance of the disorder (Yabe et al., 2003).

SCAs are a group of progressive neurogenetic disorders caused by
gene mutations. SCA14 is a rare autosomal dominant inherited disease
involving PRKCGmutation. PRKCG encodes protein kinase C γ (PKCγ),
which is amember of the serine/threonine enzyme family, plays a vital role
in cell growth and signal transduction, and is highly expressed in Purkinje
cells (Winkler et al., 2020; Shimobayashi and Kapfhammer, 2021). The
activity of PKCγ also plays a major role in dendritic development and
synaptic maturation of cerebellar Purkinje cells (Winkler et al., 2020). In
vitro studies and studies on transgenic mice (Winkler et al., 2020) support
the functional gain hypothesis, which indicates that increased PKCγ
activity leads to dendritic dysplasia, neuronal death, and aggregation

FIGURE 3
Variants associatedwith ataxia that are described in the protein kinase C γ coded by PRKCG. The pathogenic or likely pathogenic variants identified in
this study are highlighted in red.
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effects. The effect of PKCγ is related to the membrane residence duration
(Wong et al., 2018). However, a study has shown that PKCγ exerts toxic
effects by inducing endoplasmic reticular stress (Seki et al., 2007).
Shimobayashi (Shimobayashi and Kapfhammer, 2017) reported that
SCA14 depends on the activity of PKCγ, and mutations in different
domains occur due to different pathways.

Until now, many mutation sites have been reported (Chen et al.,
2022; De Michele et al., 2022; Tada et al., 2022) (Schmitz-Hübsch et al.,
2021) (Figure 4) in PRKCG. However, we pioneered the determination
of a novel heterozygous mutation in PRKCG c.1232G>C (p.G411A).
PRKCG consists of two domains, namely, the regulatory domain and
the catalytic domain. The regulatory domain consists of the C1 and
C2 regions. The majority of the mutations discovered in the C1 region
are missense variants (De Michele et al., 2022). Variants in the catalytic
domain are rare, and the clinical phenotype is much more complex
(Chelban et al., 2018) because of the inhibition of calcium ion inflow
(Adachi et al., 2008), which in turn prevents dendritic processes, as
reported in this case. Themutation gene is located in exon11, which is in
the catalytic domain. The patient had a speech disorder and cognitive
impairment since birth. The disease progressed and ataxia initially
occurred 3 years ago. However, his father had the same mutation that
only manifested as a speech disorder. Transgenic mice (Ji et al., 2014)
with PKCγ mutations located in the catalytic domain (S361G) have
shown pathological changes and motility defects typical of cerebellar
ataxia, which is consistent with this case. However, the mutation
(p.G411A) reported here requires further functional verification.

Many patients diagnosed with SCA14 display progressive cerebellar
syndrome, which is rarely associated with severe disabilities (Koht et al.,
2012). Dysarthria, abnormal ocular movements, and dysmetria are the
most common clinical manifestations, and cognitive impairment is rare
and is usually mild (De Michele et al., 2022) in these patients. To
summarize the clinical features of SCA14 reported thus far, they can
be divided into two categories as follows: the classic type and the atypical
type. The characteristics of the classic type are as follows: 1) cerebellar
ataxia, most patients present with slowly progressive ataxia; 2) dysarthria
or a speech disorder; 3) ocular symptoms, abnormal ocular movements,
and dysmetria; and 4) cerebellar atrophy in the MRI. The characteristics
of the atypical type include cognitive impairment, depression, and
epilepsy. All affected subjects that were considered in this article had a
speech disorder, and the proband exhibited progressive ataxia and mild
cognitive dysfunction, which is consistent with the clinical manifestations
of a previously reported case of SCA14 (Wedding et al., 2013). The

proband had no cerebellar atrophy, as revealed by aCT scan on 1October
2009, and he refused to undergomoreMRI scans due to personal reasons.
However, if the patient exhibits the development of cerebellar atrophy in
the future, a further examination will be required. To summarize,
SCA14 should be considered when patients exhibit the following
features: slowly progressive cerebellar ataxia, dysarthria or a speech
disorder, abnormal ocular movement, extrapyramidal systemic
syndrome, and mild to severe atrophy of the cerebellum revealed by
brain magnetic resonance. Presently, a diagnosis for the same relies on
gene detection. The majority of patients with SCA14 have a long history
of the disease; thus, ordinary life is unaffected. However, many patients
may die fromdysphagia or falls. Currently, there is no targeted therapy for
SCA14. Supportive treatment includes heteropathy, such as rehabilitation
treatment, and antisecosis to reduce the risk of asphyxia.

We reported on this family of Chinese origin with episodic ataxia,
speech disorders, and cognitive impairment with an extended genetic
profile and clinical features of SCA14, and emphasize the importance of
gene sequencing in patientswith episodic ataxia regardless of the absence of
classic dysmetria and nystagmus and also independent of familial history.

Data availability statement

The datasets presented in this study can be found in online
repositories. The names of the repository/repositories and accession
number(s) can be found below: MedGen UID: 343106; Concept ID:
C1854369; Accession SCV003798486.

Ethics statement

Written informed consent was obtained from the individual(s)
for the publication of any potentially identifiable images or data
included in this article.

Author contributions

HS designed the study; RS and XT drafted and revised the
manuscript; RS and XC acquired, analyzed, and interpreted the data.
HS and XS critically reviewed the article. All authors have read and
approved the final manuscript.

FIGURE 4
Difference between thewide-type andmutant protein (p.G411A) of PRKCG (regional model). The left model is themutant, and the right model is the
wide-type.

Frontiers in Genetics frontiersin.org04

Sun et al. 10.3389/fgene.2023.1129988

https://www.frontiersin.org/journals/genetics
https://www.frontiersin.org
https://doi.org/10.3389/fgene.2023.1129988


Funding

This work was supported by National Natural Science
Foundation of China (grant no. 82270755 to HS), and Suzhou
Science and Technology Project (grant no. SYS2020104,
SZM2022013 to HS and SZM2021013 to XS).

Acknowledgments

The authors would like to thank the proband and his
family members for participating in and supporting this
study. We would also like to thank the MyGenostics
corporation.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors and
do not necessarily represent those of their affiliated organizations, or
those of the publisher, editors, and reviewers. Any product that may be
evaluated in this article, or claim that may be made by its manufacturer,
is not guaranteed or endorsed by the publisher.

References

Adachi, N., Kobayashi, T., Takahashi, H., Kawasaki, T., Shirai, Y., Ueyama, T., et al.
(2008). Enzymological analysis of mutant protein kinase Cgamma causing
spinocerebellar ataxia type 14 and dysfunction in Ca2+ homeostasis. J. Biol. Chem.
283 (28), 19854–19863. doi:10.1074/jbc.M801492200

Bolton, C., and Lacy, M. (2019). Comparison of cognitive profiles in spinocerebellar
ataxia subtypes: A case series. Cerebellum Ataxias 6, 13. doi:10.1186/s40673-019-0107-4

Brkanac, Z., Bylenok, L., Fernandez, M., Matsushita, M., Lipe, H., Wolff, J., et al.
(2002). A new dominant spinocerebellar ataxia linked to chromosome 19q13.4-qter.
Archives neurology 59 (8), 1291–1295. doi:10.1001/archneur.59.8.1291

Chelban, V., Wiethoff, S., Fabian-Jessing, B. K., Haridy, N. A., Khan, A., Efthymiou,
S., et al. (2018). Genotype-phenotype correlations, dystonia and disease progression in
spinocerebellar ataxia type 14. Mov. Disord. 33 (7), 1119–1129. doi:10.1002/mds.27334

Chen, Y., Liu, P., Cen, Z., Liao, Y., Lin, Z., and Luo, W. (2022). Early-onset Parkinson’s
disease with atypical molecular imaging abnormalities in a patient carrying the de novo
PRKCG mutation. Park. Relat. Disord. 95, 100–102. doi:10.1016/j.parkreldis.2022.01.020

De Michele, G., Galatolo, D., Galosi, S., Mignarri, A., Silvestri, G., Casali, C., et al.
(2022). Episodic ataxia and severe infantile phenotype in spinocerebellar ataxia type 14:
Expansion of the phenotype and novel mutations. J. Neurol. 269 (3), 1476–1484. doi:10.
1007/s00415-021-10712-5

Ganos, C., Zittel, S., Minnerop, M., Schunke, O., Heinbokel, C., Gerloff, C., et al. (2014).
Clinical and neurophysiological profile of four German families with spinocerebellar ataxia
type 14. Cerebellum Lond. Engl. 13 (1), 89–96. doi:10.1007/s12311-013-0522-7

Ji, J., Hassler, M. L., Shimobayashi, E., Paka, N., Streit, R., and Kapfhammer, J. P.
(2014). Increased protein kinase C gamma activity induces Purkinje cell pathology in a
mouse model of spinocerebellar ataxia 14. Neurobiol. Dis. 70, 1–11. doi:10.1016/j.nbd.
2014.06.002

Jumper, J., Evans, R., Pritzel, A., Green, T., Figurnov, M., Ronneberger, O., et al.
(2021). Highly accurate protein structure prediction with AlphaFold. Nature 596
(7873), 583–589. doi:10.1038/s41586-021-03819-2

Kang, C., Liang, C., Ahmad, K. E., Gu, Y., Siow, S. F., Colebatch, J. G., et al. (2019).
High degree of genetic heterogeneity for hereditary cerebellar ataxias in Australia.
Cerebellum 18 (1), 137–146. doi:10.1007/s12311-018-0969-7

Klebe, S., Durr, A., Rentschler, A., Hahn-Barma, V., Abele, M., Bouslam, N., et al.
(2005). New mutations in protein kinase C gamma associated with spinocerebellar
ataxia type 14. Ann. neurology 58 (5), 720–729. doi:10.1002/ana.20628

Koht, J., Stevanin, G., Durr, A., Mundwiller, E., Brice, A., and Tallaksen, C. (2012).
SCA14 in Norway, two families with autosomal dominant cerebellar ataxia and a novel
mutation in the PRKCG gene. Acta neurol. Scand. 125 (2), 116–122. doi:10.1111/j.1600-
0404.2011.01504.x

Rossi, M., Perez-Lloret, S., Doldan, L., Cerquetti, D., Balej, J., Millar Vernetti, P., et al.
(2014). Autosomal dominant cerebellar ataxias: A systematic review of clinical features.
Eur. J. Neurol. 21 (4), 607–615. doi:10.1111/ene.12350

Sailer, A., Scholz, S., Gibbs, J., Tucci, A., Johnson, J., Wood, N., et al. (2012). Exome
sequencing in an SCA14 family demonstrates its utility in diagnosing heterogeneous
diseases. Neurology 79 (2), 127–131. doi:10.1212/WNL.0b013e31825f048e

Schmitz-Hübsch, T., Lux, S., Bauer, P., Brandt, A., Schlapakow, E., Greschus, S., et al.
(2021). Spinocerebellar ataxia type 14: Refining clinicogenetic diagnosis in a rare adult-
onset disorder. Ann. Clin. Transl. neurology 8 (4), 774–789. doi:10.1002/acn3.51315

Seki, T., Takahashi, H., Adachi, N., Abe, N., Shimahara, T., Saito, N., et al. (2007).
Aggregate formation of mutant protein kinase C gamma found in spinocerebellar ataxia
type 14 impairs ubiquitin-proteasome system and induces endoplasmic reticulum
stress. Eur. J. Neurosci. 26 (11), 3126–3140. doi:10.1111/j.1460-9568.2007.05933.x

Shimobayashi, E., and Kapfhammer, J. P. (2021). A new mouse model related to
SCA14 carrying a pseudosubstrate domain mutation in PKCγ shows perturbed Purkinje
cell maturation and ataxic motor behavior. J. Neurosci. 41 (9), 2053–2068. doi:10.1523/
JNEUROSCI.1946-20.2021

Shimobayashi, E., and Kapfhammer, J. P. (2017). Increased biological activity of
protein Kinase C gamma is not required in Spinocerebellar ataxia 14.Mol. Brain 10 (1),
34. doi:10.1186/s13041-017-0313-z

Tada, Y., Kume, K., Noguchi, S., Sekiya, T., Nishinaka, K., Ishiguchi, H., et al. (2022).
Comparison of two families with and without ataxia harboring novel variants in
PRKCG. J. Hum. Genet. 67 (10), 595–599. doi:10.1038/s10038-022-01057-6

Ueda, T., Seki, T., Katanazaka, K., Sekiguchi, K., Kobayashi, K., Kanda, F., et al. (2013).
A novel mutation in the C2 domain of protein kinase C gamma associated with
spinocerebellar ataxia type 14. J. neurology 260 (6), 1664–1666. doi:10.1007/s00415-013-
6916-0

Wedding, I., Koht, J., Dietrichs, E., Landrø, N., and Tallaksen, C. (2013). Cognition is
only minimally impaired in spinocerebellar ataxia type 14 (SCA14): A
neuropsychological study of ten Norwegian subjects compared to intrafamilial
controls and population norm. BMC Neurol. 13, 186. doi:10.1186/1471-2377-13-186

Winkler, S. C., Shimobayashi, E., and Kapfhammer, J. P. (2020). Pkcγ-mediated
phosphorylation of CRMP2 regulates dendritic outgrowth in cerebellar Purkinje cells.
Mol. Neurobiol. 57 (12), 5150–5166. doi:10.1007/s12035-020-02038-6

Wong, M., Hoekstra, S., Vowles, J., Watson, L., Fuller, G., Németh, A., et al. (2018).
Neurodegeneration in SCA14 is associated with increased PKCγ kinase activity,
mislocalization and aggregation. Acta neuropathol. Commun. 6 (1), 99. doi:10.1186/
s40478-018-0600-7

Yabe, I., Sasaki, H., Chen, D. H., Raskind, W. H., Bird, T. D., Yamashita, I., et al.
(2003). Spinocerebellar ataxia type 14 caused by a mutation in protein kinase C gamma.
Arch. Neurol. 60 (12), 1749–1751. doi:10.1001/archneur.60.12.1749

Yamashita, I., Sasaki, H., Yabe, I., Fukazawa, T., Nogoshi, S., Komeichi, K., et al.
(2000). A novel locus for dominant cerebellar ataxia (SCA14) maps to a 10.2-cM
interval flanked by D19S206 and D19S605 on chromosome 19q13.4-qter. Ann.
neurology 48 (2), 156–163. doi:10.1002/1531-8249(200008)48:2<156:aid-ana4>3.0.co;
2-9

Frontiers in Genetics frontiersin.org05

Sun et al. 10.3389/fgene.2023.1129988

https://doi.org/10.1074/jbc.M801492200
https://doi.org/10.1186/s40673-019-0107-4
https://doi.org/10.1001/archneur.59.8.1291
https://doi.org/10.1002/mds.27334
https://doi.org/10.1016/j.parkreldis.2022.01.020
https://doi.org/10.1007/s00415-021-10712-5
https://doi.org/10.1007/s00415-021-10712-5
https://doi.org/10.1007/s12311-013-0522-7
https://doi.org/10.1016/j.nbd.2014.06.002
https://doi.org/10.1016/j.nbd.2014.06.002
https://doi.org/10.1038/s41586-021-03819-2
https://doi.org/10.1007/s12311-018-0969-7
https://doi.org/10.1002/ana.20628
https://doi.org/10.1111/j.1600-0404.2011.01504.x
https://doi.org/10.1111/j.1600-0404.2011.01504.x
https://doi.org/10.1111/ene.12350
https://doi.org/10.1212/WNL.0b013e31825f048e
https://doi.org/10.1002/acn3.51315
https://doi.org/10.1111/j.1460-9568.2007.05933.x
https://doi.org/10.1523/JNEUROSCI.1946-20.2021
https://doi.org/10.1523/JNEUROSCI.1946-20.2021
https://doi.org/10.1186/s13041-017-0313-z
https://doi.org/10.1038/s10038-022-01057-6
https://doi.org/10.1007/s00415-013-6916-0
https://doi.org/10.1007/s00415-013-6916-0
https://doi.org/10.1186/1471-2377-13-186
https://doi.org/10.1007/s12035-020-02038-6
https://doi.org/10.1186/s40478-018-0600-7
https://doi.org/10.1186/s40478-018-0600-7
https://doi.org/10.1001/archneur.60.12.1749
https://doi.org/10.1002/1531-8249(200008)48:2<156:aid-ana4>3.0.co;2-9
https://doi.org/10.1002/1531-8249(200008)48:2<156:aid-ana4>3.0.co;2-9
https://www.frontiersin.org/journals/genetics
https://www.frontiersin.org
https://doi.org/10.3389/fgene.2023.1129988

	Novel mutation in exon11 of PRKCG (SCA14): A case report
	Introduction
	Case description
	Clinical characteristics
	Genetic results

	Discussion and conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher’s note
	References


