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Abstract

Objective

Uniparental isodisomy can lead to blended phenotypes of imprinting disorders and autosomal
recessive diseases. To determine whether a presentation of Prader-Willi syndrome (PWS) and
progressive neurologic symptoms was caused by uniparental isodisomy, a detailed clinical and
molecular characterization was performed.

Methods

A combination of clinical, molecular, and imaging data was included in this study.

Results

We present the case of a 12-year-old boy with a blended phenotype of PWS and hereditary
spastic paraplegia type 11 (HSP-SPG11) caused by maternal uniparental isodisomy of chro-
mosome 15 (UPiD(15)mat) covering a loss-of-function variant in SPG11 (NM_025137.4:
c.733_734del; p.Met245ValfsTer2). Although symptoms in early childhood including hypo-
tonia, global developmental delay, hyperphagia, obesity, and seizures were consistent with
PWS, additional features of progressive spastic paraparesis, parkinsonism, and cognitive decline
in later childhood were atypical. Brain MR imaging showed thinning of the corpus callosum and
signal abnormalities of the forceps minor, consistent with a “ears of the lynx” sign. Exome
sequencing confirmed a frameshift variant in SPG11 located in the PWS imprinting region on
chromosome 15.

Discussion

This case highlights that atypical clinical features in patients with well-described imprinting
disorders should lead to investigations for recessive conditions caused by variants in genes that
localize to the region of homozygosity, including autosomal recessive forms of HSP.
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Glossary

HSP = hereditary spastic paraplegia; PWS = Prader-Willi syndrome; SPG11 = spastic paraplegia type 11; UPD = uniparental

disomy.

Prader-Willi syndrome (PWS) is a rare genetic disease that typi-
cally presents with severe hypotonia and feeding difficulties in early
infancy, followed by hyperphagia and obesity in early childhood.
Global developmental delay/intellectual disability and behavioral
symptoms are common, but severity is variable. Endocrinological
features include hypothalamic hypogonadism and short stature.!

While most cases with PWS result from the absence of pater-
nally expressed imprinted genes on chromosome 15 through
paternal deletion, less is known about PWS arising from ma-
ternal uniparental isodisomy (UPiD(15)mat). In addition to
the disruption of parent-specific imprinting, uniparental dis-
omy (UPD) also creates homozygous genomic regions and
may therefore unmask recessive phenotypes. Hereditary
Spastic paraplegia type 11 (HSP-SPGI1) is an autosomal re-
cessive, early-onset, and complex form of HSP caused by var-
iants in SPG11, which is located on chromosome 15 in the
PWS imprinting region.3 In this study, we report a blended
phenotype of PWS and HSP-SPG11, caused by UPiD(15)mat.

Methods

This study was approved at Boston Children’s Hospital (IRB-
P00033016).

Case History

The patient was born at term without prenatal or perinatal
complications to nonconsanguineous African American parents.
There was no significant family history. The first concerns arose
in infancy when he presented with axial hypotonia, delayed
motor milestones (unsupported sitting at 11 months; standing at
18 months; and walking at 25 months), and motor stereotypies.
Speech development was delayed, but he made steady progress

without evidence of regression. At the age of 7 months, he
presented with focal impaired awareness seizures, treated with
oxcarbazepine and later topiramate. Approximately at the age of
2 years, he developed hyperphagia and obesity, gaining 13
pounds in 5 months. Given the combination of hypotonia, de-
velopmental delay, hyperphagia and obesity, he was suspected to
have PWS. Chromosomal microarray and DNA methylation
testing confirmed PWS due to maternal UPD (UPiD(15)mat).

At the age of 8 years, the patient developed lower extremity
weakness and spasticity, initially asymmetric, followed by pro-
gressive gait difficulties, dysarthria, bradykinesia, and cognitive
deterioration over the course of several months. There was no
clear trigger, though there was a mild febrile illness at the onset of
this decline. Laboratory studies (including creatine kinase, vita-
min By, levels, thyroid function tests, c-reactive protein, eryth-
rocyte sedimentation rate, routine CSF studies, serum, and CSF
autoimmune encephalitis panels) were normal. Brain MR im-
aging showed thinning of the anterior corpus callosum (Figure,
A) and periventricular white matter, as well as fluid-attenuated
inversion recovery hyperintensity in the forceps minor, charac-
teristic of the ears of the lynx sign (Figure, B).

A retrospective review confirmed that a thin corpus callosum
was already present on MRI scans obtained at the ages of 8
months and 2 years (Figure, C). Spine MR imaging was un-
remarkable. EEG showed rare right frontal sharp waves but no
other epileptiform discharges or seizures.

Because these symptoms were atypical of PWS (Table), exome
sequencing was pursued, showing a maternally inherited path-
ogenic variant (American College of Medical Genetics and
Genomics criteria: PP5, PSV1, and PM2) in SPGI1 (NM_
025137.4: ¢.733_734del; p.Met245ValfsTer2). This variant was
present in a homozygous state due to UPiD(15)mat.

Figure Neuroimaging Findings

(A) Sagittal T1-weighted image at the age of 12 years
showing a thin corpus callosum with predominant
thinning of the anterior parts (white arrowhead). (B)
Axial T2-fluid-attenuated inversion recovery image at
the age of 12 years showing hyperintense signal in
the forceps minor (red arrowheads). These signal
changes resemble the shape of the ears of a lynx
with their characteristic apical hair tuft and have
been designated the “ears of the lynx” sign. (C) Sag-
ittal T1-weighted image at the age of 8 months
shows that thinning of the corpus callosum (white
arrowhead) was present even at this early age
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Table Blended Phenotype Caused by UPiD(15)mat and a
Loss-of-Function Variant in SPG17 (NM_025137.4:
€.733_734del; p.Met245ValfsTer2)

Hereditary spastic paraplegia type

Prader-Willi syndrome 11 (HSP-SPG11)

Axial hypotonia

Developmental delay/intellectual disability (progressive cognitive decline in
HSP-SPG11)

Seizures (infrequent)

Behavioral problems Progressive spasticity

Hyperphagia and obesity in Parkinsonism

early childhood

Hypogonadism Dysarthria and dysphagia

Short stature/growth hormone
deficiency

Brain MRI: thin corpus callosum and ears
of the lynx sign

Between the ages of 8 and 12 years, there was a steady, though
slower, progression of symptoms. Now at the age of 12 years, the
patient experiences spastic diplegia, moderate to severe dysarthria,
dysphagia, and urinary urgency and incontinency. He is able to
ambulate short distances with assistance but requires a wheelchair
outside the home. Examination is notable for weakness and
spasticity in both legs (Modified Ashworth Scale of 2-3), fixed
contractures of the ankles, as well as parkinsonism with hypo-
phonia, hypomimia, bradykinesia, a rest and postural tremor of
the hands, and asymmetric rigidity in the upper extremities. The
Spastic Paraplegia Rating Scale score is 41. Baclofen and
levodopa-carbidopa led to moderate symptomatic improvement.

Discussion

This report highlights that atypical clinical features in patients
with imprinting disorders due to isodisomy may be related to the
unmasking of autosomal recessive disorders caused by genes
localized to the region of homozygosity, including HSP.*® Our
report adds to the list of blended phenotypes of PWS and re-
cessive disorders, which thus far includes Tay-Sachs disease,’
Bloom syndrome,” and congenital ichthyosis.® Progressive
spastic diplegia, dysarthria, parkinsonism, and cognitive re-
gression are not part of the typical spectrum of neurologic
symptoms seen in PWS, but they are features of autosomal
recessive complex HSP, including HSP-SPG11. A thin corpus
callosum and ears of the lynx sign, while not entirely specific to
SPG11 (because also found in HSP-ZFYVE26® and the AP-
4-associated HSPs'’), provided an early diagnostic clue in
this case. Of interest the rate of neurologic decline in this
patient was faster compared with what is typically seen in
SPG11, which may be part of this unique blended pheno-
type. Taken together, these clinical observations highlight
the importance of pursuing additional genetic testing for
recessive diseases in patients with imprinting disorders when
presenting with features outside of well-described syn-
dromes. Our report adds to the growing recognition of
diseases resulting from multilocus genomic variation.""

Neurology.org/NG

Acknowledgment
The authors thank the patient and his family for supporting
this study.

Study Funding

A. Mo received support from the NIH/NINDS (R25 NS070682).
D. Ebrahimi-Fakhari received support from the CureAP4
Foundation, the CureSPGS50 Foundation, the Spastic Paraplegia
Foundation, the Manton Center for Orphan Disease Research,
the BCH Office of Faculty Development, and the NIH/NINDS
(1K08NS123552-01). The BCH Intellectual and the De-
velopmental Disabilities Research Center is supported by the
NIH (BCH IDDRC, NIH P50 HD105351).

Disclosure

AR. Kunta, J. Jueng, C. Jordan, ]. Kojic, A. Mo, and D.
Ebrahimi-Fakhari report no disclosures relevant to the man-
uscript. Go to Neurology.org/NG for full disclosures.

Publication History

Received by Neurology: Genetics July 10, 2022. Accepted in final form
September 19, 2022. Submitted and externally peer reviewed. The

handling editor was Alexandra Durr, MD, PhD.

Appendix Authors

Name Location Contribution
Avaneesh R.  University of Central Florida- Drafting/revision of the
Kunta, BS College of Medicine, manuscript for content,
Orlando, FL including medical writing for
content; major role in the
acquisition of data
Jeremy University of Central Florida- Drafting/revision of the article
Jueng, BS College of Medicine, for content, including medical
Orlando, FL writing for content; major role
in the acquisition of data
Catherine Movement Disorders Drafting/revision of the article
Jordan, MA Program, Department of for content, including medical

Neurology, Boston Children’s
Hospital, Harvard Medical
School, MA

writing for content; major role
in the acquisition of data

Jasna Kaojic,
MD

University of Central Florida -

College of Medicine,
Orlando, FL

Drafting/revision of the
article for content, including
medical writing for content;
major role in the acquisition
of data

Alisa Mo, Movement Disorders Drafting/revision of the
MD, PhD Program, Department of article for content, including
Neurology, Boston medical writing for content;
Children’s Hospital, Harvard major role in the acquisition
Medical School, MA of data; study concept or
design; and analysis or
interpretation of data
Darius Movement Disorders Drafting/revision of the
Ebrahimi- Program, Department of article for content, including
Fakhari, MD, Neurology, Boston medical writing for content;
PhD Children’s Hospital, Harvard major role in the acquisition

Medical School; The Manton
Center for Orphan Disease
Research, Boston Children'’s
Hospital; Intellectual and
Developmental Disabilities
Research Center, Boston
Children’s Hospital, MA

of data; study concept or
design; and analysis or
interpretation of data

Neurology: Genetics | Volume 8, Number 6 |

December 2022


https://ng.neurology.org/content/8/6/e041/tab-article-info
http://neurology.org/ng

4

References

1.

Neurology: Genetics | Volume 8, Number 6 |

Gunay-Aygun M, Schwartz S, Heeger S, O’Riordan MA, Cassidy SB. The changing
purpose of Prader-Willi syndrome clinical diagnostic criteria and proposed revised
criteria. Pediatrics. 2001;108(5):E92.

Marras C, Lang A, van de Warrenburg BP, et al. Nomenclature of genetic movement
disorders: recommendations of the international Parkinson and movement disorder
society task force. Mov Disord. 2016;31(4):436-457.

Stevanin G, Santorelli FM, Azzedine H, et al. Mutations in SPG11, encoding spa-
tacsin, are a major cause of spastic paraplegia with thin corpus callosum. Nat Genet.
2007;39(3):366-372.

Ziegler M, Russell BE, Eberhardt K, et al. Blended phenotype of silver-russell syn-
drome and SPGS0 caused by maternal isodisomy of chromosome 7. Neurol Genet.
2021;7(1):e544.

Murakami H, Uehara T, Tsurusaki Y, et al. Blended phenotype of AP4E1 deficiency
and Angelman syndrome caused by paternal isodisomy of chromosome 15. Brain Dev.
2020;42(3):289-292.

December 2022

10.

11.

Zeesman S, McCready E, Sadikovic B, Nowaczyk MJ. Prader-Willi syndrome and Tay-
Sachs disease in association with mixed maternal uniparental isodisomy and heterodisomy
15 in a girl who also had isochromosome Xq. Am ] Med Genet A. 2015;167(1):180-184.
Woodage T, Prasad M, Dixon JW, et al. Bloom syndrome and maternal uniparental
disomy for chromosome 15. Am ] Hum Genet. 1994;55(1):74-80.

Muthusamy K, Macke EL, Klee EW, et al. Congenital ichthyosis in Prader-Willi
syndrome associated with maternal chromosome 15 uniparental disomy: case report
and review of autosomal recessive conditions unmasked by UPD. Am ] Med Genet Part
A. 2020;182(10):2442-2449.

Ebrahimi-Fakhari D, Alecu JE, Blackstone C. Spastic paraplegia 15. In: Adam MP,
Ardinger HH, Pagon RA, et al, editors. GeneReviews (R)); 2021.

Ebrahimi-Fakhari D, Alecu JE, Ziegler M, et al. Systematic analysis of brain MRI
findings in adaptor protein complex 4-associated hereditary spastic paraplegia. Neu-
rology. 2021;97(19):e1942-e1954.

Posey JE, Harel T, Liu P, et al. Resolution of disease phenotypes resulting from
multilocus genomic variation. N Engl ] Med. 2017;376(1):21-31.

Neurology.org/NG


http://neurology.org/ng

Neurology
(Genetics

Blended Phenotype of Prader-Willi Syndrome and HSP-SPG11 Caused by Maternal

Uniparental | sodisomy

Avaneesh R. Kunta, Jeremy Jueng, Catherine Jordan, et al.

Neurol Genet 2022;8;

DOI 10.1212/NX G.0000000000200041

Thisinformation is current as of November 23, 2022

Updated Information &
Services

References

Subspecialty Collections

Permissions & Licensing

Reprints

including high resolution figures, can be found at:
http://ng.neurol ogy .org/content/8/6/€200041.full .html

This article cites 10 articles, 1 of which you can access for free at:
http://ng.neurol ogy .org/content/8/6/€200041.full.html##ref-list-1

This article, along with others on similar topics, appearsin the
following collection(s):

All Genetics
http://ng.neurology.org//cgi/collection/all_genetics

All Movement Disorders
http://ng.neurology.org//cgi/collection/all_movement_disorders
All Pediatric

http://ng.neurol ogy.org//cgi/collection/all_pediatric

Spastic paraplegia
http://ng.neurology.org//cgi/collection/spastic_paraplegia

Information about reproducing this article in parts (figures,tables) or in
its entirety can be found online at:
http://ng.neurol ogy.org/misc/about.xhtml#permissions

Information about ordering reprints can be found online:
http://ng.neurol ogy .org/misc/addir.xhtml#reprintsus

Neurol Genet is an officia journa of the American Academy of Neurology. Published since April 2015, it is
an open-access, online-only, continuous publication journal. Copyright Copyright © 2022 The Author(s).
Published by Wolters Kluwer Health, Inc. on behalf of the American Academy of Neurology.. All rights

reserved. Online ISSN: 2376-7839.

AMERICAN ACADEMY OF

NEUROLOGY.



http://ng.neurology.org/content/8/6/e200041.full.html
http://ng.neurology.org/content/8/6/e200041.full.html##ref-list-1
http://ng.neurology.org//cgi/collection/all_genetics
http://ng.neurology.org//cgi/collection/all_movement_disorders
http://ng.neurology.org//cgi/collection/all_pediatric
http://ng.neurology.org//cgi/collection/spastic_paraplegia
http://ng.neurology.org/misc/about.xhtml#permissions
http://ng.neurology.org/misc/addir.xhtml#reprintsus

