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The thanatos-associated ~ protein  domain-containing — apoptosis-associated
protein 1 (THAP1) gene was initially identified in Amish-Mennonite
families with craniocervical dystonia, referred to as DYT6
dystonia.'"? Patients often present with craniocervical or limb-
onset segmental dystonia during adolescence. While conven-
tional MRI is often unremarkable, recent studies show iron
accumulation in the globus pallidus in some THAPT cases.”*
Advanced MRI techniques have enabled the quantitative assess-
ment of brain iron levels.” Accordingly, this study aims to assess
iron accumulation in a patient with recessive THAP1-related
dystonia compared to healthy controls using quantitative suscep-
tibility mapping (QSM).

A 13-year-old right-handed girl born to consanguineous par-
ents (first cousins) was referred to assessment for treatment-
refractory dystonia. Her older brother and two older sisters were
neurologically unaffected. Dystonic contractions began in her left
hand at age six and spread gradually over 2 years to her right foot,
neck, cranial muscles, right hand, and eventually all extremities.

Neurological examination revealed dysphonic speech and
impaired saccadic, pursuit, and optokinetic eye movements. She
exhibited bradykinesia and generalized dystonia, predominantly
affecting the cervical and cranial regions. Axial dystonia presented
as rightward truncal deviation and left shoulder elevation, along
with distal limb involvement. Occasional blepharospasm, jaw-
opening dystonia, and risus sardonicus were noted. Due to severe
dystonia, she was unable to walk even with support and had
poor sitting balance. Her Burke-Fahn- Marsden Dystonia Rating
scale socre (BFMDRS) was 94.5. The difficulty in sitting was
therefore attributed to dystonia rather than ataxia, and no clinical
signs of cerebellar dysfunction were observed.

Nerve conduction and needle EMG studies were also

unremarkable. CSF neurofilament level was elevated (497.5 pg/ml;

cut-off >380 for age <30 years). The cranial CT scan was normal,
without signs of basal ganglia calcification. Brain MRI showed bilat-
eral T2- and SWI-hypointensities in the globus pallidus.

Levodopa (62.5 mg/day) induced tongue dyskinesias and was
discontinued. Trihexyphenidyl titrated to 15 mg/day was inef-
fective. Over the two-year follow-up period after implantation
of combined GPi and STN DBS, STN stimulation was discon-
tinued due to limited benefit, and only GPi DBS remained
active. The patient has been more comfortable under GPi-only
stimulation with a BEMDRS score of 87.5, without any
stimulation-induced side effects (Table S1).

In the proband who underwent WES, a homozygous mis-
sense variant in the THAPI gene (ENST00000254250.7:
c.149A>G; p.Tyr50Cys) was identified and classified as likely
pathogenic (PM1, PM2, PP3_Moderate). Segregation analysis
using Sanger sequencing confirmed heterozygosity for the variant
in both parents and the elder brother. Pedigree analysis showed
that the proband was homozygous for the variant, while individ-
uals marked with a plus sign (+) were identified as heterozygous
carriers (Fig. S1).

QSM revealed increased susceptibility in the globus pallidus
bilaterally, corresponding to hypointensity on T2*-weighted
images in the patient (Fig. 1B,D). Detailed QSM methodology is
provided in the Supplementary Methods.

The susceptibility values in all the DGM regions of the patient
were higher than the average of the control group; however, a
statistically significant difference was only detected in the globus
pallidus externus. The DGM volumes in the patient were smaller
compared to the control group, particularly in the putamen;
however, this difference was not statistically significant
(Fig. 1E,F).
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Figure 1. On the left, T2*-weighted gradient-recalled echo magnitude images are shown for (A) a control subject and (B) the patient; on
the right, quantitative susceptibility maps (QSM) are displayed for (C) the control and (D) the patient. In the patient, bilateral hypointensity
is observed in the globus pallidus, which is reflected as increased susceptibility on QSM.E) illustrates that susceptibility values in all deep
gray matter (DGM) regions of the patient were higher than the average of the control group. (F) demonstrates that the adjusted DGM
volumes of the patient were lower than the control group average. The third graph shows z-scores, indicating that only the susceptibility

of the globus pallidus externus was statistically significant (z-score = 3.41).
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In our study, we provide the first confirmation of iron
accumulation in recessive THAP1 mutations using QSM, thereby
validating this association through a novel imaging method. How-
ever, it remains unclear whether iron accumulation differs between
homozygous and heterozygous THAPI mutations. Within the
NBIA spectrum, the patterns and extent of iron accumulation are
not yet clearly defined. While this study confirms brain iron accu-
mulation in recessive THAP1 mutation cases, it also highlights the
value of QSM as a diagnostic tool in the NBIA group. Additional
interpretation and clinical implications of these findings are dis-
cussed in detail in the Supplementary Discussion.
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Supporting information may be found in the online version of
this article.

Data S1. Supplementary Discussion: Extended discussion of the
clinical and imaging findings with reference to relevant literature.
Data S2. Supplementary Methods: Detailed description of
the QSM methodology used in this study.

TABLE S1. Functional and motor scores before and after deep
(DBS)  are Following the

brain  stimulation presented.
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implantation of combined GPi and STN DBS, STN stimulation
was discontinued due to limited benefit, and only GPi DBS
remained active during the two-year follow-up. The patient was
more comfortable under GPi-only stimulation, with a BFMDRS
score of 87.5 (improved from 94.5), and without any
stimulation-induced side effects. Arrows (1/]) indicate worsening

or improvement, respectively.
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Figure S1. Pedigree of the family. The proband, indicated
by an arrow, is homozygous for the THAP1 variant
(ENST00000254250.7:¢.149A>G; p.Tyr50Cys). Individuals
marked with a plus sign (4+) underwent targeted variant analysis
and were all found to be heterozygous carriers of this variant.
Individuals IV-5 and IV-6 died at 7 and 8 months of age,
respectively, before genetic testing could be performed.
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