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kinesigenic dyskinesia using
quantitative susceptibility
mapping

Fangfang Xie!, Ting Mao'', Jingyi Tang?, Linmei Zhao!,
Jiuging Guo?, Huashan Lin?, Dongcui Wang*** and
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Pharmaceutical Diagnosis, GE Healthcare, Changsha, China, *National Clinical Research Center for
Geriatric Disorders, Xiangya Hospital, Central South University, Changsha, China

Introduction: Previous studies have revealed structural, functional, and metabolic
changes in brain regions inside the cortico-striatal-thalamo-cortical (CSTC) loop
in patients with paroxysmal kinesigenic dyskinesia (PKD), whereas no quantitative
susceptibility mapping (QSM)-related studies have explored brain iron deposition
in these areas.

Methods: A total of eight familial PKD patients and 10 of their healthy family
members (normal controls) were recruited and underwent QSM on a 3T magnetic
resonance imaging system. Magnetic susceptibility maps were reconstructed
using a multi-scale dipole inversion algorithm. Thereafter, we specifically analyzed
changes in local mean susceptibility values in cortical regions and subcortical
nuclei inside the motor CSTC loop.

Results: Compared with normal controls, PKD patients had altered brain iron
levels. In the cortical gray matter area involved with the motor CSTC loop,
susceptibility values were generally elevated, especially in the bilateral M1 and
PMv regions. In the subcortical nuclei regions involved with the motor CSTC loop,
susceptibility values were generally lower, especially in the bilateral substantia
nigra regions.

Conclusion: Our results provide new evidence for the neuropathogenesis of PKD
and suggest that an imbalance in brain iron levels may play a role in PKD.

KEYWORDS

paroxysmal kinesigenic dyskinesia (PKD), cortico-striatal-thalamo-cortical loop,
quantitative susceptibility mapping (QSM), multi-scale dipole inversion, iron deposition

1. Introduction

Paroxysmal kinesigenic dyskinesia (PKD) is the most common subtype of paroxysmal
movement disorder, which is characterized by transient, recurrent attacks of dyskinesia
triggered by sudden movement (1). Such attacks may cause short-term loss of mobility
and interfere with daily activities such as walking and working, substantially impairing the
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quality of life (2). PKD is divided into primary and secondary types
based on the etiology, with primary PKD being inherited in an
autosomal dominant pattern (1). The proline-rich transmembrane
protein 2 (PRRT2) gene, located in the peri-centromeric region of
chromosome 16, was the first identified cause of the primary type
of PKD (3).

PRRT2 is predominantly expressed in the basal ganglia
(4), a key node in the cortico-striatal-thalamo-cortical (CSTC)
loop. The motor CSTC loop originates from the motor cortex
and is a neuronal circuit that controls movement selection
and initiation, reinforcement, and reward (5). The abnormal
function of the basal ganglia in PKD has been confirmed by
imaging studies. Shirane et al. (6) reported enhanced ictal blood
perfusion in the left thalamus detected by single-photon emission
computed tomography (SPECT). Subsequent neuroimaging studies
discovered that structural and functional abnormalities also exist
in the thalamus and cortex of the motor CSTC loop outside the
basal ganglia in patients with PKD (7). Kim et al. (8) reported
reduced gray matter volume of the bilateral thalami accompanied
by shape deformation. In addition, Zhou et al. (9) reported that
compared to controls, those with PKD had significantly higher
fractional anisotropy values in the right thalamus and lower mean
diffusivity values in the left. Moreover, Long et al. (10) found
that PKD patients had increased structural white matter fiber tract
connectivity between the ventral lateral/anterior thalamic nuclei
and the lateral motor cortical area compared to the controls.
Zhou et al. (11) and Luo et al. (12) performed voxel-based
analyses on the amplitude of low-frequency fluctuation (ALFF)
calculated from resting-state functional magnetic resonance
imaging (fMRI) data and found that those with PKD had a
significant increase in neuronal activity in the putamen and
right postcentral gyrus. Additional studies indicated that PKD
patients had increased functional connectivity between the ventral
lateral/anterior thalamic nuclei and the lateral motor cortical
area (10). Further functional network analysis of the small-
world properties of the topological organization showed that PKD
patients had increased nodal centralities in the left precentral
gyrus, basal ganglia, and limbic regions (13). Therefore, the motor
CSTC loop where basal ganglia are located was considered to be
implicated in the neuropathological mechanism of PKD.

The protein encoded by PRRT2 functions to delay the
transition of the voltage-gated sodium channels from an inactivated
to a normal resting state. Its deficiency in neurons could
therefore accelerate the recovery of sodium channels from
an inactivated state, leading to enhanced release of excitatory
factors, such as potassium ions or glutamate neurotransmitters
(4). Both the anabolism and catabolism of neurotransmitters
require iron-containing enzymes and iron-dependent proteins
(14). Considering that the abnormal release of neurotransmitters
is related to the neural mechanism of PKD (15), iron is required
for several neuronal-specific functions such as dopaminergic
neurotransmitter synthesis (16), and the motor CSTC loop is
speculated to be involved in the pathogenesis of PKD, alterations
in iron deposition inside the motor CSTC loop may therefore
be expected.

Quantitative susceptibility mapping (QSM) is an emerging
MRI technology that is sensitive to detect alterations in magnetic
susceptibility by utilizing gradient-echo sequences (17). It has a
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great potential to map the perturbations of iron distributions in
neurological diseases including those with clinical manifestations
of movement disorders (18, 19), such as Parkinson’s disease (20),
Huntington’s disease (21), and epilepsy (22-25). However, the
spatial distribution of magnetic susceptibility in PKD and its
correlation to motor symptoms has not yet been elucidated. To
this end, the present study aims to test for the first time the
hypothesis that iron homeostasis along the CSTC loop is disrupted
in PKD patients.

2. Materials and methods

2.1. Participants

Study participants were recruited from a four-generation
Chinese PKD pedigree (Figure 1), whose clinical manifestations
and pathogenic variants have been previously reported (26).
A detailed medical history from all available individuals was
collected. Thorough physical examinations were performed by
two experienced neurologists. The inclusion criteria for the PKD
group in the present analysis were (1) meeting the PKD diagnostic
criteria established by Cao et al. (27); (2) having PRRT2 gene
deletion mutations; (3) having good vision, hearing, and language
capacity; and (4) not having any obvious anxiety or depression
tendencies. The exclusion criteria were having (1) a history of
prior traumatic brain injury, brain tumor, cerebral infarction,
intracerebral hemorrhage, epilepsy, or other nervous system
disorders and/or (2) MRI scanning incompatibility.

Healthy, close family members of those in the family with PKD
were recruited as normal controls (NC). The inclusion criteria
were having (1) no PRRT2 gene deletion mutations; (2) good
vision, hearing, and language capacity; and (3) no obvious anxiety
and/or depression tendencies. The exclusion criteria were the same
as above.

The genetic variants were determined by whole-exome
sequencing and PCR-Sanger sequencing as described in He et al.
(26). Screening for psychological illness was carried out on all
participants by two trained neurological physicians using the
Symptom Checklist-90-Revised (SCL-90-R), Self-rating Anxiety
Scale (SAS), and Self-rating Depression Scale (SDS).

All participants signed informed consent and volunteered
to participate. This study was approved by the Ethics Review
Committee from Xiangya Hospital of Central South University.

2.2. Imaging protocol

Axial QSM images were acquired on a Siemens 3T MRI
system (Prisma, Siemens Healthcare, Erlangen, Germany) using a
64-channel head array coil and a multi-echo sequence with the
following parameters: repetition time (TR) = 50 ms, flip angle (FA)
= 15°, slice thickness (ST) = 1.2 mm, field of view (FOV) = 220 x
192 mm?, matrix size = 288 x 252, echo train length (ETL) = 8,
echo time (TE) = 10.79 ms, 17.25 ms, 21.35 ms, 25.45 ms, 29.55 ms,
33.65ms, 37.75 ms, and 41.85 ms, receiver bandwidth (BW) = 260
Hz/Pixel, number of excitations (NEX) = 1, and total acquisition
time (TA) = 10m 37 s.
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FIGURE 1

J1 |:z
516 7|s fé 10 Wi
7 8 9 10

Pedigree of the PKD-affected family. Squares represent males; circles represent females; empty symbols indicate unaffected family members;
filled-in symbols indicate individuals with PKD; individuals indicated by arrows were not enrolled.

2.3. QSM reconstruction and spatial
standardization

QSM image reconstruction was performed using the pipeline
for multi-echo combined data provided in QSMbox (https://gitlab.
com/acostaj/QSMbox), an open-access MATLAB toolkit. The
processing steps were as described by Thomas et al. (28) (Figure 2)
and specifically included (1) the phase data being unwrapped with a
discrete Laplacian method based on the phase images; (2) the BET2
algorithm in FSL (https://fsl.fmrib.ox.ac.uk) being used to extract
and mask the brain structure based on the magnitude images;
(3) a background field suppression steps that included Laplacian
boundary value extraction and spherical mean-value filtering; and
(4) susceptibility maps estimating via the MSDI algorithm (29).

QSM spatial standardization was performed using FMRIB
Software Library (FSL V6.0). Individual susceptibility maps were
co-registered to spatially normalized QSM templates using affine
and non-linear transformation (30).

2.4. Definition of regions of interest

The regions of interest (ROIs) of motor-related cortices in the
motor CSTC loop were extracted from the gray matter part of
the Human Motor Area Template (HMAT) (31). These included
the primary motor cortex (M1) and primary somatosensory cortex
(S1), which are located in the sensorimotor cortex (SMC). The pre-
supplementary motor area (pre-SMA) and supplementary motor
area proper (SMA proper) that are in the mesial premotor cortex
(MPMC) were included. The other included locations were in
the lateral premotor cortex (LPMC), which included the dorsal
aspects of LPMC (PMd) and the ventral aspects of LPMC (PMv).
To confine the analysis to the gray matter, individual magnitude
images were first segmented, and then the gray matter probability
maps were registered to the QSM standard space using affine
and non-linear transformation. After registration, the intersections
between the standardized gray matter probability map and the
HMAT template were taken to define the gray matter part of the
HMAT template.

Furthermore, the ROIs of subcortical nuclei in the motor CSTC
loop were created based on the brain parcellation template that was
previously constructed using QSM model data (30). These included
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the putamen (PUT), globus pallidus (GP), thalamus lateral nucleus
(THAL_VL), substantia nigra pars reticulata (SNpr), and substantia
nigra pars compacta (SNpc). In addition, the subthalamic nucleus
(STN), a crucial node of the motor CSTC loop, was not contained
in the aforementioned template and thus was manually traced in an
individual susceptibility map using a 3D slicer (https://www.slicer.
org/), as well as its nearby nucleus, the substantia nigra (SN).

2.5. Statistical analysis

For all these ROIs, mean QSM values were extracted separately
for statistical analyses. To examine inter-group differences, chi-
square tests were used for the analysis of gender distribution.
Additionally, independent ¢-tests were used for indicators
conforming to a normal distribution (one sample K-S test)
or homogeneity of variance (Levenes test for homogeneity of
variance) (such as age); otherwise, the Mann-Whitney U-test
was used. Analysis of covariance (ANCOVA) was used for data
conforming to a normal distribution and homogeneity of variance
on regional susceptibility with age as a covariate; otherwise, a
Mann-Whitney U-test was used. A partial correlation analysis
was performed to explore the relationships between susceptibility
indicators and each item of clinical manifestations, onset age,
attack frequency, and attack duration included, while controlling
for the effect of age. All statistical analyses were performed using
SPSS 23.0 software (IBM Inc., Armonk, New York, USA). Data
were considered statistically significant at the level of a p-value of
< 0.05.

2.6. Sensitivity analysis

To address the effect of gray matter volume (GMV), we
additionally performed ANCOVA on the mean QSM value for
any ROI with age, total intracranial volume (TIV), and its
GMV as covariates. TIV and GMV were estimated from TI1-
weighted images using the CAT12 (https://www.nitrc.org/projects/
cat/) segmentation pipeline with mostly the default configurations
except for the resolution configured at 1 mm. T1-weighted scans
were acquired via a 3-dimensional magnetization prepared rapid
gradient Echo (MPRAGE) sequence with the following parameters:
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Data analysis flowchart. Three major modules from left to right are data acquisition, data processing, and statistical analysis. MSDI, multi-scale dipole
inversion algorithm; FSL, FMRIB Software Library; HMAT, standard space motor cortex division human motor area template

TR = 2,110ms, TE = 3.18ms, FA = 9°, ST = 0.73mm,
FOV=232 x 232 mm?, matrix size = 320 x 320, NEX = 1;
TA = 4 min, 36 s.

3. Results

3.1. General clinical information

As seen in Figure 1, two family members from the enrolled
pedigree died decades ago, leaving only 23 members available
for the current project. Of the nine PKD subjects, one was
excluded for concurrent glioma. Of the 14 unaffected subjects,
four declined to participate due to personal reasons. The general
clinical information of both groups is summarized in Table 1.
The PKD patients shared the same mutation of c.324_334del (p.
Vall09Argfs*21) in the second exon of the PRRT2 gene. Their
onset age ranged from 8 to 10 years, and the attack generally
lasted for <30s with a frequency that varied from 0.3 to 120
times per month. There were no statistically significant differences
between PKD and controls in age, gender, or mental health scores
(p > 0.05).
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3.2. Motor-related cortices

The gray matter template for each motor cortex division
in the HMAT template is shown in Figure 3A, and their
corresponding mean susceptibility values are reported in Table 2.
When controlling for age, the analysis of the bilateral M1 regions
with unequal variance indicated that QSM values were significantly
higher in PKD than in controls. Moreover, ANCOVA of other
regions showed that those with PKD had decreased QSM values
in the supplementary motor areas compared to controls while
also having overall increased QSM values in S1 and PMd. In
the PMv regions, PKD patients were found with significantly
increased QSM values bilaterally when compared to controls
(Table 2).

3.3. Motor-related subcortical nuclei
The distribution of each subcortical nucleus in the motor CSTC
loop is shown in Figures 3B-D, and their corresponding mean

susceptibility values are displayed in Table 3. When controlling for
age, the PKD group showed significantly decreased QSM values in
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TABLE 1 Analysis of general clinical information results.

10.3389/fneur.2023.1164600

Characteristics PKD group NC group Statistic (T) p
Age (year) 41.380 £ 19.777 48.600 £ 18.887 0.790 0.441
Gender (male/female) 4/4 5/5 Crosstab 1
Onset age (year) 9.500 + 1.690 —

Attack duration (s) <30 —

Attack frequency (per month) 0.3 t0 120 —

Symptom laterality (Right/Left/Both) 0/0/8 —

SAS 42.750 £ 10.740 37.700 £ 6.977 1.207 0.245
SDS 51.000 + 12.189 44.600 £ 11.501 1.143 0.270
SCL-90 18.803 £ 5.703 14.544 £2.142 U 0.078°

Continuous variables presented as mean =+ standard deviation.
bUnequal variance by Levenes test.

FIGURE 3

Distribution map of each region of interest in the motor CSTC loop. (A) Gray matter components of the motor-related cortices derived from the
HMAT division template. (B) Motor-related subcortical nuclei derived from the QSM template by Chunlei Liu et al. (C, D) Coronal plane and
three-dimensional (3D) representation of substantia nigra and subthalamic nucleus by manual segmentation.

the bilateral SNpr regions compared to the controls. No statistically
significant changes were observed in QSM values of other regions
by ANCOVA (Table 3).

3.4. Correlation analysis

No significant correlation was found in the present study
between the various susceptibility indicators investigated and
clinical manifestations including onset age, attack frequency, and
attack duration (p > 0.05).

3.5. Sensitivity analysis

We performed a sensitivity analysis to further exclude the
effects of TIV and GMV. The results were approximately the
same for both the cortical and subcortical ROIs (Table 2). The
susceptibilities in bilateral PMv and the left SNpr still had
significant inter-group differences, and the susceptibilities in
bilateral M1 and the right SNpr turned out to have tendencies for
significant inter-group differences.
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4. Discussion

Bioavailable iron is required for numerous biological processes
in the brain, such as the synthesis of neurotransmitters, myelin
formation, and neuronal energy metabolism, and thus is essential
for maintaining normal neurological function (32). When iron
homeostasis is disrupted, any excess levels may result in the
release of reactive oxygen, increased oxidative stress, and cell death.
Similarly, iron deficiency results in decreased activity of iron-
dependent enzymes, leading to impaired development of brain
structure and function (33). In addition to age-specific and region-
specific requirements, diseases are among the important factors
that disrupt iron homeostasis (33). Studies have demonstrated that
neurological diseases with movement disorders, such as Parkinson’s
disease (19, 20), Huntington’s disease (21), or epilepsy (22-25), may
have altered iron homeostasis in the brain. In the study, we show for
the first time the altered interictal iron levels in the brains of people
with PKD.

PKD is an autosomal-dominant neurologic disorder with
incomplete penetrance (34). The gene of PRRT2 is the first
identified causative gene to the primary type of PKD (3). It accounts
for one-third of PKD patients and 91% of familial PKD patients
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TABLE 2 Comparison of susceptibility part per million (ppm) in the motor-related cortices.

Cerebral

hemisphere

PKD group

NC group

Statistic (F)

10.3389/fneur.2023.1164600

Right side M1 0.0021 £ 0.0012 —0.0003 £ 0.0043 U 0.003*° 0.169
S1 0.0009 +£ 0.0015 —0.0011 = 0.0029 3.096 0.099 0.122
SMA 0.0095 + 0.0037 0.0116 =+ 0.0037 2.377 0.144 0.270
preSMA 0.0109 = 0.0030 0.0147 £ 0.0045 4.402 0.053 0.067
PMd 0.0007 = 0.0020 —0.0010 £ 0.0027 2.006 0.177 0.204
PMv 0.0032 £ 0.0018 —0.0002 =& 0.0026 9.394 0.008* 0.023*
Left side M1 0.0019 £ 0.0018 —0.0022 =& 0.0048 U 0.000* 0.053
S1 —0.0001 £ 0.0031 —0.0008 =+ 0.0029 0.238 0.633 0.657
SMA 0.0102 = 0.0023 0.0105 =+ 0.0061 0.099 0.757 0.642
preSMA 0.0149 +£ 0.0030 0.0156 £ 0.0033 0.359 0.558 0.349
PMd 0.0005 =+ 0.0026 —0.0003 =+ 0.0020 0.587 0.455 0.501
PMv 0.0021 £ 0.0018 —0.0010 & 0.0015 14.301 0.002* 0.004*

Continuous variables presented as mean =+ standard deviation.
p, analysis with age as a covariate.

p’, analysis with age, TIV, and GMV as covariates.

bUnequal variance by Levene’ test.
*Statistically significant at p < 0.05.

TABLE 3 Comparison of susceptibility (ppm) in motor-related subcortical nuclei.

Cerebral PKD group NC group Statistic (F)

hemisphere

Right side PUT 0.0345 4 0.0144 0.0447 4 0.0133 2.605 0.127 0.103
GP 0.0807 £ 0.0215 0.0971 4 0.0262 1.924 0.186 0330
THAL_VL —0.0156 = 0.0052 —0.0171 £ 0.0108 0.102 0.753 0.880
SNpr 0.0485 =+ 0.0443 0.0861 + 0.0217 U 0.000% 0.065
SNpc 0.0622 + 0.0319 0.0745 =+ 0.0169 1.119 0.307 0.153
SN (manual) 0.1066 =+ 0.0306 0.0986 + 0.0213 0.538 0.474 0.494
STN (manual) 0.0448 + 0.0341 0.0588 + 0.0163 1.215 0.288 0252

Left side PUT 0.0254 + 0.0119 0.0347 + 0.0136 2269 0.153 0.124
GP 0.0899 = 0.0201 0.1108 + 0.0273 3.508 0.081 0.119
THAL_VL —0.0206 =+ 0.0087 —0.0235 + 0.0097 0376 0.549 0.817
SNpr 0.0132 4 0.0339 0.0375 4+ 0.0183 U 0.000%° 0.032*
SNpc 0.0762 & 0.0376 0.0877 % 0.0205 0.638 0437 0.413
SN (manual) 0.1037 4 0.0228 0.1086 + 0.0205 0.180 0.678 0.640
STN (manual) 0.0406 + 0.0228 0.0577 + 0.0242 2332 0.148 0.122

Continuous variables represented as mean =+ standard deviation.
P> analysis with age as a covariate.

p’, analysis with age, TIV, and GMV as covariates.

bUnequal variance by Levenes test.
*Statistically significant at p < 0.05.

(35). The present study enrolled a big Chinese PKD pedigree
whose affected members all shared the same c¢.324_334del (p.
Vall09Argfs*21) mutation of the PRRT2 gene. The pure genetic
background shared by the PKD patients helped greatly to eliminate
an important confounding factor of genotyping, making the
interpretation of the results more credible.

Frontiersin Neurology

Our results indicated that in the selected ROIs, participants
in both groups exhibited the highest mean susceptibility values in
GP followed by SNpc, while other subcortical nuclei had lower
values, and the susceptibility values were lowest in motor-related
cortices (Tables 1, 2). Previous studies demonstrated that QSM

could measure iron content in the brain tissue (36), and the
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brain parenchyma has the highest levels in the extrapyramidal
system, followed by the cortex, while the white matter has almost
none (37). Therefore, our results followed the same pattern as
previous findings, suggesting the high reliability of our data and
data processing method.

Additionally, our results showed that the motor cortex gray
matter components in PKD patients have significantly increased
susceptibility values in the bilateral M1 and PMv regions. Since
the anatomical contrast in the susceptibility maps of the human
brain primarily comes from tissue iron (paramagnetic) and myelin
(diamagnetic), the simultaneous presence or co-localization of
these two complicates the interpretation of susceptibility changes.
We hypothesized that the increased susceptibility of the gray matter
motor cortex is likely a combined effect of two mechanisms.
The first mechanism is increased iron content. Iron participates
in the synthesis of neurotransmitters; thus, increased levels can
enhance neurotransmitter synthesis capacity, increasing output
functions in the brain. Studies have shown that the cortical medulla
oblongata adjacent to the central sulcus is more prone to iron
accumulation, which affects motor and decision-making signaling
(38). A second mechanism is reduced astrocytes in the gray
matter. Astrocytes are present in the gray matter (39), and their
function includes controlling the number of synapses, clearing
released neurotransmitters from synapses, regulating blood flow,
and providing lactate energy to neurons (40, 41). Thus, we
conjectured that a decline in astrocytes decreases their clearing
capacity of released neurotransmitters, resulting in more excitatory
glutamatergic neurotransmitters being transported to the basal
ganglia. Noting that in the last decade, multiple attempts have
been made to separate the contributions of paramagnetic and
diamagnetic susceptibility sources for QSM. With the algorithms
progressed from linear regression (39), three-pool complex
signal modeling named DECOMPOSE-QSM (42) to the recently
proposed comprehensive complex data modeling and an iterative
voxel-specific magnitude decay kernel estimating algorithm named
APART-QSM (43), more reliable susceptibility separation maps
could be generated. It is believed that the maturation of
susceptibility source separation technology will be helpful in
validating our hypotheses about the underlying mechanisms.

The analysis of the subcortical nuclei involved in the motor
CSTC loop found that PKD patients exhibited significantly lower
susceptibility values in the bilateral SNpr regions. Previous studies
reported that in deep gray matter structures such as subcortical
nuclei, the effect of myelin is limited, and other paramagnetic
metals are negligible; therefore, the susceptibility values can reliably
be quantified as changes in iron content (36). Thus, the decline
of SNpr region susceptibility values indicates lower levels of iron.
The substantia nigra has an abundant iron-neuromelanin complex
(37), a dark pigment that is structurally similar to melanin in
the skin and the iris. It is produced through the oxidation of
levodopa and dopamine and has a high affinity and chelating
ability for iron and other metals, making it the main iron storage
site in catecholaminergic ganglion (44). A decline in iron levels
in the substantia nigra is inferred to be iron reallocation in
the brain tissue as reported in premanifest Huntington’s disease
patients by van Bergen et al. (45). The SN has a large number of
dopaminergic neurons with a continuous metabolic activity that
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is particularly susceptible to oxidative stress (46). Iron plays a key
role in enhancing reactive oxygen species (ROS) and mitochondrial
damage (47). Therefore, changes in iron in the substantia nigra
can lead to functional changes in the substantia nigra and play
an important role in the pathogenesis of motor dysfunction
diseases (48).

We conducted sensitivity analyses to explore the effect of
TIV and GMV. The magnetic susceptibility values of the bilateral
PMv and the left SNpr were retained to be of significant group
differences. This observation not only further supported the
robustness of the alterations of susceptibility distribution but also
suggested that the alterations were not caused by gray matter
volume changes.

There are several limitations in this study. First, the sample
size was relatively small, and the study was cross-sectional. It
thus could not be determined whether the disruption in brain
iron hemostasis is just an epiphenomenon of the pathological
state or a catalyst of iron metabolism dysregulation promoting
the development and progression of PKD. Therefore, longitudinal
studies with larger sample sizes are required in future studies.
Second, the participants were enrolled from a pedigree having
c.324_334del (p. Vall09Argfs*21) mutation in the second exon
of the PRRT2 gene, which only accounts for most cases of PKD.
Extreme caution should be exercised when generalizing the results
across different families with different gene mutations. Third,
voluntary movement control is regulated by the coordination of
the pyramidal and extrapyramidal systems. Findings in PKD have
shown susceptibility changes in both cortex and basal ganglia
nuclei, but their respective roles in the disease are unknown
and require further investigation. Moreover, our study lacked
histopathological data validation. Histopathological data are also
needed to determine whether brain iron levels can be used as a
biological indicator of PKD.

5. Conclusion

We utilized QSM imaging technology for the first time
to investigate brain iron levels in participants with familial
PKD. Preliminary results showed that PKD patients had altered
brain iron levels. In the cortical gray matter area involved
with the motor CSTC loop, susceptibility values were generally
elevated, especially in the bilateral M1 and PMv regions. In the
subcortical nuclei regions involved with the motor CSTC loop,
susceptibility values were generally lower, especially in the bilateral
substantia nigra regions. Our results provide new evidence for
the neuropathogenesis of PKD and suggest that an imbalance
in brain iron levels may play a role in PKD. However, further
histopathological investigations are needed to confirm the changes
in brain iron levels and to provide more evidence for the changes as
a neuroimaging marker for PKD.
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