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Abstract.
Background: Parkinson’s disease (PD) is the second most common neurodegenerative disorder, with genetic factors account-
ing for about 15% of cases. There is a significant challenge in tracking disease progression and treatment response, crucial
for developing new therapies. Traditional methods like imaging, clinical monitoring, and biomarker analysis have not con-
clusively tracked disease progression or treatment response in PD. Our previous research indicated that PD patients with
increased dopamine transporter (DAT) and tyrosine hydroxylase (TH) in peripheral blood mononuclear cells (PBMCs) might
show disease progression and respond to levodopa treatment.
Objective: This study evaluates whether DAT- and TH-expressing PBMCs can monitor motor progression in a PD patient
with a heterozygous TH mutation.
Methods: We conducted a longitudinal follow-up of a 46-year-old female PD patient with a TH mutation, assessing her
clinical features over 18 months through DaT scans and PBMC immunophenotyping. This was compared with idiopathic PD
patients (130 subjects) and healthy controls (80 age/sex-matched individuals).
Results: We found an increase in DAT+ immune cells concurrent with worsening motor scores (UPDRS-III). Following
levodopa therapy, unlike idiopathic PD patients, TH+ immune cell levels in this patient remained high even as her motor
scores improved.
Conclusions: Longitudinal immunophenotyping in this PD patient suggests DAT+ and TH+ PBMCs as potential biomarkers
for tracking PD progression and treatment efficacy, supporting further exploration of this approach in PD research.
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PLAIN LANGUAGE SUMMARY

Parkinson’s disease, the second most prevalent
neurodegenerative disease, has traditionally been
considered a disorder of the brain. However, recent
studies have shown that it also involves changes in
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the immune cells in the blood. Our previous stud-
ies demonstrated that Parkinson’s disease patients
have higher levels of immune cells expressing two
proteins, dopamine transporter (DAT) and tyrosine
hydroxylase (TH). In this study, we explored whether
these markers could help monitor disease progres-
sion or treatment response over time in a patient
with a TH mutation. By analyzing blood samples
from this patient over several months, we observed
that the levels of immune cells expressing DAT
and TH increase with the worsening of symptoms.
Interestingly, unlike in idiopathic Parkinson’s disease
patients, where effective treatment reduces both DAT
and TH expressing immune cells, in this patient with
a TH mutation, only the number of DAT-expressing
immune cells decreases. These findings indicate that
measuring DAT and TH expression in blood immune
cells could be a valuable blood marker for tracking
disease progression and treatment response in Parkin-
son’s disease patients.

INTRODUCTION

Parkinson’s disease (PD) is the second most preva-
lent neurodegenerative syndrome and is the fastest
growing [1]. PD is not one disease, and thus the patho-
physiology across known causes is complex. Genetic
factors account for ∼15% of PD cases [2, 3] with sev-
eral known pathogenic gene mutations [4, 5]. Many
of the symptoms and some of the progression pat-
terns in PD are similar, whether idiopathic or genetic
[6, 7]. Currently, tracking the progression of PD or
its response to symptomatic treatments, such as lev-
odopa, has been attempted using imaging modalities
such as DAT and MRI, as well as skin biopsy and
MIBG cardiac testing [8–14]. While recent research
has highlighted several promising disease progres-
sion markers [15–17], their longitudinal applicability
in monitoring progression for individual PD patients
has not been clearly demonstrated.

We previously studied peripheral blood
immunophenotyping as an approach to disease
progression. We used a cross-sectional design with
130 PD patients and the data revealed that peripheral
immune cells expressed both a marker for dopamine
transporter (DAT+) and tyrosine hydroxylase (TH+)
in idiopathic PD [17]. The levels of DAT and TH
decreased following treatment with levodopa and
coincident improvement in UPDRS-III (PD motor)
scores [17]. Herein, we report the case of a single PD
subject who carried a heterozygous TH mutation and

we performed immunophenotyping of peripheral
blood mononuclear cells (PBMCs) to determine the
consistency of the findings with idiopathic PD.

RESULTS AND DISCUSSION

Patient information and diagnostic

The patient was a 46-year-old female who pre-
sented with a right-hand resting tremor, bradykinesia,
and rigidity which slowly progressed over a period of
two years. She was of Asian ancestry, born in south
Korea and was adopted in the USA at the age of 4
years. She previously met her biological family and
reported no family history of parkinsonism or other
neurological conditions. She had a long history of
constipation and hyposmia prior to the development
of her motor symptoms. Her symptoms progressed
with increased bradykinesia, shuffling gait, lower
extremity pain, dystonia and impaired hand dexterity.
She was initially treated with a dopamine agonist due
to her age and risk of motor complications. Because
of a lack of meaningful benefit and persistent nau-
sea, carbidopa/levodopa was initiated. Her levodopa
dose was titrated over time to 700 mg/day in three
divided doses. She showed marked, clear and sus-
tained response to levodopa and improvement in her
motor symptoms. Her initial motor UPDRS score
prior to initiation of therapy was 27, and this was
reduced to a motor score of 10 at 24 months follow-
ing optimization of her medical therapy. DaTscans
were collected at baseline and at 11 months. The
series of DaTscans revealed a pattern consistent with
parkinsonism (Fig. 1). Methods are provided in Sup-
plementary Material: DaTscan.

Sequencing

Whole genome sequencing was completed at
a median 32X coverage (63% bases > 30X) by
Illumina 150bp paired-end reads. All known genes
for parkinsonism were examined. The patient was
found to be a heterozygous carrier of a pathogenic
variant in TH (GRCh37/hg19 chr11:2,186,975-6;
ENST00000381178 c.1215 1216delCCinsTT;
p.Glu406*; CADD v1.6 = 49). The sequencing depth
at this position was 62 reads (Ref F:R 15:20, Alt
F:R 18:9). The global minor allele frequency of
this mutation in control individuals was 1.59E-06
(1/627,326 alleles) albeit with a frequency of 2.8E-05
in East Asia (1/36,048 alleles; gnomAD v4.0.0). A
detailed inspection of read alignment, including all
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Fig. 1. DaTscan reveals left-side asymmetry in striatal DAT binding and is not qualitatively different 11 months after initial scan. Study
showing reduced striatal DAT binding both at study initiation and ∼11 months (10 months and 28 days) afterwards. Despite worsened
symptoms and clinical presentation, two scans 11 months apart do not reveal changes in asymmetry.

single nucleotide and structural variants in the locus,
did not identify any other potentially damaging
variants in the gene, and this was consistent with
the patient possessing at least one normal TH allele.
TH mutations have been associated with autosomal
recessive Segawa syndrome, an infantile/juvenile
onset dopa-responsive dystonia-parkinsonism disor-
der. Heterozygous TH carriers are not known to be
symptomatic, however a single case documents a
heterozygous pathogenic mutation in an individual
with levodopa-responsive dystonia [18]. Methods are
provided in the Supplementary Material: Genetics.
Sequencing results in graphical form are provided in
Supplementary Figure 1.

In idiopathic PD and in this PD patient carrying
a mutation in the gene encoding TH, changes in
DAT+ PBMCs were coupled to changes in motor
function: increases were coupled with worsening
motor function prior to carbidopa:levodopa ther-
apy, and decreases in DAT+ PBMCs were coupled
with improved UPDRS-III scores following car-
bidopa/levodopa treatment. Unlike idiopathic PD
cases which we previously described [17], changes in
TH+ PBMCs and UPDRS-III scores were uncoupled.
Consistent with previous reports, we found that in
idiopathic PD, carbidopa/levodopa treatment reduced
the levels of DAT+ and TH+ PBMCs (Fig. 2A, B).
Therefore, in idiopathic PD, there was a direct cor-
relation between changes in TH+ PBMCs, DAT+
PBMCs, carbidopa/levodopa and UPDRS-III scores.

The immunophenotyping of a PD patient carrying a
pathogenic TH mutation presented an opportunity to
assess the association of the DAT and TH markers
in this patient, and to compare them to an idio-
pathic PD cohort (n = 130) and to an age/sex matched
healthy control cohort (n = 80). As described above,
the patient presented classic PD symptoms, and we
hypothesized increased DAT+ and TH+ PBMCs at
the time of PD diagnosis (drug naïve) would be higher
than age/sex matched healthy subjects and would be
coupled to improvement of UPDRS-III scores fol-
lowing carbidopa/levodopa treatment.

Consistent with our prior findings [17], at the time
of diagnosis (drug naïve), idiopathic PD patients
(n = 130) exhibited increased DAT+ and TH+ PBMCs
(Fig. 2A, B, grey dots, black line) relative to age/sex
matched healthy control levels (green dashed line,
n = 80). Idiopathic PD patients show a significant
decrease in DAT+ and TH+ PBMCs, and improved
UPDRS-III scores following carbidopa/levodopa
treatment (Fig. 2A, B, grey dots, black line, Fig. 2A,
B, green). Similar to idiopathic PD patients, the
patient with TH mutation revealed an increase in
DAT+ PBMCs (Fig. 2A, red line). Consistent with
our hypothesis, carbidopa/levodopa treatment pro-
vided symptom relief marked by reduced UPDRS III
scores (Fig. 2C, black line) and was associated with
a reduced frequency of DAT+ PBMCs (Fig. 2C, red
line). Thus, the dynamic changes in DAT+ PBMCs
followed a similar pattern in this subject as in idio-
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Fig. 2. DAT+ and TH+ PBMCs are increased in idiopathic PD patients at the time of diagnosis and decreased following improved UPDRS-III
scores as a consequence of L-DOPA/Carbidopa treatment. By contrast, unlike the DAT+ PBMCs, in a patient carrying a TH mutation, the
TH+ PBMCs remains elevated even after successful pharmacotherapy, representing an uncoupled response to L-DOPA/Carbidopa treatment.
Single cells, free from debris, were analyzed via flow cytometry for expression of DAT and TH (Supplementary Figure 2). A-B) DAT+ and
TH+ PBMCs (grey dots) are increased in drug naïve idiopathic PD patients (n = 16) relative to healthy controls (n = 80, green dashed line).
These markers are reduced significantly in drug treated idiopathic PD patients (n = 114), though remaining significantly higher than age/sex
matched healthy control levels (***p < 0.001; t,df(3.763, 128), **p < 0.01; t,df(3.138, 128), unpaired Student’s t-test with Tukey’s correction,
alpha = 0.05). In the PD patient carrying a single pathogenic TH mutation (red line), A) the pattern of DAT+ PBMCs change follows the
pattern we identified in idiopathic PD patients, i.e., increased at the time of PD diagnosis (drug naïve condition) and then decreasing following
successful L-DOPA/Carbidopa treatment. However, B) TH+ PBMCs of the PD patient carrying pathogenic TH mutation are uncoupled from
both DAT+ PBMCs and the predicted reduction following L-DOPA/Carbidopa treatment, for instance, they are elevated in the drug naïve
condition and continue to increase despite improved UPDRS-III, as a results of L-DOPA/Carbidopa treatment. C) Similar to idiopathic PD
patients, the PD patient carrying pathogenic TH mutation, DAT+ PBMCs (red line) are elevated at the first visit (drug naïve) and remain
elevated as a function of impaired motor function (UPDRS-III, black line). Once L-DOPA/Carbidopa treatment is initiated, both DAT+
PBMCs and UPDRS-III scores decrease, indicating positive response to pharmacotherapy. D) In the PD patient carrying pathogenic TH
mutation, the TH+ PBMCs (blue line) are increased following worsening motor symptoms (UPDRS-III, black line), but TH+ PBMCs continue
to rise despite positive response to L-DOPA/Carbidopa (indicated by decreasing UPDRS-III motor scores), suggesting in this patient, only
changes in the DAT+ PBMCs are coupled to both worsening motor function and positive L-DOPA/Carbidopa treatment response.

pathic PD cohort. Consistent with our hypothesis,
in the patient with TH mutation, TH+ PBMCs were
increased at the time of diagnosis (drug Naïve), but
contrary to our hypothesis they remained high and
continued to rise despite carbidopa/levodopa and the
improved UPDRS-III scores (Fig. 2B, red line, blue
line, black line respectively). This finding was in
contrast to that observed in idiopathic PD, where
there was a direct correlation between decreased

TH+ PBMC frequencies and improved UPDRS-III
scores following carbidopa/levodopa treatment. The
detailed methods are provided in the Supplementary
Information: PBMC isolation and flow cytometry.

Unlike what is observed in a DaTscan, increases
in DAT-expressing PBMC immunophenotype reflect
PD progression. In the patient with a TH mutation, the
asymmetric reduction in DaTscan (Fig. 1) at the time
of PD diagnosis was reflected by an increase in DAT+
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PBMCs (Fig. 2) and UPDRS-III scores. However,
the longitudinal DaTscan signal, measured 11 months
later, was unchanged with no qualitatively differences
observed between scans, despite the worsening of
UPDRS-III scores, and the increase in DAT+ PBMCs
thus suggesting the peripheral immunophenotype
may provide a more sensitive means to monitor dis-
ease progression.

Concluding remarks

The clinical manifestations, symptoms and pro-
gression of PD are continuous regardless of whether
its origin is idiopathic or genetic [6, 19, 20]. The use
of immune system-based approaches for diagnosing
and monitoring PD is a relatively new and evolving
field. There has been a considerable amount of large-
scale and population-based research in this area, yet
few longitudinal studies have systematically exam-
ined immunophenotyping in longitudinal PD cohorts
[21–23]. Here we present a case of a PD patient with
a heterozygous TH mutation. Longitudinal within
subject sampling suggests that DAT+ PBMCs could
serve as an indicator of disease progression, treatment
response and as a potential diagnostic tool. We show
that a TH gene variant can modulate TH-expression
in peripheral immune cells, and we posit that this
may be causal or a consequence of PD in this specific
patient. As studies of other PD-associated gene vari-
ants have suggested [24–27], genotype may affect the
immunological profile in PD and should be taken into
consideration when evaluating immunological tools
for PD assessment.

Consistent with our previous study [17] we doc-
umented that as UPDRS-III scores worsened, there
was an elevation in DAT+ immune cells that was
reduced after treatment with carbidopa/levodopa and
there was subsequent improvement in UPDRS-III
scores. The dynamic nature of DAT+ peripheral
immune cells in the current study which was also
conducted in idiopathic PD patients corroborate pre-
vious cross-sectional findings in idiopathic patients
on this marker [17]. Intriguingly, in this PD patient
harboring a heterozygous TH mutation, unlike DAT+
immune cells, the increase in TH+ immune cells
persisted even following the positive response to car-
bidopa/levodopa. The current study marks the first
instance of longitudinal immunophenotyping of a
PD patient with TH mutation, highlighting DAT+
and TH+ PBMCs as potential indicators of PD, its
progression, and the evolution of changes with treat-
ment. Notably, the discernable disease progression

and increased PD symptom severity, which was evi-
dent clinically, along with the changes of the DAT+
immunophenotype, were not reflected in two sepa-
rate qualitative DaTscan’s collected 11 months apart.
Prior studies have suggested an estimated annual
decrease in striatal DAT binding of 13% during the
first year [28].

The limitations of the present study include the
absence of longitudinal immunophenotyping and
longitudinal DaTscan data for the idiopathic PD
patient cohort allowing disease progression identifi-
cation and treatment response across various patient
subgroups. Another limitation is the absence of quan-
titative DaTscan data -due to technical limitation
with the type of scan performed- on the patient with
TH mutation. While the data presented in this study
suggest the identified PBMC immunophenotype can
be used for disease detection, tracking progression
of and response to pharmacotherapy in idiopathic
PD patients, the inclusion of other genetic PD such
as LRRK2 or GBA mutations may identify addi-
tional immunophenotypic differences. In conclusion,
our findings underscore the notion that peripheral
immunophenotype with regards to PBMCs express-
ing DAT offers a sensitive and robust tool for tracking
disease onset, progression and therapeutic response
in idiopathic PD and in a single case of a PD patient
with TH mutation.
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