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Abstract
Introduction—Tremor is thought to be a rare feature of progressive supranuclear palsy (PSP).

Methods—We retrospectively reviewed the database of the CurePSP brain bank at Mayo Clinic
Florida to retrieve all available clinical information for PSP patients. All patients underwent a
standard neuropathological assessment and an immunohistochemical evaluation for tau and a-
synuclein. DNA was genotyped for the MAPT H1/H2 haplotype.

Results—Of the 375 PSP patients identified, 344 had a documented presence or absence of
tremor, which included 146 (42%) with tremor, including 29 (20%) with postural/action tremors,
16 (11%) with resting tremor, 7 (5%) with intention tremor, 20 (14%) with a combination of
different types of tremor, and 74 (51%) patients who had tremor at some point during their illness,
but details were unavailable. The tremor severity of 96% of the patients (54/55) who had this data
was minimal to mild. The probability of observing a tremor during a neurological examination
during the patient’s illness was estimated to be ~22%. PSP patients with postural/action tremors
and PSP patients with resting tremor responded to carbidopa-levodopa therapy more frequently
than PSP patients without tremor, although the therapy response was always transient. There were
no significant differences in pathological findings between the tremor groups.

Conclusions—Tremor is an inconspicuous feature of PSP; however, 42% (146/344) of the PSP
patients in our study presented some form of tremor. Because there is no curative therapy for PSP,
carbidopa/levodopa therapy should be tried for patients with postural, action, and resting tremor.

Keywords

progressive supranuclear palsy; tremor; carbidopa/levodopa therapy; neuropathology; MAPT
H1/H2 haplotype

INTRODUCTION

Tremor is the most common movement disorder. Clinically, tremor can be classified into
four major types; postural, action, resting, and intention tremor [1]. Postural and action
tremors comprise the largest group of tremor and can be seen in many conditions, including
essential tremor (ET). Resting tremor is a less common type of tremor, but resting tremor or
combination of resting tremor and postural/action tremors are generally seen in patients with
Parkinson’s disease and other parkinsonian disorders [2]. Tremor is not considered to be a
common feature of progressive supranuclear palsy (PSP). PSP is a neurodegenerative
disorder [3] and is clinically characterized by early falls, supranuclear vertical gaze palsy,
parkinsonism, and dystonia [4]. Pathologically, PSP is characterized by the accumulation of
microtubule-associated protein tau (MAPT)-positive neurofibrillary tangles in the basal
ganglia, diencephalon, and brainstem. Louis et al. reported that 11 (12%) of their cohort of
83 autopsied ET patients had pathological findings that were consistant with those of PSP
[5]. Additionally, the MAPT H1 haplotype, which was originally associated with PSP, has
been shown to be a risk factor for ET [6, 7], suggesting a possible pathological link between
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these two entities. We are influenced by Louis’” work and other previous works that found a
common underlying genetic factor between PSP and ET. We looked through our brain bank
data and found PSP patients with tremor more frequently than we expected. This study
focuses on the characteristics of tremor seen in autopsy-confirmed PSP cases and compares
other clinical and pathological characteristics between PSP with and without tremor.

We retrieved data describing PSP patients from the Mayo Clinic Florida brain bank for
neurodegenerative disorders. We reviewed the medical records of patients pathologically
diagnosed as having PSP (n=375) between 1998 and 2008. Medical records were obtained
from the institutions that sent us brain tissue. Demographics and clinical features including
tremor, parkinsonism, falls, vertical gaze palsy, dementia, frontal lobe dysfunction,
pyramidal signs, dystonia, myoclonus, sleep disorders, urinary incontinence, and visual
hallucinations were abstracted. We ascertained tremor characteristics and responsiveness to
carbidopa/levodopa therapy from the available medical records. We also reviewed the
documentation regarding the patient’s initial prominent clinical phenotype, degree of
responsiveness to carbidopa/levodopa therapy, and asymmetry of clinical phenotype. The
Mayo Clinic/CurePSP brain bank’s standard questionnaire was administered to the next of
kin or caregiver after the brain was received. We asked caregivers whether patients had
tremor during the patient’s lifetime. We also reviewed whether there was any history of
neurological disorders in the patient’s family. The neurological disorders that were seen in
the relatives of the patients included PSP, Parkinson’s disease, parkinsonism, motor neuron
disease, Alzheimer’s disease, dementia, and tremor. The patients were classified into four
groups: PSP without tremor, PSP with postural or action tremor, PSP with resting tremor,
and PSP with intention tremor.

analysis

All patients underwent a standardized neuropathological assessment as a part of the standard
procedures of the CurePSP brain bank. This assessment included immunohistochemical
localization of phospho-tau (CP13, mouse monoclonal 19gG4, 1:1000) in multiple brain
regions [4]. Sections for the amygdala were also processed for immunohistochemical
staining with a-synuclein (NACP, rabbit polyclonal; 1:3,000) to screen for the presence of
a-synuclein pathology. All immunohistochemical analyses were performed using a DAKO-
Autostainer (DAKO-Cytomaton, Carpinteria, CA, USA). The neuropathological diagnosis
of PSP was based upon published criteria [8].

Genetic screening

For each case, DNA was extracted from frozen brain tissue and genotyped for the MAPT
H1/H2 haplotype using TagMan assays for the rs1052553 polymorphism (NG_007398.1
107103 A>G) (Life Technologies, Carlsbad, CA). TagMan reactions were analyzed on the
ABI 7900HT Sequence Detection System (Applied Biosystems, Foster City, CA). The rate
of genotype calls was =98% in the study population.
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Statistical analysis

Statistical analysis was conducted with SigmaPlot version 11.0. The mean differences were
analyzed using Student’s t test. The chi-square test was used to compare the frequencies
between the different groups. We used ANOVA on ranks for semi-quantitative pathological
data. We analyzed the distribution of MAPT H1/H2 haplotype on R software (http://www.R-
project.org.) by fitting a logistic regression model to the clinical phenotype. For this
analysis, we assumed an additive genetic model, and age-at-death, age-at-onset, and sex
were included as covariates.

This study was approved by the Mayo Institutional Review Board, and all post-mortem
samples were acquired by informed consent from the next-of-kin.

RESULTS

Clinical findings
Of the 375 PSP patients, 344 were had a documented presence or absence of tremor.
Approximately 42% of the patients (146/344) experienced tremor during the course of their
illnesses (Figure 1A). Among the patients with tremor, postural or action tremor (n=29,
20%) was the most common, followed by resting tremor (n=16, 11%), resting and postural
or action tremor (n=15, 10%), intention tremor (n=7, 5%), resting and intention tremor (n=3,
2%), and postural or action tremor and intention tremors (n=2, 1%). The details of tremor
characteristics were unavailable for 74 patients reported to have tremor (51%) (Figure 1B).
Table 1 shows comparison of demographics, as well as clinical, pathological, and genetic
features of cases of PSP with and without tremor. In the table, we excluded patients who had
combination of more than two kinds of tremor and patients who had tremor but no details
about the type of tremor so we could compare the characteristics of patients who presented
with a single kind of tremor. The severity of tremor was mentioned in the medical records of
55 patients, and most of them (95%) had minimal to mild tremor (Figure 1C). Tremor was
observed by physicians during the examinations of 149 patients. We calculated the
probability of observing tremor by utilizing the following methods: the number of times
tremor seen by physicians was divided by the number of times the patient saw the physician.
The probabilities of observing a tremor during the examination of a PSP patient were as
follows: 0-20% (45%), 21-40% (36%), 41-60% (8%), 61-80% (5%), and 81-100% (5%)
(Figure 1D). In approximately half of the patients who had tremor, the tremor was
asymmetrical (Figure 1E). Tremor was observed mostly in the upper limbs (n=44, 94%),
which was followed by the face (n=2, 4%) and lower limbs (n=1, 2%) (Figure 1F). The
majority of patients who experienced tremor in the presence of a physician also had more
detailed information about their tremor in the medical record (Figure 1G). PSP with tremor
responded to carbidopa/levodopa therapy more frequently than PSP without tremor,
although the responsiveness to the therapy was transient for all of the patients (Supplemental
Table 1).
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Pathological findings

There were no significant differences in the severity of the semi-quantitative scores for tau
pathology or the frequency of the other pathologies after adjusting for multiple comparisons
between the groups (Supplemental Table 2).

Genetic findings

The presence of tremor in PSP patients was not associated with significant differences in the
frequency of MAPT H1/H2 haplotypes (OR 0.86; 95% CI 0.38-1.95; p-value 0.71).
Although a notably higher MAPT H1 frequency was observed in the cases with resting
tremor and PSP (97%), but this elevated haplotype frequency did not significantly affect the
OR value (Table 1).

Table 1 summarizes the demographic, clinical, pathological, and genetic features of the
cases.

DISCUSSION

Tremor is thought to be a relatively rare feature of PSP. Litvan et al. reported that
approximately 20% of 163 autopsy-confirmed PSP cases collected from five independent
institutions had tremor, although details of the tremor were not available [9]. In the present
study, 42% of PSP patients were found to have tremor. A possible reason for the discrepancy
between these results and ours is that we not only abstracted the information from collected
clinilcal charts, but we also utilized a questionaire to ask for the presence of tremor in
caregivers. The tremor seen in our cohort was characterized by intermittent and minimal-
mild tremor. Postural/action tremor was the most common form of tremor followed by
resting tremor and intention tremor. The retrospective nature of the data collection in our
methods could potentially be another cause of discrepancy.

Louis et aI.[5] reported that 11 cases of their cohort of autopsied 89 ET cases (12%) had
pathological findings consistent with PSP. Among these cases, nine developed ET prior to
the onset of parkinsonism. In our cohort, one case (3%) from the postural/action tremor
group was reported to have experienced tremor prior to the onset of PSP. This patient
developed a slight action tremor of the left upper limb at age 60 years followed by
Richardson syndrome at age 76 years. The frequency of tremor in our series (42%) is much
higher than that reported by Louis et al (12%) [5]. As the CurePSP brain bank at the Mayo
Clinic in Florida, we have widely accepted brain donation from patients who had PSP and
related disorders, including corticobasal degeneration, Alzheimer’s disease, Parkinson’s
disease, Lewy body disease, and frontotemporal lobar degeneration from all over the
country. However, Louis’ research team solicits donations from patients with tremolous
disorders. We have retrospectively but systematically collected clinical information from
patients with PSP from clinical notes and a formal questionnaire administered to the next of
kin or caregiver, which could explain the discrepancy.

So far, several pathological characteristics have been reported in ET cases; these include a
reduction in the number of Purkinje cells and an increased number of torpedoes in the
cerebellum [10], but no specific structural abnormality has been identified to date. In this
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study, the presence of tremor did not correlate with the distribution or severity of neuronal
and glial tau pathology in the cerebellum and locus ceruleus; therefore, it is doubtful
whether neuronal and glial tau pathology are involved in the generation of ET.

As a limitation of our study, we researched our cohort medical records in a retrospective
fashion, thus no direct or prospective clinical assessment was performed. Retrospective data
collection may result in the exclusion of some clinical information and the inclusion of
tremor cases with other involuntary movements, including dystonia, orthostatic tremor, and
medication effects, which may decrease the power to classify our PSP patients into specific
tremor groups. This limitation may explain the failure to find significant differences in some
of our assesments, i.e. the increased frequency of H1 haplotype in the resting tremor group.
It has been previously shown that the MAPT H1 haplotype is associated with an increased
risk for PSP [11] and ET [7] patients. Our study supports that the presence of tremor is not
influenced by H1 haplotype in PSP; however, it remains unclear whether the frequency of
H1 haplotype has an effect on the specific tremor presentations in PSP. The second
limitation is that the amount of carbidopa/levodopa varied from patient to patient. Some
patients did not receive an adequate dose of carbidopa/levodopa. The third limitation is that
ET is very common in this age group, and some of the postural-action tremor could simply
be coincidental. Furthermore, distinguishing different types of tremor is not always
straightforward; thererfore, even expert phisicians could differ in how they assign these
labels. Additionally, individuals can present with tremor when tired or stressed.

In summary, we found that tremor is a relatively common feature of autopsy-proven PSP and
that the associated tremor is intermittent or could be too subtle to be noticed on clinical
examination. Physicians should try carbidopa-levodopa therapy for the PSP patients with
postural/action and resting tremor, particularly during the initial stages of their illness
because the treatment could ameliorate their symptoms. Additional investigation through
longitudinal prospective studies to provide further detailed characterization of tremor in PSP
is warranted.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights

e We reviewed medical records of 375 autopsied progressive supranuclear palsy
patients.

»  One hundred forty-six patients (42%) were noted to experience tremor.

e  Tremors seen in the patients included postural/action, resting, and intention
tremors.

»  Tremor severity is usually mild, and the chance of observing a tremor is low.

e We suggest tremor is a relatively common feature of progressive supranuclear
palsy.
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A. Frequency to have tremors in PSP B. Types of tremors C. Severity of tremors

® Postural/action tremor (n=29, 20%)

m Resting tremor (n=16, 11%)

= Minimal to mild (n=52, 36%)

BPSP with tremor (n=146, 42%) f u Resting + postural/action tremor (n=15, 10%) [
® [ntention tremor (n=7, 5%) B ® Moderate to severe %)

m PSP without tremor (n=198, 58%) ‘ ® No information (n=91, 62%)
=91, 62%)

% m Resting + intention tremor (n=3, 2%) !
) # Postural/action + intention tremor (=2, 1%)

# Tremor without details (n=74, 51%)

examination

D. Possibility of observed tremors at neurological ‘ E. Asymmetry of tremor F. Body parts where tremor was observed

0-20% (n=33, 45%)
521-40% (n=26, 36%)
#41-60% (n=6, 8%)
u61-80% (n=4, 5%)
#81-100% (n=4, 5%)

 Upper limbs (n=44, 94%)
® Asymmetrical tremor (n=25, 54%) b
ace (n=2, 4%

= Symmetrical tremor (n=21, 46%)
= Lower limbs (n=1, 2%)

G. Resources of history of tremor — patients with detailed information of tremor

= Observed by physicians (n=55, 76%)

' Observed by physicians, and history by patients and family
members and/or questionnare (n=16, 22%)

# History by patients and family members and/or questionnare
(=1, 1%)

Figure 1. A) Frequency of Tremor
One hundred forty-nine of the 344 cases (42%) who had a documented presence or absence

of tremor had reported having tremor at some point during the course of their ilinesses. 1B)
Types of Tremor: Postural/action tremor (n=29, 20%) were the most common form of
tremor, which was followed by resting tremor (n=16, 11%), intention tremor (n=7, 5%), and
a combination of different kinds of tremor (n=20, 13%). However, the details about the types
of tremor were not available for the remaining 74 patients (51%). 1C) Severity of Tremor:
Among the patients whose information about tremor severity was available (n=55), 52
(95%) had minimal to mild degree of tremor, and three (2%) had a moderate to marked
degree of tremor. 1D) Probability of observing tremor: The probability of a physician
observing tremor in patients who had the evaluated presence of tremor at least twice during
the course of their illness or in those who received a comprehensive neurological
examination that included an evaluation of the cranial nerves and an assessment of
coordination and reflexes, including motor, sensory, and deep tendon reflexes are as follows:
0-20% for 33 patients (45%), 21-40% for 26 patients (36%), 41-60% 6 patients (8%), 61—
80% for 4 patients (5%), and 81-100% for 4 patients (5%) (median 22% [7-33%)]). 1E)
Asymmetry of tremor: Among the 46 patients whose information about asymmetrical
tremor was available, 25 patients were reported to have asymmetry. 1F) Locations of
observed tremor: Among the patients (n=47) who had descriptions of tremor locations, 44
patients (94%) had tremor in their upper limbs, 2 patients (4%) had facial tremor, and 1
patient (2%) had tremor in the lower limbs. 1G) Resources of history of tremor: For
patients with detailed tremor information, tremor was most frequently confirmed by
physicians (n=55, 76%), followed by confirmation by both physicians and by medical
histories provided by patients, family members, and questionnaires (n=16, 22%), and finally

Parkinsonism Relat Disord. Author manuscript; available in PMC 2017 June 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Fujioka et al.

Page 10

by confirmation only from the medical histories provided by patients, family members, and
guestionnaires (n=1, 1%).

Parkinsonism Relat Disord. Author manuscript; available in PMC 2017 June 01.



Page 11

Fujioka et al.

sBuipuly onsus

Sv'0 (%0) /0 (%eT) 9T/2 (%2) 622 (%ST) L6T/0€E ABojoyped senasen Jo soussaid
vT°0 (%0) L/0 (%eT) 9112 (%) 6217 (%5) 861/6 ABojoyyed g Jo dussald
900 1 1 1 abels | 4N eeig ues|N
L0°0 el 1749 89TT (swresf) Jybrom ureiq uesiN
sbuipuly [eaibojoyred
- (L=u 1230)) OV TIVTIVTIBS (9T=U [e301) 0/1€/9/0/€9 (9z=U [e10%) 0/LI¥1¥1S8 (8TT=U [)0) T/2/V/S/88 (%) (d-dSd/a.L4/s90/SY) adAjousyd yusurwoud fenul
200 & 219 oisT /e o1 ) Adeisuy dopigie-adopons, o sonauodsss
250 (%0) 5/0 (%0¢) 0T/E (%e2) 811y (%.1) 92T/ee uoeuIdN| ey [ensin
090 (%L9) 91y (%08) 01/8 (%99) 8T/0T (%09) 06/¥S aouaunuooul Areun
250 (%0v) §/2 (%el) TT/8 (%59) 0z/ET (%02) 05T/50T siapaosip das|s
6£0 (%0) T/0 (%08) 2/t (%62) LIz (%2T1) 92/ SNuoj0AN
100°0> (%00T1) T/ (%S2) 8/9 (%12) v1/E (%82) ss/ey eluoisAq
G20 (%L9) 91y (%€8) 21/0T (%00T) 21/2T (%.8) 92/99 subis [epiwelfd
€00 (%05) 2/t (%08) S/v (%98) /9 (%86) 2v/Ty uonaunysAp aqoj [ejuoi
160 (%€8) 9/5 (%62) ¥T/TT (%88) vz/Te (%58) 0ET/OTT awoupuAs dnssuLLie/enUsWSQ
- (%00T) S/S (%00T) ST/ST (9%007) L2/LC (%00T) T2T/TCT Asred azeb |eonan
160 (%00T) L/L (%00T) 9T/9T (%00T) 82/8¢ (%66) S6T/V6T siled
- (%00T) /L (%001) 91/9T (%00T) 62/6C (%00T) G6T/S6T wsiuosupiied
sbutpuy [eaiuo
120 (%vT) LT (%8¢) 91/9 (%27) 62/5 (%.7) 86T/EE [ea1Bojounau Jo A1oisty Ajiueq
900 (%62) ¢ (%61) € (%8Y) vT (%T9) 10T aewad
580 78 €l L G/ (s1e3k) dSd 40 Q@ uesN
010 29 0L L9 L9 (s1eak) dSd 40 OVV UesIN
solydeabowsg
- L o1 62 86T Jaqwinu jusned
9njen-d JowiaJ} uonusiul Yyum 4Sd xA0WaJl mc_umw‘_ UMM 4Sd siowsay Jowsal InoYyum 4Sd

uonoe Jo/pue [eamsod yum dsd

JowiaJ] Ylim pue INOYLIM Sased dSd Usamiaq sainjea) annsuab pue ‘[eaibojoyied ‘eatun)d ‘solydelbowsp ayl Jo uostiedwo)

Author Manuscript

T alqeL

Author Manuscript

Author Manuscript

Author Manuscript

d. Author manuscript; available in PMC 2017 June 01.

SOl

Parkinsonism Relat D



Page 12

Fujioka et al.

SJOWaJ} UOIIUSIUI PUE ‘UONE ‘Jeunisod Jowal INOYHM dSd Yim pasedwod
PAAIBSUO 24aM 30UBIBYIP JUedIIUBIS=1 ‘dnoJB Jowal) INOYIIM dSd Yiim patedwod Jeajonueidns anissaibold=dsd ‘sejbuel Arejjuiquoinau=14N ‘Apog AMa1=g ‘uonjelnp aseasip=aq ‘18suo e abe=Qvv

- 880 44} 920 anfen-d

- (Lz'9T-600) €2'T (€L'2-€0'0) 82°0 (85'0¢-2v'0) ¥6°C (12 %S6) 4O

- TL:626 T'€ 16'96 6'8:T'T6 7’11926 (%) ¢H 'TH

- 0:€¥T:LS8 0:€9:8€6 0:6.7:T28 GT:LTT:8'98 (%) ¢HZH ‘ZHTH ‘THTH

- L 91 62 L6T () Lavv
siowaJd}

anjen-d

J0Wa.3 UOKUSIUL YNM dSd

«Jowal Bunsas yum 4sd

uonoe Jo/pue [eansod yum dsd

10WaI) INOYNUM dSd

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Parkinsonism Relat Disord. Author manuscript; available in PMC 2017 June 01.



	Abstract
	INTRODUCTION
	METHODS
	Subjects
	Pathological analysis
	Genetic screening
	Statistical analysis

	RESULTS
	Clinical findings
	Pathological findings
	Genetic findings

	DISCUSSION
	References
	Figure 1
	Table 1

