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MAPT H1 HAPLOTYPE IS A RISK FACTOR FOR
ESSENTIAL TREMOR AND MULTIPLE SYSTEM
ATROPHY
Mutations in the microtubule-associated protein tau
gene (MAPT) cause frontotemporal dementia with
parkinsonism linked to chromosome 17 (FTDP-
17).1 In addition, the major common MAPT-
containing H1 haplotype is associated with increased
risk for 2 parkinsonian disorders: progressive su-
pranuclear palsy (PSP) characterized by 4-repeat tau
pathology and Parkinson disease (PD) with
�-synuclein pathology.2,3 However, the role of
MAPT variation in other disorders with similar pa-
thology or disease phenotype is unclear. We investi-
gated the frequency of the MAPT H1 haplotype in
both essential tremor (ET) and multiple system atro-
phy (MSA).

ET is the most common movement disorder, and
prior evidence has indicated a common link between
ET and PD from clinical, epidemiologic, and patho-
logic studies as well as some reports of brainstem
Lewy bodies at autopsy in patients with ET.4 MSA is
a neurodegenerative disorder with �-synuclein pa-
thology with a mixed clinical presentation combin-
ing autonomic dysfunction, parkinsonism, and
cerebellar or pyramidal symptoms. The initial clini-
cal signs of MSA with prominent parkinsonism can
make it difficult to differentially diagnose it from
early PD. In addition, up to 30% of patients with
MSA with prominent parkinsonism may have a tran-
sient response to levodopa therapy.5

Methods. Genotyping of the MAPT H1 discrimi-
nating SNP (rs1052553) and H1c subhaplotype
SNP (rs242557) was performed on a Sequenom
MassArray iPLEX platform (San Diego, CA) (primer
sequences are available on request) and analyzed with
Typer 4.0 software. The rate of genotype calls was
�95% in each population. The series contained 356
patients with clinical ET, 61 patients with patholog-
ically confirmed MSA, and 409 US control subjects;
all samples are North American Caucasians. Numer-
ical variables were summarized with the sample
mean, SD, and range (table e-1 on the Neurology®

Web site at www.neurology.org). Associations be-
tween ET and MSA with MAPT rs1052553 and

rs242557 were measured by �2 statistics with Pear-
son probability estimates and corresponding odds ra-
tios (ORs) with confidence intervals (CIs).

Standard protocol approvals, registrations, and patient

consents. The ethical review boards at each institution
approved the study, and all participants provided in-
formed consent.

Results. We observed an uncorrected association of
MAPT H1 genotype with both ET (p � 0.027) and
MSA (p � 0.016) when compared to the frequency
in controls (table 1). No significant association was
observed with SNP rs242557. The observed OR for
ET [1.32 (1.03–1.67)] and MSA [1.91 (1.13–3.23)]
are similar to those observed for PD in the same pop-
ulation [1.47 (1.15–1.89)].6

Discussion. Given the relatively small sample size
for both the ET and MSA series, and the possible
clinical overlap with PD in the ET series, these re-
sults must be treated with caution and require inde-
pendent replication. However, it is intriguing that
while the extended haplotype containing MAPT has
now shown association with a number of parkinso-
nian disorders, there is no evidence of association
with AD, which displays abundant tau pathology.
Given the presence of �-synuclein pathology in PD,
MSA, and ET, these findings indicate a possible in-
terplay between these proteins. It has been previously
suggested that �-synuclein induces fibrillization of
tau and that coincubation of tau and �-synuclein
synergistically promotes fibrillization of both
proteins.7

While we observed an association between the
MAPT H1 haplotype and both ET and MSA, the
functional variant remains to be identified. The ex-
panded H1 haplotype contains MAPT, which is the
best candidate gene to explain the observed associa-
tion; however, other genes are present in this haplo-
type that cannot be excluded. It is postulated that the
alternate MAPT haplotypes affect a differential ex-
pression of 3-repeat and 4-repeat tau protein in
FTDP-17.2 The SNP displaying the strongest associ-
ation with risk of the tauopathy PSP (rs242557) does
not show the same association with PD, MSA, or
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ET, suggesting different pathomechanisms for dis-
ease risk.2,6

It is now crucial to determine the functional risk
variants that are located on the backbone of the ex-
tended H1 haplotype containing MAPT. With the
established genomic capture and next-generation se-
quencing approaches, this goal is within reach. Se-
quencing of the entire extended haplotype will
identify the variants influencing risk of PSP, PD,
MSA, or ET, and help elucidate the disease pathways
involved.
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Table 1 Allele and genotype frequencies for MAPT rs1052553 and rs242557a

Genotype, n (%) Allele, n (%)

SNP Group AA AG GG A G Odds ratio (95% CI) p Value

rs1052553 Control 231 (57) 148 (36) 27 (7) 610 (75) 202 (25)

ET 221 (65) 100 (30) 18 (5) 542 (80) 136 (20) 1.32 (1.03–1.67) 0.027b

MSA 46 (75) 12 (20) 3 (5) 104 (85) 18 (15) 1.91 (1.13–3.23) 0.016b

rs242557 Control 52 (13) 185 (45) 172 (42) 289 (35) 529 (65)

ET 54 (16) 149 (44) 135 (40) 257 (38) 419 (62) 1.12 (0.91–1.39) 0.284

MSA 13 (22) 25 (42) 21 (36) 51 (43) 67 (57) 1.39 (0.94–2.06) 0.095

Abbreviations: CI � confidence interval; ET � essential tremor; MSA � multiple system atrophy; SNP � single nucleotide
polymorphism.
a For rs1052553 allele A corresponds to the H1 haplotype, and for rs242557 allele A corresponds to the H1c haplotype.
b Significant.
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TUMEFACTIVE DEMYELINATION, AN UNCOMMON
FORM OF TACROLIMUS NEUROTOXICITY

The immunosuppressant tacrolimus (FK 506) is
widely used in transplantation medicine, although it
has neurotoxic side effects. The neurotoxicity of ta-
crolimus to the CNS consists mainly of leukoen-
cephalopathy with clinical and radiologic features
similar to posterior reversible encephalopathy syn-
drome (PRES).1 The neurologic symptoms and signs
of leukoencephalopathy usually develop within 3
months of commencing treatment with tacrolimus.1

We describe a patient who developed tumefactive in-
flammatory demyelinating lesions as an atypical
manifestation of tacrolimus neurotoxicity.

Case report. A 54-year-old woman with hepatocel-
lular carcinoma underwent cadaver liver transplanta-
tion in May 2009. After transplantation, she was
treated with tacrolimus 0.075 mg/kg and mycophe-
nolate mofetil 250 mg BID. In September 2009, she
developed slurred speech and right-side weakness 2
days before admission. Brain MRI scanned 2 days
after symptoms onset showed 2 large mass-like le-
sions in the left corona radiata and frontal lobe. The
lesions were hyperintense on T2-weighted images
with an open ring pattern on gadolinium enhance-
ment (figure, A). The serum tacrolimus level was 8.5
ng/mL (therapeutic range 5.0 –15.0 ng/mL). The
CSF analysis showed normal cell count, but elevated
total protein level (103 mg/dL). Oligoclonal bands
were absent and immunoglobulin G index was
within normal range. The laboratory investigations
for viruses including JC virus, Epstein-Barr virus,
herpes simplex virus, cytomegalovirus, and other in-
fections such as tuberculosis, mycoses, and parasites
in the CSF and serum were all negative.

Her symptoms worsened over the next 3 days
and she developed right hemiplegia, motor apha-
sia, and altered mental status. As we could not rule
out the possibility of post-transplant malignancy or
opportunistic infection such as progressive multifocal
leukoencephalopathy (PML), though the mode of
manifestation was not compatible, we performed an
open craniotomy for excisional biopsy of the left frontal
mass. Interestingly, the neuropathologic examination
showed acute inflammatory demyelination with no evi-
dence of tumor cells or PML (figure, C).

Hypothesizing that tacrolimus induced the demy-
elinating lesions, the tacrolimus was discontinued
immediately and high-dose steroids were initiated.
Over the following weeks, maintained on mycophe-
nolate mofetil only, her symptoms gradually im-
proved, although the hemiparesis remained.
Follow-up MRI obtained 8 months later showed a
marked reduction in the extent of the lesions and no
new lesions were seen (figure, B).

Discussion. Our patient showed several characteris-
tics distinct from reported CNS neurotoxicity caused
by tacrolimus. First, she had focal mass-like lesions
mimicking a brain tumor or abscess. Second, the pa-
thology of brain biopsy revealed acute inflammatory
demyelination. Finally, the symptoms occurred rela-
tively late, nearly 5 months after starting the tacroli-
mus treatment. These findings suggested that the
underlying pathomechanism of lesion formation in
our patient differed from that of reported tacrolimus
neurotoxicity.

The pathomechanism of tacrolimus-induced
CNS neurotoxicity remains unclear. Some studies
have suggested that extracellular edema with endo-
thelial damage caused by tacrolimus explains the
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