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Figure 1.

A, B and C show the initial MR study at admission (3 months after onset). A fluid atten-

uation inversion recovery (FLAIR) image showed hyperintense signals in the bilateral fronto-pari-
etal white matter (A, B). A T1-weighted post-gadolinium contrast image showed no enhancement
(C). D, E and F show the follow-up MR study 8 months after onset (5 weeks after initiation of meflo-
quine). A FLAIR image showed progression of white matter abnormalities (D, E). A T1-weighted
post-gadolinium contrast image showed diffuse enhancement of white matter abnormalities (arrows)

¥).

Case Report

A 55-year-old man presented with memory impairment
and communication disorder in January 2010. His cognitive
dysfunction worsened, and he was admitted to our hospital
in mid-March. Clinical examination revealed attention dis-
turbance, left hemispatial neglect, apraxia, memory impair-
ment and dysarthria. The patient did not show any signs of
paralysis or involuntary movement, and muscle tonus and
tendon reflexes were normal. The white blood cell count
was 4.58x10%uL. (CD4+ lymphocyte: 187/uL, CD8+ lym-
phocyte: 1,070/ul), HIV antibodies were positive, and HIV
RNA was 50.0x10° copies/mL in his blood. An examination
of the cerebrospinal fluid (CSF) showed increased protein
concentration (88 mg/dL) and a normal cell count (2/uL
with all mononuclear cells), and real-time polymerase chain
reaction (PCR) for JCV DNA in the CSF yielded positive
results, showing 535,500 copies/mL. On admission MRI
(Signa Excite HD 3.0 T: GE Medical Systems) showed T2
and fluid attenuated inversion recovery (FLAIR) asymmetri-
cal high signals in the cerebral bilateral white matter, and
the cortex was almost completely intact although the lesion
involved the U-fibers. DWI (b-value, 1,000 s/mm?®) showed
high signals in the part of hyperintense lesion on T2WI/

FLAIR. MR imaging did not show any gadolinium enhance-
ment (Fig. 1A, B, C). MRS using the GE technique PROBE
with PRESS; TR 2,000 ms; TE 144 ms was performed, as
well. The 'H-MR spectrum was acquired from a localized
voxel of interest outlined in an axial FLAIR image of the
right frontal periventricular white matter lesion. The voxel
size was 20x20x20 mm (volume, 8 cm®). 'H-MRS showed a
substantially reduced N-acetylaspartate (NAA)/creatine (Cr)
ratio (NAA/Cr=0.57) and an elevated choline (Cho)/creatine
ratio (Cho/Cr=1.76) (Fig. 2A, B). On the apparent diffusion
coefficient map (ADC map), ADC values were measured in
five regions of interest in the right frontal periventricular
white matter lesion, and the values were found to increase
slightly (range 0.84 to 1.04, mean value 0.94x10° mm?s)
(Fig. 2C, D). Probable PML associated with HIV infection
was diagnosed.

HAART was initiated in April 2010, four months after the
onset of symptoms. Following treatment, the HIV-RNA level
decreased, but CD4+ lymphocytes were under 200/ulL
throughout the course and did not show substantial eleva-
tion. The MRI findings and clinical manifestations deterio-
rated, and the patient developed left flaccid hemiplegia and
experienced akinetic mutism. In June 2010, about six
months after the onset, treatment with mefloquine hydro-
chloride tablets was started at 275 mg/day orally for three
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'H-MRS and DWI were performed on March 26, July 29 and August 11. A. 'H-MR

spectrum acquired from a localized voxel of interest outlined on an axial FLAIR image of the right
frontal periventricular white matter lesion. B. Serial change of 'H-MRS at three time points. The
third 'H-MRS (5 weeks after the initiation of mefloquine) showed an increased ratio of N-acetyl-
aspartate (NAA) and a decreased ratio of choline (Cho) to creatine (Cr) with improvement of symp-
toms. C. The ADC value was measured in the apparent diffusion coefficient map (ADC map) in five
regions of interest (i.e., 1-5) in the right frontal periventricular white matter lesion. D. Serial changes
of the ADC value at three time points. ADC values showed a slight upward tendency, whereas some
ADC values (i.e. 1,4,5) decreased at the third DWI study.

days and was then continued at 275 mg once a week. This
course followed the administration protocol of Kishida et
al (7) as a modification of the Biogen Idec mefloquine treat-
ment protocol taken from the clinicaltrials.gov website (8).
According to the instructions of the ethical review board at
Hiroshima University Hospital, informed consent regarding
the use of mefloquine was obtained from the patient’s fam-
ily prior to introduction of the therapy. About eight months
after the onset, and five weeks after mefloquine was started,
the patient showed some improvement of clinical symptoms,
and an MRI revealed enhancing white matter lesions
(Fig. 1D, E, F). 'H-MRS of the right frontal lesion showed a
further reduction in NAA (NAA/Cr=0.38) and elevated Cho
(Cho/Cr=1.97) (Fig. 2B). All ADC values showed an in-
creasing trend, and the mean ADC value was 1.244x10°
mm®/s (range 1.12 to 1.40x10° mm?¥s) (Fig. 2D). The pa-
tient’s clinical condition continued to improve, and he began
to let out a single tone and showed improved muscle
strength in his left arm and leg. 'H-MRS performed seven
weeks after mefloquine was introduced showed recoveries of
reduced NAA (NAA/Cr=0.63) and elevated Cho (Cho/Cr=
1.56) in comparison to the levels at admission (Fig. 2B).
Several ADC values showed a slight decreasing trend, and

the mean ADC value was 1.164x10° mm*/s (range 1.10 to
1.31x10° mm?%s) (Fig. 2D). Eight weeks after mefloquine
was introduced, CSF PCR findings for JCV were negative.
In August 2010, the patient was transferred to another hos-
pital.

Discussion

Compared with the era before combined anti-retroviral
therapy, the incidence and mortality of HIV-PML are cur-
rently reduced; however, HIV-PML is still a fatal disease
due to the treatment-resistant cases. Several factors are con-
sidered to be involved in HIV-PML prognosis including
CD4+ T cell count. Marzocchetti et al (9) reported that the
estimated 1-year survival rate was 48% in HIV-positive
PML patients with a CD4 count <200/uL. at PML diagnosis
compared to 67% in those with a CD4 count >200/uL. In
addition, JC viral load in the CSF can be attributed to long-
term survival. In a study of 61 HIV-infected patients with
PML, Bossolasco et al (10) reported that JCV DNA levels
of >3.64 log copies/mL were significantly correlated with a
shorter survival. And thus the reasons for the resistance to
HAART in the present case may include low-CD4+ T cell
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counts and high levels of JCV DNA during therapeutic pe-
riod.

Recently, the anti-malarial drug mefloquine, which is con-
sidered to have anti-JCV action, is expected to have an ef-
fect on PML, and a randomized study is currently under-
way (8). Gofton et al (5) reported a patient with sarcoidosis
who was treated with 1,000 mg/week mefloquine that was
initiated six months after symptom onset. Clinical progres-
sion stopped immediately, and the JC virus then became un-
detectable in the CSF. Kishida and Tanaka (6) reported a pa-
tient after an umbilical cord blood transplant that showed fa-
vourable clinical, neuroradiological and virological re-
sponses after the initiation of mefloquine. To our knowl-
edge, the present case is the first detailed report that demon-
strates that mefloquine combined with HARRT gave a posi-
tive outcome to a patient with HIV-PML. Although meflo-
quine was initiated six months after symptom onset, the re-
sult implies that mefloquine has the ability to improve
symptoms of HAART-resistant PML even in the chronic
phase.

Image findings in PML reflect demyelination and provide
helpful information for diagnosis. Contrast enhancement is
usually absent in classic PML lesions on MRI because the
lesions are oligodendrocyte cell death caused by persistent
JCV infection, which indicates that the lesions are not asso-
ciated with inflammation. It is possible that contrast en-
hancement in PML is caused by mechanisms of the inflam-
matory response induced when JCV is eliminated by the im-
mune system. When this response causes massive cellular
destruction after initiation of HAART, an HIV-PML pa-
tient’s clinical condition sometimes becomes worse. This
worsening is known as immune reconstitution inflammatory
syndrome. However, once JCV is eliminated by the immune
system, an improvement in the prognosis can be expected.
There are reports that contrast enhancement is a favourable
treatment response (11, 12) and associated with a longer
survival (13-15). In the present case, the PML was ad-
vanced, because the CD4+ T cell count did not increase, and
the immune system did not recover only by HAART. About
five weeks after mefloquine was initiated, an MRI showed
an enhancing lesion corresponding to symptomatic improve-
ment. This MRI finding may imply an inflammatory re-
sponse against JCV-infected cells in the lesion.

There have been some studies on white matter lesions us-
ing DWL It has been shown that the ADC value in a recent
lesion and an advancing edge of established lesion de-
creases, and the ADC value in an old lesion and in the cen-
ter of the lesion increases (16-18). In the present case, as the
clinical condition became worse, the elevated ADC value in
the lesion showed a further increase in spite of HAART. In
PML lesions, an increased ADC value indicates pathologi-
cally enlarged extracellular space and a loss of myelin (17).
There are some reports of serial ADC value changes in PML
patients treated with HAART (18, 19). Usiskin et al (18) re-
ported an HIV-PML patient who presented a decreased ADC
value with a favourable response to therapy, and they sug-
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gested that the change implied microstructural reorganiza-
tion. In the present case, the ADC value also decreased
slightly with an improvement in the clinical condition after
the introduction of mefloquine. There is a possibility that fa-
cilitated diffusion becoming slightly more restricted shows
remyelination in the white matter lesion.

Early 'H-MRS studies of patients with PML have re-
vealed that decreased NAA concentrations [which indicate
neuronal damage (20)], elevated Cho (which indicates de-
myelination), and the appearance of a lactate peak (which
indicates impaired energy metabolism) (21-23). In the pre-
sent case, serial changes of 'H-MRS were observed. 'H-
MRS performed seven weeks after mefloquine was intro-
duced revealed elevated NAA/Cr and reduced Cho/Cr, re-
flecting an improvement in clinical symptoms. This change
may indicate a functional improvement of infected oligoden-
drocytes by anti-JCV effects of mefloquine. Several studies
have demonstrated that a decrease of NAA could be par-
tially reversible in acute demyelinating lesions (such as
those that occur in multiple sclerosis patients) (24-26).

There is a possibility that mefloquine is effective in the
chronic phase of HAART-resistant cases of HIV-PML. The
present results suggest that, in addition to contrast enhance-
ment, DWI and '"H-MRS may offer valuable information on
the microstructural reorganization process that occurs after
mefloquine inhibits oligodendrocyte death.

The authors state that they have no Conflict of Interest (COI).

Acknowledgement

The authors are grateful to Dr. Kazuo Nakamichi and Dr.
Masayuki Saijo (Department of Virology 1, National Institute of
Infectious Diseases) for determinations of JCV in CSF and Dr.
Motohiro Yukitake (Division of Neurology, Department of Inter-
nal Medicine Faculty of Medicine, Saga University) for helpful
suggestions on the use of mefloquine.

References

1. Molloy ES, Calabrese LH. Progressive multifocal leukoencephalo-
pathy: a national estimate of frequency in systemic lupus erythe-
matosus and other rheumatic diseases. Arthritis Rheum 60: 3761-
3765, 2009.

2. Antinori A, Cingolani A, Lorenzini P, et al. Italian Registry Inves-
tigative Neuro AIDS Study Group. Clinical epidemiology and sur-
vival of progressive multifocal leukoencephalopathy in the era of
highly active antiretroviral therapy: data from the ltalian Registry
Investigative Neuro AIDS (IRINA). J Neurovirol 9: 47-53, 2003.

3. Koralnik 1J. New insights into progressive multifocal leukoen-
cephalopathy. Curr Opin Neurol 17: 365-370, 2004.

4. Brickelmaier M, Lugovskoy A, Kartikeyan R, et al. Identification
and characterization of mefloquine efficacy against JC virus in vi-
tro. Antimicrob Agents Chemother 53: 1840-1849, 20009,

5. Gofton TE, Al-Khotani A, O’Farrell B, Ang LC, McLachlan RS.
Mefloquine in the treatment of progressive multifocal leukoen-
cephalopathy. J Neurol Neurosurg Psychiatry 82: 452-455, 2011,

6. Kishida S, Tanaka K. Mefloquine treatment in a patient suffering
from progressive multifocal leukoencephalopathy after umbilical
cord blood transplant. Intern Med 49: 2509-2513, 2010.

7. Kishida S, Tanaka K, Ajisawa A, et al. Annual report of the re-

208



10.

11.

12.

14.

15.

16.

Intern Med 51: 205-209, 2012 DOI: 10.2169/internalmedicine.51.6253

search committee on prion disease and slow virus infection, re-
search on measures for intractable diseases health and labour sci-
ences research grants, the Ministry of Health. Labour and Welfare
of Japan, 2010: 125-132 (in Japanese).

. Clinical Trials.gov [Internet]. Maryland: U.S. National Institutes of

Health; ¢1993- [updated 2011 July 7; cited 2011 Jul 25]. Study to
Explore the Effect of Mefloquine in Subjects with Progressive
Multifocal Leukoencephalopathy (PML). Available from: http:/
clinicaltrials.gov/ct2/show/NCT0074694 1

. Marzocchetti A, Tompkins T, Clifford DB, et al. Determinants of

survival in progressive multifocal leukoencephalopathy. Neurology
73: 1551-1558, 20009.

Bossolasco S, Calori G, Moretti F, et al. Prognostic significance of
JC virus DNA levels in cerebrospinal fluid of patients with HIV-
associated progressive multifocal leukoencephalopathy. Clin Infect
Dis 40: 738-744, 2005.

Thurnher MM, Post MJ, Rieger A, Kleibl-Popov C, Loewe C,
Schindler E. Initial and follow-up MR imaging findings in AIDS-
related progressive multifocal leukoencephalopathy treated with
highly active antiretroviral therapy. AINR Am J Neuroradiol 22:
977-984, 2001.

Du Pasquier RA, Koralnik 1J. Inflammatory reaction in progres-
sive multifocal leukoencephalopathy: harmful or beneficial? J
Neurovirol 9: 25-31, 2003.

. Berger JR, Levy RM, Flomenhoft D, Dobbs M. Predictive factors

for prolonged survival in acquired immunodeficiency syndrome-
associated progressive multifocal leukoencephalopathy. Ann Neu-
rol 44: 341-349, 1998.

Arbusow V, Strupp M, Pfister HW, Seelos KC, Briickmann H,
Brandt T. Contrast enhancement in progressive multifocal leukoen-
cephalopathy: a predictive factor for long-term survival? J Neurol
247: 306-308, 2000.

Kiiker W, Mader 1, Nigele T, et al. Progressive multifocal leu-
koencephalopathy: value of diffusion-weighted and contrast-
enhanced magnetic resonance imaging for diagnosis and treatment
control. Eur J Neurol 13: 819-826, 2006.

Mader I, Herrlinger U, Klose U, Schmidt F, Kitker W. Progressive
multifocal leukoencephalopathy: analysis of lesion development
with diffusion-weighted MRI. Neuroradiology 45: 717-721, 2003.

17.

18.

19.

20.

21.

22.

24.

25.

26.

Bergui M, Bradac GB, Oguz KK, et al. Progressive multifocal
leukoencephalopathy: diffusion-weighted imaging and pathological
correlations. Neuroradiology 46: 22-25, 2004,

Usiskin SI, Bainbridge A, Miller RF, Jiger HR. Progressive multi-
focal leukoencephalopathy: serial high-b-value diffusion-weighted
MR imaging and apparent diffusion coefficient measurements to
assess response to highly active antiretroviral therapy. AJNR Am J
Neuroradiol 28; 285-286, 2007.

Buckle C, Castillo M. Use of diffusion-weighted imaging to
evaluate the initial response of progressive multifocal leukoen-
cephalopathy to highly active antiretroviral therapy: early experi-
ence. AINR Am J Neuroradiol 31: 1031-1035, 2010.

Nakano M, Ueda H, Li JY, Matsumoto M, Yanagihara T. Measure-
ment of regional N-acetylaspartate after transient global ischemia
in gerbils with and without ischemic tolerance: an index of neuro-
nal survival. Ann Neurol 44: 334-340, 1998.

Iranzo A, Moreno A, Pujol J, et al. Proton magnetic resonance
spectroscopy pattern of progressive multifocal leukoencephalopa-
thy in AIDS. J Neurol Neurosurg Psychiatry 66: 520-523, 1999.
Chang L, Ernst T, Tornatore C, et al. Metabolite abnormalities in
progressive multifocal leukoencephalopathy by proton magnetic
resonance spectroscopy. Neurology 48: 836-845, 1997.

. Cuvinciuc V, Martin-Blondel G, Marchou B, et al. Proton MR

Spectroscopy of progressive multifocal leukoencephalopathy-
immune reconstitution inflammatory syndrome. Am J Neuroradiol
31: 69-70, 2010.

Narayanan S, De Stefano N, Francis GS, et al. Axonal metabolic
recovery in multiple sclerosis patients treated with interferon beta-
1b. J Neurol 248: 979-986, 2001.

Matsui N, Nakane S, Harada M, et al. Neuroradiological study of
a possible progressive multifocal leukoencephalopathy using diffu-
sion tensor imaging and proton magnetic resonance Spectroscopy.
Rinsho Shinkeigaku (Clin Neurol) 46: 555-560, 2006 (in Japa-
nese, Abstract in English).

Dreha-Kulaczewski SF, Helms G, Dechent P, Hofer S, Girtner J,
Frahm J. Serial proton MR spectroscopy and diffusion tensor im-
aging in infantile Balo’s concentric sclerosis. Neuroradiology 51:
113-121, 2009.

© 2012 The Japanese Society of Internal Medicine
http://www.naika.or.jp/imindex.html

209



OPEN G ACCESS Freely available online

© pros one

Granulovacuolar Degenerations Appear in Relation to
Hippocampal Phosphorylated Tau Accumulation in
Various Neurodegenerative Disorders

Yuu Yamazaki'*, Tomoyasu Matsubara?, Tetsuya Takahashi’, Takashi Kurashige', Eisuke Dohi’,

-

Masanori Hiji'3, Yoshito Nagano', Takemori Yamawaki', Masayasu Matsumoto'

1 Department of Clinical Neuroscience and Therapeutics, Hiroshima University Graduate School of Biomedical Sciences, Hiroshima, Japan, 2 Department of General
Internal Medicine, Aso lizuka Hospital, lizuka, Japan, 3 Department of Neurology, Mifukai Viha-ra Hananosato Hospital, Miyoshi, Japan

Editor: John Duda, Philadelphia VA Medical Center, United States of America

decision to publish, or preparation of the manuscript.

* E-mail: yyamazak@hiroshima-u.ac.jp

Citation: Yamazaki Y, Matsubara T, Takahashi T, Kurashige T, Dohi E, et al. (2011) Granulovacuolar Degenerations Appear in Relation to Hippocampal
- Phosphorylated Tau Accumulation in Various Neurodegenerative Disorders. PLoS ONE 6(11): €26996. doi:10.1371/journal.pone.0026996

Received September 1, 2011; Accepted October 7, 2011; Published November 3, 2011

Copyright: © 2011 Yamazaki et al. This is an open-access article distributed under the terms of the Creative Commons Attribution License, which permits
unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.

Funding: This work was supported by the Ministry of Education, Culture, Sports, Science and Technology (MEXT: http://www.mext.go jp/english/) and Grant-in-
Aid for Scientific Research (C) (#21591085; Principle Investigator, Tetsuya Takahashi). The funders had no role in study design, data collection and analysis,

Competing Interests: The authors have declared that no competing interests exist.

Introduction

Granulovacuolar degeneration (GVD) is one of the pathological
hallmarks of Alzheimer’s disease (AD) [1] and is defined as
electron-dense granules within double membrane-bound cytoplas-
mic vacuoles, mainly in the hippocampal pyramidal neurons [2].

Attempts to define the molecular composition of GVDs by
immunohistochemical methods led to the identification of a large
number of possible protein constituents, suggesting a link between
GVD and AD-related neurodegeneration. For example, the tau
protein found in GVD complexes is antigenically related to that
found in paired helical filaments in AD, although antibodies to
other forms of tau do not recognize GVDs [3,4,5,6]. Activation of
caspase 3, an apoptotic effector protease involved in cleavage of
tau [7] and amyloid precursor protein [8], has been found in

@ PLoS ONE | www.plosone.org

GVDs, but rarely in other pathological structures [9,10,11,12].
The protein kinases glycogen-synthase kinase 3 and casein kinase
1, which phosphorylate tau, are also markers of GVD
[13,14,15,16,17]. Phosphorylated pancreatic endoplasmic reticu-
lum kinase, a marker of a cellular stress response to unfolded
protein, which is increased in AD, is associated with GVD [18].
Intraneuronal dot-like structures morphologically similar to GVDs
were also labelled by phosphorylation-dependent TAR DNA
binding protein (TDP43) antibody [19], in line with the abnormal
TDP43 immunoreactivity reported in AD [20,21,22,23,24,25].
Furthermore, both proteasome and endosome pathway dysfunc-
tion may be present in GVD-containing cells, as GVD has been
detected by antibodies to a cellular marker of proteasome
degradation, ubiquitin (Ub) [2,26], to intermediaries in the
ubiquitin system, phospho-B-catenin [27] and Pinl [28], and to
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the endosome-related protein charged multivesicular body protein
2b (CHMP2B) [29,30]. In relation to other pathognomonic
features, several lines of evidence have suggested that GVDs
appear within the hippocampal pyramidal neurons in AD when
phosphorylated tau begins to aggregate into early-stage neurofi-
brillary tangles (NFTs) [11,15,18,31].

However, GVDs are not AD-specific hallmark: they have been
reported within the hippocampal pyramidal neurons in normal
aged brain [32], as well as in other diseases such as progressive
supranuclear palsy (PSP) [33], pantothenate kinase-associated
neurodegeneration (PKAN) [34], corticobasal degeneration (CBD)
[35] and Pick’s disease (PiD) [36]. Given that all these disorders
can present with pathological lesions containing phosphorylated
tau protein, these findings raise the possibility that GVDs may also
appear in relation to the hippocampal phosphorylated tau
accumnulation in non-AD neurodegenerative disorders.

Recently, we have shown that an antibody to CHMP2B can
specifically detect GVDs within hippocampal pyramidal neurons in
AD [29]. The high sensitivity and specificity of this antibody were
later confirmed by another group [30]. CHMP2B is a component of
the endosomal sorting complex required for transport IIT (ESCRT-
III), which is involved in endocytic trafficking of proteins [37].
ESCRT-III drives the formation and specifically the scission of
intraluminal vesicles in multivesicular bodies, and under certain
conditions remains associated with them.

To better understand GVD formation, particularly focusing on
its relationship with the accumulation of phosphorylated tau, we
examined GVDs in non-AD neurodegenerative disorders. The
aims of the present study were: (1) to compare the CHMP2B
immunopositivity of the hippocampal GVDs in several neurode-
generative disorders that can present with pathological lesions
containing phosphorylated tau protein; and (2) to investigate the
association of CHMP2B-positive GVDs with tau pathology, to
determine whether CHMP2B-positive GVDs and phosphorylated
tau coexist among non-AD neurodegenerative disorders.

Results

CHMP2B-positive granules correspond to GVDs in the
hippocampal neurons from patients with several
neurodegenerative disorders

Immunohistochemical localization of CHMP2B was investigat-
ed in the hippocampus of several neurodegenerative disorders,
including MyD, ALS-D, PDD, MSA, PiD, PSP and PKAN cases.
As reported, CHMP2B immunoreactivity was observed as
granules in pyramidal neurons. No immunoreactivity was detected
in glial cells. CHMP2B-positive granules were often surrounded by
a clear halo and were morphologically similar to the classic
granules of GVD.

To confirm the GVD nature of these CHMP2B-positive
granules, sections were stained once with hematoxylin and eosin
(Fig. 1A, B, E, F, L, ]). After observing GVDs in the hippocampus,
these stained sections were de-stained in absolute ethanol, and
processed for CHMP2B immunohistochemical analysis (Fig. 1C,
D, G, H, K, L). Most neurons with GVDs showed CHMP2B-
positive granules and these CHMP2B-positive granules corre-
sponded to GVDs. Together with our previous results, this
suggested that CHMP2B could be used as a molecular label to
study GVD in non-AD neurodegenerative disorders. The numbers
of neurons with CHMP2B-positive GVDs/mm? in each case are
listed in Table S1.
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CHMP2B-positive GVDs colocalize with pSmad2/3 and
ubiquitin

Since GVDs have been reported to be immunoreactive for
pSmad2/3 [38] and Ub [2,26], we assessed the colocalization of
CHMP2B-positive GVDs and these markers using double
immunofluorescent labeling. In the hippocampus of several
neurodegenerative disorders, including MyD, ALS-D, PDD,
MSA, and PKAN cases, almost all CHMP2B-positive GVDs
were also immunopositive for pSmad2/3 and Ub (Fig. 2). The
colocalization of CHMP2B-positive GVDs and these markers
could also be observed even in PSP (Fig. 2], K, L, JJ, KK, LL) and
MSA-C cases (Fig. 2G, H, I, GG, HH, II), in which hematoxylin
and eosin staining revealed relatively few GVDs that we could not
confirm the GVD nature of CHMP2B-positive granules.

To investigate the reliability of using CHMP2B as a molecular
label to study GVDs, we next examined the correlation between
the number of neurons with CHMP2B-positive GVDs and the
number of neurons with granules immunopositive for pSmad2/3
or Ub. As shown in Figure 3A, immunohistochemistry with the
anti-CHMP2B antibody detected GVDs in a similar number of
cells to those immunoreactive for pSmad2/3 or Ub within the
hippocampal region in each of the diseases studied.

CHMP2B-positive GVDs correlate with hippocampal tau
pathology phosphorylated at Ser-202 and Thr-205

Our research interest was the association of CHMP2B-positive
GVDs with tau pathology in the hippocampus, including the
subiculum, CA2 and CAl subfields, where GVDs were found in
high number in AD as well as non-AD cases [18,39]. Therefore we
directly compared the number of hippocampal neurons with
CHMP2B-positive GVDs with the number of ncurons positive for
phosphorylated tau. The number of neurons positive for
phosphorylated tau was assessed using our method for scoring
tangle densities (for details see the Material and Methods). We also
investigated the association between neurons with CHMP2B-
positive GVDs and classic Braak NFT stage. The phosphorylated
tau score (p-tau score) and Braak stage score in each case are listed
in Table 1, right column.

When age at death was controlled, strong correlations were
observed between both the number of neurons with CHMP2B-
positive GVDs and p-tau score (r=0.63, p<<0.0l) as well as
CHMP2B-positve GVDs and Braak NFT stage (r=0.77, p<<0.01)
across the entire sample. Strong correlations were also observed
when we excluded AD cases from the analysis (r=0.60, p<<0.01,
Fig. 3B, r=0.73, p<<0.01, Fig. 3C, respectively).

We next investigated the correlation between CHMP2B-
positive GVDs and phosphorylated tau at the cellular level. For
immunohistochemistry, we used the AT8 antibody, which
recognizes tau phosphorylated at Ser-202 and Thr-205. In
addition to NFTs, in AD and other neurodegenerative diseases
ATS8 stains some non-tangle-bearing pyramidal neurons, indicative
of hyperphosphorylated tau in a pre-tangle stage [40]. While no or
very few CHMP2B-positive GVDs were observed in neurons with
NFTs immunoreactive for AT8, diffuse staining for phosphory-
lated tau was observed in neurons with CHMP2B-positive GVDs
in several neurodegenerative disorders, except for the cases in
which immunohistochemistry revealed relatively few CHMP2B-
immunoreactive neurons (Table S1 and Fig. 4). Together, these
data indicate that CHMP2B-positive GVDs appear in association
with the accumulation of phosphorylated tau in several neurode-
generative disorders.
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Figure 1. CHMP2B-positive granules correspond to GVDs. Cellular localization of CHMP2B (C, D, G, H, K, L) compared with hematoxylin and
eosin (HE) staining (A, B, E, F, 1, J) in several neurodegenerative disorders is shown. CHMP2B-positive structures colocalized with the GVDs identified
by HE staining and surrounded by a clear halo. A, C, Alzheimer's disease; B, D, myotonic dystrophy; E, G, amyotrophic lateral sclerosis with dementia;
F, H, Pick’s disease; I, K, multiple system atrophy with parkinsonism; J, L, pantothenate kinase-associated neurodegeneration. Scale bars represent

20 pm.
doi:10.1371/journal.pone.0026996.g001

Discussion

In this study, we demonstrated that CHMP2B-positive granules
corresponded to GVDs in a variety of neurodegenerative
disorders. The GVD nature of these CHMP2B-positive granules
was demonstrated on morphological grounds and because of the
strong co-localization upon both HE staining and with other GVD
markers including pSmad2/3 [38] and Ub [2,26]. In addition, the
number of CHMP2B-positive GVDs was comparable with that of
neurons with granules immunopositive for the GVD markers
(pSmad2/3 and Ub) among the different diseases. Indeed, while
GVDs are often assumed to be a pathological entity associated
with AD, they have been described within the hippocampus in a
number of neurodegenerative diseases; in a preceding investiga-
tion, other GVD markers including CK1 delta [17] and p-SAPK/
JNK [41] also confirmed the presence of GVDs in the brains of
patients with non-AD neurodegenerative disorders. Compared
with p-SAPK/JNK, with which immunohistochemistry revealed
pathological accumulations of NFT's in addition to GVDs [41], the
advantage of CHMP2B as well as CK1 delta as a GVD marker is
that it specifically stains GVDs but no other coexisting structures.
Taken together, it is reasonable to argue that along with CKI1
delta, CHMP2B is a robust marker of GVD in that it specifically
detected GVD in AD as well as in non-AD neurodegenerative
disorders.

In AD, several lines of evidence have suggested that GVDs
appear within the hippocampal pyramidal neurons when phos-
phorylated tau begins to aggregate into early-stage NFTs
[11,15,18,31]; however, whether one can adapt this relationship
to non-AD diseases had not yet been systematically examined [42].
In this study, we showed that the number of neurons with
CHMP2B-positive GVDs increased in association with phosphor-
ylated tau accumulation in the hippocampus not only in AD but
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also in a wide range of non-AD neurodegenerative disorders. In
addition, we provided direct evidence that diffuse staining for
phosphorylated tau could be detected in neurons with CHMP2B-
positive GVDs in most of the non-AD cases including PSP and
PDD. The pathological forms of tau from AD and PDD patients
demonstrate four bands on western blots (72, 68, 64, and 60 kDa;
Type 1 pattern) [43,44], while pathological tau from PSP [45]
demonstrates three bands (72, 68, and 64 kDa; Type III pattern).
Unfortunately, we could not show colocalization of CHMP2B-
positive GVDs with phosphorylated tau in PiD, which demon-
strates two bands (64 and 60 kDa; Type II pattern) on western
blots [46,47], probably because of the small number of neurons
with CHMP2B-positive GVDs. Therefore, our results suggested
that in most hippocampal neurons harboring GVDs, they appear
in relation to phosphorylated tau accumulation in non-AD
neurodegenerative disorders including the ‘tauopathies’. However,
further studies are needed to clarify whether GVDs appear in
relation to phosphorylated tau in tauopathies, irrespective of the
phosphorylated tau isoforms.

The most notable finding of the present study is the presence of
GVDs in the phosphorylated tau-containing neurons in various
neurodegenerative disorders other than AD. Although this finding
raises the possibility that there is 2 common mechanism for GVD
formation and phosphorylated tau accumulation, the cellular fates
of GVD-harboring neurons may differ between AD and non-AD
disorders. Previous studies have suggested that neurons harboring
GVDs with phosphorylated tau accumulation reflected ‘toxic’ or
‘apoptotic’ alterations in AD [11,18], based on their relationship
with phosphorylated tau, whose degree of accumulation correlates
with neuronal loss in the hippocampus [42,48,49], as well as the
hippocampal vulnerability, both of which have been extensively
characterized and documented in AD [50]. Moreover, an
exponential relationship exists between the number of GVDs
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Figure 2. CHMP2B-positive GVDs colocalize with pSmad2/3 and ubiquitin. Hippocampal sections were stained with both anti-CHMP2B
antibody (A, D, G, J, M, AA, DD, GG, JJ, MM, green) and antibodies against pSmad2/3(B, E, H, K, N, red) or ubiquitin (BB, EE, HH, KK, NN, red).
CHMP2B-positive GVDs colocalized with pSmad2/3 and ubiquitin, although their colocalization rates varied. C, F, I, L, O, CC, FF, I}, LL, OO, merged
images counterstained with Hoechst Dye (blue). A, B, C, AA, BB, CC, amyotrophic lateral sclerosis; D, E, F, DD, EE, FF, pantothenate kinase-
associated neurodegeneration; G, H, I, GG, HH, Il, multiple system atrophy with cerebellar ataxia; J, K, L, JJ, KK, LL, progressive supranuclear palsy;
M, N, O, MM, NN, OO, Parkinson disease with dementia. Scale bars represent 20 um.

doi:10.1371/journal.pone.0026996.g002

and neuronal loss observed in AD [42]. In contrast, a correlation
between tau accumulation and cognitive decline or neuronal loss
does not necessarily exist in other disorders [51,52], and it is not
known whether the same exponential relationship applies to non-
AD cases [42]. Therefore, it is unclear whether hippocampal
neurons harboring GVDs with tau accumulation observed in non-
AD disorders are pathognomonic for phosphorylated tau-related
neurodegeneration, or perhaps are an underlying toxic moiety.

It is unclear whether the presence of phosphorylated tau in the
hippocampus of non-AD cases is necessarily more than a result of
normal aging. Tau proteins can become insoluble with aging and
sometimes contaminate the preparations of the so-called patho-
logical tau aggregates [53]-indeed this contamination has been
described in several neurodegenerative diseases [54,55,56].
Moreover, the NFT burden to discriminate between the aging
and AD has been thought to be quantitative rather than

@ PLoS ONE | www.plosone.org

qualitative [57,58]. Therefore, given that our study lacks age-
matched controls, we are uncertain whether the presence of
phosphorylated tau in the hippocampus of non-AD cases reflects
aging, a substantial AD process, or a disease-specific finding.
Nonetheless, strong correlations were observed in our cases
between the number of neurons with CHMP2B-positive GVDs
and phosphorylated tau burden, even when we excluded AD cases
from the analysis. This suggests that, whatever the mechanism
involved in phosphorylated tau accumulation, GVDs appear in
relation to hippocampal phosphorylated tau accumulation in
various neurodegenerative disorders.

Conclusions

In summary, using an antibody to CHMP2B as a molecular
label for GVDs [29], we have shown that GVDs appear
consistently with hippocampal phosphorylated tau accumulation
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Figure 3. Correlation between the numbers of CHMP2B-positive GVDs with numbers of GVDs immunoreactive for pSmad2/3 or Ub
and hippocampal tau pathology. A: Number of neurons with CHMP2B-positive GVDs plotted against those with GVDs immunoreactive for
pSmad2/3 (blue filled circles) or ubiquitin (Ub; red open circles). The Pearson correlation coefficient for pSmad2/3 and ubiquitin was 0.935 (p<<0.01) and
0.888 (p<<0.01), respectively, among all the cases studied. Each circle represents an individual hippocampus investigated. B: Relationship between
phosphorylated tau score (p-tau score) and the number of neurons with CHMP2B-positive GVDs in non-Alzheimer's disease (AD) neurodegenerative
disorders. The number of neurons with CHMP2B-positive GVDs increased significantly with the score for phosphorylated tau pathology (r=0.60,
p<0.01). Each closed circle represents an individual non-AD hippocampus investigated. Each open circle represents an individual hippocampus from
an AD case, for reference. C: CHMP2B-positive GVD burden in the hippocampus with respect to Braak NFT stage in non-Alzheimer’s disease (AD)
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neurodegenerative disorders. The number of neurons with CHMP2B-positive GVDs increased significantly with respect to Braak NFT stage (r=0.73,
p<0.01). Each closed circle represents an individual non-AD hippocampus investigated. Each open circle represents an individual hippocampus from

an AD case for reference.
doi:10.1371/journal.pone.0026996.g003

in various neurodegenerative disorders. Although GVDs in non-
AD neurodegenerative disorders have not been studied thorough-
ly, our results suggested that they are not incidental findings but
rather they appear in relation to phosphorylated tau accumula-
tion, further highlighting the role of GVD in the process of
phosphorylated tau accumulation.

Materials and Methods

. Ethics Statement

The protocols for neuropathological procedures and analysis
were approved by and performed under the guidelines of the
ethics committee of Hiroshima University Graduate School of
Biomedical Sciences. The neurodegenerative disorders and control
samples were obtained with the adequate understanding and
written informed consent of family members. For this study, all
samples were coded and personal information dissociated from the
test results. All the data were analyzed anonymously, and all
neuropathological procedures and analysis have been conducted
according to the principles expressed in the Declaration of
Helsinki.

Brain pathology and staining

Four cases of AD, five cases of myotonic dystrophy MyD), eight
cases of amyotrophic lateral sclerosis, two cases of ALS with
dementia (ALS-D), three cases of Parkinson disease with dementia
(PDD), and one case each of multiple system atrophy with
parkinsonism, multiple system atrophy with cerebellar ataxia
(MSA-C), PiD, PSP, CBD, and PKAN, and nine control cases
without neurodegenerative disorders according to clinical history
and confirmed by thorough neuropathological examination were
selected (for case demographics see Table S1, postmortem delays
4-24 hours).

Formalin-fixed, paraffin-embedded tissues including the hippo-
campus and the parahippocampal gyrus were sliced at a thickness
of 7 pm. The sections were deparaffinized and then immuno-
stained with primary antibody. The primary antibodies used were

Table 1. Scoring system used to quantify neurons with
phosphorylated tau.

phosphorylated tau score
(p-tau score)

Structures per field

15-19 5

25-29 7

doi:10.1371/journal.pone.0026996.t001
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as follows: rabbit polyclonal antibody to CHMP2B (ab33174,
dilution 1:600; Abcam, Cambridge, UK); mouse monoclonal
antibody to ubiquitin (MAB1510, dilution 1:2,000; Chemicon,
Temecula, CA); goat polyclonal antibody to pSmad2/3 (sc-11769,
dilution 1:400; Santa Cruz Biotech, Santa Cruz, CA); and mouse
monoclonal antibody to phosphorylated tau (AT8, dilution 1:800;
Innogenetics, Gent, Belgium). For antigen retrieval, the slides were
microwaved in distilled water for 10 min then washed in
phosphate-buffered saline (PBS) for 5 min. Deparaffinized sections
were then incubated with 1% HyOj in methanol for 20 min to
eliminate endogenous peroxidase activity. Each section was .
incubated with primary antibody overnight at 4°C. After washing
in PBS, the sections were incubated with horseradish peroxidase
(HRP)-conjugated goat anti-mouse antibody or goat anti-rabbit
antibody (both diluted 1:100; DAKO, Glostrup, Denmark) for
30 min at room temperature. The sections were then washed three
times in PBS and incubated at room temperature with 3,3'-
diaminobenzidine (DAKO). All sections were counterstained with
hematoxylin.

In addition, we performed double staining on sections including
those of the hippocampus and the parahippocampal gyrus of the
disease cases. We applied the same primary antibodies as
described above. These primary antibodies were detected with
the following secondary antibodies (dilution 1:500; Molecular
Probes, Eugene, OR): Alexa Fluor 488 donkey anti-rabbit IgG,
Alexa Fluor 546 donkey anti-mouse IgG, Alexa Fluor 546 donkey
anti-goat IgG, Alexa Fluor 488 goat anti-mouse IgG, and Alexa
Fluor 546 goat anti-mouse IgG. 0.5% Sudan black in 70% ethanol
was used to quench autofluorescence before mounting the
paraffin-embedded sections. The slides were mounted with
Vectashield (Vector Laboratories, Burlingame, CA), and observed
under a fluorescence microscope (BIOREVO BZ-9000; Keyence,
Osaka, Japan) or an LSM510 confocal laser scanning microscope
(Carl Zeiss AG, Oberkochen, Germany).

We assessed the staining specificity by replacing the primary
antibodies with an appropriate amount of non-immune rabbit
serum or PBS containing 3% bovine serum albumin or by pre-
incubating the primary antibodies with an excess of peptide
immunogen. No reaction products were seen in the sections thus
treated (data not shown).

Quantitative analysis

For all cases, we counted the number of neurons with
CHMP2B-positive GVDs and neurons with granules immunopo-
sitive for pSmad2/3 and Ub in the hippocampus at 400X
magnification. For the analysis of the correlation to the tau
pathology, the number of neurons with CHMP2B-positive GVDs
was expressed as neurons/’ mm?; we used a mean number of three
independent measures using light microscopy at 400X magnifica-
tion and the images of total hippocampal area in each case were
measured by the Image J (NIH) software.

The accumulation of phosphorylated tau in the hippocampus
was evaluated using the grading score of Molsa with some
modifications [59]. Briefly, AT8-stained sections including the
hippocampus were scanned using light microscopy at 100x
magnification. Five randomly selected fields, each measuring
0.92 mm?, were selected, and the mean number of neurons
positive for phosphorylated tau in each field was calculated
(Table 1). A lesion score was then assigned, ranging from 0 to 10.
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Figure 4. Correlation between CHMP2B-positive GVDs and phosphorylated tau at the cellular level. Double immunofluorescence
labeling for CHMP2B (A, D, G, J, M, P; green), tau phosphorylated at Ser-202 and Thr-205 (B, E, H, K, N, Q; red), and merged images (C, F, I, L, O, R)
in sections from patients with several neurodegenerative disorders is shown. Note that, in neurons containing CHMP2B-positive GVDs, diffuse
staining for phosphorylated tau could be detected in Alzheimer’s disease. In contrast, no co-occurrence of CHMP2B-positive GVDs and
phosphorylated tau in tangle-bearing neurons (arrowheads) was observed in Alzheimer’s disease (A, B, C). A similar co-occurrence of CHMP2B-
positive GVDs and diffuse staining for phosphorylated tau in neurons was observed in several other neurodegenerative disorders (D-R). D, E, F,
myotonic dystrophy; G, H, I, multiple system atrophy with parkinsonism; J, K, L, progressive supranuclear palsy; M, N, O, Parkinson disease with
dementia; P, Q, R, pantothenate kinase-associated neurodegeneration. Merged images were counterstained with Hoechst Dye (F, I, L, O, R; blue).

Scale bars represent 20 pm.
doi:10.1371/journal.pone.0026996.9004

For example, if the lowest neurons with phosphorylated tau
density were 10-14 and the highest 26-30, the range would be 10—
30, giving a midpoint of 20 and phosphorylated tau score (p-tau
score) of 6. If the highest density were over 40, the arbitrary figure
of 45 was used when calculating the midpoint. Braak staging was
determined by AT8 immunostaining of neurofibrillary tangles in
hippocampus and isocortical brain regions [60].

Statistical evaluations were performed with the SPSS 14
software package (SPSS, Chicago, Illinois). Due to the exploratory
nature of our investigation, the level of significance was set to .05
(two-tailed tests). To avoid effects of aging, we used partial
correlations to analyze the relations between number of neurons
with CHMP2B-positive GVDs and phosphorylated tau accumu-
lation. Partial correlation analysis reduces the potential for
misleading interpretation of data and in the current study,
provided a more rigorous investigation of the relationships
between the variables. We interpreted coefficients >.5 as strong
correlations [61].
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Two Cases of Cerebral Embolism Caused by Apical
Thrombi in Midventricular Obstructive Cardiomyopathy
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Abstract

Midventricular obstructive hypertrophic cardiomyopathy (MOHC) is a rare form of cardiomyopathy that
was demonstrated to have caused embolic stroke in two patients. In both cases, the embolic sources of stroke
were thrombi in an apical aneurysm caused by turbulent stasis of blood flow and subsequent injury of myo-
cardial endocardium. Even without atrial fibrillation, apical aneurysm can induce emboligenic stroke in

MOHC.

Key words: cerebrovascular disease/stroke, midventricular obstructive cardiomyopathy, apical thrombus
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Introduction

Most patients with hypertrophic cardiomyopathy (HCM)
have asymmetric septal hypertrophy and subaortic obstruc-
tion. Midventricular obstructive hypertrophic cardiomyopa-
thy (MOHC) presents as atypical intraluminal stenosis of the
midventricle followed by a pressure gradient between the
apical and basal chambers. A previous study reported the in-
cidence of concealed apical aneurysm with midventricular
cavity obliteration to be approximately 1.5% of all HCM
cases (1). Atrial fibrillation and the dilated phase of HCM
are associated with embolic stroke (2); however, in 9.8% of
cases of HCM, a definite origin of stroke could not be iden-
tified (3). We describe herein two MOHC patients with cere-
bral embolism induced by apical thrombi.

Case Report

Case 1

A 42-year-old woman who had MOHC was hospitalized
because of nausea and difficulty speaking. On arrival, she
had right facial palsy, dysarthria and ataxia of the right ex-
tremities. Laboratory data revealed an increased white blood

cell count (12,400/mm’), D-dimer (1.1 pg/mL), and N-
terminal proBNP (3484 pg/mL). Electrocardiography (ECG)
on admission showed a sinus rhythm with deep T wave in-
version. MRI showed acute cerebellar infarcts and occlusion
of the basilar artery (Fig. 1). Transthoracic echocardiography
revealed a left midventricular obstruction followed by the
apical aneurysm; on ultrasound contrast, a mural thrombal
defect was observed (Fig. 1). Transesophageal echocar-
diography did not demonstrate the apical thrombus or any
other sources of embolus. Eight days after admission, MRI
revealed left cerebellar, right pontine, and left cerebral
peduncle infarcts. The patient was treated with unfraction-
ated heparin and warfarin, and her symptoms gradually im-
proved.

Case 2

A 65-year-old man was admitted with syncope and was
diagnosed with ventricular tachycardia and midventricular
obstructive cardiomyopathy. On the third day after admis-
sion, he had left hemiparesis, dysarthria and unilateral spa-
tial neglect. Laboratory data revealed increases in blood
sugar (376 mg/dL), D-dimer (4.0 pg/mL), and BNP (717 pg/
mL). ECG detected a sinus rhythm with a deep negative T
inversion in leads V3-V6. CT showed no infarction and per-
fusion CT demonstrated hypoperfusion and a prolonged
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Figure 1. MRI and transthoracic echocardiography in Case
1. (A) Diffusion-weighted imaging showed high intensity sig-
nals in cerebellum (arrow) on arrival. (B) MRA showing the
top of the basilar artery occluded on arrival. (C) Transthorac-
ic echocardiography demonstrated midventricular obstruction
in systole (large arrow) and the apical aneurysm (small ar-
row). (D) Transthoracic echocardiography with contrast

showed a thrombal defect (arrow) in the apical aneurysm.

Figure 2. MRI and transthoracic echocardiography in Case
2. (A) Diffusion-weighted imaging showed a high intensity sig-
nal in the right frontotemporal lobe. (B) Transthoracic echo-
cardiography revealed a thrombus (arrow) in the apical aneu-
rysm.

mean transit time (MTT) in the right frontotemporal lobe.
Transthoracic echocardiography revealed two thrombi on an
apical aneurysm (Fig. 2) and continuous wave Doppler re-

DOI: 10.216Y%/internalmedicine.50.5079

corded the paradoxical diastolic flow from the apex to the
base of the left ventricular cavity. One hour and 37 minutes
later, the patient was treated with intravenous thrombolysis
with tissue plasminogen activator and his condition im-
proved. Warfarin was administered to prevent recurrence.

Discussion

Among the cases of HCM, the main cause of ischemic
stroke is atrial fibrillation and the dilated phase of HCM (3).
Paroxysmal or chronic atrial fibrillation ultimately occurs in
20% to 25% of HCM patients (4, 5) and causes 23% of the
cumulative incidence of vascular events (2). We encountered
and thoroughly examined two cases of stroke, possibly
caused by a thrombus of akinetic apical aneurysm as possi-
ble sources of embolism. Few patients with normal left ven-
tricular systolic performance who have never experienced
stroke have demonstrated thrombus in an apical aneu-
rysm (6). A thrombus is induced by turbulent stasis of blood
flow and injured myocardial endocardium by both systolic
midventricular obstruction and diastolic paradoxical jet
flow (7, 8) from the apex to the base of the left ventricular
cavity.

Transthoracic echocardiography was superior to trans-
esophageal echocardiography in revealing the thrombus of
apical aneurysm in Case 1. Because apical thrombi can
cause emboli, MOHC patients without atrial fibrillation re-
quire transthoracic echocardiography to locate embolic
sources.

The authors state that they have no Conflict of Interest (COI).
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resonance angiography
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Abstract

Posterior cerebral artery (PCA) dissection in children seldom is reported in the literature. This is the second report of acute PCA
dissection with infarct occurring in a young child. A serial magnetic resonance angiography demonstrated a delayed and transient
narrowing of the arterial caliber, which was consistent with a focal PCA dissection with delayed vascular recanalization. PCA dis-
section should be included in the causes of infarct in children and a thorough and serial neurovascular imaging should be considered

if no cause of stroke is found.

© 2011 The Japanese Society of Child Neurology. Published by Elsevier B.V. All rights reserved.
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1. Background

Posterior cerebral artery (PCA) dissection is extremely
rare but an importance case of stroke [1-5]. Here we
report a pediatric case of right thalamic infarct secondary
to right PCA dissection noted on a serial magnetic reso-
nance angiography (MRA) to discuss its underlying path-
ophysiology and future clinical implications.

Abbreviations: MRA, magnetic resonance angiography; MRI,
magnetic resonance imaging; PCA, posterior cerebral artery; PLIC,
posterior limb of internal capsule; T, tesla
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machi, Shinjuku-ku, Tokyo 1608582, Japan. Tel.: +81 03 3353 1211,
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E-mail address: toshiki.take@z5 keio.jp (T. Takenouchi).

2. Case presentation

The case was a three-year-old ambidextrous girl,
whose past medical and family history was non-
contributory.

She was in her usual-state-of-health and playing with
her brother at home. When her mother at kitchen heard
a sudden screaming, her mother quickly ran to find her
lying down on the floor in front of a door. There was no
loss of consciousness. She was holding back of her head
and right neck and complained of severe pain. Since her
mother thought that she hit her head against the door-
knob, she was lain down on a bed. However she did
not have any improvement in her headache over the next
several hours. She was taken to a local emergency room,
where she was noted to have a left hemiparesis involving
her left face, arm and leg (day 0). There was no bruise on
physical examination, fracture on skull X-rays or intra-
cranial hemorrhage on head CT scan.

0387-7604/$ - see front matter © 2011 The Japanese Society of Child Neurology. Published by Elsevier B.V. All rights reserved.
doi:10.1016/j.braindev.2011.06.012
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A magnetic resonance imaging (MRI) of the brain
approximately 22 h after the symptom onset (day 1)
demonstrated restricted diffusion in the right thalamus
and posterior limb of internal capsule (PLIC), consistent
with acute arterial infarct (Fig. 1A). An MRA of the
brain utilizing a magnetic field strength of 1.5 Tesla
(T) showed minimal narrowing of the right proximal
PCA ie. P1-2 segment, just proximal to the origin of
the thalamogeniculate arteries leading to the infarction
(Fig. 2A). An MRA of the neck was unremarkable. A
follow-up 3T-MRA on day 9 demonstrated a segmental
severe stenosis in the same region (Fig. 2B). Another fol-
low-up 3T-MRA on day 37 demonstrated partial resolu-
tion of the right P1-2 stenosis (Fig. 2C) indicating

Fig. 1. Brain magnetic resonance imagings. (A) An axial diffusion-
weighted image on day 1 demonstrating restricted diffusion in the right
lateral thalamus and posterior limb of internal capsule consistent with
acute arterial infarct (black arrow). (B) An axial fluid-attenuated-
inversion-recovery image on day 37 showing cystic changes with gliosis
in the right lateral thalamus (white arrow), confirming posterior
circulation infarct.

Fig. 2. A serial magnetic resonance angiography (MRA) from day 1
through 37. (A) A 1.5T-MRA on day 1. Note a minimal caliber change
in the P1-2 segment of the right posterior cerebral artery (arrow). (B) A
3T-MRA on day 9. Note a segmental discontinuity suggestive of severe
stenosis in the same region (arrow). (C) A 3T-MRA on day 37. Note
partial resolution of the caliber change with tapered appearance
indicating partial recanalization of the arterial dissection (arrow).

vascular recanalization. An MRI showed cystic changes
with gliosis in the right lateral thalamus sparing the




T. Takenouchi et al. ! Brain & Development xxx (2011) xxx—xxx 3

PLIC, which confirmed that the infarct occurred within
the territory of right PCA (Fig. 1B).

An extensive cardiovascular and hematological tes-
tings did not reveal any source of thrombi or emboli
or any coagulation abnormalities. Conventional angiog-
raphy was deliberately not performed after the discus-
sion with her family, given its potential procedural and
radiation risks.

The patient was treated with oral aspirin to show a
significant and monophasic recovery in her motor
strength during and after the hospital course. Her weak-
ness almost completely resolved by 6 months after the
symptom onset with no recurrence of the symptoms.

3. Discussion

This is the second report of PCA dissection in young
pediatric population. There have been several cases of
PCA dissection in adults and anterior circulation stroke
in the basal ganglia and thalamus after minor head
trauma in children [1-5]. However, there is only one
prior report of two young children with PCA dissection
in the literature. Thus, Sherman et al. described a
seven-year-old girl with PCA dissection occurred after
minor head trauma and a 19-month-old boy with PCA
dissection without a clear preceding history of trauma
[2]. ‘

The present case had several reasons suggestive of
arterial dissection rather than vasospasm or other etiol-
ogies. First, the present case had a segmental PCA ste-
nosis which progressed towards the second week and
then gradually improved over at least one month. In a
study of 27 head injured children, middle cerebral artery
velocity by daily Transcranial Doppler measurements
started increasing between the 2nd and 4th day after
injury and lasted on average for 4 days. The longest per-
iod of increased velocity values lasted 7 days and the
shortest, 1 day [6]. While vasospasm tends to have a
radiographic appearance with smooth caliber changes,
arterial dissection can have characteristic geometry
changes such as irregular stenosis, segmental stenosis,
and aneurysm formation. The radiographic findings
can change dramatically over the period of days or even
hours, about 90% of stenoses eventually resolve and
two-thirds of occlusions are recanalized [7]. The much
longer duration of P1-2 stenosis and its geometric
changes in the present case strongly favor arterial dissec-
tion with delayed recanalization of the false lumen as the
most plausible explanation.

Secondly, arterial infarct due to delayed vasospasm
can occur after severe head trauma, which is usually
severe enough to cause intracranial hemorrhage [8].
But the present case had no loss of consciousness, skull
fracture or intracranial hemorrhage.

Thirdly, patients with arterial dissection present with
infarct rather than transient ischemic attacks [9]. In

children, pain is not as a prominent feature for arterial
dissection as in adults, but still reported in half of the
patients [10]. The present case complained of headache
and had a complete infarct, which are consistent with
intracranial arterial dissections.

As seen in the present case, PCA dissections most
commonly occur near the P1-2 junction. It could be par-
ticularly vulnerable to shearing and stretching forces,
because vertebrobasilar-PCA acutely change its direc-
tion posteriorly at P1-2 segment and it is anatomically
close to the free border of the tentorium cerebelli [2,5].
Although the present case did not have a witnessed
trauma, it was highly likely that she had some preceding
traumatic event to her head and/or neck given the
circumstances.

It could be argued that conventional angiography
remains the gold standard technique in diagnosing vas-
cular anomaly. Although it is true MRA, either in
source or reconstructed images, can have limitations in
assessing small caliber vessels and conventional angiog-
raphy provides better angiographic resolution [2], con-
ventional angiography carries substantial procedural
and radiation risks especially in children. Thus, we uti-
lized a serial 3T-MRA under sedation to follow caliber
changes without significant motion artifact or major
complication.

The causes of stroke in children are more divergent
and less often identified than those in adults. Since the
present case had a barely noticeable P1-2 caliber change
on the first 1.5T-MRA, her PCA dissection could have
been overlooked without subsequent 3T-MRA studies.

In conclusion, the present case not only demonstrates
that PCA dissection can occur in children, but also rein-
forces that a thorough and repeat neurovascular imag-
ing should be considered if no cause of stroke is
detected.
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Remodeling of C2 Facet Deformity Prevents
Recurrent Subluxation in Patients With Chronic
Atlantoaxial Rotatory Fixation

A Novel Strategy for Treatment of Chronic Atlantoaxial Rotatory Fixation
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Study Design. A retrospective case series.

Objective. To propose a novel treatment strategy for chronic
atlantoaxial rotatory fixation (AARF).

Summary of Background Data. Treatment strategy for chronic
or recurrent AARF remains controversial. We have previously
reported that a deformity of the superior facet of the axis (C2 facet
deformity), which is frequently observed in patients with chronic
AARFs, is a risk factor for recurrent dislocation. In this article, we
report seven consecutive cases of chronic AARF who underwent
closed manipulation followed by external halo fixation and
maintained good reduction with the remodeling of the C2 facet
deformity.

Methods. Seven girls with a chronic AARF who sustained torticollis
for an average of 4.6 months after the onset were referred to our
clinic. Closed manipulation by careful manipulation under general
anesthesia followed by external immobilization with a halo vest was
performed in all cases. Radiographic findings and clinical courses
were retrospectively reviewed with approvals by the institutional
review board.

Results. Three-dimensional computed tomography images before
reduction revealed persistent atlantoaxial subluxation and the
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C2 facet deformity in the dislocated side in all cases. Follow-up
three-dimensional computed tomographic scans demonstrated the
remodeling of the C2 facet deformity at an average of 2.8 months
after successful reduction of subluxation. Subsequently, the halo
vests were removed and gentle neck range of motion exercise
was started in all cases. The normal cervical range of motion was
obtained 2 weeks after the removal of halo vests in five cases,
whereas the range of motion remained limited in two cases. At a
mean follow-up of 17.4 months, neither symptoms nor recurrence
of subluxation occurred in all cases.

Conclusion. Chronic irreducible and recurrent unstable AARF
can be managed successfully by careful closed manipulation
followed by halo fixation, if the C1 and C2 have not been
osseously fused. The remodeling of the C2 facet deformity
detected on follow-up CT scans can be a useful radiographic
parameter to determine the appropriate period of halo fixation
in this new treatment strategy obviating the need for surgical
intervention.

Key words: atlantoaxial rotatory fixation (AARF), chronic
subluxation, facet deformity, recurrent subluxation, remodeling.
Spine 2011;36:E256-E262

n 1830, rotatory subluxation of the atlantoaxial joint was
reported for the first time by Sir Charles Bell.' Persistent
Il subluxation-causing torticollis in children was termed
as atlantoaxial rotatory fixation (AARF) by Fielding and
Hawkins? in 1977. Most acute AARFs can be treated success-
fully by conservative therapy including closed manipulation

-or cervical traction followed by a cervical orthosis. On the

contrary, in chronic cases, closed reduction and its mainte-
nance is often unsuccessful,>° requiring surgical treatment
for patients with chronic irreducible or recurrent unstable
AARFS.2’3’5’6’11-13

Over the years, improvements in the surgical techniques
have brought encouraging treatment results for upper cervi-
cal spine pathologies. Posterior C1-C2 arthrodesis has been
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widely used for recurrent unstable AARFs following the
closed reduction, and a variety of posterior fusion techniques
have been advocated, including posterior wiring methods by
Gallie,"* McGraw and Rusch,” and Brooks and Jenkins's;
transarticular screwing by Magerl'’; and C1-C2 lateral mass
fixation by Goel and Laheri'® and Harms and Melcher." For
irreducible AARF associated with C1-C2 bony union, tran-
soral anterior approach®?! and extreme lateral approach?
have been described as a surgical method for reduction of
subluxation before C1-C2 arthrodesis. Therefore, surgical
procedures including posterior fixation between C1 and C2
with or without anterior release have been the treatment of
choice for cases of chronic irreducible and recurrent unstable
AARFs. Although previous reports have demonstrated suc-
cessful reduction and fixation after surgeries, several com-
plications have also been reported.?>% The vertebral artery
injury is one of the most serious complications during the
C1-C2 transarticular screw and C2 pedicle screw place-
ments.?” After the posterior atlantoaxial fusion, limited neck
motion can cause disturbances in activities of daily living.28%

Recent advances in three-dimensional (3D) computed tomo-
graphy (CT) and magnetic resonance imaging have provided
detailed information on the degree and types of subluxation,
presence of inflammation, overstretching of the stabilizing
ligaments, and primary damages to articular surface in the
C1-C2 joint in AARF patients. We have previously reported
that a deformity of superior facet of the axis (C2 facet defor-
mity) on 3D CT images observed in chronic AARF cases is a
risk factor for the recurrence of AARES Thereafter, the surgi-
cal treatments have routinely been indicated for patients with
chronic irreducible or recurrent unstable AARFs in our insti-
tute, if the C2 facet deformity was observed on CT. In 2006,
the diagnosis of chronic recurrent AARF with the C2 facet
deformity was established in an 11-year-old girl who visited
our clinic. The surgery was postponed because of unstable
physical condition, and she underwent a closed reduction
followed by external immobilization using halo vest waiting

Remodeling of C2 Facet Deformity ¢ Ishii et al

for the fusion surgery. Surprisingly, the successful remodeling
of C2 facet deformity was observed in 3D CT images at the
3-month follow-up. At that time, gentle exercise of neck range
of motion (ROM) was started after removal of the halo vest,
and the girl regained normal neck ROM without recurrence.

Experience of this case encouraged us to use this remodel-
ing as a radiographic sign to determine the optimal timing
for the removal of a halo vest, because we believed that this
remodeling process, buttress-like bone formation, can stabi-
lize the atlantoaxial joint, thereby preventing recurrence of
subluxation. Since then, seven consecutive patients with a
chronic AARF who presented with the C2 facet deformity on
3D CT have been treated successfully by closed manipulation
followed by external halo fixation in our institute. The pur-
pose of this study is to describe our new therapeutic strategy
for chronic AARF and its clinical outcomes.

MATERIALS AND METHODS

Patients

With the approval of the institutional review board, clinical
records of seven consecutive patients with a chronic AARF
were retrospectively reviewed. Between October 2006 and
September 2008, seven patients who had torticollis for more
than 2 months were referred to our hospital, and the diagno-
ses of chronic AARF were established in all cases. The mean
age at the initial visit was 7.3 years (range = 4.3-11.6 years).
The mean period between the onset of torticollis and the ini-
tial visit to our institute was 4.6 months (range = 2.1-8.8
months), and the mean follow-up duration was 17.4 months
(range = 6-28 months). All patients presented with a neck
pain, a so-called cock-robin posture, and restricted neck mo-
tion, although all of them were neurologically intact. The
causes of torticollis were upper respiratory tract infection in
four, incidental trauma in one, respiratory tract infection fol-
lowing trauma in one, and unknown in one patient. All pa-
tients underwent either halter traction or closed manipulation

1 Irreducible | 11 F RTI 6.0 Rt 13 3 1 2 ++ -
Recurrence 8 F Unknown 3.8 Rt 3.6 2 2 2 + -
3 Irreducible 7 F Trauma 5.4 Rt 7 3 1 3 +++ -
and RT!
4 Irreducible 4 F RTI 3.4 Rt 4.2 2 1 3 + -
5 Irreducible 7 F Trauma 8.8 Lt 8 3 1 3 +++ -
6 Irreducible 5 F RTI 2.1 Lt 3.5 1 1 2 + -
7 Irreducible 5 F RTI and 2.6 Rt 5 2 2 2 + -
tympa-
nitis
AARF indicates atlantoaxial rotatory fixation; ADI, atlantodental interval; F, female; Lt, left; Rt, right; RTI, upper respiratory tract infection; +, slight; ++, moderate;
+-++, severe; —, none.
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