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Fig. 1 The location of six pathogenic mutations in the FTL gene. The mutations, except for the
point mutation in exon 3, which thus causes a frameshift in exon 4.
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W GGTGGCCCGGAGGCTGGGC|ITGGGCGAGTATCTCTTCGAAAGGEC
ut 169 B G G6CcCC66AGGCTGGGCTGGGCGAG
485
Fig. 2a A sequencing chromatogram of the PCR product from the proband’s sample. WT is the

wild-type sequence and mut is the mutant sequence of the FTL gene showing the 16 bp duplica-
tion (underlined). The inserted 16 bp corresponds to the sequence 469-484 (broken line).

wild-type
175
GAG GCT GGG CTG GGC GAG TAT CTC TTC GAA AGG CTC ACT CTC AAG CAC GAC TAA
E A G L G E Y L F E R L T L K H D STOP
mutant

GAG GCT GGG CGG CCC GGA GGC TGG GCT GGG CGA GTA TCT CTT CGA AAG GCT CAC

E A G R P G G W A G R V S L R K A H
184
TCT CAA GCA CGA CTA AGA GCC TTC TGA
S Q A R L R A F STOP

Fig. 2b The nucleotide and corresponding amino acid sequences of the C-terminal portions of the
wild-type and mutant FTL gene. The 16 bp insertion and the novel amino acid sequences are

underlined.
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Fig. 3 The pedigree of the proband’'s family. The filled
symbols represent the affected individuals, while the
open symbols indicate the unaffected individuals. All of
the unaffected individuals are represented without sexual-

ity (triangles) for the purpose of protection of the personal
informations. The slashed symbol represents deceased
individuals. Only the proband and his mother are affected.
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Table 1 Genotype and phenotype of neuroferritinopathy
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FRERHRIES 49%5%5 (2009 : 5)

Fig. 4 Axial brain MRI (1.5T) of the proband at 35 years of age (A, B) and at 42 years of age (C, D, E,
F). (A) T1 weighted imaging (TR 400msec/TE 14msec) shows symmetrical hypointensity in the
caudate nuclei and globus pallidus. (B) T2 weighted imaging (TR 800msec/TE 30msec). A hyperin-
tense signal is seen in the caudate nuclei and pallidum bilaterally. (C) T1 weighted imaging (TR

400msec/TE 9msec). The hypointensity in the pallidum extends to the putamen. The cystic

changes of the lenticular nuclei can be clearly observed. Bilateral frontal lobe atrophy is observed.

The cornua of the lateral ventricle were enlarged due to the atrophy of the caudate nuclei. (D) In

the T2 weighted imaging (TR 3,440msec/TE 89.4msec), the globus pallidus and putamen were in-

volved with a confluent area of hyperintensity. The regions of T2 hyperintensity include the
thalamus. (E, F) T2* imaging (TR 400msec/TE 25mesc). The cystic changes of the basal ganglia
were surrounded with linear signal loss. The signal loss is also noted in dentate nucleus.

InsA?, 498InsTC”"®, 646InsC’FhZh1HI$ >, &&EF3
BITH 5. MR ARGk E 72 ) F U DLERASRN, L
WIREER, BRI, B C 2 EATHV Ev) T—H L Tw
5.

460InsA SEBIOAMRFT R & LT, REFREARI T IR D 22
TCEE boTBY, ThD LN, BRI E CLa-
TWh I EHMBEINIZY. BEMEEAT R CIE, KN E i
AEfEPELS, AR 50um DA T DI IZERB OB AL L RIZAH S
NTW5. TOHAFIZSEEREETH Y, L7 =) F Vil
WX BREROTIRILIEND, ST F O
EEALIERENTH L EDRER I, L IIRERD
HIHEAMC S < A7z, wiiHIRa, 77 7 /il 7 & ofilai
B s, AETROEAMEICHZEBROELD A S
h, A7za4 FHaedS7z. 498InsTC ERITIE, AR
PN IR D2 & 22 LA A SN, FIEEIEDZEH D i
WEINP, fatkomfEile, 7 7oA B L O
JaB I8k 7 = U F Bt AR E s BlE s h, BEAD

BATTRD AN ERESN TV S, MEHBORD & 7
VA=Y AOF RS Y, & ICHRER, R HRECH
HrofzAs, KIEE, Rdkik, BUR, B8, FHICH RO
TALH D o 72, INRTIE TV F 7 T & PR B A
AL, TUF v IHEOBE EPEED 7)) +— 2 A8
A BNz MRGR YA T, BRI MR 7 =) F v
s PERZ /MK DAFEAE DR E 72, 646InsC FEF T, AL
W2H 7 THIBIC OSBRI 7 2 U F ¥, $kOWLERD 1, Bids
BALERZRLTW2Z e, FHRIC ke 7o) F v 0kt
ERARLNTZEPBRSENTWDSY,

WENOWME DT = U F U EFREREMEKRTE EA
LD EFILELTWAA, ZOHMIZDWT, 460InsA
TIEMMBLIMEN, TH > 72Dk L, 498InsTC T i Al A P 13
RTH Y, 646InsC TIE & LITHNIZIEmD o 72 L BRT WS
CEDHERTH 5.

Vidal 5'71% 498InsTCFTL # KM E¥/Z T v AV 2 =y
IRITARVERL, —a—u7 Y F ) NRNF—OFRE R



Za—u7x)F 3T DR 49 : 259

Fig. 5 A schematic diagram of the ferritin polymer, based on crystallography data. (cited from ref.
4) (A) The E helices (arrows) are disposed towards the interior of the ferritin shell and form hydro-
phobic channels at the points of fourfold rotational symmetry. (B) In neuroferritinopathy, the E heli-
ces are disrupted, and the ferritin polymers containing mutated ferritin light polypeptides were
not able to maintain their iron cores.
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Abstract

Clinical features of neuroferritinopathy

Emiko Ohta, M.D., Ph.D.", Takamura Nagasaka, M.D., Ph.D.”, Kazumasa Shindo, M.D., Ph.D.",
Shinobu Toma, M.D.,, Ph.D?, Kaori Nagasaka, M.D.", Michiaki Miwa, M.D.”,
Yoshihisa Takiyama, M.D., Ph.D.” and Zenji Shiozawa, M.D., Ph.D.”
"Department of Neurology, Interdisciplinary Graduate School of Medicine and Engineering University of Yamanashi
*Department of Neurology, Mobara Chuo Hospital
“Department of Neurology, International University of Health and Welfare, Atami Hospital

Neuroferritinopathy is an autosomal dominant basal ganglia disease with iron accumulation caused by a mu-
tation of the gene encoding ferritin light polypeptide (FTL). Six pathogenic mutations in the FTL gene have so far
been reported. One such mutation was found in a Japanese family, thus suggesting that a new mutation in the
FTL gene can therefore occur anywhere in the world. The typical clinical features of neuroferritinopathy are
dystonia (especially orofacial dystonia related to speech and leading to dysarthrophonia) and involuntary move-
ment, but such features vary greatly among the affected individuals. The findings of excess iron storage and cys-
tic changes involving the globus pallidus and the putamen on brain MRI, and low serum ferritin levels are charac-
teristic in neuroferritinopathy. Brain histochemistry shows abnormal aggregates of ferritin and iron throughout
the central nervous system. Iron atoms are stored in the central cavity of the ferritin polymer and the E-helices of
ferritin play an important role in maintaining the central cavity. A mutation in exon 4 of the FTL gene is known to
alter the structure of E-helices, thereby leading to the release of free iron and excessive oxidative stress. Iron de-
pletion therapy by iron chelation in symptomatic patients has not been shown to be beneficial, however before the
onset of clinical symptoms, such a treatment strategy may still have some benefit. Neuroferritinopathy should
therefore be considered in all patients presenting with basal ganglia disorders of unknown origin. These charac-
teristic MRI findings may help to differentiate neuroferritinopathy from other diseases showing similar clinical
features.

(Clin Neurol, 49: 254—261, 2009)
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