INTRODUCTION

Amyotrophic lateral sclerosis (ALS) is a heterogeneous motor
neuron disease that results from selective death of motor
neurons in the brain and spinal cord (1). The predominant
clinical feature of ALS is progressive wasting and weakness
of limb, bulbar and respiratory muscles. The mean survival
of patients after onset of symptoms is 35 years. Its world-
wide incidence and prevalence are 0.3—-2.4 and 0.7-7.0 per
100 000 each year (2). The heritability of ALS is high, with
twin studies estimating it at 0.61 and the unshared environ-
ment component at 0.39 (3).

Approximately 10% of ALS cases are familial (FALS), and the
remaining 90% are sporadic (sALS). Genetic factors have been
reported in ALS. Detailed information regarding ALS-related
genes is available via amyotrophic lateral sclerosis online gen-
etics database and the ALS mutation database (4,5). Most
fALS is monogenic in origin. At least 15 fALS loci, under
various modes of inheritance, have been identified by linkage
studies, and pathogenic mutations have been described in 11
genes, SODI, NEFH, ALS2, DCTNI, VAPB, SETX, ANG,
TARDBP, FUS, OPTN and DAQ, in fALS (6-19). Despite the
abundance of genes and loci identified in fALS, mutations in
these genes explain only a small minority of sALS (20).

Regarding susceptibility genes for sALS, >30 association
studies based on the candidate-gene approach have been
reported (21,22). Among them, NEFH, APEX and ANG have
the most evidence; associations of these genes have been
found in Caucasians (23-25) and replicated in several
studies (7,22,26). However, many of the reported genes are
still controversial. For example, the association of non-
synonymous substitution (P413L) in the chromogranin B
gene (CHGB) is reported in French, French-Canadian and
Scandinavian ALS populations (27), but has not been found
in a Dutch and another French population (28,29).

The genome-wide association study (GWAS) has identified
five ALS-susceptibility genes (FGGY, ITPR2, DPP6, KIFAP3
and UNC134) and two loci (9p21.2 and 10¢26.3) in Caucasian
(30-35). These results are promising, but remain slightly con-
troversial (36—39). The association of the 9p21.2 locus has
been independently replicated in three studies (34,40,41), but
is not found in all populations, including those from Japan
and China (42). More studies are necessary to evaluate and
confirm these previously reported ALS-susceptibility genes.

To identify novel susceptibility genes for ALS, we conducted
a large-scale genetic association study in Japanese ALS patients
using gene-based single-nucleotide polymorphisms (SNPs)
(43). We identified a functional SNP that was significantly
associated with ALS. The SNP was located in an enhancer
region of ZNF5128, a previously uncharacterized transcription
factor, and the susceptibility allele of the SNP had decreased
enhancer activity for the ZNF512B promoter and decreased
binding capacity to nuclear proteins. We found that in neuron
cells, ZNF512B acts as a positive regulator of transforming
growth factor-f3 (TGF-B) signaling, which is known to be neu-
roprotective and critical for maintenance and/or survival of
neurons (44-46). We demonstrated the localization of
ZNF512B in the spinal cord of ALS patients and it showed
enhanced expression in motor neuron cells of the anterior
horn when compared with controls.
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RESULTS
Genome screening

We carried out a stepwise case—control association study (Sup-
plementary Material, Fig. S1) as previously described (47-51).
In stage 1 of the discovery series, 92 ALS and 233 control sub-
jects were analyzed at 52 608 gene-based SNP loci selected from
the JSNP database (43). Genotype information was successfully
obtained for 48 939 SNPs on autosomal chromosomes passed
after the quality control. Either the Chi-square test or Fisher’s
exact test was performed for three genetic models: dominant,
recessive and allelic. Comparison of observed and expected dis-
tributions showed no evidence for inflation of the trend test stat-
istics (inflation factor, lambda = 1.04; Supplementary Material,
Fig. §2). Also, principal component analysis (52) in stage 1 and
HapMap samples showed no evidence of population stratifica-
tion between the case and control groups (Supplementary
Material, Fig. S3). In stage 2 of the discovery series, 893
SNPs that showed P-values of <0.01 in stage 1 were genotyped
for an additional 1087 subjects (362 ALS cases and 725 con-
trols). Subsequently, 10 SNPs with P-values <0.001 were
identified by the Chi-square test for the three models
(Supplementary Material, Table S1).

Identification of genetic association between rs2275294
and ALS

We validated the association of these SNPs using independent
subjects from Biobank Japan (sample set 1). In all, 249 ALS
cases and 1030 controls were genotyped and validated the
association in 152275294 (allele model, P =1.8 x 107%).
The SNP was then genotyped in an independent Japanese
population consisting of 602 ALS cases and 2256 controls
(sample set 2). Significant association was replicated in this
population (allele model P=5.6 x 107°). The combined
P-values for the stepwise association study calculated by the
Mantel-Haenszel method and the joint analysis were 9.3 x
107" and 6.7 x 10719, respectively (Table 1). The combined
P-values remained significant after Bonferroni correction
(93 x 107" x 52608 x 3 =1.47 x 107", The P-values
from the Mantel-Haenszel method and the joint analysis
were very similar, supporting the fact that there is no hidden
confounder in our population. The minor allele frequency
(MAF) of 152275294 in 744 samples of the Japan Biological
Informatics Consortium (JBIC)-genotyping data deposited in
the dbSNP database was similar to that of our controls (0.414).

Evaluation of rs2275294

We assessed the stratification using principal component
analysis (52). The top six principal components were associ-
ated with case—control status. The association of rs2275294
with the top six principal components included as covariates
(trend model P = 0.00287) was similar to that in stage |
(trend model P = 0.00246), suggesting no stratification. Popu-
lation stratification was also assessed by evaluating differences
in population structure among all case and control sample sets
using Wright’s F statistics (53). There was no difference in the
population structure among these groups (Supplementary
Material, Table S2). Potential confounding factors were also
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Table 1. Association of 152275294 in ZNF512B with ALS

No. of subjects

Risk allele frequency

Odds ratio (95% CI)

Case Control Case Control P-value
Discovery series 454 958 0.491 0.422 63 %107 1.32 (1.13-1.55)
Sample set 1 249 1030 0.512 0.434 18%x 1073 1.37 (1.12-1.66)
Sample set 2 602 2256 0.481 0.416 56x107° 1.30 (1.14-1.48)
Combined 1305 4244
Meta-analysis® 93 x 10710 1.32 (1.21-1.44)
Joint analysis 6.7 x 1071° 132 (1.21-1.44)

“By the Mantel-Haenszel method.
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Figure 1. Genomic structure and linkage disequilibrium (LD) map in the ALS critical region. Top, an SNP map of a 111 kb genomic region containing
ZNF512B. The orientation of each gene is indicated by a green arrow. An asterisk shows the landmark SNP. Bottom, an LD map as measured by D’ (lower

right triangle) and 2 (upper left triangle).

examined and no significant differences in age and gender
distribution were found among 1s2275294 genotyped. The
associations with 1$2275294 were si%niﬁcant in two sample
sets (P=4.1 x 107 and 1.4 x 10, even after adjusting
for age and gender in a logistic regression analysis.

Genome analysis of the ALS critical region containing
rs2275294

We constructed a linkage disequilibrium (LD) map around
152275294 on the basis of the genotyping data for Japanese
subjects used in HapMap (HapMap JPT). Because
152275294 was unmapped in the HapMap data, we genotyped
the SNP for the HapMap JPT samples and integrated the data
with the HapMap JPT data. We found that rs2275294 was in
strong LD with the two SNPs 1s6122232 and rs3764736
(D' >0.85). Subsequently, the critical region could be

confined to a 111kb interval flanked by rs2252258 and
18816953 on chromosome 20q13.33 (Fig. 1). This region
included four genes (ZNF512B, SAMDIO, PRPF6 and
SOX18) and a part of UCKLI, as well as two non-protein-
coding RNAs (UCKLIOS and NCRNA0OI76). In order to
identify a more significantly associated SNP, we searched
for SNPs in each gene by re-sequencing genomic DNA of
48 ALS subjects. A total of 24 SNPs were identified and
their level of association was examined using 455 cases and
452 controls, but 1s2275294 remained the most significantly
associated (Supplementary Material, Table S3).

Functional analysis of rs2275294

To gain insight into the biological significance of 12275294,
luciferase reporter plasmids corresponding to a genomic
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Figure 2. Functional analysis for rs2275294 in ZNF512B. (A) Difference in
the enhancer activity of genomic DNA segments containing rs2275294. Luci-
ferase assay in SK_N_Be(2)C cells. Enhancer activity was lower in the ALS-
susceptibility allele (C allele). ZNF512B promoter:native promoter (nts — 820
to —74) of ZNF512B. Data represent the mean + SEM (n = 6). *P < 0.01
(Student’s t-test). (B) Difference in binding of nuclear proteins to a
cis-clement containing rs2275294. An EMSA using nuclear extracts from
SK_N_AS cells. The specific band was weaker in the ALS-susceptibility
allele (C allele).

DNA fragment containing rs2275294 were constructed and a
luciferase assay using the human neuroblastoma cell line
SK_N_Be(2)C was performed. Constructs containing the
ALS-susceptibility allele (C allele) of 1s2275294 showed
lower enhancer activity than those containing the non-
susceptibility allele, indicating that the SNP affects the
ZNF512B transcription level (Fig. 2A). We then examined
the allelic difference in the binding of genomic DNA contain-
ing rs2275294 to nuclear proteins by the electrophoretic mobi-
lity shift assay (EMSA). The DNA —protein complex from the
C allele showed weaker binding (Fig. 2B). Thus, it is feasible
that the presence of the susceptibility allele leads to lower
ZNF512B levels as a consequence of decreased enhancer
activity.

ZNF512B is a positive regulator in the TGF-§ signaling
pathway

Proteomics analysis has suggested that ZNF512B functions as
a regulator of the TGF-B signaling pathway (54). We exam-
ined the effect of ZNF512B on TGF-$ signaling using the
TGF-B-dependent SMAD2/3-specific luciferase assay (55) in
a HepG2 cell (data not shown). SMAD2/3-mediated reporter
activity after TGF-B stimulation was enhanced by ZNF512B
over-expression. The TGF-B-dependent reporter activity was
activated by ZNF512B over-expression in a neuroblastoma
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Figure 3. ZNF512B is a positive regulator of the TGF-@ signal. (A) Luciferase
assay using SBEd4-luciferase. ZNF512B trans-activated the TGF-B-induced
SMAD transcriptional activity in the SK_N_AS cell line (*P < 0.0005). (B)

S183866, a ZNF512B-targeting siRNA oligonucleotide repressed the
TGF-B-dependent SBE4-luciferase activity (**P < 0.005).

cell line SK_N_AS (Fig. 3A) and a glioblastoma cell line
U87MG (Supplementary Material, Fig. S4). Next, we
knocked down expression of the endogenous ZNF512B in
SK_N_AS by using the short-interfering RNA (siRNA) tech-
nique. Real time polymerase chain reaction (PCR) showed
that ZNF512B siRNA significantly reduced ZNF512B tran-
scription, and TGF-B-dependent reporter activity was
repressed by the siRNA (Fig. 3B).

ZNF512B expression in the spinal cord of ALS

The localization of ZNF512B in the spinal cord of ALS
patients was investigated by immuno-histochemical studies.
The immuno-reactivity for an anti-ZNF512B polyclonal anti-
body was intense in motor neuron cells in the anterior horn
of the spinal cords of ALS patients, while it was barely detect-
able in those of controls (Fig. 4A-D). Glial cells in the
anterior horn did not show ZNF512B immuno-reactivity.

DISCUSSION

By a large-scale case—control association study using gene-
based SNPs and enrolling a total of more than 5500 subjects,
we identified ZNF512B at chromosome 20q13.33 as a new
susceptibility gene for ALS. rs2275294 in ZNF512B had
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ALS Control

Figure 4. Immuno-histochemical localization of ZNF512B in the spinal cord
of ALS patients (A and B) and controls (C and D). The ZNFSI2B
immuno-reactivity was intense in motor neuron cells in the anterior homn of
ALS patients, while it was hardly detectable in those of controls. Glial cells
in the anterior horn did not show ZNF512B immuno-reactivity. Scale bar,
100 pm.

significant association that satisfied a genome-wide signifi-
cance level (P =9.3 x 107'%). 1s2275294 affected ZNF512B
transcription in vitro, and the ALS-susceptibility allele
(C allele) showed lower enhancer activity for the ZNF512B
promoter. Therefore, ZNF512B is presumably lower in those
who have the susceptibility allele than in those who have
the non-susceptibility allele. ZNF5/2B over-expression
enhanced TGF-B signaling, while its knockdown decreased
the signal. Our findings suggest that ZNF512B is an important
positive regulator of TGF-B and that lowered ZNF512B
expression is implicated in the pathogenesis of ALS suscepti-
bility via decreased TGF-8 signal.

In this study, we screened the genic regions using >52 000
gene-based SNPs from the JSNP database. The number of
SNPs and their coverage are not sufficient to screen the
entire genome. Our study must have many false negatives.
Current commercial GWAS platforms are considered superior
to ours in terms of the study power and the coverage of SNPs
in the human genome. In contrast, the false-positive associ-
ation of rs2275294 is unlikely. The inflation factor was low
and principal component analysis showed no evidence of
population stratification. We validated the association in inde-
pendent Japanese panels. The statistical significance of the
association for the combined P-values by two different
methods fulfilled criteria of the genome-wide significance
level. The results of the two analyses were very similar,
which further shows that a hidden confounder in our popu-
lation is unlikely. In addition, there was no difference in the
population structures among the case—control sets by
Wright’s F statistics (53) throughout the study. The MAF of
152275294 in 744 Japanese samples deposited in dbSNP is
similar to that of our controls (0.414).

In spite of its very significant association in our study,
rs2275294 in ZNF512B has not been found in the previous
GWASs. Several explanations can be considered. The main
reason is that 152275294 was not included in the platforms
of the previous GWASs. Only 15 SNPs in [llumina 610K
SNP Array were mapped to the 111kb genomic region
(I SNP/7.4 kb) corresponding to the ALS critical region we
determined. Also, only 10 SNPs in Affymetrix SNP Array
6.0 were mapped to the genomic region (1 SNP/11.1 kb). In
addition, 12275294 is not even mapped in the HapMap JPT
database, nor included in the CEU and YRI HapMap data
sets. In the Illumina and Affymetrix SNP arrays, the
numbers of SNPs in the ZNF5/2B locus are only two and
one, respectively. Their coverages of ZNF512B-SNPs in the

ALS critical region were very low, 2/15 (13%) and 1/10
(10%), respectively. The low coverage of the region might
have led to the false-negative association in the previous
GWASs. No SNP was in strong LD (+*>0.8) with
152275294 in CHB-JPT, CEU and YRI in the 1000 Genomes
data (Supplementary Material, Table S4). Hence, we speculate
that 152275294 has been identified by virtue of our platform.
Still another explanation is the ethnic difference of ALS
susceptibility.

A number of GWASs in ALS have been performed recently.
They report the identification of five candidate genes and two
candidate loci (30-35). Among them, only five gene loci
(DPP6, ITPR2, FLJ10986, KIFAP3 and UNCI3A4) were
included in our platform. We checked 16 SNPs in DPP6, 23
in ITPR2, 2 in FLJ10986, 9 in KIFAP3 and 4 in UNCI34;
however, their associations were not replicated in our study
(Supplementary Material, Table S5). The small number of
samples and the low coverage of SNPs in our platform may
have resulted in false-negative association. Ethnic differences
may be another reason for no replication. The 9p21.2 SNP that
has been reported in the previous study (42) was not included
in the present study. The tested SNPs for previous associations
were negative, but no evidence can be provided for the
chromosome 9p21.2 locus. Because the powers of Japanese
and Chinese were only 0.37 and 0.11, respectively (42), the
negative association may be due to a lack of power in the
study. More extensive association studies using larger panels
of Japanese samples will be required to conclude the associ-
ations between previous candidate genes and ALS.

ZNF512B was originally identified as a KI4A41196 in the
course of the Kazusa Human c¢DNA project (56). The
ZNF512B cDNA is 5919bp long and encodes an 893
amino-acid protein that is ubiquitously expressed in various
tissues, including the brain and spinal cord (56). Our immuno-
histochemical studies confirmed its localization in the spinal
cord. The ZNF512B protein showed no significant homology
with any proteins in the public database. It contains six
C2H2-type zinc finger domains and is predicted to act as a
transcription factor. The ALS-susceptibility SNP rs2275294
was localized to intron 12 of ZNF512B. We have demon-
strated that the genomic region containing 152275294 can act
as an enhancer of the ZNF512B promoter and that the suscep-
tibility allele of 1s2275294 had reduced transcriptional
activity, which was likely due to its decreased binding
capacity to trans-factors. Further studies for the upstream
factors of ZNF512B are necessary to clarify the molecular
pathogenesis of ALS related to ZNF572B.

We showed that ZNF512B is a positive regulator of the
canonical TGF-B signaling pathway through SMADZ2/3.
TGF-B signal is essential for the survival of neurons
(44-46). Upregulation of PAI-1 by SMAD3-dependent induc-
tion in astrocytes mediates the neuroprotective activity of
TGF-B against NMDA receptor-mediated excitotoxicity (57).
TGF-B signal has been implicated in the pathogenesis of
ALS. Plasma TGF-B1 level is significantly increased in ALS
patients compared with healthy controls, and there is a signifi-
cant positive correlation between TGF-B1 concentration in
ALS patients and duration of their disease (58). A microarray
analysis showed a 4.8-fold increased expression of SMAD4 in
SALS compared with neurologically normal controls (59).
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Also, phosphorylated SMAD2/3 immuno-reactivity is
increased in the remaining spinal motor neurons and glial
cells in sporadic and familial ALSs, as well as in Sod! trans-
genic mice (60). These findings suggest that the TGF-$ signal
is increased in ALS.

Several studies have shown an association between duration
of ALS and TGF-§ levels. Houi et al. (58) found a positive
correlation between the plasma concentration of TGF-B1 in
ALS patients and the duration of disease. Another group
reported that TGF-B1 concentrations in serum and cerebrosp-
inal fluid did not differ between ALS patients and controls, but
were higher in ALS patients with a terminal clinical status
than in controls (61). These data suggest that TGF-B is
increased in the motor neuron cells of ALS patients during
the disease process. As ZNF512B is a critical enhancer of
TGF-B signaling, its genetic association may be related to
the progression of the disease rather than its onset.

We have demonstrated the localization of ZNF512B in the
spinal cord of ALS patients, and that ZNF512B expression in
the motor neurons of ALS patients was significantly increased
compared with that of controls (Fig. 4). It is biologically
plausible that ZNF512B is a positive regulator (co-activator)
of neuroprotective TGF-B signaling (Fig. 3) and may act as
a protector against ALS. Taken together with the results of
luciferase assay and EMSA that showed allelic differences
in ZNF512B expression level (Fig. 2), a patient harboring
the susceptibility allele would have decreased ZNF512B
expression level compared with a patient harboring non-
susceptibility alleles. The decreased ZNF512B enhancer
activity by the susceptibility allele leads to insufficient
increase in ZNFS512B, which leads to insufficient increase in
the TGF-f signal that results in decreased potential for survi-
val and/or recovery of motor neurons. The discovery of this
ALS-susceptibility gene and its pathway should shed light
on ALS pathogenesis and facilitate development of targeted
therapies.

MATERIALS AND METHODS
Subjects

A total of 1305 ALS patients diagnosed as having probable,
probable and laboratory-supported, or definite ALS according
to the El Escorial revised criteria (62) were included in the
study. All subjects were unrelated Japanese individuals. We
obtained a total of 703 DNA samples from the Biobank
Japan project (63). All patients were screened for mutations
in SODI, TARDBP and ANG and none was detected. The
mean age of cases was 60.8 years (range: 2882 years), and
66.1% were male. 74.4% had a spinal onset, 19.6% a bulbar
one and 6% a multiple and the others. We obtained a total
of 602 DNA samples from the Japanese Consortium for
Amyotrophic Lateral Sclerosis Research (JaCALS), Jichi
Medical University and The University of Tokyo. The mean
age was 61.5 years (range: 27-89 years), and 62.0% were
male. 70.4% of the patients had a spinal onset and the remain-
ing had a bulbar one. We recruited 4244 controls through
several medical institutes in Japan. Their mean age was 66.8
years (range: 18-98 years), and 48.0% were male. All
controls had negative medical and family histories for
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neurodegenerative disorders. Written informed consent was
obtained from all the subjects. The ethical committees at the
participating institutions approved this project.

SNP genotyping

Using standard protocols, genomic DNA was extracted from
the peripheral blood leukocytes. SNPs were genotyped using
the multiplex PCR-based invader assay (Third Wave Technol-
ogies) as described previously (64). A total of 52 608 gene-
based SNPs were selected from the JSNP database on the
basis of the haplotype block structure reported previously
(43,65). We calculated the total number of independent
SNPs in this study to be 43 052 (the SNPs in LD: “> 0.80
were considered as one SNP). We checked the cryptic related-
ness for each pair of samples by identity-by-state by estimat-
ing the average number of shared alleles between two
individuals (Vi) using 48 884 autosomal SNPs. Six individuals
in controls were related (V| > 1.65). They were excluded from
the analysis. A stepwise screening method was adopted to
increase the statistical power (66). In stage 1, 92 ALS and
233 control subjects were analyzed. We applied the SNP
quality contro] filters of call rate of >0.95 in both cases and
controls and P-value of Hardy—Weinberg equilibrium (HWE)
test of >1.0 x 1072 in controls. A total of 48939 SNPs on
autosomal chromosomes passed the quality control filters and
were analyzed for the association. The data of this study are
available at the JSNP database (http://snp.ims.u-tokyo.ac.jp/).
Among the SNPs analyzed in stage 1, 893 SNPs showing the
smallest P-values (0.01 or smaller) were selected for stage
2. Three models (i.e. allelic, dominant and recessive) were
tested for the association. Since these three models are not inde-
pendent, 893 SNPs were isolated. In stage 2, we genotyped an
additional 1087 subjects consisting of 362 ALS cases and 725
controls. Stage 1 and stage 2 were defined as the discovery
series of this research and the following sample sets were
defined as sample set 1 and sample set 2.

SNP discovery

Appropriate genome sequences were extracted from the
UCSC Genome Bioinformatics website. The critical region
contained five genes (ZNF512B, SAMDI0, PRPF6, SOXI18
and part of UCKLI) and two non-protein-coding RNAs
(UCKLIOS and NCRNA00176). We defined the exon-—
intron boundaries of each gene and designed PCR primer
sets for the critical region except for repetitive sequence
regions. Each PCR was performed with 5ng of mixed
genomic DNA derived from three ALS subjects; 16 mixed
samples were amplified in the GeneAmp PCR system 9700
(PE Applied Biosystems) under the following conditions:
initial denaturation at 95°C for 2 min, followed by 35
cycles of denaturation at 96°C for 30s, annealing at
60—-65°C for 30s, extension at 72°C for 2 min and post-
extension at 72°C for 7 min. PCR products served as tem-
plates for direct sequencing by the fluorescent dye-terminator
cycle sequencing method.
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Statistical analysis

For general statistical analyses, we used R statistical environ-
ment version 2.6.1 and programs created by our group. The
Chi-square test or Fisher’s exact test was applied to a
two-by-two contingency table in three genetic models: an
allele frequency model, a dominant-effect model and a
recessive-effect model. Principal component analysis was per-
formed using the smartpca program (52). We calculated the
association in case—control status of stage 1 by using a
twstats of EIGENSOFT (52). The top six principal com-
ponents were associated with case—control status. Genotype
data from the HapMap project were used (67) to estimate
the population structure. The significance of stratification
was determined using the Wright method (53). The Mantel—
Haenszel method was used for meta-analysis. An automated
laboratory system and bar-coding were employed to reduce
clerical errors. The accuracy of our system has been guaran-
teed in data of the HapMap project (67). We checked HWE
and personally retyped some SNPs from genome screening
in duplicated samples. We also obtained age- and gender-
adjusted odds ratios by logistic regression analysis by
program R. Haploview 4.1 was used to infer the LD structure
of the ALS critical region. An LD pattern was created based
on the JPT HapMap data. Luciferase assay data were analyzed
by Student’s r-test.

Luciferase assay

We cloned DNA fragments containing rs2275294, nucleotides
(nts) 190-208 of intron 12 of ZNF5/2B. The fragments for
both alleles as three tandem copies were inserted into
pGL3-Basic vector (Promega) upstream of its luciferase
gene in 5'—>3' orientation together with the ZNF512B core
promoter of nts —820 to —74 of its 5 flanking region. We
transfected SK_N_Be(2)C cells with 400 ng of each reporter
construct using FuGene 6 transfection reagent (Roche)
together with 8 ng of pRL-TK vector (Promega) as a control.
After 24 h, the cells were lysed in a passive lysis buffer and luci-
ferase activities were measured using Dual-Luciferase Reporter
Assay System (Toyo Ink). The entire coding sequence of
ZNF512B was cloned into pcDNA3.1, which had a Myc-tag
sequence. We also co-transfected with SBE4 (four copies of
Smad Binding Element) luciferase reporter vector (55)/Myc-
tagged ZNF512B or SBE,-luciferase reporter vector/Myc-tagged
pcDNA3.1, and pRL-TK vector using Trans-IT LT reagent
(TAKARA Bio). After 24 h, we treated the cells with 10 ng/ml
of TGF-B for 24 h. The cells were lysed in a passive lysis
buffer and luciferase activities were measured using Dual-
Luciferase Reporter Assay System (Toyo Ink).

Electrophoretic mobility shift assay

A nuclear extract from SK_N_AS cells was prepared as pre-
viously described (68) and incubated with oligonucleotides
(nts 184-203 of intron 12 of ZNF512B) that were labeled
with digoxigenin-11-ddUTP using the Dig Gel Shift Kit
(Roche). The reaction was carried out at a room temperature
with an additional 1 mg/ml of poly[d(I-C)]. For the compe-
tition assay, the nuclear extract was pre-incubated with

unlabeled oligonucleotides (200-fold molar excess) before
adding digoxigenin-labeled oligonucleotide. The protein—
DNA complex was separated on a non-denaturing 6%
polyacrylamide gel in 0.25x Tris-borate-EDTA buffer. We
transferred the gel to membrane and detected the signal with
a chemiluminescent detection system (Roche) according to
the manufacturer’s instructions.

RNAI experiment

Double-strand stealth RNAi oligonucleotides (ZNF512B-
S183866 for ZNF512B and negative universal control
medium GC duplex for negative control) were purchased
from Invitrogen. The RNAI oligonucleotides were transfected
into a cell line using Lipofectamine RNAIMAX reagent
according to the manufacturer’s instructions (Invitrogen).
After 24 h, we also transfected with SBE,-luciferase reporter
vector and pRL-TK vector. We treated the cells with TGF-$
(10 ng/ml) for 24 h, collected the cells and measured lucifer-
ase activity using the Dual-Luciferase Reporter Assay
System (Toyo Ink).

Immuno-histochemistry

Autopsy specimens of lumbar spinal cord were obtained from
clinically and histopathologically diagnosed ALS patients (13
males and 9 females, age 41-79 years) and from neurologi-
cally normal patients (4 males and 3 females, age 42-76
years). The autopsy times in relation to death for the cases
and controls (average 4+ SD) were 4.0 4+2.8h and 4.5+
5.2 h, respectively. 6-um-thick sections were prepared from
paraffin-embedded tissues. The sections were microwaved
for 20 min in 50 mm citrate buffer (pH 6.0) and then treated
with a TNB blocking buffer (PerkinElmer) before incubation
with an anti-ZNF512B antibody (Santa Cruz Biotechnology,
1:200). The immuno-reactivity was detected using EnVision+
System-HRP (Dako). The sections were photographed with an
optical microscope (BX51, Olympus).

SUPPLEMENTARY MATERIAL
Supplementary Material is available at HMG online.
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A Clinicopathological Study of Young-Onset Dementia: Report of 2 Autopsied Cases
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Abstract

We retrospectively examined the clinical features and the neuroradiological findings on autopsy of 2
cases of young-onset dementia.

The patient in case 1 was a 43-year-old woman who was unable to determine the time on the clock and
who made frivolous remarks. Neuropsychological test batteries demonstrated memory impairment and
frontal lobe dysfunction. T:-weighted magnetic resonance imaging (MRI) of the head revealed abnormal
high-intensity signals around the lateral ventricles and thinning of the corpus callosum. Single photon
emission computed tomography (SPECT) revealed patchy reduction in the accumulation of tracers in both
the frontal lobes. Her neurological condition gradually deteriorated, and she died 13 years after the onset
of the disease. She was clinically diagnosed with atypical Alzheimer’s disease on the basis of visual
cognitive impairment and memory impairment observed in the initial phase. However, the neuropath-
ological diagnosis was adult-onset leukodystrophy with axonal spheroids.

The patient in case 2 was a 43-year-old man who had gradually started behaving selfishly and had
become ill-tempered and apathetic. He was admitted to a hospital. He was anosognosic and showed
frontal lobe dysfunction. T.-weighted MRI scan of the brain showed abnormal high-intensity signals

- around the lateral ventricles; atrophy of the frontal and temporal lobes, hippocampus, and brainstem; and
thinning of the corpus callosum. SPECT revealed patchy reduction in the accumulation of tracers in both
the frontal lobes and the cerebellum. His neurological condition gradually deteriorated, and he died after
being clinically ill for 7 years. The patient was clinically diagnosed with frontotemporal dementia on the
basis of the clinical features and MRI findings. However, the neuropathological diagnosis was chronic
meningoencephalitis.

The frequency of neurological metabolic and inflammatory diseases is significantly high although it is
not as high as that of degenerative diseases in young-onset dementia. Since such diseases may respond to
therapy, they should be considered in the differential diagnosis of young-onset dementia, especially in
patients presenting with atypical clinical features. Neuroradiological examination may contribute to the
differential diagnosis of atypical dementia at young age.

(Received: November 26, 2010, Accepted: March 3, 2011)

Key words : dementia, young-onset, magnetic resonance imaging (MRI), single-photon emission computed tomography (SPECT), -
pathology
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- Fig. 1

Magnetic resonance imaging (MRI)
of case 1, performed approximately
4 years after the onset of the dis-
ease (T,-weighted images). The
MRI scan shows abnormal high-
intensity signals around both the
lateral ventricles and subcortical
white matter. Atrophy of both the
frontal and parietal lobes, corpus
callosum, and brainstem are obser-
ved. Both the hippocampi are not
atrophied.
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Fig. 2
*mTc-ECD single photon emission computed tomography
(SPECT) of case 1, performed approximately 5 years after
the onset of the disease. The image shows that accumula-
tion of the tracers is partially reduced in both the frontal
lobes.
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Fig. 4
#mTc.ECD SPECT of case 2, performed approximately 6
years after the onset of the disease. The image shows
that uptake of tracers is partially reduced in both the
frontal lobes and cerebellum.
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Fig.3
MRI of case 2, performed approxi-
mately 4 years after the onset of
the disease (T,-weighted images).
The MRI scan shows abnormal
high-intensity signals around both
the lateral ventricles and atrophy
of both frontal lobes and parietal
lobes, hippocampi, corpus -cal-
losum, brainstem, and cerebellum.
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Fig. 5
Neuropathological findings of case 1. A:
Semimaroscopic appearance of the left
frontal lobe: Kliiver-Barrera’s staining.
B and C: Histopathological findings of
the left frontal lobe. B: Severe gliosis of
the subcortical white matter can be seen:
Hematoxylin and eosin staining; X100.
C: Swelling of axons and spheroids are
observed: Bodian staining; X 200.
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Fig. &
Neuropathological findings of case 2. Hematoxylin and
eosin staining. A: Perivascular lymphocytic cuffing in the
frontal subcortical white matter is shown; X100. B: Prolif-
eration of macrophages around the vessels is observed;
X200. C: Perivascular lymphocytic cuffing in the pia
mater is observed; X100.
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WA NI, PSPOREEZINIREBN &2k
il 63, EERIEH 5 1IZPSPL B TE oD
T¥. PSPTH 5 Z L2 fEEICRTNA AV —F—
BREENBE T, ZORAIEELS D LFEX
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MFEME ALS

=S, AEfR, MHERIE

B 2

PFHE ALS(SALS) DERE L HHREIIRHR 2 S FHMI
ZBRITISEEAICZE—ET, BER2~TA/I0FA, #
EFWIANIOBATHS. BEHRN2:1 LHEEINT
FLOP, A1 LICEDEDDH Y. ThFLHED
FREERNEZ LWk BEELONTED, Z0HEKL
LTHEO-SEHINES, BEEECARCEINHE
SV Z T T LI R B ARSI N T Y,

FEREAERRIE 30~80 BRARIC 7 b, BREDHHED sALS
DEEMRTRIEOE— 2B 10 FRRUICH DD, HORE
EOE X TRIBFEEESRMIBIC I RIE D38, 2nbst
KBLEBIER 2, 3OSHEMEPRHIN TV BY,
SALSFEEOE— I B0 RMARICH D, 2nblETIIRS T
BEELT, O EHETEIBAOEREVEHTE:
DI SALS BRHEE N D, @ 0 WEBALATRERLE
7 BRI U GRERICEEZEMME, @ BET
DD ZEMIET 2 ETCRARCRBEINIBEND
H, TNEBITCOREBEIRELRY, PEHLLTER
ENTW3BY, HE, ADOERHLE LD ICEHRBED
SALS ZIEER T 2 Z £ H TR, bbb OEROFEE
BEHEL VROXETH 5.

sALS ORERF 2 2 BHEAA T, BL Vv EEHEE,
SECERAERE, RRAREL A THTIMESE
WL THIT N5, BiF, BIEOEHIMEICHES TDP-43
proteinopathy A5 sALS DFHE I BHE T 2 & OFREFERIRR
E0nENEY, KRbDFETLNTL BT,

E &

SALS DIERIE, EAMIZIITAEE = 2 — v (LMN)
IR (5 35EE) & EADEB = » — v v (UMN) B2 (IR E
1) L 3PEET 2RETH 2. LMNERCIHERE, B8E

B0 wWERBE BRERKRFEHE/ MRNE

982

DEFFHET, g, BRAEE, BERENEIE N,
EHEERE T O UMN ERIC 3R, BRATE FHEOS
POEEEE, TRORHES, BREOHOBEOHMET
DR 5ND, B UMN BE SEERES) ICBURk i

LLT, HETREAGE, Bk, ZAEHRHG, T
BEcRBESs, BREGHE HREHLbToN3,

LMN & UMN OBEZICFEL 0l A4bEdd b,
LMN O&, 20k UMN OABEINZBEETRE
FTEEDARY T LARRT. —H, LMN BREICE
ENDEATIE LR, BRE, TR LA TH B, UMN MR
B I NBEMA TR THIUDERENRE, RBchhid
BUEERFRE L 2 5, Blh, ALSTi}, LMN & UMN O
ENFHDOMEE, LMN & UMN I n38ToEseh
FICk D EL OREREMSHET 2 2 Lok s (R)Y G
VE3CHR 9 SH8).

ME4E, Alzheimer %, Parkinson %, Huntington fFiCE
WTEBREEMN YA VEREEE2E L C, Migs sHia
EET 3 L0HBHD, sALSDEEERTH % TDP-43
LZEDL ) BURET LI LBHIIEh T30, T
SALS D7) & VIRRREICBEE L CHEREVIRERD, &b
SEBMEINT VB ARRERTH S, FFEE L IX, HER
LEHOETESRIC b CERALERERE > (—f
WWHIZD ¥4 7 TH 5. Thid TDP-43 DG L AN

N D& UMN D LMN-+UMN
AR ETIRERE BUIRARE ALS
(eeATiERRARE ")

ERE  Flail arm syndrome
FREMERREHEAE

T B REsE

(FRUEGIREE ALS

FEREAIRBE
Mills SE{REE*2

*1) BRERT LMN £ UMN OFESBENLIFEE, UMNEEIIRIICO,
*2) ERUEHFECEORAREEZ SN TVS,

0289-0585/11/ ¥ 500/ 5 C/JCOPY
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