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paradigms (Raichle et al., 1994; Poldrack et al., 1998; Poldrack
and Gabrieli, 2001). Whereas the good spatial replicability
demonstrated in the present study in contrast to these previous
findings may be attributed to several heterogeneous scanning
conditions, it would be difficult to detect similar activation region
alternation in NIRS examinations which measure not a whole
brain but only surface regions of certain parts of the cerebral
cortices, even if such alternation actually occurs. However, the
current finding of small spatial variation within the inherent
spatial resolution of NIRS in spite of repeated optode
repositioning suggest sufficient spatial replicability for actual
NIRS measurements in relevant cortical regions during cognitive
activations.

The temporal replicability in terms of correlation coeffi-
cients between [Hb] change time courses was acceptable.
However, it was inferior to that in the above-mentioned report
by Sato et al. (2006) which demonstrated mean correlation
coefficients around 0.85. Whereas data processing are
heterogeneous between the present study and theirs on some
points (they selected variable time windows from a certain
extent and variable single channels allowing disagreement
between sessions, both of which were of the largest absolute
magnitude of [Hb] change), the current difference may be
caused by the major difference in the nature of the relevant
activation tasks: demand for active performance in cognitive
tasks in contrast to the passiveness in sensory tasks.

There were some methodological limitations in the present
study. First, the sample size was small. As far as considering the
mean values of [oxyHb] change, we observed a tendency of
decrease in the 3rd and 4th sessions as compared with the [st and
2nd, though it did not reach statistical significance. It should be
confirmed by examining a larger number of subjects, and using
various types of cognitive activation tasks. Secondly, we
examined only men, failing to examine sex differences. Women
should also be included in future studies. In women, however,
cognitive function may vary with menstrual cycle (Postima et al.,
1999; Dietrich et al., 2001; Hausmann et al., 2002; Maki et al.,
2002; Rosenberg and Park, 2002). Thus, the effects of menstrual
cycle should be considered when women are included in studies.

In conclusion, the current findings suggest a considerable
replicability for multiple-time measurements of prefrontal
[oxyHb] and [deoxyHb] changes during cognitive activation
in men. Further studies addressing various measurement
conditions such as measurement interval, times of repetition
and kind of activation task are necessary to identify better
measurement methodologies with stable multiple-time replic-
ability. At the same time, the sensitivity of NIRS signals to
longitudinal changes in cerebral function following certain
interventions (e.g., pharmacological or cognitive-behavioral
interventions) should be investigated. Coupled with such
evidence, our observations might provide support for clinical
utility of NIRS in the field of neuropsychiatry.
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HOXA1 is a member of the homeobox gene family and
is involved in early brain development. In our previous
study, we identified novel variants of polyhistidine re-
peat tract in HOXA1 gene and showed that ectopic
expression of expanded.variants led to enhanced intra-
nuclear aggregation and accelerated cell death in a
time-dependent manner. Here, we further investigate the
implications of polyhistidine variants on HOXA1 func-
tion. Aside from intranuclear aggregation, we observed
cytosolic aggregates during the early stages of expres-
~ sion. Rapamycin, an autophagy inducer, resulted in de-
creased protein aggregation and cell death. Here, we
also show an interaction between variants of HOXA1
and one of the HOX protein known cofactors, PBX1.
Expanded HOXA1 variants exhibited reduced PBX1-
coupled transcriptional activity through a regulatory en-
hancer of HOXB1. Moreover, we demonstrate that both
deleted and expanded variants inhibited neurite out-
growth in retinoic acid-induced neuronal differentiation
in neuroblastoma cells. These results provide further
evidence that expanded polyhistidine repeats in HOXA1
enhance aggregation and cell death, resuiting in im-
paired neuronal differentiation and cooperative binding
with PBX1. © 2006 Wiley-Liss, Inc.

Key words: HOXA1; neurconal differentiation; PBX1; poly-
histidine; protein aggregation; autophagy

HOX genes form a subset of the family of home-
obox genes (Pearson et al.,, 2005). They are involved in
specifying positional identity along the anterior-posterior
axis of all bilaterian animals. In humans, the HOXA-D
clusters comprise 39 HOX genes, located on chromo-
some regions 7p15, 17p21, 12q13, and 2q31 (Grier et al.,
2005). During embryonic development, HOX genes
are expressed sequentially 3’ to 5 along the anterior to

© 2006 Wiley-Liss, Inc.

posterior axis. HOX genes contain a 61-amino-acid
helix-turn-helix DNA-binding domain known as the
homeodomain (Gehring et al., 1994). It is well established
that HOX/DNA binding specificity is modified by other
DNA-binding proteins, which act as cofactors. Among
these are the PBX proteins, which are widely expressed
in fetal and adult assues and interact preferentially with
3’ HOX proteins (Phelan and Featherstone, 1997). PBX
can modulate the affinity and stability of DNA binding
and regulate transcriptional activity. The cooperative he-
terodimerization is carried out through a conserved
protein motif found N-terminal to the Hox homeodo-
main (Slupsky et al., 2001; Huang et al., 2005). Interac-
tions between PBX and HOX might also be mediated
by residues of the N-terminal arm of HOX proteins
(Shanmugam et al, 1997). It has been reported that
PBX1 and HOXB! can cooperatively activate the tran-
scription through an autoregulatory element, directing
spatially restricted expression of the HOXBI1 gene (bl-
ARE) in the developing hindbrain. However, only hin-
ited kinds of HOX can bind cooperatively with PBX
(HOXA1, HOXB1, and HOXA2; Di Rocco et al,
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2001). This autoregulatory enhancer is the key regula-
tory element for the normal rhombomere 4 expression
of Hoxbl in the developing hindbrain, whereas Hoxal
and Hoxbl synergize in patterning the hindbrain cranial
nerves and second pharyngeal arch (Gavalas et al., 1998).

HOXAT1 1s one of the first HOX genes to be
expressed during embryonic development (Pearson et al.,
2005). In mice, its expression starts from 7.5 dpc, and it
is established in the neurcectoderm and mesoderm at
8.0 dpc. (Remacle et al., 2004). HOXA1 gene encodes
two altermatively spliced mRNAs, which appear to be
differentially expressed in the developing embryo. The
homeodomain-containing variant 1 undergoes transcrip-
tional activation during hindbrain development from E7
to E8.5 (Godwin et al., 1998). Functional inactivation of
this gene results in prenatal lethality and numerous mal-
formations (Lufkin et al,, 1991; Carpenter et al., 1993).
Hoxal null mice exhibit hindbrain segmentation and pa-
tterning  defects that cause abnormal development of
cramial nerve, cranial ganglia, and branchial arch deriva-
tives (Chisaka et al., 1992). Furthermore, ectopic expres-
sion of Hoxal in transgenic mice leads to abnormalities
of the developing hindbrain and ultimately results in
embryonic death (Zhang et al., 1994).

HOXAI1 gene contains a tract of 10-histidine re-
peat. In our previous study, we identified novel varants
of polyhistidine tracts in HOXA1 gene in a Japanese
population, and no homozygous case has been found for
any of these variants (Paraguison et al, 2005). Certain
individuals were heterozygous for deleted 7- and 9-histi-
dine repeats and expanded 11- and 12-histidine repeats.
Expression of expanded polyhistidine variants of HOXA1
proteins resulted in accelerated formation of ubiquitinated
mtranuclear aggregates and increased cell death. How-
ever, the mechanism by which this aggregation occurs is
poorly understood. In this study, we showed that expres-
sion of expanded polyhistidine variants of HOXAT1 in
human neuroblastoma cell line SK-N-SH and embryonic
carcinoma cell line P19 also caused increased intranuclear
aggregation and cell death. However, there was a signifi-
cant reduction of protein aggregation and cell death
upon Rapamycin treatment, indicating involvement of
the autophagic process. Expanded variants exhibited im-
paired cooperative binding with the cofactor PBXI1,
resulting in decreased transcriptional activity. Moreover,
cells overexpressing expanded and deleted variants ex-
hibited impaired neuronal differentiation. These data
provide new ‘insights on the function of polyhistidine
variants of HOXAT1 protein in neuronal cells.

MATERIALS AND METHODS
Antibodies and Reagents

The following antibodies were used: polyclonal goat
anti-HOXA1 antibody (Santa Cruz Biotechnology, Santa
Cruz, CA; sc-17146), monoclonal mouse ant-EGFP antibody
(Santa Cruz Biotechnology, s¢-9996), polyclonal rabbit anti-
MAP2, H-300 (Santa Cruz Biotechnology, sc-20172), poly-
clonal rabbit anti PBX1, P-20 (Santa Cruz Biotechnology,

sc-88Y), and polyclonal rabbit anti-B-tubulin H235 (Santa
Cruz Biotechnology, sc-9104) and Alexa Fluor 594-conjugated
anti-goat IgG, Alexa Fluor 555-conjugated anti-rabbit IgG,
and Alexa Fluor 5535-conjugated anti-mouse IgG (Molecular
Probes, Eugene, OR). The following reagents were also used
for this study: 10 uM retinoic acid (Sigmma, St. Louis, MO;
R2625) immediately after transfection, 10 mM 3-inethyladenine
(3-MA; Sigima, M9281) 15 hr prior to fixation, and 100 pM
z-VAD-fink (Promega, Madison, WI; G7231) and 2 pg/ml
Rapamycin (Sigia, R0395) both right after transfection.

Expression Vectors and Reporter Construct

Human HOXAT1 expression vectors were generated as
described previously (Paraguison et al., 2003). The following
primer sets with suitable restriction enzyme recognition sites
(Sac I and Bam HI) were used to generate HOXAT1 vanant 1:
5~ TAGAGCTCACCATGGACAATGCAAGAATGAACT-
CC-3 and 5-ATGGATCCGTGTGGGAGGTAGTCAGA-
GTGTCTGA-3. All DNA amplification steps were per-
fonned using high fidelity Pfu Ultra DNA polymerase (Strata-
gene, La Jolla, CA) using genomic DNA and ¢DNA derived
from human normal lymphoblast and confirined by sequenc-
ing (ABI 3130xl). Expression constructs were derived from
CMV promoter-based expression vector, pCMV-Script (Stra-
tagene) and pEGFP-N1 (Invitrogen, San Diego, CA). The
expression plasimids pCMV-Script and pEGFP-N1 were used
as empty vector controls. The luciferase reporter construct
PAAMLARE conuining b1-ARE and the Pbxl expression
construct pSGPbx1a were gencrous gifts of Prof. Zappavigna
(Di Rocco et al., 2001).

Cell Culture and Transfection

COS-7 cells, murine P19 embryonal carcinoma (EC)
cells, and the human neuroblastoma cell line SK-N-SH were
maintained in Dulbecco’s modified Eagle's medium (DMEM,;
Sigma; D6429) supplemented with 10% fetal bovine serum
(FBS; HyClone, Logan, UT). Cultures 50-80% confluent
were transfected with Fugene 6 transfection reagent (Roche,
Indianapolis, IN) in accordance with the manufacturer’s rec-
ommendations. For a typical experiment, 1 pg of expression
vector was used in a 35-muin culture dish. For cotransfection
experiments, 1 pg of reporter plasmid (pAIMLARE), 0.5 pg
of HOXA1 expression construct, 1 pg of PBX1 expression
construct, and 0.3 pg of pEGFP as an internal control were
used in a 35-mm dish. For Western blot analyses, cells cultured
in 10-cin dishes were transfected with 10 pg of plasimid con-
struct using Fugene-6 (Roche). To initiate differentiation,
SK-N-SH cells were inoculated and treated with 10 pM
retinoic acid (RA), whereas P19 cells were grown in a serum-
free condition. Dead cells were scored under a fluorescence
microscope (Leica DMIRE?2).

Luciferase Assay

After 24 hr postransfection, the cells were harvested
and lysed in Pica Gene cell culture lysis reagent (Toyo Ink,
Tokyo, Japan). Luciferase assay was carried out by using a
Pica Gene kit (Toyo Ink) in accordance with the manufac-
turer's protocol. HOXA1 cooperative expression with PBX1
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using pADMLARE reporter construct was assessed by quanti-
tative luciferase assay with Luminescencer-PSN  (Bio-Instru-
ment ATTO AB-220). pEGFP-N1 plasinid was used as an in-

ternal control.

Immunostaining, Dead Cell Scoring, and Imaging

The cells transiently expressing HOXA1 constructs were
grown in 35-mm dishes containing glass coverlips. Cells
artached to the glass coverslips were washed with phosphate-
buffered saline (PBS), fixed with 4% paraformaldehyde, and
incubated with antibodies as described previously (Paraguison
et al., 2005). Confocal scanning analysis was perforined with a
Leica confocal microscope (Leica TCS-SP2). The degree of
protein accumulation within the cell nuclet and the cyrosol of
transfected cells was scored. The cells were counted from
10 randomly selected microscope fields of cach sample, 15 in
the case of SK-N-SH cells. The ratio of the nummber of cells
with protein aggregation over the total number of cells was
then computed. Each experiment was performed independ-
ently in triplicate.

Western Blotting and Immunoprecipitation

Posteransfected cells were harvested and lysed by sonica-
tion in a buffer containing 10 mM Tds-HCl (pH 7.4),
150 mM NaCl, 1 mM EDTA, 1 mM EGTA, and protease
inhibitor cocktail (Roche). Proteins were quantified by using
a protein assay rapid kit (Wako, Osaka, Japan), run on 10% or
12% SDS-PAGE gels, and transferred on PVDF memnbranes
(Millipore, Bedford, MA; IPVH00010) by a semidry blotter
(Bio-Rad, Hercules, CA). Membranes were incubated with
antibodies as described previously. Protein lysates from cotrans-
fection experiments were immunoprecipitated with anti-GFP
and used for Western blotting with anti-PBX1. Polyclonal
rabbit anti-MAP2 antibody was used for quantifying neuronal
differentiation in SK-N-SH. Signals were detected using ECL
reagent (Amersham-Phannacia Biotech, Arlington Heights, IL)
on X-ray films (Fuji). For quantification, images were ana-
lyzed in NIH Image software.

RESULTS

Expanded Polyhistidine Variants of HOXA1
Enhanced Intranuclear Protein Aggregation
in Neuronal Cell Lines

We have previously reported that expanded poly-
histidine variants in HOXA1 resulted in early nuclear
protein aggregation and an increased cell death in COS7
cells (Paraguison et al., 2005). Increasing polyhistidine
repeat length coincided with early protein aggregation
and accelerated cell death. In contrast, no significant dif-
ference was observed between cells overexpressing 7-poly-
histidine variant and wild-type 10-polyhistidine repeat
variant.

In the current study, we observed that these nu-
clear aggregations were also detected in both SK-N-SH
cells (Fig. 1A) and P19 cells (Fig. 1B). To rule out the
possibility that these aggregates were caused by enhanced
green fluorescent protein (EGFP) tagging, transfection
with untagged cytomegalovirus (CMV)-driven expres-
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sion of HOXAT1 vanants was performed in COS-7 cells.
Immunostaining with anti-HOXA1/Alexa 594 anti-goat
also exhibited protein aggregates 18 hr posttransfection
(Fig. 1C). After 18-20 hr, cells transfected with EGFP-
tagged HOXA1 proteins were analyzed for Western
blotting. In lysates of cells transfected with 11- and 12-
polyhistidine variants, insoluble high-molecular-weight
proteins remained in the stacking gel (Fig. 1D), indica-
tive of protein complex accumulation.

Rapamycin Cleared Protein Aggregations and
Decreased Cell Death in COS-7 Cells Expressing
Expanded Variants of HOXA1, Whereas 3-MA
Reversed This Effect

We also attempted to determine the type of cell
death occurring as a consequence of expression of
HOXAL1 expanded polyhistidine variants. Recently, it
has been reported that autophagic cell death was partially
mediated by caspase activation (Ravikumar et al., 2006).
Thus, we examined whether caspase inhibition could
suppress cell death by using a cell-permeable pan caspase
inhibitor, z-VAD-fimk, that binds to the catalytic site of
caspase proteases and can inhibit induction of apoptosis
(Broustas et al,, 2004). However, no significant inhibi-
tion was seen in cells treated with 100 pM z-VAD-fink
(Fig. 2A,B). Thus, we speculated that classical apoptosis
1s not the mechanism involved in HOXA1-related cell
death.

To understand better the mechanism responsible
for clearance of protein aggregates, we examined the
possible role of autophagy in degrading these proteins and
the effect of caspase inhibition on cell death in COS-7
cells. During our time course experiments, we observed
that aggregations were present not only in the nucleus
but also in the cytosol at the early stages of expression
(18 hr after transfection). These cytosolic aggregates
were abundant in cells expressing the expanded 12-histi-
dine variants of HOXA1-EGFP (Fig. 2C). Aggregates
gradually cleared out by the endogenous autophagic
mechanmisin of the cell and were concentrated in the
nuclei at 42 hr after transfection (Fig. 2C,D). We ex-
plored the possible involvement of the autophagic pro-
cess in the clearing of protein aggregates in these cells.
3-Methyladenine (3-MA), which has an inhibitory ef-
fect on autophagy (Ravikumar et al, 2002), enhanced
nuclear aggregations and cell death (Fig. 2E,F). There is
a decreased rate of clearance of protein aggregates
observed in 3-MA-treated cells overexpressing 12-His
variant. Cytosolic aggregates around the outer perinu-
clear periphery are noticeable in the later stage of expres-
sion, i.e., about 42 hr, where they were supposed to
be cleared out in the 3-MA nontreated transfected cells
(Fig. 2F). Conversely, rapamycin, an autophagy-inducing
chemical (Ravikumar et al., 2006), decreased cytosolic and
nuclear aggregation that eventually reduced cell death
particularly in the expanded 12-histidine variant (Fig. 2G).
This suggested that clearing of HOXA1-EGFP protein
aggregates was mediated by an autophagic mechanism. We
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Fig. 1. Expression of HOXA1 polyhistidine expansion variants results
in protein aggregation. HOXA1-EGFP construct variants were expressed
i neuronal cell lines. As early as 15-20 hr after transfection, intranuclear
aggregates were already detected in cells transfected with expanded
HOXA1 variant. Images were taken 18 hr after transfection. EGFP fluo-
rescent signals were visualized by confocal nicroscopy. A: Neuroblas-
toma cells, SK-N-SH. B: Embryonic carcinoma cells, P19, C: COS-7
cells wansfected with untagged HOXA1 and immunostained with and-

further noted that the autophagic clearing systemn was
more efficient in degrading cytosolic aggregates, since
autophagic vacuoles were directly accessible in the cytosol.

HOXA1/Alexa 594 anti-goat (red signals). Fluorescence images were
taken 18 hr posttransfection. D: 18-24-hr postransfected cell lysates an-
alyzed for Westemn blotting using anti-GFP. An increased amount of
high-miolecular-weight SDS-insoluble protein was detected in the stack-
ing gel in lanes of expanded HOXAI, indicating that the length of histi-
dine repeats is directly proportional with the degree protein accumula-
tions. [Color figure can be viewed in the online issue, which is available
at www.interscience.wiley.con.

However, the increased production of accumulated intra-
nuclear proteins might have overloaded the autophagic
clearing mechanism, thus resulting in cell death.

Fig. 2. Protein aggregations in the cytosol are cleared by an autopha-
gic process. A: Right after transfection, cells were treated with
100 pM z-VAD-fmk and scored after 24 hr postransfection. z-VAD-
fmk did not inhibit intranuclear protein aggregation. Mock EGFP
served as a negative control. B: Fluorescence imiages of EGFP and
HOXAI1-EGFP 12-His variant treated with z-VAD-fmk. C: COS-7
cells were transfected with HOXA1-EGFP constructs at 18 hr post-
transfection; cytosolic aggregates could be seen abundantly in cells
transfected with HOXA1-EGFP 12-histidine variant. These aggre-
gates were eventually cleared out after 42 hr and were mostly con-
centrated in the nuclei. D: Graph showing percentage of cells with
protein aggregation and dead cells per number of EGFP-positive
transfected cells at 18 and 42 hr after transfection. E: Transfected cells
were treated with 10 mM 3-niethyladenine (3-MA) 15 hr prior to
fixation. HOXA1-EGFP 10-His variant-transfected cells were treated
with DMSO to serve as a control for cell toxicity. 3-MA increases

protein aggregations and cell death in HOXA1-EGFP-transfected
COS-7 cells. Dead cells and those exhibiting nuclear and cytosolic
aggregation were scored 18 hr after tansfection. F: No protein
aggregation was detected in mock-EGFP-transfected COS-7 cells
treated with 3-MA; however, an increase in cell death was observed.
HOXAI-EGFP 12-His variant exhibited cytosolic aggregates around
the outer perinuclear periphery, which are denoted by arrows. G:
Immediately after transfection, 10-His and 12-His repeat variants of
HOXAI1-EGFP-transfected COS-7 cells were treated with 2 pg/ml
Rapamycin prior to fixation. Rapamycin reduces cytosolic aggrega-
tion and cell death significandy in the cells transfected with 12-His
repeat varant. Dead cells and protein aggregations were scored 42 hr
after transfection. Error bars represent SEM; n = 3. *P < .05,
**P < 0.01. P values from a paired t-test in all experiments. [Color
figure can be viewed in the online issue, which is available at
www.interscience.wiley.con.)
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Fig. 3. Expanded HOXA! reduces PBX!l-coupled transcriptional
acuvity. Luciferase assay from the different cell lines. Cells were
cotransfected with plasmids containing PBX!, HOXAI, and the
enhancer b1-ARE fused to a luciferase reporter gene (Di Rocco et al,,
2001). EGFP vector was used as an intemnal conwol. A: COS-7. B:
Neuroblastoma cell line SK-N-SH. C: Embryonic carcinoma cell line
P19 grown in serum-free medium. Bars represent the mean * SE of
at least three independent experiments. *P < 0.05, **P < 0.01.

Transcriptional Activities of Polyhistidine
Variants of HOXA1 Coupled With PBX1

We next examined the physiological relevance of
polyhistidine variants of HOXA1 protein in neuronal
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Fig. 4. HOXA1 and PBXI1 interaction is impaired in expanded
varant of HOXAl. A: Immunofluorescence inmmages of COS-7
cotransfected with PBX1, an enhancer bi-ARE, and 7-His, 10-His, or
12-His repeat variants of HOXA1-EGFP. Huorescence images were
taken 24 hr posttransfection. Red signals: anti-PBX1. Note the absence
of PBX1 signal in protein aggregates of the 12-His variant. B: Inimu-
noprecipitation with anti-GFP and Western blotted with anti-PBX1
and anti-HOXA1. PBX1 protein shows decreased levels in both
expanded and deleted variants of HOXAI1-EGFP transfected to COS-
7 cells. C: Quantification of bound PBX1 protein levels per HOXALI
protein from Western blot analysis. [Color figure can be viewed in the
online issue, which is available at www.interscience.wiley.com.]

cells. PBX1 plays a major role in cooperative transcrip-
tonal activation with HOXA1 through an autoregula-
tory element, the b1-ARE (D1 Rocco et al,, 2001). To
investigate the cooperative transcription of PBX1 with
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the different variants of HOXA1 through b1-ARE, we
simultaneously expressed HOXA1, PBX1, EGFP (an
internal control), and b1-ARE luciferase reporter con-
scructs in COS7, SK-N-SH, and P19 cells. Luciferase
assay were performed 24 hr after transfection. The P19
embryonic cell line was grown under serum-free condi-
tions. Growth in serum-free media itself committed EC
cells to neural differentiation (Darmon et al., 1981) and
addition of retinoic acid (RA) intensified this effect
(Tanaka et al., 1992). However, nonneural cell types arise
after treatment with RA under serum-containing condi-
tions. Differentiation in serum-free media alone is accom-
panied by expression of only neuroectodermal/neural
mRNAs, but treatinent with RA invariably induces the
cells to express both neuroectodermal/neural and endo-
derimal mRNAs (Pachernik et al., 2005), so the serum-
free medium condition was used in this experiment.

The transcriptional activities of expanded variants
were significantly reduced in all cell lines, whereas the
activities of deleted variant with 7-polyhistidine were
enhanced in P19 cells compared with the activity of
10-polyhistidine variant (Fig. 3A-C). Immunofluores-
cence images revealed the inability of aggregated forms
of expanded HOXA1 protein to bind efficienty with
PBX1 protein (Fig. 4A). Inefficient interaction between
expanded HOXA1 and PBX1 is clearly indicated by
low levels of PBX1 protein in immunoprecipitation assay
with ant-GFP (Fig. 4B,C).

Expanded and Deleted Polyhistidine Variants in
HOXAT1 Inhibited Neuronal Differentiation

Because HOXAT1 is one of the neurodevelopmental
genes, we examined whether polyhistidine variants had
any effect on the process of neuronal differentiation. To
accomplish this, RA-induced neuronal differentiation
was performed in SK-N-SH cells. Phase microscopy
shows the effect of RA treatment on the neurites of these
cells (Fig. 5A). Immunocytochemistry with antibody
against the neuron-specific protein MAP2 revealed
neurite outgrowth in cells expressing the 10-histidine

Fig. 5. Expanded and deleted polyhistidine repeats in HOXA1 in-
hibit neuronal differentiation. A: Retinoic acid (RA)~induced neuro-
nal differentiation in SK-N-SH cells Phase images of SK~-N-SH cells
treated with (right) or without (left) 10 pM RA for 42 hr. B:
HOXAI1-EGFP-transfected SK-N-SH treated with 10 M RA for
42 hr. Immunofluorescence images where taken 42 hr after transfec-
tion. Expanded 11- and 12-His repeat variants as well as deleted
7-His repeat variants inhibit neuronal differentiation. Note the neurite
outgrowth inimunostained with MAP2 (red signal). C: Western blot
analysis shows decreased MAP2 expression levels in the expanded and
deleted forms. D: Quantification of MAP2 expression levels nornal-
ized with B-tubulin. E: Quantification of the percentage of EGFP-
MAP2-double-positive cells. Error bars represent SEM; n = 3. *P <
0.05, **P < 0.01. P values from a paired i~test in all experiments.
[Color. figure can be viewed in the online issue, which is available at
www.interscience.wiley.conu.]
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HOXA1-GFP, 42 hr after transfection (Fig. 5B). In con-
trast, a greater number of cells expressing expanded and
deleted forms of HOXA1-GFP failed to initiate neurite
outgrowth. Total levels of MAP2 protein in cells over-
expressing expanded and deleted variants were also
significantly reduced (Fig. 5C,D). The appearance of
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differentiated cells was also examined by scoring MAP2-
positive transformants expressing the HOXA1-EGFP
vanants. EGFP-MAP2 double-positive cells quantifica-
don also confirmed that there is a significant decrease
in the percentage of MAP2 levels particularly in the
expanded vanants.

DISCUSSION

In this current study, we have shown that poly-
histdine repeat tract vanants compromised HOXA1
function in transcription and neuronal differentiaton.
Moreover, we have presented evidence that cell death
resulting from polyhistidine repeat expansion is mediated
primanly by authophagy and not by a caspase-dependent
mechanism. Authophagy 1s a type of cell death involving
bulk degradation of cytoplasmic proteins or organelles in
the lytic compartment. Inhibition of autophagy enhances
protein aggregation and cell death (Ravikumar et al,
2002). Our data showed that 3-MA accelerates protein
accumulations and enhances cell death, particularly in
the expanded variants (Fig. 2E,F). Conversely, Rapamy-
cin, an inducer of the autophagic process, decreases pro-
tein aggregates and reduces cell death (Fig. 2G). Taken
together, our findings indicate that autophagy is involved
in the degradation and clearance of aggregations of
expanded HOXA1 variants.

HOXAL1 splice variant 1 is reported to be active in
E7-E8.5 and functions in the presumptive rhombomere
3 and 4 regions of the developing hindbrain (Zhang
et al,, 1994). However, the nonhomeodomain-contain-
ing variant i1s expressed in the endodermal derivative
after E8.5 to the adult stage (Godwin et al, 1998).
Therefore, we speculate that splice variant 1 may be
active only in early stages of embryonic neurodevelop-
ment. As one of the DNA-binding proteins and tran-
scription factors in the HOX gene family, HOXA1 also
relies on the activity of transcriptional cofactors aside
from its DNA-binding properties (Pearson et al., 2005).
A previous study has reported that HOXB1 and PBX1
cooperatively activate transcription under the control of
b1-ARE (autoregulatory enhancer). Moreover, HOXA1
and HOXA2 are also able to activate transcription by
b1-ARE in cooperation with PBX1 (Di Rocco et al,
2001). We examined the binding ability of our HOXA1
variants to PBX1 and b1-ARE by evaluating the coop-
erative transcriptional activation using a luciferase assay.
Expanded variants transfected into COS-7 as well as SK-
N-SH neuroblastoma and P19 embryonic carcinoma
cells (EC) that were induced to undergo neuronal differ-
entiation indeed showed significantly reduced activation
compared with the wild type, whereas the deleted
vaniant expressed in P19 cell line showed an enhanced
activation (Fig. 3). However, the reason for increased
transcriptional activity observed in the deleted variant in
this cell hine is as yet unknown. Immunofluorescence
unages and immunoprecipitation assay clearly confirmed
the inability of aggregated forms of expanded HOXA1
protein to bind efticiently with PBX1 protein. The co-

operative interaction between Hox and Pbx is mediated
by a conserved hexapeptide sequence located toward the
N-terminal region from Hox homeodomain (Phelan and
Fetherstone, 1997; Remacle et al., 2004). Our results
suggest that polyhistidine variants in HOXA1 might also
affect the binding efficiency of its homeodomain to
certain cofactors and/or other target genes or proteins.

Human neuroblastoma SK-N-SH cells, from a ma-
lignant pediatric tumor derived from the neural crest,
retains its ability to differentiate into the neuronal lineage
when exposed to RA (Wainwright et al., 2001).
HOXAL1 is the first target gene activated by RA, fol-
lowed by a sequential activation of other HOX genes
(Simeone et al., 1990; Martinez-Ceballos et al., 2005).
We showed an inhibition of neuronal differentiation
by not only the extended but also the deleted variants
(Fig. 5). Our study provides novel insights on the patho-
logical implications of the polyhistidine tract in HOXAI1
and leaves us wich the intriguing possibility that polyhis-
tidine repeat expansions and deletions may cause aberra-
tions in neuronal morphogenesis or differentaton in
general.

EC cells differentiate into various lineages depend-
ing on the presence of activators in the culture medium
(Pachernik et al., 2005). Growth under serumm-free con-
ditions committed EC cells to neural differentation.
Differentiation of EC cells into endodermal-like cells is
induced by serum. Interestingly, we found that, in EC
cells committed to neural differentiation, transcriptional
activity inversely coincided with polyhistidine repeat
length. These results further strengthen our theory that
polyhistidine length affects neurodevelopment. In agree-
ment with our results, another study has proposed that
HOXA1 may function as a stimulator of neuroectoder-
mal and mesodermal differentiation and a repressor
of embryonic endoderm formation (Martinez-Ceballos
et al,, 2005) and that aberration in HOXA1 could lead
to increased expression of endodermal genes by RA
and would lead to repression of neuroectodermal and
mesodermal markers. Premature death of HOXAI-
expressing cells may impair transcription and neuronal
differentiation.

Recently, Tischfield and colleagues (2005) reported
that patients with Bosley-Salih-Alohrainy syndrome were
homozygous for HOXA1 truncating mutations, whereas
heterozygotes had normal phenotypes. This mutation
resulted in abnormal development of the central nervous
system in the brainstem. Distinguishing -phenotypes
include horizontal gaze abnormalities, mental retardation,
and autism spectrum disorder. Even low levels of Hoxal
expression in Hoxal™™ cells are sufficient for normal
activation of the Hoxal pathway and may explain why
mice heterozygous for HOXA1 mutations appear normal
(Pasqualetti et al., 2001; Martinez-Ceballos et al., 2005).
In our previous report, we identified heterozygous poly-
histdine repeat variants in HOXA1 gene from a
Japanese population comprising normal and autistic indi-
viduals. No individuals homozygous for these mutations
have been found. We speculate that there is a possibility
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that phenorypic aberrations may exist in homozygous
individuals. Future in vivo studies are essential to exam-
ine the physiological functions of the polyhistidine var-
1ants of HOXA1.
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Abstract

Autism (MIM 209850) is a neurodevelopmental disorder characterized by difficulties with verbal and non-verbal communication, impairments
in reciprocal social interactions, and displays of stereotypic behaviors, interests and activities. Twin and family studies have indicated a robust role
of genetic factors in the development of autism.

Neuronal Pentraxin Il (NPTX2) is located in chromosome 7q21.3-q22.1, where it is a candidate region for autism. NPTX2 promotes neuritic
outgrowth and is suggested to mediate uptake of degraded synaptic material during synapse formation and remodeling. NPTX2 is also associated
with the clustering of synaptic AMPA receptors. It was reported that glutamate systems including AMPA receptor was associated to the
pathophysiology of autism. Thus, the NPTX2 gene is involved in neuritic outgrowth, synapse remodeling and the aggregation of neurotransmitter
receptors at synapses. These functions play an important role in the mechanisms of learning and brain development.

In the present study, we tested for the presence of the association of four single nucleotide polymorphisms (SNPs) of NPTX2 and haplotypes
consisting of the SNPs with autism, between autistic patients (#=170) and normal controls (n=214) in a Japanese population. No significant
difference was observed in the allele, genotype or haplotype frequencies between the patients and controls. Thus, the NPTX2 locus is not likely to
play a major role in the development of autism. However, further studies with larger sample size and sequencing of NPTX2 gene are needed to
exclude a role of NPTX2 gene in autism.
© 2007 Elsevier Inc. All rights reserved.

Keywonds: Association study: Autistic disorder; Chromosome 7g; Haplotype block; NPTX2 gene; SNPs

1. Introduction
Abbreviations: AMPA, alpha-amnino-3-hydroxy-S-mathyl-4-isoxazole pro-
pionic acid: CBQ-R, the Child Behavior Questionnaire Revised; CRP, C-reactive Autism (MIM 209850) is a neurodevelopmental disorder
protein; DSM-1V, the Diagnostic and Statistical Manual of Mental Disorders, characterized by difficultics with verbal and non-verbal com-

Fourth Edition; NPTX2, Neuronal Pentraxin 1l; SNPs, single nucleotide L. . . . . L. .
polymorphisms munication, impairments in reciprocal social interactions, and

* Corresponding author. Tel: +81 3 5800 9263; fax: +81 42 379 4544, displays of stereotypic behaviors, interests and activities. Twin
E-mail address: PXX03135Z50ifty.0ejp (T. Marui). and family studies have indicated a robust role of genetic factors
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in the development of autism (Folstein and Rosen-Sheidley,
2001). The respective concordance rates of the disorder in
monozygotic and dizygotic twins were reported to be 91 and 0%
(Sieffenburg ct al., 1989) and 60 and 0% (Bailey et al., 1993).
Statistical models suggest that between 2 and 10 (Pickles et al.,
1993) or more than 15 (Risch et al., 1999) loci are probably
implicated. Although the results of the linkage studies were
controversial, several studies have provided evidence for a
chromosomal 7q region as a susceptibility locus (or loci) of
autism (Folstein and Rosen-Sheidley, 2001).

Neuronal Pentraxin II (NPTX2), located in chromosome
7q21.3-q22.1, is a member of the pentraxins that include the
C-reactive protein (CRP) (Hsu and Perin, 1993). NPTX2 gene is
11 kb long and contains 4 introns (Hsu and Perin, 1995). It was
found that NPTX2 promoted neuritic outgrowth (Tsui et al.,
1996), and is suggested to mediate uptake of degraded synaptic
material during synapse formation and remodeling (Dodds et al.,
1997; Kirkpatrick et al., 2000). NPTX2 is expressed at relatively
high levels in the developing and adult brain (Tsui et al., 1996). It
was also reported that NPTX2 was expressed in a subset of axons
and dendrites in cultured spinal and hippocampal neurons
(O’Brien et al., 1999). NPTX2 may play a critical role in the
organization of excitatory synapses. It was also shown that
NPTX2 is selectively enriched at some excitatory synapses of
spinal cord and hippocampal neurons in vitro (O°Brien et al,,
1999).

Genetic, ncuroimaging, postmortem and pharmacologic
treatment approaches have suggested that neurochemical
contributions of glutamate systems to the pathophysiology
of autism. Alpha-amino-3-hydroxy-5-mathyl-4-isoxazole pro-
pionic acid (AMPA) included in the glutamate systems may be
involved in the pathogenesis of the disorder (Carlsson, 1998).
The predominant charge carrier during routine fast excitatory
synaptic transmission is the alpha-amino-3-hydroxy-3-
mathyl-4-isoxazole propionic acid (AMPA) type receptor
(Hollmann and Heinemann, 1994). NPTX2 is associated with
the clustering of synaptic AMPA receptors (O’Brien et al.,
1999).

Thus, the NPTX2 gene is involved in neuritic outgrowth,
synapse remodeling and the aggregation of neurotransmitter
receptors at synapses. These functions play an important role
in the mechanisms of learning and brain development. How-
ever, to our knowledge, no study has been reported between
the NPTX2 gene and autism. In the present study, we tested

for the presence of association of four single nucleotide po-
lymorphisms (SNPs) of NPTX2 and haplotypes consisting of
the SNPs with autism, using case-control design.

2. Subjects and methods

The patients comprised 170 unrelated Japanese with autism
(147 males and 23 females, mean age=20.8 years within a
range of 3-41 years). The patients were recruited from the
outpatient clinics of the departments of psychiatry, Tokyo
University Hospital and Tokai University Hospital, and seven
daycare facilities for subjects with developmental disorders.
Al the hospitals and facilitics were located around Tokyo. All
the subjects met the DSM-IV criteria for autistic disorder.
The diagnoses were made by one or two experienced child
psychiatrists through interviews and reviews of clinical
records. Apparent physical anomalies were not observed in
the subjects. The controls consisted of 214 unrelated Japa-
nese healthy volunteers (145 males and 69 females, mean
age=34.6 years within a range of 21-65 years). They were
mainly recruited from the hospital and facility staff, and all of
them resided in the same area (Kanto District or around
Tokyo) as the patients. All the patients and controls were
ethnically Japanese, with no parents or grandparents of eth-
nicity other than Japanese.

Confirmation of the diagnosis was conducted as follows.
Semi-structured behavior—observation of the patients and
interviews of them and their parents were conducted for most
of the cases by two experienced child psychiatrists indepen-
dently. At the interview of the parent(s), the Child Behavior
Questionnaire Revised (CBQ-R) (Izutsu et al,, 2001) was
used to assist evaluation of autism-specific behaviors and
symptoms. After the initial observation and interview, we
followed up by examining the patients’ behavior and
symptoms for several months (for at least six months in
most of the cases) and those who were not considered to meet
the Diagnostic and Statistical Manual of Mental Disorders,
Fourth Edition (DSM-IV) criteria during the follow-up were
excluded from the sample.

The present study was approved by the Ethical Committee,
the Faculty of Medicine of the University of Tokyo and Tokai
University. The objective of the present study was clearly ex-
pressed and written informed consent was obtained from all
subjects and healthy volunteers.

Table 1
Allele frequencies of 4 SNPs of the NPTX2 gene in autism patients and controls
Locus db SNPID  Allele®  Minor allele frequencies Chi-square  p-value  Odds ratio  95% confidence intervals Chromosome  Location
Patients Controls Lower Upper position
N % N %
SNP-1 152291273  C/T 29 9% 37 11%  0.00 0.951 1.02 0.61 1.69 97893940 Intron02
SNP-2  rs1681248 3C 66 20% 75 22% 0.38 0.536 1.12 0.7¢ 1.62 97898498 Intron02
SNP-3 705318 GT 136 40% 166  49%  0.06 0.801 0.96 0.72 1.29 97900986 Intron03
SNP-4 15705315 WA 67  20% 81 24% 0.9 0.766 1.06 0.74 1.52 97903387 3'UTR

Chromosome position of the SNPs is according to the NCBI Ret Seq.
* The alleles are listed as major/minor allele.
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Peripheral blood was obtained and genomic DNA was
extracted using the standard phenol-chloroform method. Sin-
gle nucleotide polymorphisms (SNPs) were analyzed, using
the ABI 7900HT sequence detective system (Applied Bio-
systems, Foster City, CA, USA). The primers and probes of
the ABI Assays-on-Demand™ kit were used for the
genotyping. The SNPs of the NPTX2 gene were selected
from the primer—probe list of Assays-on-Demand™ products
for the ABI 7900HT to cover the full length of the gene. To
increase statistical power, we selected the SNPs considering
the minor allele frequencies indicated in the ABI primer—
probe list and the HapMap public database. Four sets of
primers and probes for SNPs with enough minor allele fre-
quencies were available for our study. The db SNP IDs of the
SNPs are shown in Table I. These SNPs are located on the
gene every 2.5-4.5 kb. According to the HapMap database,
the SNPs which are located in the NPTX2 gene region form
one or two haplotype blocks, including the 5” and 3’ region,
depending on race.

Statistical analyses were performed using the SAS/Genetics
9.1 software (SAS Institute Inc., Cary, North Carolina, USA).
The frequencies of alleles and genotypes of each SNP were
compared between patients and controls using the chi-square
test. Subsequently, D’ of the linkage disequilibrium between
SNPs were analyzed. The frequencies of haplotypes consisting
of SNPs, which were at a high linkage disequilibrium
(haplotype block), were estimated. The exact p-values based
on the likelihood ratio test with 10,000-permutation was
calculated for comparison of the haplotype frequencies between
patients and controls.

3. Results

The allele frequencies of the SNPs of the NPTX2 gene are
summarized in Table 1. No significant difference was observed
in genotypic distributions (not shown in the tables) or allele
frequencies of the four markers of the NPTX2 gene between
patients and controls. The minor allele frequencies of the SNPs
were higher than 9% in all four SNPs. For all assayed SNPs, no
significant departure from Hardy—Weinberg equilibrium was
found.

The pair-wise D' values of the SNPs within the NPTX2
gene are summarized in Tabie 2. All four SNPs of the gene
were in high linkage disequilibrium, forming a haplotype block.
Regarding the pair-wise D’ values, therefore, four marker hap-
lotype of SNP1-4 (rs2291273, 151681248, rs705318, rs7053135),
was tested.

Table 2
The strength of LD (denoted as D') between pairs of SNPs of NPTX2 in autism
patients (lower diagonal) and controls (upper diagonal)

SNP 1 2 3 4

1 1.00 1.00 1.00
2 1.00 1.00 1.00
3 1.00 1.00 1.00
4. 1.00 0.94 0.91

Table 3
Estimated frequencies and permutation p-values for association of major
NPTX2 haplotypes for 1s2291273-rs1681248-rs705318-1s705315

Haplotype Frequencies Chi-square p-value
Case Control

C-G-G-G 0.51 0.52 0.06 0.81

C-G-T-G 0.20 0.20 0.03 0.85

C-C-T-A 0.18 0.18 0.04 0.85

T-G-G-G 0.08 0.09 0.11 0.76

C-G-T-A 0.01 0.01 0.14 0.69

Global p=0.39

Haplotype frequencies were estimated > 1%.

The estimated haplotype frequencies are shown in Table 3.
No significant difference was observed in the estimated hap-
lotype distributions between patients and controls.

4, Discussion

In this study, we genotyped four SNPs in the NPTX2
gene. Subsequently we compared estimated haplotype frequencies
between autistic patients and normal controls in Japanese pop-
ulation. No evidence for association between the NPTX2 locus and
autism was provided.

The 95% confidence intervals of the odds ratios were within
0.61 and 1.69 in all four SNPs of the gene. Assuming adequate
statistical power to be >0.8, a sample size of 170 cases and 214
controls, and minor allele frequencies to be >0.1, our results
might have adequate statistical power to contradict the effects of
the gene with odds ratios of approximately 2.0 or more. How-
ever, sequencing in the patients may be necessary to evaluate a
role of rare variants, which do not apply to a common disease
common variant hypothesis.

In an analysis of the family history data of autism, Pickles
et al. rejected single-locus and heterogeneity models in favor of
a multilocus model that involves anything from two to ten loci
(Pickles et al., 19935). If there were common or rare variants
that brought functional alternations associated with autism, the
variants would show linkage disequilibrium with the SNPs or
haplotypes located near the variants. We thus investigated an
association between the NPTX2 gene and autism, exarnining
the presence of the association of the SNPs and haplotypes
located in the region of the NPTX2 gene with.autism. In this
study, all four SNPs we investigated indicated high linkage
disequilibrium with each other and, therefore, there would be a
haplotype block covering all the NPTX2 gene domains in our
sample.

The controls in this study were not age-matched to the
patients. Twin and family studies indicate that autism might be
highly heritable. The heritability estimate, calculated from the
sibling recurrence risk and the MZ:DZ concordance ratio, is
more than 90% (Bailey et al,, 1993; Szatmari et al., 1998§).
Autism is a developmental disorder usually apparent by 3 years
of age. In making a comparison between autistic patients and
normal controls over 3 years of age, this lack of age-matching is
not likely to have affected the results, considering the strong
effect of genetic factors in autism compared with the rather
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small effect of environmental factors (Foistein and Rosen-
Sheidley, 2001). However, any variant that affects longevity
may give spurious results when controls are not age-matched to
patients in a genetic association study. This fact must be
considered.

Another concern may be the population stratification of the
sample, which could affect the results of studies in case-control
design. This may not, however, significantly affect the present
result, because the Japanese population is highly homogeneous,
due to no major immigration for more than a thousand years,
compared with the European or North American population. No
subjects in this study had parents or grandparents of ethnicity
other than Japanese.

In addition, the design of this study has limited statistical
power that can exclude only major effects of the gene more than
odds ratio 2.0 from the etiology of autism, and this design is
based on a common discase common variants hypothesis. Fur-
ther studies with larger sample size and sequencing of the
NPTX2 gene are therefore needed to exclude a role of NPTX2
gene in awtism.

5. Conclusion

In this report, we conducted a case—control study and hap-
lotype analysis between the NPTX2 gene and autism. To our
knowledge, no study has examined the role of NPTX2 variants
in autism. While no association was observed in this study,
considering the critical role of the gene in synapse formation
and remodeling, further studies with larger samples or with
family-based analyses may be recommended.
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Abstract

Objective: We evaluated event-related potentials (ERPs) elicited by attentional disengagement in individuals with autism.

Methods: Sixteen adults with autism, 17 adults with mental retardation and 14 healthy adults participated in this study. We recorded the
pre-saccade positive ERPs during the gap overlap task under which a peripheral stimulus was presented subsequent to a stimulus in the
central visual field. Under the overlap condition, the central stimulus remained during the presentation of the peripheral stimulus and
therefore participants need to disengage their attention intentionally in order to execute the saccade to the peripheral stimulus due to the
preservation of the central stimulus.

Results: The autism group elicited significantly higher pre-saccadic positivity during a period of 100-70 ms prior to the saccade onset
than the other groups only underthe overlap condition. The higher amplitude of pre-saccadic positivity in the overlap condition was sig-
nificantly correlated with more severe clinical symptoms within the autism group.

Conclusions: These results demonstrate electrophysiological abnormalities of disengagement during visuospatial attention in adults with
autism which cannot be attributed to their IQs.

Significance: We suggest that adults with autism have deficits in attentional disengagement and the physiological substrates underlying
deficits in autism and mental retardation are different.

© 2007 International Federation of Clinical Neurophysiology. Published by Elsevier Ireland Ltd. All rights reserved.

Keywords: Autism; Spatial attention; Event-related potentials; Saccadic eye movement

1. Introduction

Autism is diagnosed on the basis of behavioral and
developmental features such -as impairment of reciprocal
social interaction, communication and imagination, and
the presence of repetitive and ritualistic behavior. It has
been recently pointed out that scientific merits from studies

" Corresponding author. Tel.: +81 3 5800 9263; fax: +81 3 5800 6894.
E-muil address: yukik-tky@umin.ac.jp (Y. Kawakubo).

using a comprehensive model assuming a single explanation
for autism may be limited, since various behavioral features
of autism are largely independent in terms of genetic back-
ground as shown by twin cohort studies (Happé et al.,
2006). Thus, a bottom-up type approach which explores
abnormal or preserved functions in relatively fundamental
cognitive processes based on simple cognitive models may
be important in the autism research strategy. Researchers
have proposed that attentional abnormalities underlie the
behavioral features of autism such as inflexibility, repetitive

1388-2457/$32.00 © 2007 International Federation of Clinical Neurophysiology. Published by Elsevier Ireland Ltd. All rights reserved.
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behavior and overselectivity (Lovaas et al., 1979; Casey
et al., 1993; Townsend et al., 1996, 2001; Wainwright and
Bryson, 1996; Senju et al., 2004). Auditory attention has
been intensively studied in the literature, particularly using
event-related potentials (ERPs). For example, a reduced
P300 amplitude (Oades et al., 1988; Lincoln et al., 1993)
and abnormal mismatch negativity (Gomot et al., 2002;
Kasai et al., 2005) have been reported. On the other hand,
spatial attention has been also implicated in the pathophys-
10logy of autism, which has been understudied.

Spatial attention is a function of spatially directed atten-
tion and spatial selectivity (Allport, 1989). Posner and
Cohen (1984) outlined a model in which the successive
components of spatial attention were defined as disengage-
ment, shift, and engagement of attentional sources. In Pos-
ner’s cuing paradigm, a target stimulus follows a cue
stimulus presented on the same side of a target (valid con-
dition) or on the contralateral side of a target (invalid con-
dition). This task makes it possible to investigate the ability
to disengage attention from one location and shift atten-
tion to its contralateral location. Findings from patients
with acquired brain damage suggest that these components
are associated with specific brain areas, i.e., disengagement
is associated with the parietal cortex, shift is related with
superior colliculus, and engagement is associated with thal-
amus (Posner and Cohen, 1984; Posner and Petersen,
1990).

Most studies on visuospatial attention in adults with
autism have used the cuing paradigm that elicits the re-
orienting of the direction of the attention (Posner, 1980)
and reported behavioral problems in attentional disen-
gagement and shift (Casey et al., 1993; Townsend et al.,
1996, 2001; Wainwright and Bryson, 1996), but findings
of other studies using eye gaze cue have been mixed (Sen-
Ju et al, 2004; Swettenham et al., 2003; Kyllidinen and
Hietanen, 2004). Other studies reported that autistic chil-
dren presented the difficulties disengaging attention from
the salient object (Hughes and Russell, 1993) and mental
concepts (Hughes et al., 1994). On the other hand, studies
using the gap paradigm (Saslow, 1967) have shown
impairment of attentional engagement in children (van
der Geest et al, 2001) and adults (Kawakubo et al.,
2004) with autism. In the gap overlap task, when a tem-
poral gap is introduced between the disappearance of a
central fixation point and the appearance of a new target
stimulus, the saccade reaction times are reduced compared
to when no gap is introduced (gap effect; Saslow, 1967).
This difference in saccade reaction times has been
explained by the difference in attentional disengage-
ment(Fischer and Weber, 1993). In the gap condition, in
which an initial fixation point disappears before a target
appears, attention on the fixation point is disengaged
automatically. On the other hand, in the overlap condi-
tion, in which the fixation point remains after the target
appears, attention on the fixation point is disengaged
due to the appearance of the peripheral target stimulus.
Therefore, the saccade reaction times in the overlap con-

dition are longer than in the gap condition. It cannot be
concluded, however, that individuals with autism show
only impairment of attentional engagement but not of dis-
engagement in the gap paradigm. If the engaging of atten-
tion to the central fixation point is enhanced, they may
show impairment of attentional disengagement. In order
to clarify whether individuals with autism have an impair-
ment of attentional disengagement in the gap paradigm,
further examination under conditions in which attentional
engagement to the central visual field is ensured is
necessary.

Moreover, little is known of the physiological substrates
for these visuospatial attentional deficits in autism. In the
visual ERP literature, P300 amplitude of individuals with
autism under a condition where the target stimulus was
presented in the center of visual field was comparable to
that of normal controls (Pritchard et al., 1987; Ciesielski
et al., 1990). On the other hand, when the stimulus was pre-
sented at various peripheral locations individuals with aut-
ism were associated with smaller-than-normal visual P300
amplitude (Kemner et al., 1999; Townsend et al., 2001).
To our knowledge, however, no previous studies have
directly examined ERPs elicited by attention disengage-
ment in individuals with autism.

Csibra et al. (1997) and Gomez et al. (1996) analyzed sac-
cade-locked ERP during the gap/overlap task in healthy
adults, and found a slowly developing pre-saccadic positiv-
ity elicited at central-parietal electrode sites that was fol-
lowed by a pre-saccadic spike potential immediately
preceding the eye movement. Csibra et al. (1997) concluded
that attentional disengagement in the gap overlap task was
reflected in these parietal positive ERP components.

Thus, the goal of this study was to assess the pre-sac-
cade positive ERP components during the gap overlap
task as an electrophysiological index of attentional disen-
gagement in adults with autism. To ensure attentional
engagement to the central visual field, our task was differ-
ent from a typical format of the gap overlap task in some
points that various pictures were used as stimuli instead
of a cross and a square and participants were required
to discriminate the stimuli. Moreover, to clarify whether
the physiological dysfunction of visuospatial attention
was specific to autism rather than being attributable to
general intellectual disability, we compared the data from
adults with autism with those of 1Q-matched adults with
mental retardation. Previous studies (Csibra et al., 1997,
Gémez et al., 1996) indicated that the pre-saccadic posi-
tivity was higher in the overlap condition than in the
gap condition. Thus, it is assumed that the pre-saccadic
positivity reflects the resource that is needed to disengage
the attention. Accordingly, we hypothesized that the
autistic group would exhibit impairment in attentional
disengagement under the overlap condition that would
be reflected as higher or longer pre-saccadic positivity
detected in the saccade-locked ERPs. Moreover, we pre-
dicted higher pre-saccadic positivity would be associated
with severer autistic symptoms.
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2. Method
2.1. Participants

Sixteen adults with autism (11 men and 5 women; mean
age [SD], 29.0 [6.5]}; mean IQ [SD], 43.6 [14.7]), 17 adults
with mental retardation (12 men and 5 women; mean age
[SD]}, 27.5 [5.0}; mean 1Q [SD], 40.6 [10.9]), and 14 healthy
adults (6 men and 8 women; mean age [SD], 28.5 [5.8];
mean IQ [SD], 105.2 [10.9]) participated in this study.
Age (one-way ANOVA, p=0.70) and gender (;° test,
p =0.23) were not significantly different among groups.
IQs were evaluated with the Wechsler Adult Intelligence
Scale-Revises (WAIS-R) for two of autism participants
and with the Tanaka-Binet Test for eleven of autism partic-
ipants and all individuals with mental retardation. For
healthy adults IQs were estimated by four subtests of the
WAIS-R. Autism subjects and mentally-retarded subjects
did not significantly differ in 1Q (¢-test, p = 0.52). Diagnosis
of autism was determined according to DSM-IV criteria
and Childhood Autism Rating Scale (CARS: Schopler
et al., 1988) by a trained pediatric psychiatrist (clinical
experience >5 years; KW, HK, or MI). We used a CARS
score of 27 as the cutoff point (Mesibov et al., 1989). Aut-
ism subjects had significantly higher CARS scores than
mentally-retarded subjects (34.1 [SD =4.1] versus 20.3
{3.1]; t-test, p <0.001). All participants had normal or cor-
rected to normal vision and did not have any chromosomal
or neurological disorders. All participants were right-
handed determined using the Edinburgh Inventory. The
Ethical Committee of the Faculty of Medicine, University
of Tokyo, approved this study (No. 629). Written informed
consent was obtained from all participants and their par-
ents before the experiment.

2.2. Stimuli and apparatus

The stimuli were presented on a 21-in. CRT display with
a black background by using STIM software (Neuroscan,
Inc.). To encourage the motivation of the participants,
we used as stimuli 13 illustrations that consisted of pictures
of animals (e.g., dog, frog), daily goods (e.g., glasses, bag-
gage) and vehicles (e.g., bicycle, car), etc. In place of a fix-
ation point a central stimulus (picture stimulus as above)
was presented in the central visual field. Peripheral stimuli
were presented 14 degrees (deg.) to the left or right of the
central stimulus. All stimuli were of the same angular size;
1.3 x 1.3 deg (Fig. 1).

2.3. Procedure

Participants were seated 0.60 m away from the CRT
monitor with their chin on a chinrest. Participants initiated
each trial by pressing a start button, and after 1000 ms a
central stimulus was presented in the center of the CRT
monitor. A peripheral stimulus was then presented to the
left or right side of the central stimulus for 2000 ms. To

peripheral stimulus

central stimutus -

Gap condition

Overlap condition

Fig. 1. Experimental procedures in the gap condition (left) and the
overlap condition (right). In the gap condition, the central stimulus
disappeared 200 ms before the peripheral stimulus was presented, and in
the overlap condition, the central stimulus remained during the presen-
tation of the peripheral stimulus. The participants were instructed to press
a button when a target stimulus, the drawing of a dog, appeared as either
the central stimulus or the peripheral stimulus.

minimize the possibility that participants anticipate the
timing of the peripheral stimulus onset, the central stimulus
was presented at intervals randomly varying between 700
and 1500 ms. To make the task clearer to participants,
we instructed them to press a button when a target stimu-
lus, the drawing of a dog, appeared as either the central
stimulus or the peripheral stimulus. In some trials, the
dog was presented both in the center and he peripheral
visual field. Thus, even if the dog was presented in the cen-
ter, saccades were required. Since it was difficult to ask but-
ton pressing at an appropriate timing for three subjects,
these subjects were alternatively asked to speak aloud the
name of the target stimulus. It was necessary for partici-
pants to move their eyes to the peripheral stimulus when
it was presented, in order to discriminate the target stimu-
lus from the other stimuli.

In the gap condition, the central stimulus disappeared
200 ms before the peripheral stimulus was presented, and
in the overlap condition, the central stimulus remained dur-
ing the presentation of the peripheral stimulus. Practice tri-
als were given to each participant to ensure that the
instructions had been understood. After the practice trials,
180 trials composed of 45 trials of each of the four condi-
tions ([Gap vs. overlap] x [left- vs. right-side presentation
on the monitor}) were presented in a random order in three
blocks of 60 trials each. The probability of the appearance
of target stimulus was 20%.

2.4. Recordings

The scalp electroencephalogram (EEG) was recorded
according to the international 10-20 system using Ag/AgCl
electrode caps (Neuroscan, Inc.) at 16 electrode sites (F3,
Fz, F4, T3, C3, Cz, C4, T4, TS, P3, Pz, P4, Té, Ol, Oz,
02) referred to linked earlobes. The horizontal electroocu-
logram (EQG) was recorded at the outer canthi of the both
eyes and the vertical EOG was recorded from electrodes
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placed below and above the left eye. The bandpass filter
was set at 0.15-30 Hz and the sampling rate was 500 Hz.
EEGs and EOGs were analyzed using SCAN system with
SynAmps (Neuroscan, Inc.).

2.5. Data analysis

A saccade was defined as the first moment at which the
velocity of the eye exceeded 22 deg/sec. Trials were
excluded from further analysis if: (1) the target stimulus
was presented in that trial, (2) the eyes moved before the
peripheral stimulus onset, and (3) the saccade occurred in
the incorrect direction or saccadic reaction times (SRTs)
were less than 80 ms. Express saccade was defined as sac-
cade that occurred between 80 and 130 ms after the presen-
tation of the peripheral stimulus (Fischer and Weber,
1993). Trials with EEG range exceeding 100 pV at any
EEG electrode were rejected as artifact. We used the 50-
ms period starting 150 ms before the saccade onset as the
baseline as no salient activities at any electrode in this per-
iod. The four conditions (i.e., [Gap vs. overlap] x {left- vs.
right-side presentation on the monitor]) were averaged sep-
arately. The mean number of accepted sweeps was above
20 for all conditions and for all groups, and did not signif-
icantly differ between conditions or between groups. Pre-
saccadic positivity was defined as a slowly developing pos-
itivity 100 ms before the saccade onset, and the pre-saccad-
ic spike potential was defined as a sharp positivity peaking
immediately before the saccade onset.

For the group comparison of the SRT, repeated mea-
sures ANOVA was performed with the group (autism,
mental retardation, control) as the between-subject factor,
and the condition (gap, overlap) and the presentation side
(left, right) as within-subject factors. For all repeated mea-
sures ANOVAs, the sphericity assumption was tested using
Mauchley’s test, and Greenhouse-Geisser correction was
performed when there was a significant violation of the
sphericity assumption. Tukey’s honestly significant differ-
ence test was used for post hoc multiple comparisons.

To compare the time course 0f the pre-saccadic positiv-
ity, the averaged amplitude was calculated within 30 ms
windows from 100 to 70 ms and from 70 to 40 ms before
the saccade onset. Then repeated measures ANOVA was
performed for each of the pre-saccadic positivity amplitude
(averaged across 30 ms), with the group as between-subject
factor and the condition, the side of presentation and the
electrode (C3, Cz, C4, P3, Pz, P4, Ol, Oz, O2) as the
within-subject factors. In order to determine the latency
of pre-saccadic spike potential, the computation of global
field power (GFP: Lehmann and Skrandies, 1980) was
applied to the waveform for each subject and condition.
The individual pre-saccadic spike potential amplitudes
were determined as the amplitude at the GFP peak latency.
Repeated measures ANOVA was performed to compare
the pre-saccadic spike potential amplitudes with the group
as between-subject factor and the condition, the side of pre-
sentation and the electrode as the within-subject factors.

Spearman’s rank-correlation coefficient was used in
exploratory analyses of the relationships between SRT
and scores on each item of the CARS and IQ, and between
pre-saccadic positivity amplitudes (averaged amplitudes
over nine electrodes for both sides of presentation under
each condition) at —100 to —~70 ms and —70 to —40 ms
periods, where the pre-saccadic positivity amplitudes
showed significant group differences, and scores on each
item of the CARS and IQ. The level for significance was
not corrected for multiple comparisons due to the prelimin-
ary nature of the correlational analyses.

3. Results
3.1. Behavioral data

In this study, individuals with autism did not show more
frequent express saccade than the other two groups either
in the gap or overlap condition; the express saccade rate
under the gap condition was larger than that under the
overlap condition in all three groups (autism group;
z=2.10, p<0.05, MR group; z= -3.62, p<0.00],
healthy control group; z = —3.23, p <0.01).

The repeated measures ANOVA of the SRT data
showed a significant main effect of Condition (F[1,44] =
45.7, p<0.001) and Group (£]2,44]=4.36, p =0.019),
and a significant Group x Condition interaction ( F[2,44] =
4.29, p =0.02) (Fig. 2). No significant main effect of the
side of presentation or other interactions was found (Table
1). We thus performed a one-way ANOVA for each condi-
tion after data for both sides of the presentation were aver-
aged. The main effect of group was significant in the
overlap condition (F[2,44]=4.71, p =0.014) but not in
the gap condition (F[2,44]} = 2.86, p = 0.068). The multiple
comparison test under the overlap condition revealed that
the autism group showed significantly longer SRTs than
the control group (p = 0.01), while the mental retardation
group was not significantly different in SRTs from either
group (p’s = 0.15, 0.45, respectively).

Mean correct response to the target stimuli (discrimina-
tion of the dog) was 63% in the autism group, 68% in the
MR group and 98% in the healthy control group, respec-
tively. Thus, although autism and MR groups performed
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Fig. 2. Saccadic reaction times for the autism group (Autism), the mental
retardation group (MR) and the control group (Control).
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Table 1
Results of the repeated measures ANOVA of the SRT
daf F P

Main effects
Group 2 4364 0019
Condition 1 4574 <0001
Side of presentation 1 0.062  0.805

Interactions R
Group A~ Condition 2 4289 0.02
Side of presentation A~ Group 2 0883 0421
Side of presentation A~ Condition 1 0.022 0.882
Side of presentation A~ Condition A~ 2 0363 0.697
Group

Bold values show significant differences.
" p=0.05.

** p=0.001.

worse than the control group, these groups were able to
‘understand the task procedure. Additionally, r-test for
the correct response between the MR group and the autism
group did not show significant difference (£[1,26]= 0.432,
p=0.67).

3.2. Pre-saccadic positivity

Visual inspection of .the ERP waveforms and topo-
graphic mappings indicated that pre-saccadic positivity
increased around 100 and 40 ms prior to the saccade onset
under the overlap condition in the autism group (Figs. 3-5).
The ANOVA of the pre-saccadic positivity amplitude for
the 100-70 ms before the saccade onset showed a significant
Condition x Side x Group interaction (F[2,44] = 3.52,
p=0.038) and a significant main effect of Group
(F12,44]= 3.86, p =0.029). No other significant interac-
tions were found. After the amplitudes at all electrodes were
averaged, two-way ANOVA was performed separately for
each condition. Under the gap condition, no significant
main effect of Group (F[2,44] = 0.43, p = 0.65) or interac-
tion of Side x Group (F[2,44] = 0.834, p = 0.44) was found.

LefR-side presentation  Right-side presentation

N,
Gap ¥V
condition

Overlap ;

condition
- Autism {N=16)
e MR (N=17) e RS b JTAY)
....... Control (N:14) -150 {msec]

Fig. 3. Grand-averaged waveforms at Pz in the gap condition (top) and
the overlap condition (bottom). Black lines are for the autism group, dot
lines are for the mental retardation group, and gray lines are for the
control group.

On the other hand, under the overlap condition, there was a
significant main effect of Group (F]2,44] = 5.47, p = 0.008)
but there was no significant interaction of Side x Group
(F12,44]=1.64, p =0.21). Multiple comparisons found
that the autism group elicited higher pre-saccadic positivity
than both mental retardation (p =0.011) and control
(p = 0.029) groups in the overlap condition.

In the ANOVA of the pre-saccadic positivity amplitude
for the 70-40 ms, there was a significant interaction of
Condition X Electrode x Group (F[16,352]=2.89, p=
0.018, ¢=0.31) and significant main effect of Group
(F12,44] = 3.89, p = 0.028). However, there were no other
significant interactions. After the amplitudes for both sides
of presentation were collapsed, two-way ANOVA was
performed for each condition. Under the gap condition,
no significant main effect of Group was found (F]2,44] =
0.40, p = 0.67) but there was a significant interaction of
Electrode x Group (£[16,352] = 6.36, p < 0.0001). The post
hoc analysis for the electrode in the gap condition indicated
that, at O2 and Oz, the autism group elicited higher pre-
saccadic positivity than the mental retardation group
(02: p=0.009; Oz: p=0.035). Under the overlap condi-
tion, there was no significant group X electrode interaction
(F116,352]) =096, p =0.45) but there was a significant
main effect of Group (£]2,44] = 5.63, p = 0.007). The mul-
tiple comparison test under the overlap condition showed
that pre-saccadic positivity in the autism group was higher
than that in the mental retardation group (p = 0.005).

3.3. Pre-saccadic spike potential

Pre-saccadic spike potentials that peaked 10 ms prior to
the saccade onset were observed at broad centro-parietal
sites in all groups and conditions (Figs. 3 and 4). For the
pre-saccadic spike potential amplitude, the ANOVA
showed a significant interaction of Electrode x Group
(£116,352] = 3.94, p = 0.001, € = 0.44). However, the fol-
low-up analysis for each electrode showed no significant
group difference (F[2,44]=0.37-2.78, p =0.073-0.77).
These results suggest that there was no group difference
for pre-saccadic spike potential.

3.4. Correlations with the clinical data

SRTs were not significantly correlated with IQs or
scores on each item of the CARS. There were significant
correlations between pre-saccadic positivity amplitude for
100-70 ms under the overlap condition and two items of
CARS (Imitation: r=0.53, p=10.041; Near receptor
responsiveness: r = 0.55, p = 0.034).

4. Discussion

To our knowledge, this is the first study that provides
electrophysiological evidence for dysfunction of attentional
disengagement indexed by saccade-locked ERPs in individ-
uals with autism. We speculate that the higher pre-saccadic
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