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Table 2. Signficantly differently expressed genes in the prefrontal cortex of Smarca2 knockout mice and in the postmortem prefrontal cortex of schizophrenia in

Stanley database

Genes (human) Stanley SZ against control

Genes (mouse) accession ID Smarca? —/— against +/+

Gene expression fold change StanleyP Gene expression fold change
APPBP2 —1.0335 0.042 Appbp2 NM_025825.2 —1.54
ARHGEF9 ~1.0579 0.008 Arhgef9 NM_025657.2 —1.46
ARPP-19 —1.0632 0.045 Arpp-19 NM_030562.1 —-2.32
ASPH 1.0313 0.012 Asph NM_173382 1.27
ASPSCRI —1.0471 0.045 Aspserl NM_144960.1 -1.69
BDNF —1.0523 0.031 Bdnf NM_007540.3 ~1.82
CDK5R2 —-1.0617 0.021 Cdk5r2 NM_177775.2 =2.11
CLCN3 —1.0562 0.020 Clen3 NM_183108.1 ~1.89
CPSF6 —1.0377 0.047 Cpsf6 NM_017372.2 —-1.79
CSDA 1.0577 0.030 Csda NM_028878.1 1.43
CXCR4 —1.0757 0.002 Cxerd XM_130951.1 1.57
DOCKI1 - 1.0530 0.003 Dockll NM_001033349.1 1.69
DOKS —1.0952 0.007 Doks NM_007386.1 —1.93
DUSP3 - 1.0795 0.001 Dusp3 NM_025657.2 ~3.72
ERCCI —1.0549 0.045 Erecl NM_008701.1 —1.43
FKBPS 1.0521 0.046 Fkbp5 NM_007386.1 1.54
GPAAI —1.0745 0.005 Gpaal NM_138648.1 1.45
GSTT2 —1.0770 0.015 Gstt2 NM_011986.2 2.07
HAGHL —1.1255 0.005 Haghl NM_139064.1 —1.24
HDLBP —1.0482 0.007 Hdlbp NM_013881.3 -3.00
HGF 1.0233 0.005 Hgf NM_028094.1 —2.39
HOMERI —1.1043 0.017 Homerl NM_147176.1 —4.39
HRK —1.0488 0.040 Hrk NM_028094.1 —1.88
IFITM2 1.1655 0.001 Ifitm2 NM_028878.1 1.79
IGFBP7 1.0935 0.000 Igfbp7 XM_203293.2 —1.41
KCNK1 -1.1331 0.001 Kenkl NM_013881.3 —1.30
LG4 1.0299 0.039 Lgid NM_011986.2 1.32
MAPKS -~1.0373 0.033 Mapk$§ NM_028094.1 ~1.65
MAPKY9 —1.0640 0.038 Mapk9 NM_011719.2 —2.38
NAPILI —1.0396 0.009 Naplli NM_026000.1 ~1.24
OSBP —1.0512 0.017 Osbp NM_130859.2 1.39
PERI 1.0806 0.006 Perl XM _129848.4 2.42
PINK1 —1.0958 0.012 Pinkl NM_011960.1 —1.47
POU2F1 1.0695 0.044 Pou2fl NM_007386.1 1.35
PTBPI 1.0286 0.048 Ptbpl NM_027563.1 2.81
PTPRB —1.0340 0.026 Ptprb NM_001033349.1 -2.03
RABIA —1.0540 0.029 Rabla NM_009695.2 —1.40
RNFI4 —1.0818 0.002 Rufl4 NM_153415.1 —2.32
RTN4 —1.0584 0.050 Rind NM_138648.1 —-1.72
RUFY2 1.0410 0.020 Rufy2 NM_153415.1 —1.85
SGC2 —1.1655 0.002 Sgc2 NM_009129.1 —1.36
SDC2 1.0811 0.001 Sdc2 NM_008701.1 —1.44
SDHC —1.0471 0.045 Sdhe NM_011762.2 —1.14
SFRS11 1.0537 0.011 Sfisll XM_135197.4 -1.82
SNX4 —1.0385 0.034 Snx4 NM_177775.2 —1.96
SRR —1.0459 0.028 Srr NM_030562.1 —-1.17
SYTii —1.0715 0.024 Sytll NM_009759.2 ~1.13
TNFRSF25 1.0440 0.014 Tnfisf25 NM_028878.1 1.56
TPIl ~1.0590 0.018 Tpil NM_001013823.1 ~1.08
UBXD1 —1.0728 0.040 Ubxdl NM_153415.1 —1.31
VAMPI —1.0563 0.034 Vampl NM_177775.2 —1.81
WARS —1.0604 0.050 Wars NM_001033349.1 -3.25

Stanley-P-values are by the SMRI database.

genomic DNA was used in each sample. Normalized bead
intensity data obtained for each sample were entered into the
[llumina BeadStudio 3.0 software, which converted fluor-
escence intensities into SNP genotypes. A GenCall Score of
0.85 was used as a minimum threshold for per-sample geno-
typing completeness. The mean call rate across all samples
was 97.0% for Human-1 and 99.8% for HumanHap370; the
call rate was at least 99% for 47021 SNPs for Human-1 and

235868 SNPs for HumanHap370 and at least 95% for
60 568 SNPs for Human-1 and 244 337 for HumanHap370.
Concordance rate between Human-1 and HumanHap370 plat-
forms was evaluated by comparisons of genotypes in the 100
screening samples and this gave concordance of over 98.0%
for each sample. One thousand one hundred and fifty-two
subjects were genotyped twice for each SNP using TagMan
genotyping (Applied Biosystems, Foster City, CA, USA),
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Figure 6. Chromatin immunoprecipitation (ChIP) assays on DNA harvested
from T98G cells. DNA that interacts with SMARCA?2 and MeCP2 was eval-
uated using antibodies against to them. Normal rabbit immunoglobulin G
(IgG) was used as negative controls. DNA was detected by PCR using
primers for the region — 1163~ —1036 from the HOMERI exon 1. lst lane:
no template; 2nd lane: DNA template before immunoprecipitation for PCR;
3rd lane: immunoprecipitated DNA template with IgG for negative control.
4th and 5th lanes: immunoprecipitated DNA template with antibodies
against SMARCA?2 and MeCP2.

and genotype concordance was 99.7%. Genotyping complete-
ness was >0.99.

For a more detailed analysis of the associations of the
SMARCA2 gene, the tag SNPs in the gene were selected
using the Haploview program (http://www.broad.mit.edu/
mpg/haploview/) with the condition of an r threshold of 0.8
and a minor allele frequency of 0.1, and genotyped by the
TagMan method. Allelic discrimination was performed using
the ABI PRISM 7900HT Sequence Detection System using
SDS 2.0 software (Applied Biosystems, Foster City, CA,
USA).

Cell and animal experiments

Experimental procedures used in cell and animal experiments,
including plasmid: construction, knockdown of SMARCA2 by
siRNA, cell culture and transfection, RNA and cDNA prep-
aration, northern and western blot analysis, whole-genome
expression analysis, real-time PCR, ChIP assay and behavioral
pharmacological analyses of mice are described in the Sup-
plementary Material.

Statistical analysis

Initial screening for association with schizophrenia was done
for 11883 SNPs and, in subsequent analysis, 259 SNPs
from the HumanHap370 BeadChip and 34 tag SNPs from
SMARCA2 were added. Therefore, a P-value corrected by
Bonferroni’s method for 12 176 pair-wise comparisons, P <
4 x 107°, was considered as significant for overall evidence
for association. In this study, genotypic P-values or haplotype
P-values were not evaluated to avoid inflation of the P-values
due to multiple testing.

In the replication study, 5 SNPs from the initial screening, 3
SNPs from genes related to chromatin remodeling and 34 tag
SNPs in the SMARCAZ2 gene were selected to replicate associ-
ations with schizophrenia in the replication samples. A P =
0.05/(5 + 3 + 34) < 0.001 was considered as significant in
the replication samples. Association and Hardy—Weinberg
equilibrium were calculated using chi-test. Haplotype frequen-
cies were estimated using the expectation maximization algor-
ithm. The Haploview program (http://www.broad.mit.eduw/
mpg/haploview/) was used to detect the haplotype block.
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Figure 7. Social interaction and PPI in Smarca? —/—, —/+ and +/+ mice
and effects of psychotogenic and antipsychotic drugs on Smarca? gene
expression in the mouse brain. (A) The vertical axis is the difference
between the time that the test mouse spent sniffing the cylinder where a stimu-
lus mouse was present and the time when stimulus mouse was absent. Geno-
type was coded as 0, 1 or 2 depending on the number of Smarca?2 copies and a
simple regression model was fitted (P = 0.03). (B) PPI was recorded for
Smarca? —/—, —/4 and +/+ mice using a conditioning, prepulse noise
burst of 74, 78, 82 or 86 dB. Smarca? —/— mice had impaired PPI in com-
parison to heterozygous and wild-type litter-mate mice at 78 dB prepulse
noise (F-test, P = 0.02), at 82 and 86 dB (P = 0.07). (C) Effects of psychoto-
genic and antipsychotic drugs on Smarca2 gene expression in the mouse brain.
Smarca2 expression levels in the mice brain after treatment with methamphet-
amine (METH) (n = 5), MK-801 (n = 5) or saline (control) (n=35) for 12
days (a), haloperidol (HAL) (n = 10), olanzapine (OLZ) (n = 10) or saline
(n = 10) for 7 weeks (b). Administration of drugs was by once daily intraper-
itoneal injection to 4-week-old C57BL/6J male mice. The average relative
expression level from the prefrontal cortex, midbrain, hippocampus, thalamus
and striatum of the treated group was compared with the saline groups by
f-test.

In real-time PCR experiments, correlation of SMARCA?2
gene expression and diagnosis, ethnicity, age, sex, PMI and
the pH of brain samples was analyzed by one-way analysis
of variance (ANOVA) tests or regression analyses by JMP
computer software version 7. In linear multiple regression
analysis, genotypes of the SNPs as qualitative variables, age,
sex, PMI, pH, diagnosis and ethnicity of brain samples were
included as variables. The genotypes of the SNPs were



assigned to 0, 1 and 2. Differences of SMARCA2 expression
levels between genotypes were analyzed by Student’s f-tests.
A P < 0.05 was considered as significant.

SUPPLEMENTARY MATERIAL
Supplementary Material is available at HMG online.
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Background: Chromosome 22qll deletion syndrome
(22q11DS) increases the risk of development of schizophre-
nia more than 10 times compared with that of the general
population, indicating that haploinsufficiency of a subset of
the more than 20 genes contained in the 22¢11DS region
could increase the risk of schizophrenia. In the present
study, we screened for genes located in the 22q11DS region
that are expressed at lower levels in postmortem prefrontal
cortex of patients with schizophrenia than in those of con-
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trols. Methods: Gene expression was screened by IHumina
Human-6 Expression BeadChip arrays and confirmed by
real-time reverse transcription-polymerase chain reaction
assays and Western blot analysis. Results: Expression of
GNBIL was lower in patients with schizophrenia than in
control subjects in both Australian (10 schizophrenia cases
and 10 controls) and Japanese (43 schizophrenia cases and
11 controls) brain samples. TBX1 could not be evaluated
due to its low expression levels. Expression levels of the
other genes were not significantly lower in patients with
schizophrenia than in control subjects. Association analysis
of tag single-nucleotide polymorphisms in the G/NBIL gene
region did not confirm excess homozygosity in 1918 Jap-
anese schizophrenia cases and 1909 Japanese controls.
Haloperidol treatment for 50 weeks increased Gnbll
gene expression in prefrontal cortex of mice. Conclusions:
Taken together with the impaired prepulse inhibition ob-
served in heterozygous Gnbll knockout mice reported by
the previous study, the present findings support assertions
that GNBIL is one of the genes in the 22¢q11DS region re-
sponsible for increasing the risk of schizophrenia.
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Introduction

Schizophrenia, a devastating mental disorder that affects
approximately 1% of the world’s population, is a genetically
complex disorder. The multifactorial polygenic model has
received the most support as the mode of inheritance that
underlies the familial distribution of schizophrenia; there-
fore, a variety of genetic, environmental, and stochastic fac-
tors are likely involved in the etiology. However, it is also
possible that specific genes play major roles in susceptibility
to schizophrenia. Genes involved in 22q11.2 deletion syn-
drome (22q11DS) substantially increases susceptibility to
schizophrenia. 22q 1 1DS is associated with several diagnos-
tic labels including DiGeorge syndrome, velocardiofacial
(or Shprintzen) syndrome (VCFS), conotruncal anomaly
face, Cayler syndrome, and Opitz GBBB syndrome. Schizo-
phrenia is a late manifestation in approximately 30% of
22q11DS cases, which is comparable to the risk to offspring
of 2 parents with schizophrenia. The 22q1l deletion is
detected relatively frequently in patients with schizophrenia;

© The Author 2008. Published by Oxford University Press on behalf of the Maryland Psychiatric Research Center. All rights reserved.

For permissions, please email: journals.permissions@oxfordjournals.org.



H. Ishiguro ef al.

a number of studies have shown that 22q11DS schizophre-
nia is a true genetic subtype of schizophrenia'~,

Although the deleted region is approximately 3 Mbp
in most patients with 22q11DS, the critical region is
approximately 1.5 Mbp.>* Less than 30 genes are located
in the 22q11DS region. Studies of 22q11DS patients with-
out the common chromosomal deletion suggested that the
TBX1Iisamajor contributor to the conotruncal malforma-
tions of 22q11DS.° One of the mutations in the TBX7 was
found to be a loss-of-function mutation.® Mice heterozy-
gous for a null mutation in 7hx] develop conotruncal
defects.” Deletion of one copy of the Thx/ affects the de-
velopment of the fourth pharyngeal arch arteries, whereas
the homozygous mutation severely disrupts the pharyngeal
arch artery system.® The contribution of the TBXI hap-
loinsufficiency to psychiatric disease was suggested by
the identification of a family with VCFS in a mother
and her 2 sons. These 3 patients all had a null mutation
of the TBXI, and one of the sons was diagnosed with
Asperger syndrome after psychiatric assessment.’

Contribution of genes in the 22q11DS region to suscepti-
bility to schizophrenia has been examined mainly by genetic
association studies. Associations between schizophrenia
and nucleotide variations in the ZNF74,'° DGCR, !
DGCRI4,"> PRODH,” ZDHHCS," COMT,”"® and
CLDN5"?° genes have been reported. These associations,
however, have not been confirmed in other populations'® 22
or by meta-analyses.'**

Studies of genetically engineered mice have provided
supporting evidence for roles of the genes located in the
human 22q11DS region in schizophrenia. Prodh knockout
mice exhibited deficits in learning and responses to psy-
chomimetic drugs.”> Observation of overlapping loci
across 5 heterozygous mice strains with different deletion
sites revealed that a 300-kb locus, which contains the
Gnbll, Tbxl, Gplbb, and Sept5 genes, is crucial for im-
paired sensorimotor gating measured by prepulse inhibi-
tion test (PPI).” In that study, the authors speculated that
the GP1BB was unlikely to be related to schizophrenia be-
cause it is expressed only in platelets. The GPIBB causes
Bernard-Soulier disease, which has no associated psychi-
atric disorders. The SeptS heterozygous knockout mice
did not show impaired PP1. Gnbli/ or ThxI heterozygous
knockout mice showed reduced PPL° Therefore, the
authorsconcluded that the 7bx/ and Gnbl/arestrongcan-
didates for psychiatric disease in patients with 22q11DS.’
In another study, however, ThbxI heterozygous knockout
mice showed normal locomotor activity, habituation,
nesting, and locomotor responses to amphetamine.”’

Recently, Williams et al*® reported associations be-
tween polymorphisms in the GNBIL gene region and
schizophrenia in the United Kingdom, German, and Bul-
garian population. They found excess homozygosity at
rs5746832 and rs2269726 in male schizophrenia subjects
and that the markers associated with male schizophrenia
were related with cis-acting changes in GNBIL expres-
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sion. These mouse and human studies indicated a corre-
lation between GNBIL gene expression and psychosis.

The working hypothesis of the present study was that
genes in the 22q11DS region involved in the susceptibility
to schizophrenia were likely to be expressed at lower lev-
els in patients with schizophrenia than in control subjects.
We performed a scan of expressional changes of the genes
in the 22q11DS region in schizophrenic and control pre-
frontal cortex and found that the GNBIL gene was com-
patible with our hypothesis.

Materials and methods

Human Postmortem Brains

Brain specimens were from individuals of European de-
scent Australian and Japanese. Australian sample com-
prised 10 schizophrenic patients and 10 age- and gender-
matched controls (Supplementary Table S1). The diagno-
sis of schizophrenia was made according to the Diagnostic
and Statistical Manual of Mental Disorders (DSM)-1V cri-
teria (American Psychiatric Association 1994) by a psychi-
atrist and a senior psychologist. Control subjects had no
known history of psychiatric iliness. Tissue blocks were
cut from gray matter in an area of the prefrontal cortex re-
ferred to as Brodmann’s area 9 (BA9). Japanese samples of
BADY gray matter from Japanese brain specimens consisted
of 6 schizophrenic patients and 11 age- and gender-
matched controls (Supplementary Table S1). In addition,
postmortem brains of 37 deceased Japanese patients with
schizophrenia were also analyzed (Supplementary Table
S1). The Japanese subjects met the DSM-III-R criteria
for schizophrenia. The study was approved by the Ethics
Committees of Central Sydney Area Health Service, Uni-
versity of Sydney, Niigata University, University of Tsu-
kuba, Tokyo Metropolitan Matsuzawa Hospital, and
Tokyo Institute of Psychiatry.

RNA Isolation and Gene Expression Microarray

Total RNA was extracted from brain tissues with ISO-
GEN Reagent (Nippon Gene Co, Tokyo, Japan). The
RNA quality was checked using a Nanodrop ND-1000
spectrophotometer (LMS, Tokyo, Japan) to have an
OD 260/280 ratio of 1.8-2 and an OD 260/230 of 1.8
or greater. Microarrays were used to screen for differen-
tial gene expression between Australian schizophrenic
patients and controls. In brief, 500 ng of total RNAs
were reverse transcribed to synthesize first- and sec-
ond-strand complementary DNA (cDNA), purified
with spin columns, then in vitro transcripted to synthesize
biotin-labeled complementary RNA (cRNA). A total of
1500 ng of biotin-labeled cRNA was hybridized on Sen-
trix® Human-6 Expression BeadChip (Illumina Inc., San
Diego, CA) at 55°C for 18 h. The hybridized BeadChip
was washed and labeled with streptavidin-Cy3, then
scanned with an Illumina BeadStation 500 System



(Illumina Inc). Scanned image was imported into Bead-
Studio (Ilumina Inc) for analysis. Forty-six thousand
transcripts can be analyzed by a single BeadChip.

Real-time Quantitative RT-polymerase chain reaction

Expression of the GSCL, HIRA, SEPTS5, GNBIL, TBXI,
and CDC45L genes was analyzed by TagMan Real-time
polymerase chain reaction (PCR) system (Applied Bio-
systems, Foster City, CA). From RNA, cDNA was syn-
thesized with Revertra Ace (Toyobo, Tokyo, Japan) and
oligo dT primer. Expression of these 6 genes was ana-
lyzed with an ABI PRISM 7900 HT Sequence Detection
System (Applied Biosystems), with the TagMan gene
expression assays for GSCL (Hs00232019_m1), HIRA
(Hs00983699_ml), SEPT5 (Hs00160237_ml), GNBIL
(Hs00223722_ml), TBXI! (Hs00271949_ml), and
CDC45L genes (Hs00185895_m!l) and normalized to
expression of Human GAPDH Control Reagents (Ap-
plied Biosystems). GNBIL expression was analyzed in
Australian samples and replicated the analysis in Japa-
nese subjects.

Protein Isolation and GNBIL Protein Levels in Brain

Protein was extracted from prefrontal cortex tissues with
Laemmli Buffer. Western blotting method was used to
compare GNBIL protein levels between schizophrenics
and controls. Each of 2 ug protein was run on Pro-Pure™
SPRINT NEXT GEL (Amresco, Solon, OH) and trans-
ferrd to BioTrace™ PVDF (Nihon Pall Ltd, Tokyo, Ja-
pan). Polyclonal antibodies against the human GNBIL
protein (OTTHUMP00000028644) were generated by
injecting rabbits with the following peptide: CAGSKDQ-
RISLWSLYPRA (MBL, Nagoya, Japan). Mouse poly-
clonal antibody against beta-actin (Sigma Aldrich
Japan, Tokyo, Japan) was also used for normalization
purpose. The bound primary antibodies were detected
with goat anti-rabbit or anti-mouse IgG antibody HRP
conjugate (MBL) and Immobilon™ Western, Chemilumi-
nescent HRP Substrate (Millipore, Billerica, MA) on X-
film (Fujifilm Medical, Tokyo, Japan). The signals of
GNBIL or beta-actin of each subject on X-films were
quantitated by computer software, Imagel] 1.40g (http://
rsb.info.nih.gov/ij/), and GNBIL protein levels were nor-
malized to beta-actin and compared.

Peripheral Blood and Brain DNA Sample and Genotyping

The subjects comprised 1918 unrelated Japanese patients
with schizophrenia (1055 men, 863 women; mean age =
standard deviation [SD], 48.9 = 14.5 years) diagnosed
according to DSM-IV with consensus from at least 2 ex-
perienced psychiatrists and 1909 mentally healthy unre-
lated Japanese control subjects (1012 men, 893 women;
mean age = SD, 49.0 + 14.3 years) of whom the first-
and second-degree relatives were free of psychosis as
self-reported by the subjects. The association analysis
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was approved by the Ethics Committees of the University
of Tsukuba, Niigata University, Fujita Health University,
Nagoya University, Okayama University, and Teikyo Uni-
versity, National Center of Neurology and Psychiatry, Uni-
versity of Tokyo, and all participants provided written
informed consent. DNAs were extracted from these blood
samples and the same brain tissues used for gene expression
analysis. The tag single-nucleotide polymorphisms (SNPs)
comprising rs5746832, rs5746834, 1s2269726, 15748806,
29807124, rs5993835, rs13057609, 1s4819523, 152073765,
1s7286924, rs10372, rs3788304, and rs11704083 at the
GNBI L gene region were selected by Haploview program us-
ing HapMap Project Japanese data set (http://www.hapma-
p.org/), as the previously reported schizophrenia-associated
SNPs, 155746832 and rs2269726, were forced included. The
TagManreaction wasperformedina final volume of 3 plcon-
sisting of 2.5 ng genomic DNA and Universal Master Mix
(EUROGENTEC, Seraing, Belgium), and genotying was
performed withan ABIPRISM 7900HT Sequence Detection
System (Applied Biosystems).

Genotyping quality control consisted of >98% success-
ful calls. We confirmed concordance among repeat gen-
otyping in ~10% of genotypes.

Brain GNBI L Expression and Genotyping

The correlations between GNBI L expression and 13 SNPs,
1s5746832, rs5746834, 152269726, rs748806, rs29807124,
r$5993835, rs13057609, rs4819523, rs2073765, rs7286924,
rs10372, rs3788304, and rs11704083, were examined in
Australian and Japanese brain tissues, respectively.

Mice Experiments

Mice treated with haloperidol were studied to examine
the effects of antipsychotic treatments on Gnbl! gene ex-
pression. Thirty-nine C57/BJ6 male mice (age, 8 weeks;
weight, 20-25 g) were housed under 10 h/14 h light/
dark conditions with normal food and water ad libitum,
where groups of 5 or 6 mice were housed separately, and
0.5 mg/kg haloperidol or saline was injected intraperito-
neally once each day for 4 weeks or for 50 weeks. The
dosage of haloperidol was at maximum clinically used,
and 4 or 50 weeks for treatment term correspond to sev-
eral years or half a lifetime in human terms, respectively.
We used extreme but likely condition to clear up the effect
of the medication. We determined the dosage of haloper-
idol according to the previous studies.?’ ! Mice were sac-
rificed 4 h after the last injection to obtain brain tissues.

The prefrontal cortex was taken, and RNA was
extracted with RNeasy kit (Qiagen, K.K., Tokyo, Japan).
A cDNA was synthesized with Revertra Ace (Toyobo)
and oligo dT primer. Expression of Gnbll was analyzed
by TagMan real-time polymerase chain reaction (PCR)
with an ABI PRISM 7900 HT Sequence Detection Sys-
tem (Applied Biosystems), with the TaqMan gene expres-
sion assay for Gnbll (Mm00499153_m1). Expression of
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Gnbl1l was normalized to that of rodent Gapdh with Ro-
dent Gapdh Control Reagents (Applied Biosystems).

All animal procedures were performed according to
protocols approved by the Animal Care and Use commit-
tee of University of Tsukuba.

Statistics

Microarray analysis was performed with GeneSpring
software version 7.3.1 (Silicon Genetics, Redwood,
CA). The mean background noise level was first cor-
rected in each sample, and then per-chip normalization
was applied to eliminate systematic differences between
chips. Two-tailed Student’s #-test was used to examine
the difference between schizophrenic patients and con-
trols. In real-time PCR experiments, GAPDH or Gapdh
was used as an internal control, and measurement of
threshold cycle (Ct) was performed in triplicate. Data
were collected and analyzed with Sequence Detector Soft-
ware version 2.1 (Applied Biosystems) and the standard
curve method. Relative gene expression was calculated as
the ratio of expression of the target gene to the internal
control (GAPDH or Gapdh). Correlations of GNBIL
gene expressions and 2 quality parameters, postmortem
interval (PMI) and pH, of brain samples were analyzed
with analysis of variance (ANOVA) one-way tests by
JMP computer software version 5.1. The density of
images reflecting GNBIL protein levels was also com-
pared between schizophrenics and controls with the Wil-
coxon test implemented in JMP computer software
version 5.1. Deviation from Hardy-Weinberg equilib-
rium (HWE), allelic associations, and linkage disequilib-
rium (LD) between SNPs were evaluated with Haploview
software version 3.11. A nominal association was defined
when the given P value for allelic or genotypic tests was
less than 5% (uncorrected P < .05). If a nominal signif-
icant association was found in the analysis, permutation
test was also performed with Haploview software version
3.11. Correlations of GNBI L gene expressions and either
protein expression or genotypes of the tag SNPs were an-
alyzed with ANOVA one-way tests by JMP computer
software version 5.1.

Results

Human-6 Expression BeadChip demonstrated that
GSCL (GI1_48885362-S) and TBXI (GI_18104949-1) of
28 genes located in the 22q11DS region were expressed
at lower levels in schizophrenic brains than in the control
brains in the Australian samples (P < .05) (Supplemen-
tary Table S2). However, the signals of these transcripts
were low, and reliable confidence was not obtained from
any subject. Expression of CDC45L (GI_34335230-S)
tended to be lower in schizophrenic brains than in control
brains (P = .07). Data of GNBIL were not available in
this platform (Supplementary Table S2).
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We used real-time PCR experiments to evaluate ex-
pression of the 3 genes that were potentially underex-
pressed in schizophrenia prefrontal cortex by
microarray and GNBIL, which was not assessed by the
microarray in the Australian and Japanese brain samples.
The difference in gene expression between the schizophre-
nia and control groups was not confirmed for CDC45L.
In addition, because the reliability of HIRA and SEPTS
was not sufficient due to weakly expressed sequences in
the array screening, we reexamined expression levels of
these genes by real-time PCR method and did not find
significant differences in gene expression between the
schizophrenia and control groups. Expressions of TBX!
and GSCL were too low to obtain reliable signals with
the TagMan gene expression assay (Hs00271949_ml
and Hs00232019_ml, respectively). Relative expression
of GNBIL was significantly lower in Australian schizo-
phrenic prefrontal brains than in Australian control brains
(average ratio = 0.57, P < .001) and in Japanese patients
with schizophrenia than in control subjects (average ratio
= 0.53, P < .0001) (figure 1A). No difference in GNBIL
expression was observed between the Japanese and Aus-
tralian schizophrenic patient groups (data not shown).
GNBIL expression was not significantly correlated with
pH of the brain tissue samples overall (figure 2), neither
with gender (P = .62) nor PMI (F=0.61, P = .44). Western
blotting analysis also demonstrated the lower levels of
GNBIL protein in brains of the schizophrenia sample
than in those of the control sample from each ethnic
group (approximate average ratio = 0.75, P = .027 in
Australian sample and approximate average ratio
0.69, P = .033 in Japanese sample) (figure 1B). There is
a significant correlation between gene and protein expres-
sion observed in our samples (F = 4.7, P = .037).

There were no significant associations of tag SNPs at
the GNBI L gene studied in the present study with schizo-
phrenia in our Japanese case-control sample (table 1).
Also no significant differences were found in distribu-
tions of homozygotes and heterozygotes between schizo-
phrenics and controls (table 1). Williams et al*® reported
male-specific associations of rs5746832 and rs2269726
with schizophrenia and correlation between those
markers and the gene expression. However, such male-
specific associations of rs5746832 and rs2269726 were
not observed in our sample (table 1).

There was a nominally significant correlation between
rs5748832 and GNBI L expressions in whole subjects (P =
.014) and in Japanese (P = .028), but not in Australian
(P = .66) (table 2). An allele of rs5748832 is correlated
with high GNBI L expression in this study, while the pre-
vious study showed the opposite direction of correlation.*®

Significant deviation from HWE in the genotypic dis-
tributions was observed at rs4819523 in the control
group. Lower proportions of heterozygotes than those
expected by HWE seemed to cause these deviations.
Although genotype errors, chance findings, or actual
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Fig. 1. GNBIL expression in schizophrenic brain (A). Relative
expression of the GNBI L gene in prefrontal cortex from Australian
control subjects (AC, n = 10), Australian schizophrenics (AS, n =
10), Japanese controls (JC, n = 11), Japanese schizophrenics (JS, n =
6), and additional Japanese schizophrenics (JS2, n = 37). The
vertical scores show average of relative expression and =1 SD in
comparison with control subjects in each ethnic population,
respectively. (B-1) A partial result of Western blotting was shown.
Upper: GNBIL (Although expected size would be 35 kD, bands are
expressed at 32 kD according to the antibody protocol) Lower: beta
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structural variations in some subjects might have poten-
tially caused these deviations, we could not determine
which was most likely to cause these HWE deviations.

Gnbll expression in mice was examined to exclude the
possibility that reduced GNBIL expression was the
effects of chronic treatment with antipsychotic drugs.
The patients whose brains were examined in the present
study had received long-term medication of typical anti-
psychotic drugs; therefore, we chose haloperidol as a rep-
resentative antipsychotic drug. As a result, while Gnbl]
gene expression in prefrontal cortex of mice treated
with haloperidol for 4 weeks was not changed, the expres-
sion was higher in those treated with haloperidol for
50 weeks than in those with saline injected (P = .02) as
shown in figure 3.

Discussion

In the present study, we hypothesized that haploinsuffi-
ciency of some genes in the 22q11DS region might in-
crease the susceptibility to schizophrenia not only in
patients with 22q11DS but also in the those without
22q11DS and that such genes would be expressed at
lower levels in the brains of schizophrenic patients
than in control subjects. GNBI L appears to meet this hy-
pothesis. Reduced GNBI L gene expression was detected
in both mRNA and protein levels in Australian and
Japanese subjects, suggesting that lower GNBI L gene ex-
pression produces lower GNBI1L protein levels which un-
derlie schizophrenia across ethnicities. Treatment of mice
with haloperidol indicated that the reduction of GNBIL
expression is not likely a consequence of antipsychotic
medication treatment, though the possibility of reduction
of GNBIL expression by other antipsychotic drugs
remains. The present study did not provide evidence of
whether TBXI expression is altered significantly in
schizophrenic brains because the signals detected by Illu-
mina’s Sentrix® Human-6 Expression BeadChip or Taq-
Man assay were very weak. Paylor et al’° mapped PPI
deficits in a panel of mouse mutants and found that
PPI was impaired by either haploinsufficiency of Thx!
or Gnbll The present study of human brains confirms
that GNBIL is an important candidate for susceptibility
to schizophrenia.

There is little information about the function of
GNBIL. GNBIL expression is relatively low in adult
brain but is high in fetal brain. GNBIL encodes a guanine

actin (45 kD). Samples S1-S3 are from schizophrenic patients and
C1-C3 are from controls. (B-2) Relative expression of the GNBIL
protein in prefrontal cortex from Australian control subjects (AC, 1
= 10), Australian schizophrenics (AS, n = 10), Japanese controls
(JC, n = 11), and Japanese schizophrenics (JS, n = 6). The vertical
scores show average of relative expression and + 1 SD in comparison
with control subjects in each ethnic population, respectively.
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Fig. 2. GNBI L expression and pH in human postmortem brain Correlation of GNBI L expression and pH of the human postmortem brain
subjects used in the same experiments shown in figure 1; AC, Australian controls; AS, Australian schizophrenics; JC, Japanese controls; JS,
Japanese schizophrenics; JS2, additional Japanese schizophrenic samples. The vertical scale shows relative GNBI L expression and horizontal
scale shows pH. Statistical P values are calculated below each graph.

nucleotide-binding protein (G protein), beta polypeptide
1-like, which is a member of the WD repeat protein fam-
ily. WD repeats are minimally conserved regions of ap-
proximately 40 amino acids typically bracketed by
Gly-His and Trp-Asp (GH-WD) that may facilitate for-
mation of heterotrimeric or multiprotein complexes.
Members of this family are involved in a variety of cel-
lular processes, including cell cycle progression, signal
transduction, apoptosis, and gene regulation. GNBIL
contains 6 WD repeats.>> GNBIL shows homology to
the human guanine nucleotide-binding protein § subunit
(GNBI1). GNBI functions in G-protein—coupled receptor
protein signaling pathways and intracellular signaling
cascade.

Williams et al?® reported excess homozygosity at
rs5746832 and 152269726 in male schizophrenia subjects
and that the markers associated with male schizophrenia
were related with cis-acting changes in GNBIL expres-
sion. Firstly in the present study, we failed to confirm
the association in our Japanese case-control population.
Secondly, we found a nominally significant correlation be-
tween 155746832 and GNBIL expression in the Japanese
brain samples, but failed to find it in our limited number
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of the Australian samples. Further, the association be-
tween allele and gene expression in our Japanese samples
was in the opposite direction from that reported in the
Caucasian samples. It might be due to possible differen-
ces in LD block between haplotype phases across
r$5746832 and harboring potential cis-acting variations
of the gene between 2 ethnic populations. Even if such
cis-acting variations are present, diagnosis has tremen-
dous effect on the gene expression, in comparison to
that of the SNP. The power of the present study to rep-
licate the findings of excess homozygosity in male sub-
jects is greater than 90% assuming the odd ratio of
greater than 1.5 found in UK populations by Williams
et al.?® However, if the odd ratio assumes 1.3 observed
in a German population by them, the power drops to
0.65. Although the gene frequencies of rs5746832 and
rs2269726 were significantly different between Caucasian
and Japanese populations, the frequencies of homozy-
gotes were almost the same between 2 populations.
Because of small sample size, we did not attempt al-
lele-specific expression analysis in our brain sample.
Therefore, we could not conclude whether lower
GNBIL gene/protein expression in schizophrenia was
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Table 2. Correlation Between Genotype and GNBIL Gene Expression in Brain

SNP Genotype n Expression Genotype n Expression Genotype n Expression P value
1s5746832 AA 19 0.82 AG 16 0.63 GG 21 0.56 014
Australian AA 8 0.90 AG 7 0.75 GG 4 0.84 .660
Japanese AA 11 0.77 AG 9 0.54 GG 17 0.50 .028
rs5746834 GG 46 0.68 GT 11 0.52 T 2 0.71 391
1s2269726 TT 22 0.58 TC 20 0.72 CC 15 0.72 224
rs748806 TT 15 0.84 TC 15 0.55 CC 32 0.63 .105
rs29807124 CcC 47 0.68 CT 0.85 1T 3 0.29 .063
rs5993835 AA 53 0.61 AG 0.62 GG 0 NA 794
rs 13057609 AA 0 NA AG 0.57 GG 54 0.67 479
rsd819523 GG 14 0.66 GC 26 0.61 CC 19 0.72 .601
1s2073765 CcC 4 0.89 CT 17 0.48 TT 38 0.70 .520
rs7286924 AA 33 0.64 AT 21 0.77 TT 9 0.49 112
1810372 AA 0 NA AG 8 0.67 GG 52 0.52 261
rs3788304 CC 37 0.65 CG 21 0.64 GG 5 0.73 731
rs11704083 AA 22 0.75 AG 23 0.56 GG 17 0.67 412

due to cis-acting differences by genetic polymorphisms in
this locus or not in this study.

The present study showed that reduced expression of
GNBIL may be involved in the pathophysiology of
schizophrenia; however, it does not exclude the possibil-
ity that other genes in the 22q11DS region contribute to
the susceptibility to schizophrenia. The array used in the
present study did not examine all isoforms of the genes in

4 week 50 week

p=0.02

1.2

0.8

0.6

0.4

0.2

S H S H

Fig. 3. Effect of haloperidol treatment on Gnbl/expression. Relative
expression of the Gnb1/ gene in mouse prefrontal cortex in saline
treated (S) or haloperidol treated (H) mice during 4 or 50 weeks. The
vertical scale shows relative Gnbllexpression compared with thatin
saline-treated mice, with bars for =1 SD calculated in each group,
respectively.
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the 22q11DS region. In addition, the reliability of weakly
expressed sequences in the array screening is not suffi-
cient. Therefore, we reexamined expression levels of
the genes, which reliable data (greater than 0.96 confi-
dence) was produced by the array in no subjects, by
real-time PCR method. The study is also limited by
the areas and ages of the brains examined. We examined
only adult postmortem prefrontal cortex. Differential
gene expression in other brain regions or during other de-
velopmental stages may also influence the susceptibility
to schizophrenia.

The consortium data of the Stanley Medical Research In-
stitute showed no significant differences (P > .05) in the fol-
lowing gene expression levels in postmortem prefrontal
cortex between patients with schizophrenia and controls:
DGCR6,PRODH, DGCR2,STK22B, DGCRI4,CLTCLI,
CLTCLI, HIRA, UFDIL, CDC45L, CLDNS5, TBXI,
FLJ21125, TXNRD2, COMT,ARVCF,DKFZp761P1121,
DGCRS, HTF9C, RANBPI, and ZDHHCS. The expres-
sion of RTN4R might be potentially reduced (P = .02).
No data were available for GSCL, MRPIL40, SEPTS,
GPIBB, and GNBIL (http://www.stanleyresearch.org/
brain/menu.asp).

A trans-acting effect on expression of the disease gene
may also be expected to modulate disease susceptibility.
Large-scale studies in humans have indicated that a signif-
icant proportion of the heritable variance in gene expres-
sion is attributable to trans-acting polymorphism.**>* As
one of the examples, recent study reported that micro-
RNAs regulate gene expression posttranscriptionally.®®
Even for schizophrenia, Bray et al*® indicated that the re-
duction in DTNBPI expression in schizophrenia is likely
to result in part from trans-acting risk factors. Such



trans-acting factors that regulate GNBIL gene expres-
sion, however, have not been identified.

In conclusion, the present study further supports the
role of GNBIL in the pathophysiology of schizophrenia.

Supplementary Material

Supplementary tables are available at

schizophreniabulletin.oxfordjournals.org/.
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Abstract

Multiple genes are involved in the pathogenesis of autism. To study the causative gene, the relationship between autism endo-
phenotypes and their closely related genes has been analyzed. There is a subgroup of autism spectrum disorder (ASD) in which
the ratio of second digit length to fourth digit length (2D/4D) is low (short digit group, SDG). We studied the relationship between
ASD and HOXD genes, which are located in the candidate locus for ASD and are associated with digit morphogenesis, with a par-
ticular focus on SDG. We analyzed 25 SNPs of HOXDI11, HOXDI12, and HOXDI3 in the subject of 98 ASD, 89 healthy controls,
and 16 non-autistic patients (non-ASD). There was no significant difference in the genotype frequencies between the ASD and the
healthy controls. However, the G-112T heterozygote in the promoter region of HOXDI1 was observed in only four patients with
ASD and in none of the healthy controls or non-ASD subjects. Moreover, this HOXDII G-112T was observed in three of 11 SDG
with ASD but in none of the 15 non-SDG patients with ASD. There were eight SDG patients among the non-ASD ones, but this
polymorphism was observed in none of them. Considering the above results, it is expected that candidate genes will be further iden-
tified, using HOXD11 G-112T polymorphism as a marker, by analyzing genes located near 2q in a larger number of ASD subjects
with clinical signs of SDG.
© 2009 Elsevier B.V. All rights reserved.

Keywords: Autism; HOXD; 2D/4D; Endophenotype; Genetic polymorphism

This research was partly supported by a Grant-in-Aid 1. Introduction

for the Mentally and Physically Handicapped from the

Ministry of Health, Labor and Welfare and the research
Grant (14B-4-17) for Nervous and Mental Disorders
from the Ministry of Health, Labor and Welfare, Japan.
The authors declare that they have no competing
interests.

* Corresponding author. Address: Department of Pediatrics, Ham-
amatsu University School of Medicine, 1-20-1, Handayama, Higashi-
ku, Hamamatsu 431-3192, Japan. Tel.: +81 53 435 2312; fax: +81 53
435 4311.

E-mail addresses: y-sugie@umin.ac.jp (Y. Sugie), sugie@jichi.acjp
(H. Sugie), toki-fukuda@jichi.ac.jp (T. Fukuda), yusosawa@nifty.com
(J. Osawa).

0387-7604/$ - see front matter © 2009 Elsevier B.V. All rights reserved.

doi:10.1016/j.braindev.2009.05.005

Autism is basically characterized by severely impaired
social interaction and communication, and a limited
range of activities and interests. As the diagnosis of aut-
ism is made on the basis of patients’ behavioral charac-
teristics, the disorder is not caused by only one factor. It
is considered that various genetic and environmental
factors are involved in the occurrence of autism, and
their interactions are complex. In 1998, the International
Molecular Genetic Study of Autism Consortium
(IMGSC) reported their genome-wide linkage analysis
of families in which there was more than one member
with idiopathic autism [1]. On the basis of the results
of a subsequent large-scale genome-wide scan, candidate
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gene loci, including 7q21.2-q36.2, 16pl2.1-p13.3,
6q14.3-q23.2, 2q24.1-q33.1, 17q11.1-q21.2, 1q21-q44,
and 3¢21.3-q29, were identified {2]. In an attempt to
increase the linkage, a nearly homogeneous group was
selected among patients with autism of heterogeneous
causes. Autism patients were classified into subgroups
or subsets in accordance with the phenotype of autism
[3], such as through a quantitative trait locus (QTL)
analysis of the constituent elements of endophenotypes
in autism [4], and an ordered-subset analysis [5] was car-
ried out. The ratio of second digit (2D) length to fourth
digit (4D) length (2D/4D) is very low in some autism
patients {6,7]. The homeo box D (HOXD) gene family
is involved in skeletal morphogenesis, and correlations
between digit length and the expression levels of
HOXDI11, HOXDI2, and HOXDI3 have been observed
[8,9]. In addition, HOXD genes form a cluster at 2q24.1-
q33.1, which has been found to be a candidate locus by a
genome-wide scan [3]. Therefore, we considered that
digit length is one of the small physical signs of autism.
Hence, we investigated the relationships between autism
and polymorphism of HOXDII, HOXDI2, and
HOXDI13. Moreover, we classified autism patients into
two categories: patients with a low 2D/4D formed the
short digit group (SDG), while the remaining patients
formed the non-short-digit group (non-SDG). We also
examined the genetic polymorphism of these three genes
between SDG and non-SDG with autism and also
between SDG with and without autism. No analysis of
autism focusing on these relationships has been reported
to date.

2. Subjects and methods

Seven patients with autism in the SDG were screened
for the presence or absence of gene mutations in the
exon and intron of HOXDI1, HOXDI12, and HOXDI3,
and for gene polymorphisms. The genotypic frequencies
of the detected polymorphisms and the polymorphisms
already listed in the GenBank were compared between
the autism patients and the controls. Finally, the geno-
types of the above polymorphisms of the autism patients
in SDG were investigated.

2.1. Subjects

The subjects examined by genetic analysis in this
study were 98 patients who visited the Department of
Pediatrics, Hamamatsu University School of Medicine
and Hamamatsu City Medical Center for Developmen-
tal Medicine, and who were diagnosed as having autism,
PDD-NOS, and Asperger syndrome on the basis of the
criteria in the Diagnostic and Statistical Manual of
Mental Disorders (DSM-IV [10]). Patients with clear
underlying diseases such as chromosomal abnormalities,
tuberous sclerosis, and Fragile X syndrome were
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excluded from the study. The patients were of 82 males
and 16 females with ages ranging from 5 years and
2 months to 31 years and 10 months (mean age: 12 years
and 7 months). In terms of ethnicity, 95 patients had
Japanese parents, 2 had Japanese fathers and Filipino
mothers, and 1 had Bangladeshi parents. Eighty-nine
subjects without any neurological abnormality served
as healthy controls for gene analysis; all of them were
Japanese and their sex and age were not determined.
Thirty patients were also examined as disease controls,
including 16 non-autistic patients, 14 mentally retarded
patients, and 2 AD/HD patients, all of whom were
Japanese.

2.2. Measurement of second and fourth digit lengths

A digital camera providing three-megapixel images
was used for the measurement of the 2D and 4D lengths.
Each subject’s right hand was placed palm-up on a flat
desk, and was photographed with the camera 20 cm
above the hand. Three pediatric neurologists separately
measured the 2D and 4D lengths from the line of the
base to the tip of the digits three times using the image
analyzing software Scion Image (NIH). The mean ratio
of 2D length to 4D length (2D/4D) was calculated. In
this study, patients with lower than the mean 2D/4D
of the autism patients reported by Osawa et al., that
is, a 2D/4D of 0.94 or lower, were classified as SDG [7].

2.3. Gene analysis

Seven patients with autism (6 males and 1 female) in
the SDG were screened for the presence or absence of
gene mutations and gene polymorphisms by the direct
sequencing method. HOXDI1, HOXDI2, and HOXDI3
— each consisting of two exons and one intron — were
searched for in a region from approximately 500 bp
upstream, including a promoter, to approximately
500 bp downstream of the gene. Genomic DNA
extracted from lymphocytes using a DNA extraction
kit (Takara Co., Shiga, Japan) was used. DNA was
amplified by PCR using a Taq PCR Core kit (QIAGEN
Co., CA, USA), and the base sequence was obtained by
the direct sequencing method. Genotypes were deter-
mined for single nucleotide polymorphism (SNP) in five
loci that were newly found by this method in this study
and for SNP in 20 loci that are listed in the online data-
base GenBank (NCBL dbSNP). Genotypes in some loci
were also determined by real-time PCR analysis using a
TagMan allelic  discrimination  assay (Applied
Biosystems).

2.4. Statistical analysis

Genotypic frequency and allelic frequency of the aut-
ism patients were compared to those of the healthy con-
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trol group using a y* test or Fisher’s exact test with SPSS
12.0J for a Windows-based System. A statistical signifi-
cance level of p £ 0.05 was set.

3. Results

2D/4D was determined in 28 patients (24 males and 4
females) out of the 98 autism patients. Eleven patients (9
males and 2 females) of these 28 patients were classified
as SDG. The clinical features of these patients, including
sex, age, and the severity of mental retardation, are
shown in Table 1. A high percentage of patients with
severe mental retardation were observed in SDG with
autism, whereas no patients with severe mental retarda-
tion were observed in non-SDG with autism. We also
measured 2D/4D in 16 non-autistic patients in the dis-
ease control group, and 8 patients were classified as
SDG and 8 patients as non-SDG. The results of the
2D/4D values of the 28 ASD and 30 non-ASD patients
are shown in Fig. 1.

The results of the polymorphism analysis are shown
in Table 2. No significant difference in polymorphism
was observed between the autism patients and the
healthy control group. However, with regarding to

Table 1
Clinical features of patients.
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Fig. 1. 2D/4D values for the ASD28 cases and the non-ASD30 cases.
Mean & SD was presented. The M-ASD line is the average for the
ASD cases; at or below this line is the SDG. As a reference, we showed
the mean + SD for normally healthy children as calculated by Osawa
et al. {7]. The arrow indicates cases with HOXDII heterogeneity.

SNP in the promoter region of HOXDI11 G-112T, heter-
ozygosity was observed in 4 autism patients, but not in
the healthy or disease control group. The SNP in the
promoter region of HOXDI2 -C226A and the SNP in

All the autistic disorder patients

Patients with 2D/4D determined

Total SDG NSDG
Number of patients 98 28 11 17
Sex
Males:females 82:16 (5.1:1) 24:4 (5.5:1) 9:2 (4.5:1) 15:2 (7.5:1)
Age Sy2m-31y 10m Sy4m-3ty 10m 8y lm-3ly10m Sydm-16y 7m
Median Ily6m 12y 0m l4y4m 9y2m
Mean 12y Tm 12y i1m 16y 6m 10y 4m
Family history: (3 generations)
With* 22 (22.4%) 10 (35.7%) 3 (30.0%) 7 (41.2%)
Those with autism 7 (7.3%) 5(17.9%) 2 (20.0%) 3 (17.4%)
Without 69 (70.4%) 16 (57.1%) 7 (70.0%) 7 (41.2%)
Mental retardation
Without 10 (10.3%) 7 (25.0%) 2 (18.2%) 5 (29.4%)
Minor 21 (21.6%) 6 (21.4%) 2 (18.2%) 4 (23.5%)
Moderate 44 (45.4%) 10 (35.7%) 2 (18.2%) 8 (47.1%)
Severe 22 (22.7%) 5(17.9%) 5 (45.5%) 0
Age at walk alone 9-48 m (91 cases) 9-48 m (26) 11-48 m (10) 9-18m (16)
Median 13m 12m 12m 12m
Mean 13.9m 143 m 18m 129 m
Age at first word 10 m-6y 10 m (80 cases) 1 m-6y 10 m (25) 11 m-6y 10m (10) ly3m-3y Sm(15)
Median lyéom ly6ém lyém,lyllim ly1l0m
Mean ly9m 2ylm 2y4m lyllm
No. of patients 2y or over 28 10 4 6
Age at first phrase 1y 6m-5y 0m (31 cases) ly7m-5y Om (13) 2y 6m-5y 0m (5) ly7m-4yOm(8)
Median 2y llm 2y 11m 3yOm 2y
Mean 2y 10m 2y9m 3y2m 2y Sm
No. of patients 3 y or over 16 5 3 2

 Family history with psychiatric disorders including major depression, autism etc.
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Table 2
Results of analysis of gene polymorphisms.
Gene Location in gene dtSNP ID Allele Frequency Genotype Frequency
Autism Control Autism Control
HOXDI11 Promoter G 0.979 1 GG 0.959 1
T 0.021 0 GT 0.042 0
TT 0 0
Intron 1rs84746 A 0.711 0.721 AA 0.571 0.561
C 0.289 0.288 AC 0.230 0.371
cC 0.133 0.067
Exon 2 863678 G 0.541 0.567 GG 0.316 0.292
T 0.459 0.443 GT 0.449 0.551
TT 0.235 0.157
Exon2 1s6745764 A 0.214 0.18 AA 0.031 0.011
G 0.786 0.82 AG 0.367 0.337
GG 0.602 0.652
HOXDI2 Promoter A 0.041 0.028 AA 0 0
C 0.959 0.972 AC 0.082 0.056
CC 0.918 0.944
Promoter G 0.929 0.955 GG 0.929 0.955
T 0.071 0.045 GT 0.071 0.045
T 0 0
Exon 1 rs847151 A 0.041 0.028 AA 0 0
G 0.959 0.972 AG 0.082 0.056
GG 0.918 0.944
HOXDI3 Promoter rs847196 C 0.893 0.938 CcC 0.786 0.876
G 0.107 0.061 CG 0.214 0.124
GG 0 0
Promoter A 0.082 0.107 AA 0 0
T 0.918 0.893 AT 0.163 0.213
T 0.837 0.787
Exon 1 C 0.985 0.989 cC 0.969 0.978
T 0.015 0.011 CT 0.031 0.022
T 0 0
Exon 1 1s2518053 A 0.408 0.455 AA 0.173 0.235
G 0.592 0.545 AG 0.469 0.438
GG 0.357 0.326
Intron 15847194 A 0.684 0.657 AA 0.459 0.404
C 0.316 0.343 AC 0.449 0.506
CC 0.092 0.09
SNP with no polymorphisin detected in the present cases analyzed among the SNPs listed at the GenBank
HOXDII Promoter rs2736846 HOXDI3 Exon 1 15847195
Intron rs2736847 Exon 1 rs13392701
Exon 2 rs12995279 Intron 15847193
Exon2 1512995280 Intron 13847192
HOXDI2 Exon 1 52551807 Exon 2 1528928892
Exon2 r$2553776 Exon 2 1rs28933082
Exon 2 1528928891
exon 1 of HOXDI2 (rs847151, G364A) showed a nearly loci HOXDI1 G-112T, HOXDI2 -C226A, and

complete linkage disequilibrium. Heterozygosity for
both HOXDI2 -C226A and HOXDI2 G364A was
observed in five healthy controls and eight autism
patients. Furthermore, all of the five controls heterozy-
gous for HOXDI12 -C226A and HOXDI2 G364A were
homozygous for HOXDI11 -G112G. On the other hand,
of the eight autism patients heterozygous for both
HOXDI2 -C226A and HOXDI2 G364A, four were
homozygous and four were heterozygous for HOXDI1
G-112T. Taken together, heterozygosity in all the three
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HOXDI2 G364A was found in four autism patients
but not in the healthy controls. Table 3 shows the rela-
tionships between the polymorphisms in these three loci
for two cases: SDG and non-SDG with autism and SDG
and non-SDG without autism. Of the four patients het-
erozygous for HOXDI11 G-112T, three in whom digit
length was measured were classified into SDG with aut-
ism and the rest was unknown. The clinical type of ASD
of the patients with having HOXDII heterogeneity was
classified as autistic disorder in all cases. No patients
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Table 3
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Frequency of HOXD gene polymorphisms between SDG and NSDG patients with or without autism.

Gene dbSNP ID Genotype Autistic patients Normal Non-autistic
Total SDG NSDG Control SDG NSDG

HOXDI1 GG 94 8 17 89 8

GT 4 3 0 0 0 0
HOXDI2 CcC 90 8 17 84 8 8

AC 8 3 0 5 0 0
HOXDI2 rs847151 GG 90 8 17 84 8 8

AG 8 3 0 5 0 0

heterozygous for HOXDI1 G-112T were observed
among the 16 non-autistic disease controls including
the eight patients with SDG.

4. Discussion

In genetic research for autism, some studies have
been conducted that focused mainly on language devel-
opment skills (e.g., age at first word, age at first phrase,
onset of first phrase >36 months, and nonverbal com-
munication) skill. Other studies have focused on the
establishment of motor language development, bladder
and bowel control milestones, developmental regression,
repetitive/stereotyped behavior, restricted behavior,
interest, and activity [2-4,11-13].

Manning et al. [6] reported that 2D/4D is low in aut-
ism and Asperger syndrome. In Japan, Osawa et al. [7]
reported a higher incidence of low 2D/4D in autism
patients than in healthy children. From their report,
we assumed that it is possible to consider a low 2D/
4D as a specific feature in some autism patients. Such
patients formed part of a group of subjects (SDG) for
investigation in our study. It was assumed that SDG
in autism may express one of the common features;
hence, 2D/4D may be associated with one of the etiolog-
ical genes of autism, Manning et al. [14] reported the
findings of their 2D/4D measurement as follows: (1)
there is a gender difference in 2D/4D measurements
(2D/4D is lower in males than in females); (2) a low
2D/4D is observed across races and countries; (3) 2D/
4D is closely related to fetal growth, sperm count, family
size, myocardial infarction, and breast cancer; and (4)
2D/4D is related to sexual differentiation, the produc-
tion of sex hormones in the fetal stage, and disease pro-
gramming in the fetal stage. In addition, there is an
inverse correlation between 2D/4D and testosterone
concentration at the fetal stage, and 2D/4D correlates
with the CAG repeat number in the androgen receptor
gene [15].

A study of female twins conducted by Paul et al. [16]
showed that the concordance rate of 2D/4D is higher in
monozygotic twins than in dizygotic twins, that the her-
itability of 2D/4D is approximately 66%, and that the
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genetic contribution to 2D/4D in females may be more
influential than the effects of prenatal environmental
factors. Although it is uncertain whether these findings
differ significantly between males and females in the
absence of any report for males, it seems possible that
2D/4D is affected by both hereditary and secondary
perinatal environmental factors.

One study showed that the mean 2D/4D did not
change with gestational age from the 9th week to the
40th week [17]. In addition, there was a small increase
in 2D/4D with age, which was lowest in the right hand
[18]. This study indicates that 2D/4D is probably estab-
lished in the uterus and that this ratio remains almost
constant until adult life.

Because 2D/4D, an easily measurable physical fea-
ture, is already determined in utero and remains con-
stant until adult life, it can be used regardless of age
differences among subjects and is universal; moreover,
its measurement is noninvasive. Therefore, 2D/4D is
an excellent parameter for evaluating a group of autistic
patients.

In genomic scans of families having more than one
member with autism, the susceptibility loci for autism
were investigated, and identified; these included 2q21-
q33 [3,4] In the candidate genes located here, the
NRP2 gene is reported as one of the genes related to aut-
ism [19]. In addition, specific polymorphism has been
found in distal-less 2 (DLX2) and cAMP guanine nucle-
otide exchange factor II (cAMP-GEFII) in a few cases
of autism [20]. On the other hand, no significant correla-
tion has been reported between autism and distal-less 1
(DLX1) [20,21] and DLX2 [20] With regard to HOXD
genes, Bacchlli et al. reported that there is no relation-
ship between HOXDI and autism [20]. There has been
no report on HOXDI1, HOXDI2 or HOXDI3 to date.

It seems that these genes may be found to be signifi-
cant in the development of autism when cases as a study
subject have been carefully chosen and classified by the
specific characteristics of presenting behavior or pheno-
typic clinical presentations.

The present study has limitations because it is a case-
control study, rather than a family study, with a small
number of subjects enrolled. However, in this study,
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HOXDI11 SNP -112G/-112T heterozygosity was specifi-
cally observed in autism patients with low 2D/4D. On
the basis of this result, we expect that the relationships
between autism and the HOXD genes or other candidate
genes located in 2q will be clarified by studying a larger
population with low 2D/4D, that is, by studying
patients heterozygous for -112G/-112T in the HOXD!!
promoter.
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