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Figure 1. The genomic structure of p250GAP and linkage disequilibrium of the p250GAP in the HapMap JPT. The genomic structure of
p250GAP is based on an entry in the Entrez Gene database (National Center for Biotechnology Information). The locations of the SNPs analyzed in this
study are indicated by arrows. The numbers indicated in parentheses refer to the numbering of the SNPs in the linkage disequilibrium (LD) diagram.
The distances of the exons-introns and the intermarkers are drawn to scale. The LDs between the pairwise SNPs are shown using the * value at the
bottom of the map of the gene structure for the HapMap JPT samples. High levels of LD are represented by black (%) coloring, with increasing color

intensity shown by the color bars.
doi:10.1371/journal.pone.0035696.g001

fit. The allelic and genotypic distributions of p250GAP polymor-
phisms between the patients and the controls were analyzed using
7 tests.

Pairwise linkage disequilibrium (LD) analyses, expressed by 77,
were applied to detect the intermarker relationships in each group
using the Haploview 4.2 software (http://www.broad.mit.edu/
mpg/haploview/ contact.php). Haplotype frequencies were estimat-
ed using the maximum likelihood method with the genotyping data.
We used the expectation-maximization algorithm from the SNPA-
lyze V5.1.1 Pro software. Rare haplotypes, detected in less than 3%
of the patients and the controls, were excluded from the haplotypic
association analysis, as previously described [42,43]. Using a 2x2
contingency table approach, we performed 10,000 permutations of
significance tests to determine empirical significance. We used a 2- to
8-window fashion analysis. We applied Bonferroni corrections in
allelic and genotypic association analyses (eight tests) and in
haplotypic association analyses (28 independent global tests).

The effects of the p250GAP genotype on the total score and on
the three factors of the SPQ) were analyzed by a one-way analysis
of variance (ANOVA). To control confounding factors, the effect
of the p250GAP genotype on the significance factor of the SPQ was
analyzed by a one-way analysis of covariance (ANCOVA). Age,
sex and education years were used as covariates because the SPQ)
total score and the three factors were correlated with these
confounding factors in a previous study [44]. Standardized effect
sizes were calculated using Cohen’s d method (http://www.uccs.
edu/faculty/lbecker). All p values are two tailed, and statistical
significance was defined as p<<0.05.
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Results

Genetic association analysis

Our study size of 431 patients with schizophrenia and 572
controls had sufficient power (>80%) to detect a genetic effect at
ORs of 1.30 or larger when the allele frequency was 0.35. The
genotype and allele frequencies of the eight tagging SNPs located
in the p250GAP gene and flanking regions are summarized in
Table 1. We found significant differences in genotype frequencies
between the patients and the controls in rs3796668 (x°=7.8,
£=0.020) and rs2298599 (x°=17.6, p=0.00015). No allelic or
genotypic associations were observed with schizophrenia for any
other SNPs ($>0.05). The major genotype frequency of rs3796668
was significantly higher in the patients with schizophrenia (43%)
than in the controls (36%) (x°=5.2, p=0.023), but no differences
were observed in the frequencies of the minor or heterozygous
genotypes of 153796668 (p>0.05). The minor genotype frequency
of 152298599 was higher in the patients with schizophrenia (18%)
than in the controls (9%) (¢°=15.5, p=0.000083), but no
differences were observed in the frequencies of the major or
heterozygous genotypes of 152298599 (p>0.05). The evidence for
genotypic association of rs2298599 remained significant after a
Bonferroni correction for multiple tests (corrected p=0.0012).
Genomic sequencing data for rs2298599 for each individual were
in agreement with genotyping data using the TagMan methods.
Haplotype analysis showed a marginally significant association
with schizophrenia in the rs3740829- rs546239- rs2298599
haplotype (x*=7.9, global p=0.049) (Table S2). However, the
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Table 2. Demographic variables for subjects included in the
SPQ analysis.

Total G carrier A/A p values (2)
Variables (n=180)  (n=159) (n=21) .
Age (years) 36.6+11.5 36.5x115 375%11.8 0.69 0.40
Sex (maleffemale) 87/93 7782 1011 094 <001
Educatioﬁ (years) 15.4‘12.4“ ' 1‘5‘61”2‘4 144x20 0.041 —2.05
Fulscale 0 1090+120 1090%122 1088%112 075  —033

Means = SD are shown. P values<0.05 are in boldface and underlined.
a2

X test.

doi:10.1371/journal.pone.0035696.t002

association did not survive correction for multiple testing ($>0.05
after Bonferroni correction).

The LD relationships between the investigated markers are
provided in Figure S1. The LD pattern observed in our controls
was similar to our patients and the JPT HapMap samples;
however, it was different from the LD pattern of the Utah
residents with Northern and Western European ancestry from the
CEPH collection (CEU) HapMap samples.

In silico genotype-expression analysis

We examined an association between the rs2298599 and the
expression levels of the p250GAP gene in immortalized lymphoblasts
derived from 45 HapMap JPT subjects using WGAViewer software
(http://computel.Isrc.duke.edu/softwares/ WGAViewer). However,
in silico analysis revealed that there was no significant association
between the SNP and the p250GAP expression in the immortalized
lymphoblasts (» = 0.28).

Impact of p250GAP genotype on schizotypal personality
traits

We examined a possible association between the p250GAP
genotype of 12298599 and schizotypal personality traits in healthy
subjects. Compared to controls, patients with schizophrenia were
significantly more likely to carry the rs2298599 A/A genotype.
Therefore, these analyses focused on a comparison of homozygous
risk A/A genotype carriers versus homozygous carriers of one or
two copies of the G allele (a combined G/G and G/A genotype
group), under a recessive inheritance model of the risk A/A
genotype. Demographic variables, age, sex, and full-scale IQ were
not significantly different between the genotype groups, except for
years of education (z=—2.05, p=0.041) (Table 2). We first
examined the possible effect of p250GAP rs2298599 on the total
SPQ score and found a significant effect of the genotype
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(F176=4.08, p=0.045) (Table 3). Then, we investigated the
genotype effects on the three SPQ factors, cognitive/perceptual,
interpersonal and disorganization. A significant genotype effect
was observed on the interpersonal factor (F; ;75=15.85, p=0.017),
but no significant genotype effects were observed on the cognitive/
perceptual or disorganization factors (p>0.1). The effect of
genotype on the interpersonal factor remained significant after
adjusting for confounding factors (/7 ;75=4.71, p=0.031). Sub-
jects with the risk A/A genotype of rs2298599 showed higher
scores on schizotypal traits, particularly the interpersonal factor,
compared with subjects with the G allele (Figure 2). The effect
sizes of the total score and interpersonal factor were 0.41 and 0.47,
respectively. When the two genotypes were divided into opposite
two genotype groups (homozygous carriers of one or two copies of
the A allele versus homozygous G/G genotype carriers) under a
dominant model of inheritance, there was no significant difference
in scores between A carriers and individuals with G/G genotype
(p>0.05, Table S3).

Discussion

This study is the first investigation of the association of the
p250GAP gene with schizophrenia. In this study, we first provided
evidence that a genetic variant of the p250GAP gene was associated
with the risk for schizophrenia. The frequency of individuals with
the rs2298599 risk A/A genotype was higher in patients with
schizophrenia than in the controls. Second, we indicated that the
risk genotype of the p250GAP gene was associated with high
schizotypal personality traits, particularly the interpersonal factor,
in healthy subjects. Individuals with the rs2298599 risk A/A
genotype scored higher on schizotypal personality traits and the
interpersonal factor than did individuals with non-risk genotypes.
These findings suggest that the p250GAP gene may be related to
the risk for schizophrenia and the schizotypal personality traits.

Rs2298599 is. situated within the relatively large LD block,
which includes the p250GAP and the P554IP1 (OMIM 605426)
genes (Figure S2). The SNP is located 2.9 kb downstream of the
p250GAP gene and located 22.1 kb upstream of the P534IPI gene.
To confirm whether a significant association signal of rs2298599
with schizophrenia is attributed to the p250GAP gene, we checked
strength of LDs in the genomic region (£50 kb) around rs2298599
using HapMap data (JPT, Chr 11: 128,290,162..128,390,161).
Seven SNPs was related to rs2298599 with the criteria of 7 greater
than 0.8. Of the seven SNPs, five SNPs were located 5" upstream
from rs2298599 and four SNPs were included in the p250GAP
gene. Two SNPs were located 5.2 and 7.9 kb downstream from
152298599. These findings suggest that our association signal could
be attributed to the p250GAP but not the P534IPI gene. However,
the P53AIPI may be a susceptibility gene for schizophrenia. Future

Table 3. Association of the p250GAP gene risk variant with the schizotypal personality traits.

SPQ

Total G carrier A/A Genotype effect
Variables (h’:jso;,: s ,(5#21)  Cohen'sd  Fys 0 pvaluess A
Total score 10.7+89 10.3+:84 ’ 144%x11.4 -0.41 4.08 % 0.02
Cognitive/perceptual ~ 33%38 3237 40245 Lgae o osal o iigas e gy
Interpersonal . 50%45 47241 72463 -047 585 0.017 003
Disorganization e e 41-38 o3 a3 s o0y

doi:10.1371/journal.pone.0035696.t003
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SPQ: Schizotypal Personality Questionnaire. Means = SD are shown. The effect sizes are typically categorized as small (d =0.20, 5% =0.01), medium (d=0.50, ;% =0.06) or
large (d=0.80, n*=0.14). Significant p values are shown in boldface and underlined.
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Figure 2. The association between the risk-associated p250GAP
genotype and SPQ total score and the three factors. The gray
bars represent individuals who are G-carriers (G/G and G/A genotypes)
of rs2298599. The white bars represent individuals with the A/A
genotype of the SNP. Error bars represent standard errors of the mean. *
p<0.05.

doi:10.1371/journal.pone.0035696.9002

studies are required to investigate the association between the
P534IP1 and schizophrenia.

Although significant associations between the p250GAP gene
and schizophrenia were observed in this study, no experimental
evidence has indicated that the rs2298599 SNP of p250GAP is
functional. To define a possibly functional SNP associated with the
disease, followed by evaluation of altered function caused by the
relevant SNP, may be able to narrow down the region of the
association observed with the 1s2298599. For example, gene
expression analyses at either mRINA or protein levels of the
p250GAP gene using postmortem or lymphoblast samples may be
an alternative approach. We examined an association between the
2298599 and p250GAP expression in immortalized lymphoblasts.
However, @ silico analysis revealed that the SNP might not be
related to p250GAP mRNA expression in a Japanese population. A
future biological study of the function of rs2298599 or p250GAP
gene is required to verify our results.

MicroRNAs (miRs) regulate cellular fate by controlling the
stability or translation of the mRNA transcripts. The miR132,
located on 17p12.3, controls p250GAP protein levels and regulates
neuronal morphogenesis by decreasing the levels of p250GAP
[45]. The miR132 target sequence in the p250GAP 3'UTR,
AACAGTCCACTGTCCAGCAGAGG, is conserved across ver-
tebrate evolution. We performed a mutation search of the genomic
region (the target sequence of miR132%250 bp) in the p250GAP
gene using 48 patients with schizophrenia to evaluate the presence
of a genetic variant in this region. However, we had no
polymorphisms in our sequence data. This result suggests that
the miR132 target sequence in the p250GAP might not play a
major role in risk for schizophrenia.

Several molecular genetic studies have investigated the influences
of susceptibility genes for schizophrenia on schizotypal personality
traits. These studies have reported associations between the COMT
[46,47,48], NRG! [49], DTNBPI [50,51], RGS4 [52], DAAO [51]
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and JNF8044 [35] genes and schizotypal components. Risk alleles
or haplotypes of schizophrenia were correlated with high scores on
schizotypal personality traits. Of these genes, the COMT, NRGI,
DTINBPI, DAAO and RGS4 genes, as well as the p250GAP gene, are
directly or indirectly responsible for NMDA receptor-mediated
glutamate transmission or signaling via glutamate receptors [53].
However, involvement of the glutamate NMDA receptors in SPD is
still unknown. Further research will need to clarify the relationship
between the glutamate NMDA receptors and SPD.

The interpretation of our results has several limitations. We
found a significant association of the p250GAP gene with
schizophrenia using 431 patients with schizophrenia and 572
controls. Our sample sizes had sufficient power (>0.80) to detect
the effects of ORs of 1.30 or larger. Because our results were based
on a relatively small sample to detect the effects of ORs of 1.30 or
fewer, a future replication study using larger sample sizes is needed
to confirm our findings. Our positive results might have been
derived from a sample bias due to population stratification and
non-age-matched samples, although the Japanese are a relatively
homogeneous population. We used schizotypal personality traits as
a phenotype of interest. As the assessment of the personality traits
was based on a self-reported questionnaire, it was not an objective
measurement. Importantly, to be included in the SPQ analysis,
subjects were not required to meet criteria for SPD. We had
hypothesized that schizotypal personality trait is a continuous
measure of the genetic liability to schizophrenia. G allele carriers
had marginally higher years of education and lower scores on
schizotypal traits than did subjects with the risk A/A genotype. In
a previous study, years of education had significant inverse effects
on the total SPQ) score and the three factor scores, indicating that
the SPQ scores decreased with increased years of education [44].
The educational level difference between the genotype groups may
have affected the genotype effects on the schizotypal personality
trait. However, our results remained significant after adjusting for
years of education.

In this study, we proposed p250GAP as a new candidate gene for
susceptibility to schizophrenia. The association between the
p250GAP gene and schizophrenia might partially explain the
relationship between the hypofunction of the glutamate NMDA
receptor and schizophrenia. Future studies are required to confirm
the association between the p250GAP gene and schizophrenia in
other populations.

Supporting Information

Figure 81 Linkage disequilibrium pattern of eight SNPs
in the patient, control, HapMap JPT and CEU groups. The
linkage disequilibriums (LDs) between the pairwise SNPs are shown
using the 7° value separately for the patients with schizophrenia, the
controls, the HapMap JPT samples and the HapMap CEU samples.
High levels of LD () are represented by black coloring, and
increasing color intensity from 0 to 100 is shown by the color bars.
The numbers (from 1 to 8) in the boxes refer to the eight tagging
SNPs; 15493172 (1), rs10893947 (2), rs2276027 (3), rs3796668 (4),
13581258 (5), rs3740829 (6), rs546239 (7) and rs2298599 (8).

(TTF)

Figure 82 Linkage disequilibrium in the genomic region
(£50 kb) around rs2298599 SNP in HapMap JPT. LD
structure is based on an entry in the HapMap data release 24/
Phasell Nov 08, on NCBI B36 assembly, dbSNP b126 (JPT, Chr
11: 128,290,162..128,390,161). The LD structure between the
pairwise SNPs is shown using the 7 value. High levels of LD are

represented by black ) coloring, with increasing color intensity.

(TIF)
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Table S1 Selected tagging SNPs in the p250GAP gene
and its flanking regions.
(DOC)

Table S2 Haplotype analysis of the p250GAP gene
between patients with schizophrenia and the controls.
(DOC)

Table S3 Association of the p250GAP gene variant with
schizotypal personality traits under dominant model of
inheritance.

(DOC)

References

1. Tsuang M (2000) Schizophrenia: genes and environment. Biol Psychiatry 47:
210-220. .

2. Cardno AG, Gottesman II (2000) Twin studies ol schizophrenia: from bow-and-
arrow concordances to star wars Mx and functional genomics. Am J Med Genet
97: 12-17.

3. Harrison PJ, Weinberger DR (2005) Schizophrenia genes, gene expression, and
ncuropathology: on the matter of their convergence. Mol Psychiatry 10: 40-68;
image 45.

4. Cichon 8, Craddock N, Daly M, Faraonec SV, Gejman PV, et al. (2009)
Genomewide association studies: history, rationale, and prospects for psychiatric
disorders. Am J Psychiatry 166: 540-556.

5. Olney JW, Newcomer JW, Farber NB (1999) NMDA receptor hypofunction
model of schizophrenia. J Psychiatr Res 33: 523-533.

6. du Bois TM, Huang XF (2007) Early brain development disruption from
NMDA receptor hypolunction: relevance to schizophrenia. Brain Res Rev 53:
260-270.

7. Kornhuber J, Mack-Burkhardi F, Riederer P, Hebenstreit GF, Reynolds GP, et
al. (1989) [SBH]MK-801 binding sites in postmortem brain regions of
schizophrenic patients. J Neural Transm 77: 231-236.

8. Zavitsanou K, Ward PB, Huang XF (2002) Selective alterations in ionotropic
glutamate receptors in the anterior cingulate cortex in schizophrenia.
Neuropsychopharmacology 27: 826-833.

9. Herin GA, Aizenman E (2004) Amino terminal domain regulation of NMDA
receptor function. Eur J Pharmacol 500: 101-111.

10. Mueller HT, Haroutunian V, Davis KL, Mecador-Woodruff JH (2004)
Expression of the ionotropic glutamate receptor subunits and NMDA
receptor-associated intracellular proteins in the substantia nigra in schizophre-
nia. Brain Res Mol Brain Res 121: 60-69.

11. Portera-Cailliau C, Price DL, Martin L] (1996) N-methyl-D-aspartate receptor
proteins NR2A and NR2B arc differentially distributed in the developing rat
central nervous system as revealed by subunit-specific antibodies. J Neurochem
66: 692--700.

12. Watanabe M, Inoue Y, Sakimura K, Mishina M (1992) Developmental changes
in distribution of NMDA receptor channel subunit mRNAs. Neurorcport 3:
1138-1140.

13. Wenzel A, Fritschy JM, Mohler H, Benke D (1997) NMDA receptor
heterogeneity during postnatal development of the rat brain: differential
expression of the NR2A, NR2B, and NR2C subunit proteins. J Neurochem
68: 469-478.

14. Heimer L (2000) Basal forcbrain in the context of schizophrenia. Brain Res
Brain Res Rev 31: 205235,

15. Beneyto M, Meador-Woodrull' JH (2008) Lamina-specific abnormalitics of
NMDA receptor-associated postsynaptic protein transcripts in the prefrontal
cortex in schizophrenia and bipolar disorder. Neuropsychopharmacology 33:
2175-2186.

16. Kristiansen LV, Patel SA, Haroutunian V, Mecador-Woodrull JH (2010)
Expression of the NR2B-NMDA receptor subunit and its Thr-1/CINAP
regulatory proteins in postmortem brain suggest altered receptor processing in
schizophrenia. Synapse 64: 495-502.

17. Gao XM, Sakai K, Roberts RC, Conley RR, Dean B, et al. (2000) Ionotropic
glutamate receptors and expression of N-methyl-D-aspartate receptor subunits
in subregions of human hippocampus: effects of schizophrenia. Am J Psychiatry
157: 1141-1149.

18. Tada T, Sheng M (2006) Molccular mechanisms of dendritic spine
morphogenesis. Curr Opin Neurobiol 16: 95-101.

19. Yoshihara Y, De Roo M, Muller D (2009) Dendritic spine formation and
stabilization. Curr Opin Neurobiol 19: 146-153.

20. Nakazawa T, Watabe AM, Tezuka T, Yoshida Y, Yokoyama K, ct al. (2003)
p250GAP, a novel brain-cnriched GTPase-activating protein for Rho family
GTPases, is involved in the N-methyl-d-aspartate receptor signaling. Mol Biol
Cell 14: 2921-2934.

21. Moon SY, Zang H, Zheng Y (2003) Characterization of a brain-specific Rho
GTPase-activating protein, p200RhoGAP. J Biol Chem 278: 4151-4159.

22. Nakamura T, Komiya M, Sone K, Hirosc E, Gotoh N, et al. (2002) Grit, a
GTPase-activating protein for the Rho family, regulates neurite extension

@ PLoS ONE | www.plosone.org 7

602

Association of p250GAP Gene with Schizophrenia

Acknowledgments

We thank all of the subjects who participated in this study.

Author Contributions

Conceived and designed the experiments: KO RH TN TY MK MT.
Performed the experiments: TO YY HY MF SU. Analyzed the data: KO
RH TN MI HK. Contributed reagents/materials/analysis tools: TO YY
HY MF SU MI HK TY MK MT. Wrote the paper: KO RH TN.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

44,

through association with the TrkA receptor and N-She and CrkL/Crk adapter
molecules. Mol Cell Biol 22: 8721-8734.

Okabe T, Nakamura T, Nishimura YN, Kohu K, Ohwada S, et al. (2003)
RICS, a novel GTPase-activating protein for Cdc42 and Racl, is involved in the
beta-catenin-N-cadherin and N-methyl-D-aspartate receptor signaling. J Biol
Chem 278: 9920-9927.

Nakazawa T, Kuriu T, Tezuka T, Umemori H, Okabe S, et al. (2008)
Regulation of dendritic spine morphology by an NMDA receptor-associated
Rho GTPasc-activating protein, p250GAP. J Neurochem 105: 13841393,
Arnsten AF (2011) Prefrontal cortical network connections: key site of
vulnerability in stress and schizophrenia. Int J Dev Neurosci 29: 215223,
Bennett MR (2011) Schizophrenia: susceptibility genes, dendritic-spine pathol-
ogy and gray matter loss. Prog Neurobiol 95: 275-300.

Pulay AJ, Stinson IS, Dawson DA, Goldstcin RB, Chou SP, ctal. (2009) Prevalence,
Corrclates, Disability, and Comorbidity of DSM-IV Schizotypal Personality
Disorder: Results From the Wave 2 National Epidemiologic Survey on Alcohol
and Related Conditions. Prim Carc Companion J Clin Psychiauy [1: 53-67.
Kendler KS, McGuire M, Gruenberg AM, O’Hare A, Spellman M, ct al. (1993)
The Roscommon Family Study. II1. Schizophrenia-related personality disorders
in relatives. Arch Gen Psychiatry 50: 781--788.

Torgersen S, Lygren S, Oien PA, Skre I, Onstad S, ct al. (2000) A twin study of
personality disorders. Compr Psychiatry 41: 416-425.

Kendler KS, Myers J, Torgersen S, Neale MC, Reichborn-Kjennerud T (2007)
The heritability of cluster A personality disorders assessed by both personal
interview and questionnaire. Psychol Med 37: 655-665.

Rodriguez Solano JJ, Gonzalez De Chavez M (2000) Premorbid personality
disorders in schizophrenia. Schizophr Res 44: 137-144.

Raine A, Reynolds C, Lencz T, Scerbo A, Triphon N, ct al. (1994) Cognitive-
perceptual, interpersonal, and disorganized features of schizotypal personality.
Schizophr Bull 20: 191-201.

Ericson M, Tuvblad C, Raine A, Young-Wolll' K, Baker LA (2011) Heritability
and longitudinal stability of schizotypal traits during adolescence. Behav Genet
41: 499-511.

Lin CC, Su CH, Kuo PH, Hsiao CK, Soong WT, et al. (2007) Genetic and
environmental influences on schizotypy among adolescents in Taiwan: a
multivariate twin/sibling analysis. Bechav Genet 37: 334-344.

Yasuda Y, Hashimoto R, Ohi K, Fukumoto M, Umecda-Yano S, ct al. (2011)
Impact on schizotypal personality trait of a genome-wide supported psychosis
variant of the ZNF804A gene. Neurosci Lett 495: 216-220.

Hashimoto R, Hashimoto H, Shintani N, Chiba S, Hattori S, ct al. (2007)
Pituitary adenylate cyclase-activating polypeptide is associated with schizophre-
nia. Mol Psychiatry 12: 1026--1032.

Hashimoto R, Numakawa T, Ohnishi T, Kumamaru E, Yagasaki Y, et al.
(2006) Impact of the DISCI Ser704Cys polymorphism on risk for major
depression, brain morphology and ERK signaling. Hum Mol Genet 15:
3024--3033.

Iijima Y, Sasaki J, Bando N, Asai T, Mouri I, et al. (2010) Development of a
Japanese Version of the Schizotypal Personality Questionnaire and Factor
Structure of Schizotypy. Koudouryouhoukenkyu 36: 29-41.

Someya T, Sasaki T, Takahashi S (1994) Reliability and validity of schizotypal
personality questionnaire (in Japanese). The Proceeding of the 32nd Scientific
Meeting of the University Health Care in Japan. pp 286-290.

Raine A (1991) The SPQ; a scale for the assessment of schizotypal personality
bascd on DSM-III-R criteria. Schizophr Bull 17: 555-564.

Skol AD, Scott L], Abecasis GR, Bochnke M (2006) Joint analysis is more
cflicient than replication-based analysis for two-stage genome-wide association
studies. Nat Genet 38: 209-213.

Ohi K, Hashimoto R, Yasuda Y, Yoshida T, Takahashi H, ct al. (2009)
Association study of the G72 gene with schizophrenia in a Japanese population:
a multicenter study. Schizophr Res 109: 80-85.

Ohi K, Hashimoto R, Yasuda Y, Yoshida T, Takahashi H, et al. (2010) The
chitinase 3-like 1 gene and schizophrenia: cvidence from a multi-center case-
control study and meta-analysis. Schizophr Res 116: 126-132.

Ma X, Sun J, Yao J, Wang Q, Hu X, et al. (2007) A quantitative association
study between schizotypal traits and COMT, PRODH and BDNF genes in a
healthy Chinese population. Psychiatry Res 153: 7-15.

April 2012 | Volume 7 | Issue 4 | 35696



45.

46.

47.

48.

Vo N, Klein ME, Varlamova O, Keller DM, Yamamoto T, ct al. (2005) A
cAMP-response clement binding protein-induced microRNA regulates neuronal
morphogenesis. Proc Natl Acad Sci U S A 102: 16426-16431.

Avramopoulos D, Stefanis NC, Hantoumi I, Smyrnis N, Evdokimidis I, et al.
(2002) Higher scores of sell reported schizotypy in healthy young males carrying
the COMT high activity allele. Mol Psychiatry 7: 706-711.

Schurhofl' F, Szoke A, Chevalier F, Roy I, Mcary A, ct al. (2007) Schizotypal
dimensions: an intermediate phenotype associated with the COMT high activity
allele. Am J Med Genet B Neuropsychiatr Genet 144B: 64-68.

Sheldrick AJ, Krug A, Markov V, Leube D, Michel TM, ct al. (2008) Effect of

COMT vall58met genotype on cognition and personality. Eur Psychiatry 23:
385-389.

@ PLoS ONE | www.plosone.org

49.

50.

51,

53.

603

Association of p250GAP Gene with Schizophrenia

Lin HF, Liu YL, Liu CM, Hung SI, Hwu HG, et al. (2005) Neurcgulin | gene
and variations in perceptual aberration of schizotypal personality in adolescents.
Psychol Med 35: 1589--1598.

Kircher T, Markov V, Krug A, Eggermann T, Zerres K, ct al. (2009)
Association of the DTNBPI genotype with cognition and personality traits in
healthy subjects. Psychol Med 39: 1657-1665.

Stefanis NC, Trikalinos TA, Avramopoulos D, Smyrnis N, Evdokimidis I, et al.
(2007) Impact of schizophrenia candidate genes on schizotypy and cognitive
endophenotypes at the population level. Biol Psychiatry 62: 784--792.

. Stefanis NC, Trikalinos TA, Avramopoulos D, Smyrnis N, Evdokimiclis I, et al.

(2008) Association of RGS4 variants with schizotypy and cognitive endophe-
notypes at the population level. Behav Brain Funct 4: 46.

Harrison PJ, Weinberger DR (2005) Schizophrenia gencs, gene expression, and
ncuropathology: on the matter of their convergence. Mol Psychiatry 10: 40-68.

April 2012 | Volume 7 | Issue 4 | e35696



Journal of Psychiatric Research xxx (2012) 1-8

ELSEVIER

journal homepage: www.elsevier.com/locate/psychires

Contents lists available at SciVerse ScienceDirect

Journal of Psychiatric Research

Frontal and right temporal activations correlate negatively with depression
severity during verbal fluency task: A multi-channel near-infrared spectroscopy

study

Takamasa Noda ®"*, Sumiko Yoshida?, Taro Matsuda?, Nagahisa Okamoto?, Kota Sakamoto?,
Shunsuke Koseki®, Yotaro Numachi?, Eisuke Matsushima °, Hiroshi Kunugi ¢, Teruhiko Higuchi ®

2 Department of Psychiatry, National Center of Neurology and Psychiatry Hospital, 4-1-1, Ogawahigashi, Kodaira, Tokyo 187-8551, Japan
bSection of Liison Psychiatry & Palliative Medicine Division of Comprehensive Patient Care, Graduate School of Medical & Dental Sciences, Tokyo Medical & Dental University, 1-5-

45, Yushima, Bunkyo, Tokyo 113-8519, Japan

€ Department of School Education, Aichi University of Education, 1, Hirosawa, Igayacho, Kariya, Aichi 448-8542, Japan
4 Department of Mental Disorder Research, National Institute of Neuroscience, National Center of Neurology and Psychiatry, 4-1-1, Ogawahigashi, Kodaira, Tokyo 187-8502, japan
© National Center of Neurology and Psychiatry, 4-1-1, Ogawahigashi, Kodaira, Tokyo 187-8551, Japan

ARTICLE INFO

ABSTRACT

Article history:

Received 2 November 2011
Received in revised form
14 March 2012

Accepted 2 April 2012

Keywords:

Hamilton Rating Scale for Depression
Major depressive disorder
Near-infrared spectroscopy

Severity of depression

Verbal fluency task

Multi-channel near-infrared spectroscopy (NIRS) is a noninvasive, on-the-spot, functional neuroimaging
technique allowing detection of the spatiotemporal characteristics of brain activity. Previous NIRS studies
indicated the oxy-hemoglobin (oxy-Hb) increase during a verbal fluency task (VFT) is attenuated in
patients with major depressive disorder (MDD) as compared with healthy controls. However, the
possible relationship between depression symptom severity and oxy-Hb change on NIRS has not yet
been elucidated. To examine this relationship, we recruited 30 patients with MDD and 30 age-, gender-
and intelligence quotient-matched controls. All underwent NIRS during VFT. As expected, the oxy-Hb
increase during the task was significantly smaller in patients than in controls. After false discovery
rate correction using 31 channels, the mean increase in oxy-Hb during the task showed a significant
negative correlation with the total score of the Hamilton Rating Scale for Depression 21-item version
(ch25: rho = —.56; FDR-corrected p: .001). When each item of the HAM-D21 was examined individually,
insomnia early in 9 channels (rho = —.63 to —.46; FDR corrected p: .000—.014), work and activity in 2
channels (rho = —.61 to —.57; FDR corrected p: .001 to .003) and psychomotor retardation in 12
channels (rho = —.70 to —.44; FDR corrected p: .000—.018) showed significant negative correlations
with the mean oxy-Hb increase in the right frontal temporal region. Although it is possible that our
results were affected by medication, these data suggest reduced right frontal temporal activation on NIRS
during VFT is related to the symptom severity of MDD.

© 2012 Elsevier Ltd. All rights reserved.

1. Introduction

(NIRS) has been approved by the Ministry of Health, Labor and
Welfare as a highly advanced medical technology to help distin-

Major depressive disorder (MDD) is a severe and common
psychiatric disorder with a lifetime prevalence of 6.7 per 100
(Waraich et al., 2004). Although depressive symptoms per se do not
specifically appear in MDD but also in other psychiatric disorders
including bipolar disorders, we do not have an objective diagnostic
marker to obtain a clear-cut diagnosis for those patients. In Japan,
a relatively new neuroimaging method, near-infrared spectroscopy

* Corresponding author. Department of Psychiatry, National Center of Neurology
and Psychiatry Hospital, 4-1-1, Ogawahigashi, Kodaira, Tokyo 187-8551, Japan.
Tel.: +81 42 341 2711; fax: +81 42 346 1705.

E-mail address: t-noda@ncnp.go.jp (T. Noda).

0022-3956/$ — see front matter © 2012 Elsevier Ltd. All rights reserved.
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guish between schizophrenia, depression and bipolar disorders in
2009. Verbal fluency task (VFT) is recommended as an activation
task because of a relatively rich store of data. VFT is an easy task to
examine the executive function and frequently used in neuro-
imaging studies (Alvarez and Emory, 2006) and is known to activate
prefrontal cortex (PFC) in healthy subjects (Frith et al, 1991;
Schlosser et al., 1998). Numerous neuropsychological studies
suggest that patients with MDD show executive dysfunction
(Gohier et al., 2009; Rose and Ebmeier, 2006; Fossati et al., 2003;
Porter et al.,, 2003; Degl'Innocenti et al., 1998).

Multi-channel near-infrared spectroscopy (NIRS) is a noninva-
sive, on-the-spot, restraint-free functional neuroimaging technique
allowing detection of the spatiotemporal characteristics of brain
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function near the brain surface using near-infrared light
(Strangman et al., 2002a; Boas et al, 2004). NIRS has enabled
bedside measurement of the concentrations of oxy-hemoglobin
(oxy-Hb) and deoxy-hemoglobin (deoxy-Hb) changes with a high
time resolution (.1 s). The concentrations of oxy-Hb and deoxy-Hb
are assumed to reflect the regional cerebral blood volume (rCBV)
changes, which was supported by the simultaneous NIRS and PET
study (Villringer et al.,, 1997; Ohmae et al., 2006).

In fact, numerous studies have demonstrated that the oxy-Hb
increase in the fronto-temporal regions during a VFT is signifi-
cantly smaller in patients with MDD than in those with bipolar
disorder or healthy controls (Pu et al., 2008; Kameyama et al., 2006;
Suto et al., 2004; Matsuo et al., 2002). Moreover, NIRS studies using
VFT have also demonstrated frontal lobe dysfunction in schizo-
phrenia (Suto et al.,, 2004; Takizawa et al., 2008), and panic disorder
(Nishimura et al, 2007). However, the relationship between
depression symptom severity at the time of examination and oxy-
Hb change on NIRS has not yet been clarified.

In neuroimaging studies using other methodologies, focusing on
cortex level that NIRS reflects, positron emission tomography (PET)
studies found that abnormal reductions of cerebral blood flow
(CBF) and metabolism in patients with MDD in PFC (Kimbrell et al.,
2002; Bench et al.,, 1995; Mayberg et al., 1994; Baxter et al., 1989). As
for the relationship between executive function and CBF or
metabolism, Elliott et al. (1997) showed activation in PFC was
significantly attenuated relative to controls during the Tower of
London planning task in PET study. In a functional magnetic reso-
nance imaging (fMRI) study, depressed patients showed significant
decreased prefrontal activation during VFT (Okada et al., 2003).

As for the relationship between depression symptom severity
and frontal lobe function, Brody et al. (1999) found a positive
correlation between change in Hamilton Rating Scale for Depres-
sion (HAM-D) scores and change in normalized inferior frontal
gyrus (IFG) and ventrolateral PFC (VLPFC) metabolism, which
indicates that IFG metabolism increased and VLPFC metabolism
decreased as depression symptoms became better. Other initial
studies also suggest that abnormal functions in dorsolateral PFC
(DLPFC) are mood state dependent, attenuated during the
depressed mood and reversing during symptom remission (Bench
et al., 1995; Mayberg et al, 1994). In contrast, Drevets et al.
(2002) showed the persistence of abnormal metabolic deficits
using PET measures in the dorsomedial/dorsal anterolateral PFC in
MDD during treatment. According to a review by Drevets (2000),
a complex relationship exists between depression symptom
severity and metabolic activity in the orbital cortex and VLPFC.

Findings obtained by more recent studies investigating cross-
sectional relationship between depression symptom severity and
brain function assessed by basal regional CBF and metabolism are also
inconsistent. For example, Périco et al. (2005) reported that depression
symptom severity was negatively correlated with regional CBF (rCBF)
in the left amygdala, lentiform nucleus, and parahippocampal gyrus,
and positively correlated with rCBF in the right postero-lateral parietal
cortex, whereas Milak et al. (2005) showed only positive correlations
in bilateral mesiotemporal cortex, parts of the ventral subgenual basal
forebrain, and most of the thalamus, hypothalamus, ventral striatum,
and midbrain. Accordingly more studies are warranted to clarify the
relationship between depression severity and brain activity including
frontal lobe function.

In the present study, considering the consistent finding of
attenuated oxy-Hb changes during VFT in the fronto-temporal
regions in depression, we hypothesized that oxy-Hb changes
during VFT in NIRS could be objective indicators of depressive
symptom severity. Thus, we used multi-channel NIRS to investigate
the relationship between oxy-Hb changes and symptom severity in
patients with MDD. Because NIRS can be measured easily and

noninvasively in a restraint-free environment over a short amount
of time we expect that NIRS can be widely used to assess objectively
depressive symptom severity as a clinical examination.

2. Materials and methods
2.1. Subjects

The subjects were 30 patients with MDD, and 30 healthy
volunteers matched for age, gender and premorbid intelligence
quotient (IQ). Premorbid 1Q was estimated using the Japanese
version of the National Adult Reading Test (Matsuoka et al., 2006).
All subjects were right-handed according to the Edinburgh Inven-
tory (Oldfield, 1971) and were native speakers of Japanese. All MDD
subjects were outpatients of the National Center of Neurology and
Psychiatry Hospital in Tokyo, Japan. They were diagnosed according
to the Structured Clinical Interview for the Diagnostic Statistical
Manual of Mental Disorders, 4th edition (DSM-IV) Axis [ Disorders
(SCID-I; First et al,, 1995) by experienced psychiatrists. All patients
were medicated with antidepressants. Twenty-seven out of 30
patients were prescribed with one or two antidepressants, 16 with
SSRIs, 12 with tricyclics, 7 with milnacipran, 5 with tetracyclics, 2
with trazodone and 1 with mirtazapine. In addition, 20 patients
were prescribed with anxiolytics, 16 with hypnotics, 7 with mood
stabilizers and 9 with antipsychotics (Supplementary Table 1).
Daily doses of all antidepressants were converted to an equivalent
dose of imipramine (Inagaki and Inada, 2006) and anxiolytics/
hypnotics to that of diazepam (Inagaki and Inada, 2006) for each
patient. The controls were healthy volunteers recruited from the
same geographical area through advertisements in free local
magazines and our website announcement. They were interviewed
using the SCID-I for MDD or SCID-NP for healthy volunteers and an
unstructured interview for family history, and those individuals
who had a current or past history of Axis [ psychiatric disorder or
a positive family history of Axis I psychiatric disorder within their
first degree relatives were excluded. The exclusion criteria for both
groups were previous head trauma, neurological illness, a history of
electroconvulsive therapy, alcohol/substance abuse or addiction.

After the study procedures had been fully explained, written
informed consent was obtained from every participant. This study
was approved by the ethics committee of the National Center of
Neurology and Psychiatry.

2.2. (linical assessment

Depressive symptoms and the level of social functioning were
evaluated by a single experienced psychiatrist using the GRID
Hamilton Rating Scale for Depression 21-item version (GRID HAM-
D21; Kalali et al, 2002) and Global Assessment of Functioning
scores (GAF; American Psychiatric Association, 1994), respectively,
without knowledge of the NIRS data on the same day that the NIRS
measurements were conducted. Sleepiness was evaluated as the
score on the Stanford Sleepiness Scale (SSS; Hoddes et al., 1973).

2.3. Activation task

The activation task was a letter version of VFT similar to that
described by Takizawa et al. (2008). During the VFT, changes in oxy-
Hb and deoxy-Hb were measured. The VFT consisted of a 30-sec pre-
task baseline, a 60-sec VFT, and a 70-sec post-task baseline. The
subjects were instructed to repeat the syllables /a/, i/, fu/, /e/ and |o/
during the pre-task and post-task baseline periods. For the VFT, the
subjects were instructed to generate as many words as possible.

One of the three initial syllables (A; 0—20 s /a/, [to/, or |na/, B;
20-40 s [i/, [ki/, or [se/, C; 40—60 s [o/, [ta/, or [ha/) was randomly
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presented on the computer display placed in front of the subjects,
every 20 s during the 60-sec task. The number of possible combina-
tions of syllables is 27 (A;3 x B;3 x C;3 = 27). We adopted 15 among
the possible combinations. The number of correct words generated
during the task was determined as a measure of task performance.

3. NIRS measurements
3.1. NIRS device

We used a 52-channels NIRS (ETG-4000 Optical Topography
System; Hitachi Medical Co., Tokyo, Japan) which measures relative
changes in oxy-Hb and deoxy-Hb using two wavelengths (695 nm
and 830 nm) of infrared light based on the modified Beer—Lambert
law (Yamashita et al., 1996). With this system, these Hb values
include a differential pathlength factor (DPF). In the NIRS system,
“hemoglobin concentration change*DPF” is calculated as a solution
to the simultaneous equations based on the Beer—Lambert law,
which cannot escape the effect of DPF. Although DPF varies among
various brain regions Zhao et al., using a Monte Carlo simulation,
reported the estimated DPF variation in the forehead region of
adult humans was roughly homogeneous (Zhao et al,, 2002).

The distance between a pair of source-detector probes was set at
3.0 cm and each area measured between a pair of source-detector
probes was defined as a ‘channel’. The NIRS device is considered
to measure ‘channels’ at a 2—3 cm depth from the scalp, that is, at
the surface of the cerebral cortex (Hock et al,, 1997; Okada and
Delpy, 2003, Toronov et al.,, 2001).

a Probe position

Frontal region d

3.2. Probe positioning and measurement points

The NIRS probes were fixed with 3 x 11 thermoplastic shells,
with the lowest probes positioned along the Fpl—Fp2 line
according to the international 10—20 system used in electroen-
cephalography. The probes can measure Hb values from bilateral
prefrontal and temporal surface regions. The measuring points
were labeled chl to ch52 from right-posterior to left-anterior
(Fig. 1). The correspondence between these NIRS channels and
the measurement points on the cerebral cortex was confirmed by
a multi-subject study of anatomical cranio-cerebral correlations
(Okamoto et al., 2004) and presented on the basis of results
obtained by the virtual registration method (Tsuzuki et al., 2007).

3.3. Measurement parameters

The rate of data sampling was .1 second (s). The obtained data
were analyzed using integral mode; the pre-task baseline was
determined as the mean over a 10 s period just prior to the task
period, and the post-task baseline was determined as the mean
over the last 5 s of the post-task period. Linear fitting was then
applied to the data between these two baselines. The moving
average method using a window width of 5 s was applied to remove
any short-term motion artifacts. Because we could not remove all
artifacts in this way, we applied automatic rejection of data with
artifacts separately for each channel (Takizawa et al., 2008).

According to the aforementioned measurement parameters for
integral mode, the waveforms of oxy-Hb, deoxy-Hb and total-Hb

Left temporal region

X

Y

Fig. 1. Measurement points of 52 channels for near-infrared spectroscopy (NIRS) (a) Probes with 3 x 11 thermoplastic shells were placed over a subject’s bilateral frontal regions.
(b—d) The 52 measuring positions of the NIRS device are superimposed on the 3D-reconstructed cerebral surface, based on magnetic resonance imaging. The 52 measuring
positions are labeled ch1 to ch52, from the right posterior to the left posterior. The dimensional figures b, ¢ and d indicate the right temporal, frontal and left temporal brain regions,
respectively. Because acquired NIRS data from the 21 channels in the upper two rows (pink channels) clearly contained artifacts presumably due to hair, as indicated by visual
inspection of the waveforms, and signal to noise ratio seemed to be low, they were excluded from statistical analyses.
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changes were acquired from each subject in all 52 channels during
VFT.

3.4. Measurement environment

The subjects sat on a comfortable chair in a silent and day-lit
room. They were instructed to minimize motions such as head
movements, strong biting and blinking during the NIRS measure-
ment, to avoid artifacts.

Data clearly containing motion artifacts, based on both our
observations and the NIRS recording, were excluded from further
analyses.

4. Statistical analysis

Because acquired NIRS data from the 21 channels in the upper
two rows clearly contained artifacts presumably due to hair, as
indicated by visual inspection of the waveforms, and signal to noise
ration seemed to be low, they were excluded from statistical
analyses.

The ¥ test or Student’s t-test was used to compare proportions
and means, respectively, between the MDD and control groups.

As for the analysis of the NIRS data, we focused on oxy-Hb data,
since oxy-Hb change (task period — pre- and post-task baseline
period) is assumed to more directly reflect cognitive activation than
deoxy-Hb change as shown by a stronger correlation with blood-
oxygenation level-dependent signal measured by fMRI
(Strangman et al, 2002b). The mean oxy-Hb changes were
compared between the two groups (MDD and control) for each
channel using Student’s t-test. To examine the relationships
between oxy-Hb changes and HAM-D21 total scores, HAM-D21
subscale scores, GAF, or other clinical variables, Spearman’s rhos
were calculated for MDD patients.

All statistical analyses were performed using SPSS for Windows,
version 18.0.0 software (SPSS Japan, Tokyo, Japan). Avalue of p < .05
(two-tailed) was considered to be statistically significant. We set
the value of q specifying the maximum false discovery rate (FDR) at
.05, such that the false positive rate was no more than 5% on
average in treating the oxy-Hb data obtained from multiple chan-
nels (Singh and Dan, 2006).

5. Results
5.1. Demographic and clinical data of patients and controls
Table 1 summarizes demographic characteristics of the patients

and controls. The two groups did not differ significantly in age,
gender, handedness, estimated premorbid IQ or SSS.

Table 1

Demographic and clinical data of patients with major depressive disorder and controls.

5.2. Task performance

The number of words generated did not differ significantly
among the 15 combinations employed (15 combinations: F1,
45] = 1.1, p = .39; three initial syllables: F[2, 90] = 1.2, p = .31) in
either group. The number of generated words during VFT did not
differ significantly (patients: 12.3 + 3.9; controls 13.9 + 4.3, t = 1.5,
df = 58, p = .13) between the MDD and control groups.

5.3. Group comparison

As shown in Fig. 2, the MDD group had significantly smaller oxy-
Hb increases than the control group in 22 channels (ch22-29,
ch32-33, ch35—-39 and ch44-50; FDR-corrected p: .000-.024)
during VFT.

5.4. Relationship with symptom severity at the time of examination

As shown in Fig. 2, there were significant negative correlations
between mean oxy-Hb changes during the task and HAM-D21 total
scores in one channel (ch25: rho = —.56; FDR-corrected p: .001). Mean
oxy-Hb changes during the task period showed significant negative
correlations with three individual items of the HAM-D21 subscale
scores (Fig. 3); insomnia early in 9 channels (ch23, ch25—27, ch36—37
and ch46—-48: rho = —.63 to —.46; FDR corrected p: .000—.014), work
and activity in 2 channels (ch44 and ch45: rho = —.61 to —.57; FDR
corrected p: .001 to .003), and psychomotor retardation in 12
channels (ch22-24, ch32, ch35—-36, ch41, ch43—ch45, ch47 and
ch51: rtho = —.70 to —.44; FDR corrected p: .000—.018). Mean oxy-Hb
changes showed no significant correlations with the remaining
HAM-D21 subscale scores (i.e., depressed mood, guilt, insomnia
middle, insomnia late, psychomotor agitation, anxiety psychic, anxiety
somatic, loss of appetite, somatic symptoms general, sexual interest,
hypochondriasis, loss of weight, insight, diurnal variation, and obses-
sional symptoms; ) (Fig. 4).

Furthermore, mean oxy-Hb changes showed no significant
correlation with task performance during VFT or other clinical
variables, such as age, duration of iliness, and sleepiness (data not
shown).

5.5. Relationships with medication

There were no significant correlations between the HAM-D21 total
score and doses of antidepressants (rho = —.23, p = .22) or anxiolytics
(rho = .25, p = .18). There were significant negative correlations
between mean oxy-Hb changes during the task and doses of antide-
pressants in 6 channels (ch31, ch40—41, ch45, ch50—51: rho = ~.57

Demographics

Patients with depression (n = 30)

Healthy controls (n = 30) Group difference p-value

Age (years) 36.7 +£11.6
Gender (female/male) 16/14
Edinburgh handedness inventory (%) 929 +£9.7
Age at onset (years) 309 + 10.8
Duration of illness (years) 58 £4.1
Duration of medication (years) 50+ 3.6
GRID HAM-D21 total score 16.7 £ 4.8
Estimated premorbid IQ 105.7 + 9.5
Sleepiness 33+11
GAF 576 +93
Medication

Imipramine equivalent dose (mg/day) 141.9 £ 127.6
Diazepam equivalent dose (mg/day) 85+ 116

35.1+94 871
16/14 1.000
920 £ 115 753
1059 + 83 953
29+ .9 .104

The y? test or t-test was used to compare these variables between patients and controls. GAF, Global Assessment of Functioning; GRID HAM-D21, GRID Hamilton Rating Scale
for Depression 21 item; IQ, Intelligence Quotient.
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Fig. 2. p-value significance map of t-tests for oxy-Hb increases in patients with MDD compared with healthy controls during VFT using FDR correction. The warm colored circles
represent significantly smaller oxy-Hb increases than in the control group at the channels indicated. There were 22 channels (ch22—29, ch32-33, ch35—39 and ch44—50; FDR-

corrected p: 000—.024).

to —.48; FDR-corrected p: .002 to .007). Mean oxy-Hb changes showed
no significant correlations with doses of anxiolytics.

6. Discussion
6.1. Task performance

The number of words generated during the VFT did not differ
significantly between patients and controls, which is consistent
with the majority of previous studies (Matsuo et al., 2002; Fossati
et al,, 2003; Suto et al., 2004; Kameyama et al., 2006). Previous
studies reported impairment on semantic fluency tasks in depres-
sion (Calev et al., 1989; Tarbuck and Paykel, 1995). However, on
phonemic fluency task conflicting results patients showing normal
or impairment performance in depression (Albus et al, 1996;
Degl'Innocenti et al., 1998). Type of psychiatric disorder and task
time setting may reflect the discrepancies (Fossati et al., 2003). In
the present study, the time setting of VFT was three phonemes
within 60 s, that is, 20 s for each phoneme, which differs from the
standard VFT usually using 60 s for one phoneme. The time setting
condition was designed as it is, so that the subjects were able to
keep generating words regularly within the task period to avoid the
effect of “not speaking”. It is possible that the time setting condition
in the present study caused the lack of significant between group-
difference in task performance.

6.2. Between-group comparison of oxy-Hb activation

The present study showed oxy-Hb activation during VFT to be
significantly smaller in the MDD group than in age-, gender- and
[Q-matched healthy controls. This result is essentially consistent
with those obtained using NIRS (Matsuo et al., 2002; Herrmann
et al., 2004; Suto et al., 2004; Kameyama et al., 2006; Pu et al,,
2008), single photon emission computed tomography (SPECT)
(Mayberg et al., 1994) or functional magnetic resonance imaging
(fMRI) (Okada et al., 2003).

6.3. Relationships with symptom severity at the time of
examination

Mean oxy-Hb changes during the task period showed a signifi-
cantly negative correlation with HAM-D21 total score at ch25. Ch25
is located approximately in the right DLPFC. The finding is in line
with some initial studies (Bench et al., 1995; Mayberg et al., 1994)
which suggest that abnormal functions in DLPFC are mood
dependent. However, other more recent studies investigating
cross-sectional relationship between depression psychopathology
and brain function do not coincide with our result (Périco et al.,
2005; Milak et al., 2005). One of the reasons for the discrepancy
may arise from the different methodologies; in the present study
we adopted VFT for activation whereas the previous studies
observed the basal activity with no activation task. Although
speculative as it is, the activation of PFC by VFT may have led to the
significant relationship between oxy-Hb changes and depression
symptom severity in the right DLPFC.

More interestingly, mean oxy-Hb changes during the task period
showed significant negative correlations with three individual
HAM-D21 items in a wider area than they showed with HAM-D21
total scores; insomnia early in nine, work and activity in two and
psychomotor retardation in twelve channels. The nine channels
correlating with “insomnia early” were located approximately in
the right pre-motor area, DLPFC and frontopolar and orbitofrontal
areas. The two channels correlating with “work and activity” were
located approximately in the right DLPFC and temporopolar area.
The twelve channels correlating with “psychomotor retardation”
were located broadly in the fronto-temporal areas with right
hemispheric dominance. Although these findings should be treated
with care given the exploratory nature of multiple analyses, it is
noteworthy that at least some subscale scores of HAM-D21
appeared to show stronger relationship with oxy-Hb changes
than HAM-D21 total scores. It has been pointed out that HAM-D17
and/or HAM-D21 are not necessarily unidimensional, and thus not
adequate to assess depression severity (Bagby et al., 2004). Licht
et al. (2005) showed that a set of the HAM-D containing six
subscales constitute a unidimensional scale measuring severity of
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Fig. 3. (a) The channels with a significant correlation between oxy-Hb changes and HAM-D21 total score after FDR correction. (b) Scatter graph showing the relationship between

HAM-D21 total scores and oxy-Hb activation in ch25.

depression, whereas the remaining items covering neurovegetative
symptoms showed a problematic response somewhat insensitive
to depression severity. In fact, the multidimensionality was high-
lighted in the unstable factor structure, which was demonstrated
by a failure to replicate a single unifying structure across studies
(Bagby et al., 2004). The relatively strong relationship indicated
between HAM-D21 subscale scores and oxy-Hb changes in diver-
gent areas, compared to HAM-D21 total scores may be due to the
multidimensional properties of HAM-D21. Graff-Guerrero et al.
(2004) also demonstrated that each HAM-D subscale score
showed a significant correlation with the basal CBF in variant areas,
in some cases showing positive correlation and others negative.

6.4. Relationships with medications

As all patients were taking antidepressants at the time of eval-
uation, the medication effect could not be ignored. Yet, there was
no significant relationship between daily dose levels of antide-
pressants and the HAM-D21 total score. Although daily dose levels
of antidepressants showed significant negative correlations with
oxy-Hb changes in six channels, ch25, where a significant correla-
tion between oxy-Hb changes and HAM-D21 total scores was
observed, was not included in the six channels. Therefore, we
suspect that the effect was small, if at all.

PET has been used to demonstrate that antidepressant medi-
cation normalizes both over-activity and under-activity in the
frontal cortex (Kennedy et al., 2001, 2007; Mayberg et al., 2000;
Goldapple et al., 2004). Unfortunately, our results could not clarify
the relationship between medication and brain activation because
our analysis was based on cross-sectional data. Although our data
may reflect the more restraint-free, natural setting than those using
fMRI or PET, further studies in drug-naive patients are required to
draw any conclusions as to the possible effects of medication on
brain activation as measured by NIRS. Longitudinal studies inves-
tigating the relationship between the change in oxy-Hb data and
symptom severity scores with a larger sample size are warranted to
reach a conclusion on this matter.

The results of this study must be interpreted with caution due to
certain limitations. First, because the analysis was based on cross-
sectional data, causality cannot be determined. Longitudinal
studies are needed to assess cause-and-effect relationships. Second,
our sample size was not large, and is thus subject to type II error.
Further studies with larger numbers of MDD patients are required.
Finally, owing to the multidimensional properties of HAM-D21,
assessment of depression symptom severity using HAM-D21 total
scores may not be adequate, and thus, other scales such as Mont-
gomery Asberg Depression Rating Scale (MADRS) or Beck Depres-
sion Inventory (BDI) should be tested in the future study.
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Fig. 4. rho-value map for the correlation between oxy-Hb activation in MDD patients and three individual HAM-D21 subscale scores after FDR correction. (a) insomnia early, (b)

psychomotor retardation, and (c) work and activity.

7. Conclusion

In this study, we confirmed that the increase in oxy-Hb during
a VFT task is significantly smaller in MDD than in age- and gender-
matched healthy subjects. This difference could not be explained by
a difference in task performance or premorbid IQ. The blunted
increase in right DLPFC was associated with the symptom severity
of MDD and therefore oxy-Hb changes during VFT in this region
may be a state-dependent marker of depression.
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BT & NIRS /8% — v oG & O—FE LR
L7co K OFRMERESE 62 &, NEMEREE 1740
B & NIRS HFEHRO—BFII K oFlE
BEET 69%. IBMREE T 81% L HBIH <. &
FZWHiB & L CTO NIRS OFBUEIREL/-5
BThHo7-",

V. KIyomtiRE. WEERE. Sa5RE
® NIRS #EB O # .
BEHERE L. VFT BHBRER» S TARRIC
oxy-Hb " K & { ¥ ¥ %, VFTIZH T 3
oxy-Hb DIMIITKE {, BERTHERH,IC
EBICR 5, 1¥8UE. O VFT BIAE %D oxy-Hb
BMmo RS EL ., ZOMMESKE Y, @
VFT 1% 58 U T? oxy-Hb MRS A E v, @
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