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As lithium has been shown to have a protective effect against suicidal behavior,
genes on which mood stabilizers act may be involved in biological susceptibility to
suicide. A recent study showed that endoplasmic reticulum (ER) stress response was
impaired in the bipolar disorders and the impairment was ameliorated by a mood
stabilizer, valproate. We hypothesized that an alteration of ER stress response is
involved in the biological susceptibility to suicide through genetic polymorphisms, and
examined the association of polymorphisms of X-box binding protein 1 (XBP1) and
heat shock 70-kDa protein 5 (HSPA5) genes with suicide. We found no significant
difference in the distribution of these polymorphisms between the suicide victims and
the controls. These results suggest that the polymorphisms examined in this study are
not involved in the susceptibility to suicide of the Japanese.

It has been suggested that suicide involves a genetic factor. Many genes involved in
transmitter synthesis and degradation, such as the genes for serotonergic transduction, have
been examined in case-control studies on suicide. Although some of these studies have
reported a positive association with suicide, the results are controversial (1, 4).

Most psychopathological backgrounds for suicidal behavior are estimated to have a
relation with mood disorders such as depression. However, the efficacy of using
antidepressants to treat suicidal behavior is still controversial. Lithium, one of the major
mood stabilizers, has been shown to have a protective effect against suicidal behavior (3).
Although there are few reports about other mood stabilizers, it is possible that these
medicines have a similar effect to lithium.

Endoplasmic reticulum (ER) is a protein folding system. When unfolded proteins
accumulate in the ER as ER stress proteins, ER chaperones, such as heat shock 70-kDa
protein 5 (HSPAS) also called GRP7S, assist in refolding them. The utilization of HSPAS
proteins induces the expression of target genes, X-box binding protein 1 (XBP1) and HSPAS.
Dissociation of HSPAS by the accumulation of unfolded protein also induces the subsequent
splicing of XBP1 mRNA. The spliced mRNA encodes an active form of XBP1 itself (15, 18).
Several studies have focused on the regulation of ER stress proteins by valproate, which is a
mood stabilizer (6).

Recently, Kakiuchi et al. reported that, using DNA microarray analysis of
lymphoblastoid cells derived from two pairs of twins discordant with bipolar disorder, they
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found downregulated expression of XBP1 and HSPAS in both the affected twins (11). They
also detected a polymorphism (—116C/G) in the promoter region of XBP1, which caused an
impairment of ER stress response; however, the impairment was rescued using valproate.
Moreover, their research showed that —116G was significantly more common in Japanese
patients and overtransmitted to affected offspring in trio samples of the National Institute of
Mental Health (NIMH) Bipolar Disorder Genetics Initiative. Chen et al. and Kakiuchi et al.
also identified the association of —116C/G polymorphism in XBP1 gene with schizophrenia
(7, 10). Furthermore, XBP1 is located on 22q12 and HSPAS is located on 9q33-34.1; both
the genomic regions have been previously linked with bipolar disorder (2, 12, 13, 16).

Wang et al. found that following treatment with the mood stabilizers valproate and
carbamazepine, expression of the HSPAS increased in rat cerebral cortex (17). Bown et al.
observed increased levels of HSPAS in the temporal cortex of subjects with major depressive
disorder who died by suicide (5). By screening the genomic region of HSPA5 and genotyping
of three SNPs (single nucleotide polymorphisms) in the HSPAS5 gene (rs17840761,
rs3216733, and rs12009), Kakiuchi et al. detected a link between a haplotype block and
bipolar disorder (14). Their extended research suggested that the haplotypes consisting of
four SNPs in the HSPAS gene were significantly associated with the bipolar disorder, and the
four SNPs were involved in the promoter activity (9).

Thus, we focused on ER stress response involved in the action of mood stabilizers and
hypothesized that the polymorphisms of XBP1 and HSPA5 genes, which have been reported
to be associated with bipolar disorder and schizophrenia, are also associated with suicide. To
test this hypothesis, we genotyped —116C/G polymorphism in XBP1 gene and rs17840761,
rs3216733, and rs12009 in HSPA5 gene, and examined the association between these
polymorphisms and suicide.

MATERIALS AND METHODS

Peripheral blood was collected from suicide completers and controls. DNA was extracted
from whole blood using the sodium iodide method.

The study population consisted of 188 suicide completers (126 males and 62 females,
mean age: 47.7 £ 17.6 years), who were autopsied at the Division of Legal Medicine, Kobe
University Graduate School of Medicine, and 184 healthy controls without psychiatric
problems (123 males and 61 females, mean age: 44.8 + 16.6 years). The control subjects
were recruited from the general population of the Kobe city area and were of Japanese
descent. None of them manifested psychiatric problems when interviewed briefly by
psychiatrists.

Genomic regions, including gene polymorphisms, were amplified using polymerase
chain reaction (PCR) with a Gene Amp PCR system 9700 (ABI, Foster City, CA). The PCR
product was digested with endonuclease for 6 h and then followed by electrophoresis on
agarose gel. Primer sets, endonuclease, and concentration of agarose gel, which were used to
detect the polymorphisms, are shown in Table 1.

The genotype distribution and Hardy-Weinberg equilibrium were tested with the y* test
for quality of fit. Comparisons of the genotype or allele frequencies between the groups were
performed with Fisher’s extract test. The level of significance was set at p = 0.05. This study
was approved by the Ethical Committee for Genetic Studies of Kobe University Graduate
School of Medicine.
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Tablel. Primer sets, endonuclease, and agarose gel concentration.

Genes  SMNPs (alleles) Primer sets Endonuclease Gel conc.
I, 3-CGEA CAG AAG CAG AAC AGG G-
XBPT -11BC/IG ' BstEI 2%
L B-GTTGTC AGG CTG AGG TAATTC TC-3'
I 3-TAG ATAACATCC GCC CCATC-T
rs 17840781 ' Refwaon | 4.8%
L, 8-GAT GGA GGA AGG GAG AAC AA-F'
U 8-GTT GGA GGEC CGT TCATTGE-3
HSPAS rs3216733 Bt 45%
L, 8 GAC AGC TG TGA ACC AAT GGG ACC ACT-T
U B-CAT TGT AGG TCATCT TTAATG GATT-3'
L, 8-CTGE CCC AAG GAT AGG TAT TT-3'

I, upper primer; L, lower primer; *, changed base to create a clevage site

rs12008 Fokl 4.5%

RESULTS AND DISCUSSION

There was no significant difference in the genotype and allele distribution of —116C/G
polymorphism in XBP1 between the suicide completers and the control subjects (p = 0.622, p
= 0.355, respectively; Table 2). Similarly, no significant difference was found in the
genotype and allele distribution of rs17840761, rs3216733, or rs12009 in the HSPAS gene
between the suicide completers and the control subjects (Table 2).

All the genotypes and allele distributions are within the Hardy-Weinberg equilibrium. As
each genotyping result of the SNPs in the HSPA5 gene was not informative for haplotype
analysis, we omitted the haplotype analysis of these SNPs.

These results suggest that the gene polymorphisms examined in this study are not
involved in the susceptibility to suicide of the Japanese. However, as the sample size in this
study is small, type II error is considerable on the results.

Although there is a report of no association with bipolar disorder in people of European
origin, —116C/G polymorphism in XBP1 is reported to have an association with bipolar
disorder and schizophrenia in the Japanese population (8, 10, 11). Both diseases are believed
to contribute to the pathogenesis of suicidal behavior. Based on the results in this study, it is
unlikely that the XBP1 and HSPAS genes are involved in the biological susceptibility to
suicide in the Japanese population. However, it is possible that the genes involved in
schizophrenia and bipolar disorder are different from those involved in suicide.

It has been reported that activating transcription factor 6 (ATF6) plays an important role
in ER stress cascade. Therefore, we examined the association of representative SNPs in the
ATF6 gene and suicide in a pilot study; however, no possibility of association with suicide
was observed (data not shown). We could find no evidence of genetic involvement of ER
stress response system in suicide in this study.

Recently, several studies on the mechanisms of mood stabilizer action have been reported.
A Dbetter understanding of the pharmacological action of mood stabilizers may provide a clue
to help elucidate a biological mechanism of human suicidal behavior.
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Table 2. Genotype and allele distributions for the SNPs of XBP1 and HSPA5 genes in suicide victims and contrls

Genes SMNPs (alleles) Genotype count (genotype frequency) Allele count (allele frequency)
GG CG CC p G C ]
Suicide (n = 188) 76 (40.4%) 88 (46 8%) 24 (12 8%) _ 240 (63.8%) 136 (36.2%)

2 _

XBPI  —118CIG W= 1012, df = W= 0933, df =1,
Control (n = 184) 82 (44.6%) B3 (45.1%) 19(103%) 2 p-paza 247 (BT.1%) 121(329%) - pass
cc cT T P c T o
- opanygy SUIEE (1= 102) 33 (18.1%) 90 (49.5%) 59 (324%) 2= gga g = 156 4280 208 GTI0 g gt
Control (n = 183) 32 (17.5%) 83 (45.4%) B8 (372%) 2.p=0B835 147 (a02% 210 (5eaw 1, p= 0459
cc Ci- - b o _ o

Suicide (n = 128) 20 (15.6%) 47 (36.7%) 61 (47 7%) W¥=0739di = 87 (3442 169 (G6%) xi= 01018, df =

HSPAS 53216733
Control (n = 118) 14 (11.9%) 49 (47.1%) 55 (468%) 2. p=0705 77 zaw) 150 (a74% 1.p=07745

oC cT T p c T o
Suicide (n = 1857 60 (26.0%) 8E (53 2%) 50 (25 8% 186 (500%) 185 (50.0%)

rs12009 ( ) 60 (25.8%) B6 (532%) S0 (268%) 2510 = 14,82 1,p
Control (n = 181) 35 (19.3%) 96 (55.8%) 50 (27.8%) 2.p=0211 166 @7.20% 186 G28%  =0.251

p, Fisher's extracted p

REFERENCES

Anguelova, M., Benkelfat, C., and Turecki, G. 2003. A systematic review of
association studies investigating genes coding for serotonin receptors and the serotonin
transporter: II. Mol Psychiatry 8:646-53.

Badenhop, R. F., Moses, M. J., Scimone, A. et al. 2002. A genome screen of 13

bipolar affective disorder pedigrees provides evidence for susceptibility loci on

chromosome 3 as well as chromosomes 9, 13 and 19. Mol Psychiatry 7:851-9.

Baldessarini, R. J., Tondo, L., and Hennen, J. 2003. Lithium treatment and suicide

risk in major affective disorders: update and new findings. J Clin Psychiatry 5:44-52.

Bellivier, F., Chaste, P., and Malafosse, A. 2004. Association between the TPH gene

A218C polymorphism and suicidal behavior: a meta-analysis. Am J] Med Genet B

Neuropsychiatr Genet 124:87-91.

Bown, C., Wang, J. F., MacQueen, G, et al. 2000. Increased temporal cortex ER

stress proteins in depressed subjects who died by suicide. Neuropsychopharmacology

22:327-32.

Bown, C. D., Wang, J. F,, Chen, B., et al. 2002. Regulation of ER stress proteins by

valproate: therapeutic implications. Bipolar Disord 4:145-51.

Chen, W., Duan, S., Zhou, .J, et al. 2004. A case-control study provides evidence of

association for a functional polymorphism -197C/G in XBP1 to schizophrenia and

suggests a sex-dependent effect. Biochem Biophys Res Commun 319:866-70.

Cichon, S., Buervenich, S., Kirov, G, et al. 2004. Lack of support for a genetic

association of the XBP1 promoter polymorphism with bipolar disorder in probands of

European origin. Nat Genet 36:783-4.

Kakiuchi, C., Ishiwata, M., Nanko, S., et al. 2005. Functional polymorphisms of

HSPAS: possible association with bipolar disorder. Biochem Biophys Res Commun

336:1136-43.

10. Kakiuchi, C., Ishiwata, M., Umekage, T., et al. 2004. Association of the
XBP1-116C/G polymorphism with schizophrenia in the Japanese population.
Psychiatry Clin Neurosci 58: 438-40.

11. Kakiuchi, C., Iwamoto, K., Ishiwata, M., et al. 2003. Impaired feedback regulation of
XBP1 as a genetic risk factor for bipolar disorder. Nat Genet 35: 171-5.

12. Kelsoe, J. R., Spence, M. A., Loetscher, E., et al. 2001. A genome survey indicates a

possible susceptibility locus for bipolar on chromosome 22. Proc Natl Acad Sci U S A

98:585-90.

154



13.

14.

15.

16.

17.

18.

STUDY OF XBP1 AND HSPAS5 GENES WITH SUICIDE VICTIMS

Lachman, H. M., Kelsoe, J. R., Remick, R. A., et al. 1997. Linkage studies suggest a
possible locus for bipolar disorder near the velo-cardio-facial syndrome region on
chromosome 22. Am J Med Genet 74: 121-8.

Cichon, S., Buervenich, S., Kirov G, et al. 2004. Lack of support for a genetic
association of the XBP1 promoter polymorphism with bipolar disorder in probands of
European origin. Nat Genet. Aug; 36(8): 783-784; author reply Kakiuchi C., Nanko S.,
Kunugi H., and Kato T. 2004. Reply to "Lack of support for a genetic association of
the XBP1 promoter polymorphism with bipolar disorder in probands of European
origin" Nat Genet. Aug; 36(8): 784-785.

Shen, J., Chen, X., Hendershot, L., et al. 2002. ER stress regulation of ATF6
localization by dissociation of BiP/GRP78 binding and unmasking of Golgi localization
signals. Dev Cell 3:99-111.

Venken, T., Claes, S., Sluijs, S., et al. 2005. Genomewide scan for affective disorder
susceptibility Loci in families of a northern Swedish isolated population. Am J Hum
Genet 76:237-48.

Wang, J. F, Bown, C. and Young, L. T. 1999. Differential display PCR reveals novel
targets for the mood-stabilizing drug valproate including the molecular chaperone
GRP78. Mol Pharmacol 55:521-7.

Yoshida, H., Okada, T., Haze, K., et al. 2000. ATF6 activated by proteolysis binds in
the presence of NF-Y (CBF) directly to the cis-acting element responsible for the
mammalian unfolded protein response. Mol Cell Biol 20:6755-67.

155



