
ORIGINAL ARTICLE

Kazuya Iwamoto Æ Miki Bundo Æ Shinsuke Washizuka

Chihiro Kakiuchi Æ Tadafumi Kato

Expression of HSPF1 and LIM in the lymphoblastoid cells derived
from patients with bipolar disorder and schizophrenia

Received: 26 December 2003 / Accepted: 10 February 2004 / Published online: 22 April 2004
� The Japan Society of Human Genetics and Springer-Verlag 2004

Abstract We have previously reported the altered
expressions of HSPF1 and LIM in the lymphoblastoid
cell lines (LCLs) derived from Japanese patients with
bipolar disorder (bipolar I disorder). The altered
expression at the LCL level would be useful for devel-
oping diagnostic markers as well as a cellular model for
bipolar disorder. In this study, we extended our previous
study by measuring their expressions using the following
samples: (1) larger number of LCLs from Japanese
subjects, (2) LCLs from Caucasian subjects, and (3)
LCLs from patients with bipolar II disorder or schizo-
phrenia. We confirmed the increased expression of
HSPF1 (P=0.009) and decreased expression of LIM
(P=0.001) in the LCLs from patients with Japanese
bipolar I disorder. These altered expressions were also
observed in those from patients with Japanese bipolar II
disorder (P=0.002 for HSPF1 and P=0.072 for LIM).
We also found the altered expressions of HSPF1 in
LCLs from Caucasian patients with bipolar II disorder
(P=0.011) and LIM in those from patients with
schizophrenia (P=0.001).
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Introduction

Bipolar I disorder (manic-depressive illness) is one of the
major mental disorders and affects 1% of populations. It

is characterized by recurrent depressive and manic
episodes with the increased risk for suicide (Goodwin
and Jamison 1990). Twin, adoption, and family studies
clearly show that genetic factors are involved in the
pathogenesis of bipolar disorder (Gershon and Clonin-
ger 1994). Pharmacological evidence suggests the
involvement of monoaminergic systems and intracellular
second messenger systems in bipolar disorder (Manji
and Potter 1997). However, the etiology or biological
pathogenesis of bipolar disorder has not been estab-
lished. Although many linkage and molecular genetic
studies have been performed, the uncertainty of pheno-
type definition and complex mode of inheritance impede
the understanding of bipolar disorder at the molecular
level by conventional strategies (Kato 2001a).

Gene expression analysis such as DNA microarray
has a great advantage to identify genes or cascades in-
volved in the complex diseases in a nonbiased manner
(Mirnics et al. 2001). We have previously performed
DNA microarray analysis of postmortem brains of pa-
tients with mental disorders including bipolar disorder,
major depression, and schizophrenia, and identified
several altered gene expressions in patients with bipolar
disorder (Iwamoto et al. 2004). By utilizing the micro-
array data, we searched the potential molecular markers
for bipolar disorder in the lymphoblastoid cells lines
(LCLs). Although LCLs transformed by Epstein-Barr
virus are not neuronal cells, they have been used as a
cellular model for human diseases such as hypertension
(Gruska et al. 1997), diabetes mellitus (Pietruck et al.
1998), Alzheimer’s disease (Panov et al. 1999), Hun-
tington’s disease (Panov et al. 1999), and bipolar disor-
der (Emamghoreishi et al. 2000; Kato et al. 2003).
During the course of the previous study, we found that
HSPF1 and LIM showed altered gene expressions in
both postmortem brains and LCLs from Japanese pa-
tients with bipolar I disorder. Thus, these genes may be
biologically and genetically important candidate genes
for bipolar disorder (Iwamoto et al. 2004).

HSPF1 (HSP40) modulates the activity of HSP70 and
directs unfolded proteins to HSP70, which leads to the
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translocation of proteins into mitochondria and endo-
plasmic reticulum (ER) (Fewell et al. 2001). The
expression of HSPF1 was up-regulated in postmortem
brains and the LCLs from patients with bipolar I dis-
order. LIM protein plays an important role in regulating
the intracellular calcium level by linking calcium channel
beta and protein kinase C (Maeno-Hikichi et al. 2003).
In postmortem brains, the expression of LIM was up-
regulated in all mental disorders tested (bipolar disorder,
major depression, and schizophrenia). Conversely, the
expression of LIM was significantly down-regulated in
the LCLs from patients with bipolar I disorder (Iwam-
oto et al. 2004).

In this study, we tested the altered expression of these
genes in a larger number of Japanese LCLs and LCLs
from different ethnic groups. In addition, we examined
the expressions of these genes in bipolar II disorder and
schizophrenia. While bipolar I disorder involves major
depressive episodes and manic state, bipolar II disorder
is associated with major depressive episodes and hypo-
mania.

Materials and methods

Subjects

Japanese patients with bipolar I disorder and bipolar II
disorder as well as healthy volunteers that had no his-
tory of psychiatric illness were recruited. Of the 33
control subjects and 26 patients with bipolar I disorder,
11 and 14 samples, respectively, were reported in the
previous report (Iwamoto et al. 2004). Diagnoses were
made according to the Diagnostic and Statistical Man-
ual of Mental Disorders, Fourth Edition (American
Psychiatric Association). Blood was collected when
patients were in the euthymic state. Written informed
consent was obtained from all the subjects. LCLs from
Caucasian subjects with bipolar I disorder (n=10),
bipolar II disorder (n=14), schizophrenia (n=12), and
unaffected control (n=13) were obtained from National
Institute of Mental Health (NIMH) genetics initiative
pedigrees. Controls were subjects who were married into
the bipolar or schizophrenia pedigrees. They had no
mental disorders or offspring with bipolar disorder or
schizophrenia. The characteristics of patients and con-
trol subjects are listed in Table 1. This study was ap-
proved by the Ethics Committee of the Brain Science
Institute, RIKEN.

Lymphoblastoid cells

LCLs were established using Epstein-Barr virus (Kato
et al. 2002). Briefly, lymphocytes were separated from
peripheral blood and cultured with RPMI 1640 medium
containing 20% fetal bovine serum (FBS), appropriate
antibiotics, and supernatant of the B95-8 cell culture
infected by Epstein-Barr virus. The cells were passaged

every week until the cell line was established. Thereafter,
the cells were passaged three times a week using similar
medium, except for addition of 10% FBS. The cells were
kept frozen until the experiment.

RNA extraction, cDNA synthesis,
and real-time quantitative PCR

Total RNA of LCL was extracted using Trizol reagent
(Invitrogen, CA, USA) and then was treated with
DNase I. Five micrograms of total RNA was used for
cDNA synthesis by SuperScript II reverse transcriptase
(Invitrogen). Real-time quantitative PCR using SYBR/
GREEN I (Applied Biosystems, CA, USA) was per-
formed with ABI PRISM 7900HT (Applied Biosys-
tems). Comparative Ct method was employed for
quantification according to the manufacture’s protocol
(Applied Biosystems). GAPDH was used for normali-
zation. Measurement of Ct was performed at least in
triplicate. Measured expression values were divided by
the mean expression value of control subjects. Amplifi-
cation of a single product in RT-PCR was confirmed by
monitoring the dissociation curve and agarose gel elec-
trophoresis. Primer sequences were described before
(Iwamoto et al. 2004).

Statistical analysis

Statistical analysis was performed using SPSS 11.0J
software (SPSS Japan, Tokyo, Japan). Mann-Whitney U
test was employed in the statistical analysis of expression
levels. The Bonferroni correction was employed for
multiple comparison. Spearman’s correlation coefficient
was employed to examine the correlation between age
and expression levels. P<0.05 (two tailed) was con-
sidered significant.

Results

In concordance with our previous study, the expression
of HSPF1 in LCLs was significantly up-regulated
(P=0.009) and the expression of LIM was down-regu-
lated (P=0.001) in Japanese patients with bipolar I

Table 1 Subject characteristics

Number
of subjects

Age
(mean ± SD)

Gender
(F:M)

Japanese
Control 33 48.6±12.7 11:22
Bipolar I disorder 26 50.5±15.3 11:15
Bipolar II disorder 10 58.8±11.0 8:2

Caucasian
Control 10 55.0±10.6 3:7
Bipolar I disorder 14 56.6± 9.9 4:10
Bipolar II disorder 12 54.0±12.1 6:6
Schizophrenia 13 51.8±13.8 4:9
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disorder compared with control subjects (Fig. 1). We
found that the expression of HSPF1 was also up-regu-
lated (P=0.002) and the expression of LIM tended to be
down-regulated in Japanese patients with bipolar II
disorder (P=0.072) compared with control subjects
(Fig. 1). In the Caucasian samples, however, the
expressions of HSPF1 and LIM were not statistically
different (P=0.371 and P=0.235, respectively) between
control subjects and patients with bipolar I disorder
(Fig. 2). In Caucasian patients with bipolar II disorder,
the expression of HSPF1 was significantly up-regulated
(P=0.011) and the expression of LIM was not different
from control subjects (P=0.418) (Fig. 2). In Caucasian
patients with schizophrenia, the expression of HSPF1
was not altered (P=0.927), but we found significant
down-regulation of LIM compared with control subjects
(P=0.001) (Fig. 2).

When the Bonferroni correction was employed for
multiple comparison, expression differences were still
significant in HSPF1 (P=0.036 for Japanese patients
with bipolar I, P=0.008 for Japanese patients with

bipolar II, and P=0.044 for Caucasian patients with
bipolar II disorders) and LIM (P=0.004 for Japanese
patients with bipolar I disorder, P=0.004 for Caucasian
patients with schizophrenia). We concluded that all of
our major findings were still significant after this cor-
rection.

We next assessed the effects of age and gender on
expressions of HSPF1 and LIM. We found no signifi-
cant correlations between age of control subjects and
expression of HSPF1 (R=)0.067, P=0.709, n=33 in
Japanese control subjects; R=)0.158, P=0.663, n=10
in Caucasian control subjects), or LIM (R=)0.011,
P=0.953, n=33 in Japanese control subjects; R=0.243,
P=0.491, n=10 in Caucasian control subjects). We also
found no correlations between age and expression levels
when all samples were included in statistical analyses
(R=0.004, P=0.968, n=118 for HSPF1; R=0.118,
P=0.222, n=118 for LIM). There was no significant
difference in the expression of HSPF1 or LIM with re-
gard to gender in Japanese (P=0.534 for HSPF1 and
P=0.114 for LIM) or Caucasian control subjects
(P=0.517 for HSPF1 and P=0.517 for LIM). We also
found no significant gender difference of the expression
of HSPF1 or LIM when all samples were included in
statistical analyses (P=0.190 for HSPF1, P=0.103 for
LIM). We thus concluded that the expressions of
HSPF1 and LIM in LCLs were not influenced by age or
gender.

Discussion

Several groups have reported endophenotypes at the
peripheral blood cell level in bipolar disorder (Yam-
awaki et al. 1998). Most of them imply the anomaly of
intracellular calcium metabolism in bipolar disorder.
These include the enhanced responses to serotonin
(Okamoto et al. 1995; Berk et al. 1996; Hough et al.
1999), thrombin (Dubovsky et al. 1989; Kusumi et al.
1992; Hough et al. 1999), and platelet activating factor
(Dubovsky et al. 1989) in platelets, enhanced calcium
signaling (Hough et al. 1999), and decreased response to
phytohemagglutinin in T lymphocytes (Eckert et al.
1994; Emamghoreishi et al. 1997). These results suggest
that certain endophenotypes of bipolar disorder can be
studied by using nonneuronal samples such as peripheral
blood cells. At the LCL level, increased cytosolic cal-
cium levels and altered calcium signaling responses
regulated by store-operated calcium channel, mito-
chondria, and ER have been reported (Emamghoreishi
et al. 1997; Emamghoreishi et al. 2000; Kato et al. 2003).
In addition, several genes such as TRPC7, IMPA2
(Yoon et al. 2001a; Yoon et al. 2001b), and NDUFV2
(Washizuka et al. 2003) have been proposed to be dif-
ferentially expressed in LCLs from patients with bipolar
disorder.

In the previous study, we reported the altered
expressions of HSPF1 and LIM in postmortem brains
and LCLs from patients with bipolar disorder, both of

Fig. 1 Expressions of HSPF1 and LIM in limphoblastoid cell lines
(LCLs) from Japanese subjects. Real-time quantitative PCR using
SYBR/GREEN I was performed. Each expression value was
divided by the mean expression value of control subjects. Open
circle represents the mean of each diagnostic category. Bar
indicates standard deviation. C control; BP I bipolar I disorder;
BP II bipolar II disorder; �, 0.050 £ P<0.100; �, P<0.050

Fig. 2 Expressions of HSPF1 and LIM in lymphyblastoid cell lines
(LCLs) from Caucasian subjects. Each expression value was
divided by the mean expression value of control subjects. Open
circle represents the mean of each diagnostic category. Bar
indicates standard deviation. C control; BP I bipolar I disorder;
BP II bipolar II disorder; SZ schizophrenia; �, P<0.050
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which are considered to play important roles in the
regulation of calcium signaling (Iwamoto et al. 2004).
Since HSPF1 is involved in the translocation of proteins
into mitochondria and ER (Fewell et al. 2001), the in-
creased expression of HSPF1 might be involved in the
aberration of protein translocation systems into mito-
chondria and ER, which in turn affects the functions of
these organelles found in patients with bipolar disorder
(Kato 2001b; Kakiuchi et al. 2003). On the other hand,
LIM protein regulates the intracellular calcium level by
linking calcium channel beta and protein kinase C
(Maeno-Hikichi et al. 2003).

In the present study, we extended our previous study
by increasing the number of Japanese LCL samples, and
we confirmed the altered expressions of HSPF1 and
LIM in patients with bipolar I disorder. Moreover, their
altered expressions were also found in LCLs from Jap-
anese bipolar II disorder. However, we could not con-
firm their altered expressions in the Caucasian bipolar I
disorder samples. This is likely due to the ethnic differ-
ence, because the average expression level of LIM (but
not HSPF1) in Caucasian controls was higher than in
Japanese controls (P=0.006). Considering the limited
number of Caucasian samples, however, we could not
rule out the possibility that sample number was not
enough to detect the expression differences. Otherwise,
since Caucasian controls in our study were mainly se-
lected from NIMH genetics initiative pedigrees, this
might reflect a genetic predisposition to bipolar disorder
in spouses of patients with bipolar disorder. There is a
possibility that patients with bipolar disorder tend to be
married to a subject with the same illness, called
‘‘assortative mating’’ (Mathews and Reus 2001). This
finding, however, is controversial (Mathews and Reus
2001).

As predicted, the expression of HSPF1 was not in-
creased in LCLs from patients with schizophrenia, since
increased expression was found only in postmortem
brains of patients with bipolar disorder and not in those
with schizophrenia (Iwamoto et al. 2004). In addition,
we found that the expression of LIM was down-regu-
lated in patients with schizophrenia. Decreased expres-
sion of LIM in LCLs from patients with schizophrenia
was in agreement with the previous microarray results
that showed altered expression of LIM in postmortem
brains of three mental disorders (bipolar disorder, major
depression, and schizophrenia) (Iwamoto et al. 2004).
This suggests that there may be differences of certain
phenotypes at the LCL level such as intracellular
calcium metabolism in schizophrenia (Lidow 2003).
Decreased expression of LIM in schizophrenia, however,
should be examined in a larger LCL sample and those
derived from different ethnic groups.

Considering the fact that gene expressions in LCLs
may reflect their genetic backgrounds (Cheung et al.
2003), the results should be carefully interpreted with
regard to the effects of interindividual and ethnic dif-
ferences. Indeed, we found such considerable differences
in the expression values of LCLs. Our discriminant

analysis using expression data ofHSPF1 and LIM could
not correctly classify the control subjects and patients
with bipolar disorder (data not shown). Use of more
differentially expressed genes, such as IMPA2, TRPC7
and NDUFV2, might improve the diagnostic values of
gene-expression analysis.

In conclusion, we could confirm the altered expres-
sions of HSPF1 and LIM in LCLs from Japanese pa-
tients with bipolar I disorder. These altered expressions
were also found in Japanese patients with bipolar II
disorder. In the Caucasian samples, although we could
not confirm all of our previous findings, we found the
altered expressions of HSPF1 in LCLs from patients
with bipolar II disorder and LIM in those with schizo-
phrenia.

Acknowledgements The authors thank the individuals with bipolar
disorder and unaffected volunteers who participated in this study.
The authors thank Mizuho Ishiwata and Mizue Kametani for their
technical assistance. Data and biomaterials of the NIMH pedigrees
were collected in four projects that participated in the NIMH
Bipolar Disorder Genetics Initiative. From 1991 to 1998, the
principal investigators and coinvestigators were: Indiana Univer-
sity, Indianapolis, IN, USA, U01MH46282, J. Nurnberger,
M. Miller, and E. Bowman; Washington University, St Louis, MO,
USA, U01 MH46280, T. Reich, A. Goate, and J. Rice; Johns
Hopkins University, Baltimore, MD, USA, U01 MH46274, J. R.
DePaulo Jr, S. Simpson, and C. Stine; NIMH Intramural Research
Program, Clinical Neurogenetics Branch, Bethesda, MD, USA,
E. Gershon, D. Kazuba, and E. Maxwell.

References

Berk M, Kirchmann NH, Butkow N (1996) Lithium blocks
45Ca2+ uptake into platelets in bipolar affective disorder and
controls. Clin Neuropharmacol 19:48–51

Cheung VG, Conlin LK, Weber TM, Arcaro M, Jen KY, Morley
M, Spielman RS (2003) Natural variation in human gene
expression assessed in lymphoblastoid cells. Nat Genet 33:422–
425

Dubovsky SL, Christiano J, Daniell LC, Franks RD, Murphy J,
Adler L, Baker N, Harris RA (1989) Increased platelet intra-
cellular calcium concentration in patients with bipolar affective
disorders. Arch Gen Psychiatry 46:632–638

Eckert A, Gann H, Riemann D, Aldenhoff J, Muller WE (1994)
Platelet and lymphocyte free intracellular calcium in affective
disorders. Eur Arch Psychiatry Clin Neurosci 243:235–239

Emamghoreishi M, Schlichter L, Li PP, Parikh S, Sen J, Kamble A,
Warsh JJ (1997) High intracellular calcium concentrations in
transformed lymphoblasts from subjects with bipolar I disor-
der. Am J Psychiatry 154:976–982

Emamghoreishi M, Li PP, Schlichter L, Parikh SV, Cooke R,
Warsh JJ (2000) Associated disturbances in calcium homeo-
stasis and G protein-mediated cAMP signaling in bipolar I
disorder. Biol Psychiatry 48:665–673

Fewell SW, Travers KJ, Weissman JS, Brodsky JL (2001) The
action of molecular chaperones in the early secretory pathway.
Annu Rev Genet 35:149–191

Gershon ES, Cloninger CR (1994) Genetic approaches to mental
disorders. American Psychiatric, Washington, DC

Goodwin FK, Jamison KR (1990) Manic-Depressive illness.
Oxford University, New York

Gruska S, Ihrke R, Stolper S, Kraatz G, Siffert W (1997) Preva-
lence of increased intracellular signal transduction in immor-
talized lymphoblasts from patients with essential hypertension
and normotensive subjects. J Hypertens 15:29–33

230



Hough C, Lu SJ, Davis CL, Chuang DM, Post RM (1999) Ele-
vated basal and thapsigargin-stimulated intracellular calcium of
platelets and lymphocytes from bipolar affective disorder pa-
tients measured by a fluorometric microassay. Biol Psychiatry
46:247–255

Iwamoto K, Kakiuchi C, Bundo M, Ikeda K, Kato T (2004)
Molecular characterization of bipolar disorder by comparing
gene expression profiles of postmortem brains of major mental
disorders. Mol Psychiatry 9:406–416

Kakiuchi C, Iwamoto K, Ishiwata M, Bundo M, Kasahara T,
Kusumi I, Tsujita T, Okazaki Y, Nanko S, Kunugi H, Sasaki T,
Kato T (2003) Impaired feedback regulation of XBP1 as a ge-
netic risk factor for bipolar disorder. Nat Genet 35:171–175

Kato T (2001a) Molecular genetics of bipolar disorder. Neurosci
Res 40:105–113

Kato T (2001b) The other, forgotten genome: mitochondrial DNA
and mental disorders. Mol Psychiatry 6:625–633

Kato T, Ishiwata M, Nagai T (2002) Mitochondrial calcium re-
sponse in human transformed lymphoblastoid cells. Life Sci
71:581–590

Kato T, Ishiwata M, Mori K, Washizuka S, Tajima O, Akiyama T,
Kato N (2003) Mechanisms of altered Ca2+ signalling in
transformed lymphoblastoid cells from patients with bipolar
disorder. Int J Neuropsychopharmacol 6:379–389

Kusumi I, Koyama T, Yamashita I (1992) Thrombin-induced
platelet calcium mobilization is enhanced in bipolar disorders.
Biol Psychiatry 32:731–734

Lidow MS (2003) Calcium signaling dysfunction in schizophrenia:
a unifying approach. Brain Res Brain Res Rev 43:70–84

Maeno-Hikichi Y, Chang S, Matsumura K, Lai M, Lin H,
Nakagawa N, Kuroda S, Zhang JF (2003) A PKC epsilon-
ENH-channel complex specifically modulates N-type Ca2+

channels. Nat Neurosci 6:468–475

Manji HK, Potter WZ (1997) Monoaminergic systems. Dekker,
New York

Mathews CA, Reus VI (2001) Assortative mating in the affective
disorders: a systematic review and meta-analysis. Compr Psy-
chiatry 42:257–262

Mirnics K, Middleton FA, Lewis DA, Levitt P (2001) Analysis of
complex brain disorders with gene expression microarrays
schizophrenia as a disease of the synapse. Trends Neurosci
24:479–486

Okamoto Y, Kagaya A, Shinno H, Motohashi N, Yamawaki S
(1995) Serotonin-induced platelet calcium mobilization is en-
hanced in mania. Life Sci 56:327–332

Panov A, Obertone T, Bennett-Desmelik J, Greenamyre JT (1999)
Ca(2+)-dependent permeability transition and complex I
activity in lymphoblast mitochondria from normal individuals
and patients with Huntington’s or Alzheimer’s disease. Ann NY
Acad Sci 893:365–368

Pietruck F, Spleiter S, Daul A, Philipp T, Derwahl M, Schatz H,
Siffert W (1998) Enhanced G protein activation in IDDM
patients with diabetic nephropathy. Diabetologia 41:94–100

Washizuka S, Kakiuchi C, Mori K, Kunugi H, Tajima O, Akiyama
T, Nanko S, Kato T (2003) Association of mitochondrial
complex I subunit gene NDUFV2 at 18p11 with bipolar
disorder. Am J Med Genet 120B:72–78

Yamawaki S, Kagaya A, Tawara Y, Inagaki M (1998) Intracellular
calcium signaling systems in the pathophysiology of affective
disorders. Life Sci 62:1665–1670

Yoon IS, Li PP, Siu KP, Kennedy JL, Cooke RG, Parikh SV,
Warsh JJ (2001a) Altered IMPA2 gene expression and calcium
homeostasis in bipolar disorder. Mol Psychiatry 6:678–683

Yoon IS, Li PP, Siu KP, Kennedy JL, Macciardi F, Cooke RG,
Parikh SV, Warsh JJ (2001b) Altered TRPC7 gene expression in
bipolar-I disorder. Biol Psychiatry 50:620–626

231


