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Purpose: Genetic factors are known to be important in the
etiology of bipolar disorder (BD). The fragile sites (FSs) are
a very interesting subject for the study of clinical disorders.
The aim of this study was to evaluate fragile sites seen in
patients with bipolar disorder and find a correlation between
some fragile sites and bipolar disorder. Patients and Methods:
The frequencies of folate sensitive FSs were compared in short-
term whole blood cultures from bipolar patients and from
normal individuals. Results: The rate of FS expression in the
patients was considerably higher than in the controls (p <
0.001). Several chromosome regions including 1p36, 1q21,
1932, 3p25, 7922, 7q32, 11q23, 12q24, 13q32, 14q24, Xp22
and Xq26 were represented considerably more often in the
patients than in the controls (p value between 0.001 to 0.036).
Among these FSs, the sites 1p36, 1g21, 3p25, 7q22, 7q32, and
14924 were not observed in other studies. Conclusion: These
regions can be the most active of hot spots in the genomes
of bipolar patients, and may harbor important genes associated
with BD.
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INTRODUCTION

BD affects ~1% of the population and shows
strong heritability. Cytogenetic studies in
psychiatry are important in view of the potential
multiple etiologies of psychiatric syndromes and
due to the high incidence of chromosome abnor-
malities reported in diverse psychiatry. The folic
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acid sensitive FSs in normal and abnormal popu-
lations remain unknown. It has been previously
determined that there is a possible relationship
which connects schizophrenia and folate.! An
analysis of FSs in bipolar and unaffected indi-
viduals showed a higher frequency of FSs at 1932
in the bipolar population compared to the
frequency of FSs in the controls using low folate
media.” Recent genetic studies have confirmed
that susceptibility loci exist for BD on multiple
regions of the human genome, including 4pl4,
4q35, 6q24, 10p13-12, 12q24, 13q32, 16p, 18p11.2,
18q22, 20pl11.2-q11.2, 21q21, 22q11-13, Xq, and
Xq26.>" This data suggests that some chromo-
somal regions may play an important role in the
genetics of BD.

In order to identify new or similar hot spots
which are worthy of further study and that may
be associated with BD, we reported our chromo-
somal findings from a control group of 40 patients
with BD.

PATIENTS AND METHODS

A total of 40 patients who were diagnosed with
BD [according to the DSM-IV criteria (American
Psychiatric Association 1994)°] were recruited for
this cytogenetic study. The patient group consisted
of 23 males and 17 females. Their ages ranged
from 18 to 47 years with a mean age of 32.61 +
7.93 years. The patients were selected from a hos-
pital for psychiatric and neurological diseases
located in Adana, Turkey between October 2000
and December 2002. The study was granted
ethical approval by the local health committee.
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The control group consisted of 34 healthy volun-
teers, 23 males and 11 females with a mean age
of 37.13 +10.08 years.

Each sample was examined the for expression
of folate-sensitive FS by the Faculty of Medicine
in our Laboratory of Genetics at the Department
of Medical Biology and Genetics, Cukurova Uni-
versity. The folate-sensitive FSs are likely to all be
CCG repeat expansions similar to the fragile X.
This is due to the abnormal expansion of genes
with trinucleotide repeat polymorphisms, which
have been found in bipolar affective disorder."
These sites have longer, more complex repeat
elements. Only two rare FSs (FRAXA and FRAXE)
are of such unequivocal clinical significance that
they are actually associated with intellectual dis-
ability.]l Because of this, we used a folic acid-free
medium (RPMI-1640, Sigma R6767 without folic
acid) supplemented with 4% fetal calf serum,
phytohemagglutinin, streptomycin, and penicillin.
Standard cytogenetic techniques were used for
harvesting and for slide preparation. Three slides
were prepared for each subject. The slides were
first stained only with Giemsa before examination
in order to avoid the missing of any gaps. For
detailed analysis of the FS, some slides were pre-
pared by trypsin G-banding and at least 50 meta-
phases were scored for each assay. All gaps and
breaks were recorded and localized according to
the ISCN (1985)."” The classification of FS was done
according to the nomenclature established in
human gene mapping HGM 11.°

A non-parametric Mann-Whitney test was used
for the statistical comparison of the means of chro-
mosomal breaks and aberrant cells between patients
and controls. The > test was used to determine
the difference in frequency of FSs observed between
the patient and the control group.

RESULTS

A total of 2,033 cells from 40 patients with BD
were analyzed for chromosomal FSs under treat-
ment with folic acid-free medium. A total of 1,245
aberrations were found in 783 (38.5%) cells. In the
control group, 297 aberrations were found in 262
(13.1%) cells among 2,000 analyzed cells. There
was a significant difference in the total number of
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FSs expressed between patients and controls by
the * test (p <0.001). No age and sex effects on FS
expression were evident in our patients.

The analysis of the distribution of FSs on chro-
mosomes showed that they were present in 1% of
the cells analyzed and 15 of these different chro-
mosomal FSs in the patient group included 10 c-
fra [1p36(FRA1A), 1q21(FRA1F), 1g32(unknown), 3p
14(FRA3B), 5q31(FRAS5C), 7q22(FRAZF), 7932 (FRA
7H), 13q32(FRA13D), 14q24(FRA14C), and Xp22
(FRAXB)], 4 r-fra [11q23(FRA11B), 12q24(FRA 12D),
16q22(FRA16C) and Xq26(unknown)], and 1 previ-
ously unknown folate sensitive FS [3p25 (un-
known)] (Table 1). Among these expressed FSs,
there was a significantly higher frequency of 12
FSs at 1p36, 1921, 1932, 3p25, 7q22, 7q32, 11q23,
12q24, 13923, 14q24, Xp22 and Xq26 in the patient
group than in the controls, as determined by the
X test (p value between 0.001 to 0.036), excluding
the 3p14, 5931 and 16922 regions (p value between
0.092 to 1.000) (Table 1).

DISCUSSION

Genetic factors are known to be important in
the etiology of BD. The FS is a very interesting
subject for the study of clinical disorders, because
chromosomes have a tendency to break an FS,
which can lead to the formation of deletions and
translocations." The incidence of the folic acid-
sensitive FSs in the BD remains unknown. The
linkage findings in BD can be obtained from the
collection of cytogenetic studies. Chromosomal
regions of interest include 13q32, 1q32, 18p11.2,
Xq26.3-q28, 4p16, 12q23-q24, 16p13, 21q22, Xq24-
q26, Xq26.>"'® Our study represents the investiga-
tion of the possible involvement of chromosomal
FSs in the etiology of BD.

In the present study, the frequency of FS was
increased in lymphocyte cultures from patients
with folate-sensitivity, which was significant when
compared to the control group. It may be con-
sidered that the expression of c-fra could be an
indicator of chromosomal instability. Of the 8
common and 3 rare FSs found in our study, 2
were listed in HGMI11. 3p25 was neither in
HGM11, nor reported previously. This site might
be a novel folate-sensitive FS in BD. Of the FSs
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Table 1. Fragile Sites Frequency, Distribution, and Numbers of Patients and Controls with Expression of Fragilities

at Different Sites in Bipolar and Controls

Bipolar patients (n = 40)

Controls (n=34)

"R Qs ol Topdon ety To . Topltin KB o, 7 il

observed of FS of FS m observed of FS of FS )
1p36 Common 24 1.18 1.92 14 2 0.11 0.67 2 0.004
1g21 Common 29 142 2.32 15 4 0.23 1.34 4 0.016
1g32 Common 25 1.22 2.00 15 5 0.29 1.68 2 0.002
3pl4 Common 65 3.19 5.22 19 39 2.29 13.13 16 1.000*
3p25 Folate sensitive 32 1.57 2.57 14 3 0.17 1.01 3 0.011
5q31 Common 42 2.06 3.37 19 11 0.64 3.70 9 0.092*
7q22  Common 44 2.16 3.53 20 8 0.47 2.69 5 0.002
7932 Common 30 1.47 2.40 17 0.35 2.02 6 0.025
11q23 Rare 29 142 2.32 15 5 0.29 1.68 5 0.036
12q24 Rare 26 1.27 2.08 14 3 0.17 1.01 3 0.011
13g32 Common 33 1.62 2.65 16 2 0.11 0.67 2 0.001
14q24 Common 22 1.08 1.76 18 6 0.35 2.02 5 0.006
16q22 Rare 19 0.93 1.52 11 9 0.52 3.03 6 0.409*
Xp22 Common 22 1.08 1.76 14 2 0.11 0.67 2 0.004
Xq26 Rare 21 1.03 1.68 12 1 0.05 0.33 1 0.002
Total 1,245 297

FS, fragile site.

*When the number of patients were compared with the controls, there was no significant differences (p > 0.05)

found in 33 cases (82.5%) out of 40 cases, c-fra at
1p36, 1921, 1q32, 7q22, 7q32, 13923, 14g24 and
Xp22, and c-fra were expressed most frequently
(Table 1). These sites may be hot spots for BD.
Specifically, in our study, 7q22 expression was
observed the most frequently with an incidence of
52%, followed by 7q32 (46%) (Table 1). A recent
analysis has identified a locus on chromosome 7q
for the language, and for repetitive or stereotyped
behavior deficits.”” The results of two earlier genome
scans has provided evidence for the involvement
of 7q22 in schizophrenia."" These independent
results are consistent with the hypothesis related
to susceptibility to BD.

We found three FSs on chromosome 1 at band
1p36, 1921, and 1g32 that were significantly over-

expressed in BD compared with the incidence of
expression in controls (p =0.002 - 0.016). Previous
works have indicated a higher frequency of FSs at
1932 in the bipolar patients when compared to
controls.”'® Similarly, evidence suggesting linkage
to schizophrenia at the 121 - 22 and 1q32 - 41 loci
has also been provided independently by three
groups.®® It is interesting that the 1q21 site
contains the locus of the dopamine receptor (DS)
pseudogene 1.” The 1p36 site in our patients is a
new class of FS, which have previously been called
viral modification sites.”*

The 11q23 site was also significantly over-ex-
pressed in our patients compared to the normal
controls (p =0.036). Linkage has been reported
between bipolar disorder and chromosome 11.”%
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This rare FS was also observed in schizophrenic
patients in another study.” Published results of
linkage studies of bipolar disorder have focused
on chromosome 12q, where bipolar disorder was
initially found to associate with Darier's disease,”
and the results of two earlier genome scans has
provided evidence for the involvement of the
12q24 site for BD.*'® The 12924 and 13q32 expres-
sion have been observed most frequently in our
patients (Table 1). Similarly, the 13q32 site has
been also reported in bipolar patients.'*”

In our study, the X chromosome breaks and gaps
were clearly clustered at Xp22 and Xq26. Linkage
has been reported between bipolar disorder and
loci on the X chromosome.”””" Many of the genes
along the X chromosome are expressed in the brain.
The X chromosome includes the locus for other
X-linked mental retardation (XLMR) syndromes.
Mutations in any of these genes, which are essen-
tial for normal brain development and function,
are potential causes of these XLMRs. Several
linkage studies have provided evidence for a
susceptibility locus related to bipolar disorder on
chromosome Xq24 -26, Xq24-q27.1, Xq24-q28
and Xq26.3 - 28.**** The higher expression of FSs
along with the X chromosome mutations observed
in our patients can lead to a local block of several
genes in the regions around the FSs, leading to a
variety of behavior disturbance in individuals.

The other chromosomal FSs at 121, 1q36, 3p25,
7922, 732 and 14924 were observed most fre-
quently in bipolar patients in the present study.
These FSs were not observed in other studies and
may be new hot spots associated with BD.

In conclusion, it is still not clear whether an
association between FS and BD can provide impor-
tant knowledge in the search for the chromosomal
location of major genes. Our findings suggest that
these interesting regions may harbor important
genes for BD and lead to a variety of behavior
disturbance in individuals.

ACKNOWLEDGEMENTS

We would like to thank Dr. Niyazi Yurtseven,
president of the Psychiatrics and Neurological
Diseases Hospital, for his help.

Yonsei Med J Vol. 50, No. 1, 2009

REFERENCES

10.

11.

12.

13.

14.

15.

16.

. Chen CH, Shih HH, Wang-Wun S, Tai JJ, Wuu KD.

Chromosomal fragile sites expression in lymphocytes
from patients with schizophrenia. Hum Genet 1998;
103;702-6.

. Turecki G, Smith M, Mari JJ. Type I bipolar disorder

associated with fragile site on chromosome 1. Am ]
Med Genet 1995;60:179-82.

. Smyth C, Kalsi G, Brynjolfsson J, O’'Neill J, Curtis D,

Rifkin L, et al. Test of Xq26.3-28 linkage in bipolar and
unipolar affective disorder in families selected for
absence of male to male transmission. Br J Psychiatry
1997;171:578-81.

. Adams L], Mitchell PB, Fielder SL, Rosso A, Donald JA,

Schofield PR. A susceptibility locus for bipolar affective
disorder on chromosome 4q35. Am ] Hum Genet
1998;62:1084-91.

. Maier W, Rietschel M, Lichtermann D, Wildenauer DB.

Family and genetic studies on the relationship of
schizophrenia to affective disorders. Eur Arch Psychiatry
Clin Neurosci 1999;249 Suppl 4:57-61.

. Berrettini WH. Genetics of psychiatric disease. Annu

Rev Med 2000;51:465-79.

. Blackwood DH, Visscher PM, Muir WJ]. Genetic studies

of bipolar affective disorder in large families. Br ]
Psychiatry Suppl 2001;41:5134-6.

. Craddock N, Jones I. Molecular genetics of bipolar

disorder. Br J Psychiatry Suppl 2001;41:5128-33.

. American Psychiatric Association. Diagnostic and stati-

stical manual of mental disorder: DSM-IV. 4th ed.
Washington, DC: American Psychiatric Association;
1994.

Sasaki T, Billett E, Petronis A, Ying D, Parsons T,
Macciardi FM, et al. Psychosis and genes with trinu-
cleotide repeat polymorphism. Hum Genet 1996;97:
244-6.

Sutherland GR. Rare fragile sites. Cytogenet Genome
Res 2003;100:77-84.

ISCN (1985): An international system for human cyto-
genetic nomenclature: Birth defects. New York: The
National Foundation; 1985.

McAlpine PJ, Shows TB, Boucheix C, Huebner M,
Anderson WA. The 1991 catalog of mapped genes and
report of the nomenclature committee. Cytogenet Cell
Genet 1991;58:5-102.

Glover TW, Stein CK. Chromosome breakage and re-
combination at fragile sites. Am ] Hum Genet 1988;43:
265-73.

Pekkarinen P, Bredbacka PE, Terwilliger J, Hovatta I,
Lonnqvist ], Peltonen L. Evidence for a susceptibility
locus for manic-depressive disorder in Xq26 [Abstract].
Am ] Hum Genet 1994;53 Suppl:133.
Detera-Wadleigh SD, Badner JA, Berrettini WH,
Yoshikawa T, Goldin LR, Turner G, et al. A high-density
genome scan detects evidence for a bipolar-disorder
susceptibility locus on 13q32 and other potential loci on



17.

18.

19.

20.

21.

22.

23.

24.

Cytogenetic Findings of Bipolar Patients

1q32 and 18p11.2. Proc Natl Acad Sci U S A 1999;96:
5604-9.

Alarcon M, Cantor RM, Liu J, Gilliam TC, Geschwind
DH; Autism Genetic Research Exchange Consortium.
Evidence for a language quantitative trait locus on
chromosome 7q in multiplex autism families. Am ]
Hum Genet 2002;70:60-71.

Faraone SV, Matise T, Svrakic D, Pepple ], Malaspina
D, Suarez B, et al. Genome scan of European-American
schizophrenia pedigrees: results of the NIMH Genetics
Initiative and Millennium Consortium. Am ] Med
Genet 1998;81:290-5.

Ekelund ], Lichtermann D, Hovatta I, Ellonen P,
Suvisaari J, Terwilliger JD, et al. Genome-wide scan for
schizophrenia in the Finnish population: evidence for
a locus on chromosome 7q22. Hum Mol Genet 2000;9:
1049-57.

Gurling HM, Kalsi G, Brynjolfson ], Sigmundsson T,
Sherrington R, Mankoo BS, et al. Genomewide genetic
linkage analysis confirms the presence of susceptibility
loci for schizophrenia, on chromosomes 1q32.2, 5q33.2,
and 8p21-22 and provides support for linkage to schi-
zophrenia, on chromosomes 11q23.3-24 and 20q12.1-
11.23. Am ] Hum Genet 2001;68:661-73.

Brzustowicz LM, Hodgkinson KA, Chow EW, Honer
WG, Bassett AS. Location of a major susceptibility locus
for familial schizophrenia on chromosome 1q21-q22.
Science 2000;288:678-82.

Hovatta I, Varilo T, Suvisaari J, Terwilliger ]D,
Ollikainen V, Arajarvi R, et al. A genomewide screen
for schizophrenia genes in an isolated Finnish sub-
population, suggesting multiple susceptibility loci. Am
J Hum Genet 1999;65:1114-24.

Grandy DK, Allen L], Zhang Y, Magenis RE, Civelli O.
Chromosomal localization of the three human D5
dopamine receptor genes. Genomics 1992;13:968-73.
Yu A, Bailey AD, Weiner AM. Metaphase fragility of

25.

26.

27.

28.

29.

30.

31.

32.

141

the human RNU1 and RNU?2 loci is induced by actino-
mycin D through a p53-dependent pathway. Hum Mol
Genet 1998;7:609-17.

Detera-Wadleigh SD, Berrettini WH, Goldin LR,
Boorman D, Anderson S, Gershon ES. Close linkage of
c-Harvey-ras-1 and the insulin gene to affective dis-
order is ruled out in three North American pedigrees.
Nature 1987;325:806-8.

Kelsoe JR, Ginns El, Egeland JA, Gerhard DS, Goldstein
AM, Bale S, et al. Re-evaluation of the linkage relation-
ship between chromosome 11p loci and the gene for
bipolar affective disorder in the Old Order Amish.
Nature 1989;342:238-43.

Pauls DL, Gerhard DS, Lacy LG, Hostetter AM, Allen
CR, Bland SD, et al. Linkage of bipolar affective dis-
orders to markers on chromosome 11p is excluded in
a second lateral extension of Amish pedigree 110.
Genomics 1991;11:730-6.

Craddock N, Owen M, Burge S, Kurian B, Thomas P,
McGuffin P. Familial cosegregation of major affective
disorder and Darier’s disease (keratosis follicularis). Br
J Psychiatry 1994;164:355-8.

Baron M. Manic-depression genes and the new millen-
nium: poised for discovery. Mol Psychiatry 2002;7:342-
58.

Baron M, Risch N, Hamburger R, Mandel B, Kushner
S, Newman M, et al. Genetic linkage between X chro-
mosome markers and bipolar affective illness. Nature
1987;326:289-92.

Baron M, Freimer NF, Risch N, Lerer B, Alexander JR,
Straub RE, et al. Diminished support for linkage between
manic depressive illness and X-chromosome markers in
three Israeli pedigrees. Nat Genet 1993;3:49-55.
Pekkarinen P, Terwilliger J, Bredbacka PE, Lonngvist J,
Peltonen L. Evidence of a predisposing locus to bipolar
disorder on Xq24-q27.1 in an extended Finnish Pedi-
gree. Genome Res 1995;5:105-15.

Yonsei Med J Vol. 50, No. 1, 2009





