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Investigating the potential genetic association between
RANBPY polymorphisms and the risk of schizophrenia
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Abstract. Schizophrenia is a serious mental disorder that is
affected by genetic and environmental factors. As the disease
has a high heritability rate, genetic studies identifying candidate
genes for schizophrenia have been conducted in various popula-
tions. The gene for human Ran-binding protein 9 (RANBP9)
is a newly discovered candidate gene for schizophrenia. As
RANBP9 is a small guanosine-5'-triphosphate-binding protein
that interacts with the disrupted in schizophrenia 1 protein, it
is considered to be an important molecule in the pathogenesis
of schizophrenia. However, to date, no study has examined the
possible association between the genetic variations of RANBP9
and the risk of schizophrenia. In the present study, it was
hypothesized that RANBP9 variations may influence the risk
of schizophrenia. In order to investigate the association between
RANBPY polymorphisms and the risk of schizophrenia
and smooth pursuit eye movement (SPEM) abnormalities,
a case-control association analysis was performed. Using a
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TagMan assay, five single-nucleotide polymorphisms and an
insertion/deletion variation within the start codon region of
RANBP9 were genotyped. Five major haplotypes were identi-
fied in 449 patients with schizophrenia and 393 unrelated healthy
individuals as controls (total, n=842). However, the association
analyses revealed no associations between all genetic variants
and schizophrenia and SPEM abnormality. To the best of our
knowledge, this is the first study to investigate an association
between RANBP9 polymorphisms and schizophrenia and
SPEM abnormality. The findings of allele frequencies and asso-
ciation results in this study may aid in further genetic etiological
studies in schizophrenia in various populations.

Introduction

Schizophrenia is a severe cognitive disorder that is characterized
by psychosis, disorganized speech and behavioral symptoms.
The observed lifetime prevalence estimates and morbidity
rate of this condition in the general population is 4.0 in 1,000
and 7.2 in 1,000 people, respectively (1,2). In the etiology of
schizophrenia, the disease development is attributable to a
combination of environmental and genetic risk factors. Previous
molecular genetic studies have identified abnormalities in the
structure of oligodendrocytes and myelin in schizophrenic
brains (3-8), factors that may contribute to the disorganized
behavioral symptoms in schizophrenia patients (9). Despite the
well-defined factors involved in disease development, the exact
molecular mechanisms of schizophrenia remain unclear and
require further investigation.

Proteins involved in the dopamine or glutamate signaling
pathways, which regulate nerve growth and development, have
been hypothesized to be candidate molecules for indicating
the risk of schizophrenia. The human Ran-binding protein 9
(RANBP9; NM_005493.2) is a member of the Ran-binding
family of proteins and interacts with multiple receptors, acting
as a scaffold protein for signal transduction processes (10). To
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Table I. Assay IDs of human Ran-binding protein 9 variations.
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Loci Probe sequence or Assay-by-design ID” Method
rs24023 C__11661329_10 TagMan assay
1s442458 C___580920_10 TagMan assay
rs6940759 Forward ACCAATGCAGCACAATGATAGGTTA TagMan assay by design
Reverse CAGTAGCAGTAGCAAAGGAGAAGTA
VIC® CTTATTCTGTGACTTTAAAG
FAM CTTATTCTGTGATTTTAAAG
rs204226 C___7615918_20 TagMan assay
rs16724 Forward GCTATTCCCTCCACCTTTCCTT TagMan assay by design
Reverse TTGAGGAAGTAAAGCTTGAGCTAAGATTT
VIC® CCTGAGTAGGTAGGTCCTA
FAM TAGCCTGAGTAGGTCCTA
rs11759518 C___2974708_10 TagMan assay

*TagMan assay IDs from Applied Biosystems, Foster City, CA, USA. FAM, 6-carboxyfluorescein.

date, although the function of RANBP9 is poorly understood,
it is considered to be an important regulator of neurite growth
through interactions with neural cell adhesion molecules,
including L1 (10). It has been suggested that RANBPY, as a
ligand for Rho-GEF, may be involved in regulating dendritic
spine and branch morphology (11). In addition, RANBP9 has
been demonstrated to interact with several important proteins
associated with schizophrenia, such as disrupted in schizo-
phrenia 1 (DISC1) and the dopamine DI receptor in brain
tissue (12,13). DISC1 is hypothesized to be associated with
major mental illnesses, including schizophrenia, autism and
bipolar disorder, and is involved in the regulation of neuronal
axon and dendrite outgrowth (14,15). The aberrant dopamine
D1 receptor is linked to various neuropsychiatric disorders
such as substance abuse, schizophrenia and Parkinson's
disease (16). Despite insufficient knowledge with regard to the
association between RANBP9 and schizophrenia, RANBP9
is predicted to be involved in the pathogenesis of the disease.

In the present study, a case-control association analysis was
conducted between genetic variations in RANBPO and the risk
of schizophrenia and smooth pursuit eye movement (SPEM)
abnormalities in a Korean population.

Materials and methods

Subjects. Trained psychiatrists diagnosed schizophrenia based
on the criteria set forth by the Diagnostic and Statistical Manual
of Mental Disorders, fourth edition (17). Patients with additional,
complicating diagnoses of mental retardation, organic brain
damage, drug or alcohol abuse, neurological disorders, autoim-
mune disorders or low comprehension skills were excluded
from the study. Schizophrenia patients (n=449) were recruited
over 10 years from Jinju Mental Hospital (Jinju, Korea),
Soonyoung Hospital (Sacheon, Korea), Hadong Wooridle
Hospital (Gyeongsang NamDo,Korea),Seoul National University
Hospital (Seoul, Korea) and Keyo Hospital (Kyunggi-Do,
Korea). Unrelated healthy controls (n=393) were recruited from
Hangang Sacred Heart Hospital and the Center for Health

Promotion at Seoul National University Hospital. Peripheral
blood leukocytes from 842 samples were collected in tubes
containing sodium EDTA and genomic DNA was subsequently
obtained using the QIAamp blood extraction kit (Qiagen,
Valencia, CA, USA). The study protocols were approved by
the institutional review boards of each hospital (Jinju Mental
Hospital, Soonyoung Hospital, Hadong Wooridle Hospital,
Seoul National University Hospital and Keyo Hospital) and the
experiments were conducted with the understanding and written
informed consent from each patient.

Measurement of SPEM. In total, 125 schizophrenia patients,
who were able to understand the experimental procedure
underwent an eye-tracking task as described previously (18).
The electrooculographic recordings of the eye movements
were used to quantify SPEM abnormality and calculate the
natural logarithmic values of the signal/noise (Ln S/N) ratio.

Genetic variation selection and genotyping in the RANBP9
gene. In total, five single nucleotide polymorphisms (rs24023,
rs442458, rs6940759, rs204226 and rs11759518) and an inser-
tion/deletion (rs16724) variation in RANBP9 were selected
from the International HapMap Database (http://hapmap.ncbi.
nlm.nih.gov/). Commercially available predesigned TagMan
probes and designed primers (Applied Biosystems, Foster City,
CA, USA) were used in genotyping (Table I). All polymor-
phisms satisfied the following criteria: (i) A minimum call rate
of 95% and (ii) Hardy-Weinberg equilibrium (HWE) of P>0.05.
Haplotypes were inferred from the genotyped polymorphisms
using the PHASE algorithm, version. 2.0 (19) and those with a
frequency of >0.05 were included in the association analysis.

Statistical analysis. Lewontin's D' (ID'l) and linkage disequi-
librium (LD) coefficient r* between all pairs of biallelic loci
using the Haploview algorithm were examined (20). The odds
ratio (95% confidence interval) and corresponding P-values
were calculated using a logistic model, controlling for
age (continuous value) as a covariate. P<0.05 was considered to
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Table II. Summary of clinical profiles.
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Parameters Schizophrenia patients Healthy controls

Subjects, n 449 393

Average age, years (range) 44 .92 (23-76) 54.62 (28-80)

Gender, n (male/female) 250/199 222/171
Poor (<3.97) Good (=3.97)

Subjects, n 58 67

Average age, years 46.0+9.18 442 +927

Ln S/N ratio” 323+£0.65 432+0.30

“Significant difference between poor and good smooth pursuit eye movement groups (P<0.001). Data are presented as the mean + standard error

of the mean. Ln S/N, natural logarithmic values of the signal/noise.

Table III. Association analysis of RANBPY variations with schizophrenia in a Korean population.

MAF
Schizophrenia Control OR (95% CI) P-value Statistical
Loci (n=449) (n=393) power*
rs24023 0.389 0.394 1.01 (0.81-1.26) 0.94 95.04
rs442458 0.219 0217 1.08 (0.83-1.41) 0.56 87.56
16940759 0.179 0.18 0.98 (0.74-1.30) 0.89 83.04
rs204226 0.422 0.388 1.14 (0.91-1.42) 0.25 94.97
rs16724 0.174 0.177 0.96 (0.72-1.27) 0.76 82.58
rs11759518 0.089 0.087 1.04 (0.71-1.53) 0.84 58.15
htl 0417 0.377 1.16 (0.93-1.45) 0.19 94 .81
ht2 0.213 0.213 1.06 (0.81-1.38) 0.68 87.16
ht3 0.177 0.213 0.77 (0.58-1.03) 0.08 87.16
ht4 0.084 0.083 1.04 (0.70-1.55) 0.86 56.40
ht5 0.073 0.081 0.89 (0.59-1.34) 0.57 55.50

“Statistical power was calculated using the Power for Genetic Association Analyses software. OR, odds ratio; CI, confidence interval; MAF,

minor allele frequency.

indicated a statistically significant difference between values.
The Ln S/N ratio was calculated from analysis of the power
spectrum curves and the results were used in logistic analysis
of SPEM abnormality, controlling for age as a covariate.
Values are presented as the mean + standard deviation.

Results

Characteristics of study subjects. To elucidate whether there
is a genetic association between RANBP9 polymorphisms
and schizophrenia, a case-control association analysis with
449 schizophrenia patients and 393 healthy subjects was
conducted. Table II provides a summary of the clinical profiles
in this study. Although the mean age of the control subjects was
slightly higher than that of the experimental group, the range of
ages was similar in the two groups (Table II). The percentage of
males in both groups was also similar (males in case vs. control

groups, 55.7% vs. 56.5% respectively). Among the case subjects,
125 schizophrenia patients were measured for Ln S/N ratios of
SPEM abnormality using an eye-tracking task. The patients were
categorized into ‘good’ and ‘poor’ performers, according to their
SPEM function, based on whether their Ln S/N ratio was above
or below 3.97. The Ln S/N ratios (mean =+ standard deviation) of
the good and poor SPEM function groups were 4.32+0.30 and
3.23+0.65, respectively. A significant difference between good
and poor groups (P<0.001) was observed (Table IT). Association
analysis of SPEM function abnormality in normal controls was
not performed due to the low incidence of SPEM impairment in
healthy subjects (<10%) and association analysis could not retain
adequate statistical power due to the low number of samples.

Genotyping of RANBP9 polymorphisms. All RANBP9
polymorphisms were successfully genotyped in a total
of 842 subjects; two variations were localized in the
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Table IV. Association analysis of RAN binding protein 9 variations with smooth pursuit eye movement abnormality.

MAF
Poor Good
Loci (<3.97,n=58) (=3.97,n=67) OR (95% CI) P-value
rs24023 0.439 0.368 1.28 (0.78-2.10) 0.33
rs442458 0.239 0.193 1.14 (0.62-2.08) 0.67
rs6940759 0.206 0.202 1.15 (0.65-2.04) 0.62
rs204226 0.425 0421 0.99 (0.61-1.61) 0.98
rs16724 0.206 0.202 1.15 (0.65-2.04) 0.62
rs11759518 0.108 0.088 1.46 (0.60-3.54) 041
htl 0.396 0421 0.90 (0.56-1.46) 0.67
ht2 0.209 0.193 0.98 (0.52-1.84) 0.95
ht3 0.157 0.184 0.85 (0.44-1.62) 0.62
ht4 0.104 0.088 1.45 (0.59-3.54) 041
ht5 0.075 0.088 091 (0.34-2.41) 0.84

OR, odds ratio; CI, confidence interval; MAF, minor allele frequency.
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Figure 1: Schematic physical map, haplotypes and LD plot of RANBPY. (A) Physical map of RANBP9. Black boxes indicate an exon region and the white box
indicates an UTR. (B) Haplotypes of six RANBP9 polymorphisms. Only the five haplotypes with a frequency of >0.05 were used for further analysis. (C) LD
plot of six RANBP9 polymorphisms. UTR, untranslated region; LD, linkage disequilibrium; RANBP9, Ran-binding protein 9.

promoter (rs24023 and rs442458) and the other four variants
in the intron (rs6940759, rs204226, rs16724 and rs11759518) of
the gene (Fig. 1A). No significant deviations from HWE were
observed in any of the polymorphisms (P>0.05). Based on the
results of a pair-wise comparison of the variations, a total of
13 haplotypes were inferred (Fig. 1B). Of these, five common
haplotypes with frequencies >0.05 were identified.

Association analysis of RANBP9 polymorphisms with
schizophrenia and SPEM abnormality. Allele frequencies of
six polymorphisms were compared between schizophrenia

patients and healthy controls using logistic analysis, control-
ling for age as a covariate. However, no associations between
RANBPY variations and schizophrenia were identi-
fied (Table IIT). In the analysis of SPEM abnormality, no
significant association was revealed following the logistic anal-
ysis of RANBPO polymorphisms and haplotypes (Table IV).

Discussion

RANBP?9, also known as RanBPM, was first reported in 2002
as a protein that interacts with the MET proto-oncogene (21). In
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previous studies, RANBP9 was revealed to interact with other
important molecules such as amyloid precursor protein (APP)
and protein kinase C (PKC) 8 and vy (16,22). The two kinases
have been reported to be associated with mental disorders.
Missense mutations in APP have been shown to be associ-
ated with cerebral hemorrhage, multi-infarct dementia and
Alzheimer's disease, but not directly with schizophrenia (23).
However, a recent study has reported the defective metabolism
of APP in older schizophrenia patients (age, >70), suggesting
that APP may be involved in schizophrenia etiology (24). PKC
is known to phosphorylate the dopamine D1 receptor and
negatively regulate dopaminergic signaling (12). A defect in
dopamine signaling has been associated with cognitive disor-
ders such as alcohol abuse and schizophrenia and dopamine
D1 receptor antagonist SKF-38393 treatment was revealed to
improve the cognitive function in animal models with cogni-
tive deficits similar to schizophrenia (25).

Despite the potentially critical role of RANBP9 in mental
disorders as previously demonstrated, relatively few studies
have been conducted investigating this gene. In a previous study,
RANBP9 was observed to be highly expressed in the neurons
of the cerebral cortex and the cerebral Purkinje cells in a similar
pattern to fragile X mental retardation protein (FMRP) (26).
FMRP is known to cause fragile X syndrome, a common
form of hereditary mental retardation. The authors reported
that RANBP9 was closely associated with the disorder, and
was found to modulate the RNA binding properties of FMRP.
In another study, researchers revealed that the concentration
of RANBP9-N60, a processed form of RANBP9 almost
identical to the RANBP9-Deltal/N60 mutant, was increased
in the brain cells of Alzheimer's patients (22). In the study,
the authors demonstrated that RANBP9-N60 increased the
amyloid [ generation rate by more than five-fold and therefore
drove the amyloid cascade in Alzheimer's disease. The authors
hypothesized that the proteolytic processing of RANBP9 may
be an ideal therapeutic target.

Although several reports have suggested a possible
association between RANBP9 and schizophrenia, the results
presented in the current study demonstrated that the genetic
variants of RANBPY were not associated with schizophrenia
and SPEM abnormality in a Korean population. However,
the present study is the first to conduct association analyses
between RANBP9 polymorphisms and schizophrenia. To
the best of our knowledge, although, an association study of
RANBPO variants with cognitive disorders such as schizo-
phrenia has not been previously conducted, genetic variants of
RANBPI were recently investigated by our group for possible
associations with schizophrenia and SPEM abnormality in
a Korean population (27). In the study, two polymorphisms
of RANBPI, rs2238798 and rs175162, were genotyped
for association analysis. The results indicated that, while
the two variations did not exhibit any association with
schizophrenia, the haplotype rs2238978G-rs175162T was
significantly associated with the risk of SPEM abnormality.
According to these results, although RANBP1 and RANBP9
have a similar role, their effects on SPEM abnormality vary.
While the exact functions of the proteins are not fully under-
stood, the most prominent difference between the two is that
RANBPI binds specifically with guanosine-5'-triphosphate
(GTP)-charged RAN and increases GTP hydrolysis (28).
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This difference may account for the association between
RANBPI and SPEM abnormality, however further studies
would be required to confirm this hypothesis.

To the best of our knowledge, while the present study is
the first to investigate the possible association of RANBP9
variants with schizophrenia and SPEM abnormality, certain
limitations are apparent. Due to the rarity of the disease, the
number of patients in the study may not have been large enough
to generate adequate statistical power. Moreover, the number
of schizophrenia patients who were able to test for SPEM was
also small. Despite this, the method used to measure SPEM
function is used worldwide and is adequate for a genetic asso-
ciation analysis. However, a larger number patient population
may be required to confirm the results of the present study.
Furthermore, a functional study comparing and contrasting the
roles of RANBPI and RANBPY9 may be crucial for deducing
the causal variation in SPEM abnormality.

In conclusion, association analyses between RANBP9
variants and the risk of schizophrenia were conducted,
however no significant association was identified. Logistic
analyses were also conducted to search for a possible asso-
ciation between RANBPY variants and SPEM abnormality.
However, no significant difference was identified. As
RANBPO was only recently discovered, the exact mechanism
and function of the protein is not fully understood. Therefore,
despite the lack of positive results, the present study may
provide a meaningful insight into the role of RANBPO.
Further studies comparing a larger number of samples may
be beneficial to confirm the results of the present study, as
well as elucidate the precise differences between RANBP1
and RANBPY, which may be critical in determining the
exact cause of SPEM abnormality.
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