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Background/aim: Dopamine supersensitivity psychosis (DSP), clinically characterized by
unstable and severe psychosis or tardive dyskinesia and often categorized as treatment-resistant
schizophrenia, is promoted by long-term antipsychotic treatment. An upregulation of the dop-
amine D, receptor caused by antipsychotic(s) is involved in the development of DSP. The present
study explored the potential roles of G protein-coupled receptor kinase 6 (GRK6) and 3-arrestin
2 (ARRB2) that are involved in the trafficking of DRD?2 in patients with DSP.

Methods: We conducted a genetic association study of GRK6/ARRB2 between the patients with
DSP episodes [DSP(+) group: N=108] and the patients without DSP(-) episodes [DSP(-) group:
N=169] from the total group of patients (N=333). Based on the patients’ treatment history, a DSP
episode was defined as withdrawal psychosis, developed tolerance to antipsychotic effect, and
tardive dyskinesia (the remaining 56 patients were excluded due to insufficient information).
Results: The results revealed that none of the allelic or genotyping distributions of five single
nucleotide polymorphisms (SNPs) of GRK6 and three SNPs of ARRB2 showed any significant
difference between the DSP(+) and DSP(-) groups.

Conclusion: The results suggest that the SNP analyses of these two molecules fail to classify
patients into the potential clinical subtype of DSP(+) or DSP(-) group. However, since GRK6 and
ARRB2 are surely involved in dopamine D2 receptor metabolism, further studies based on pro-
spective observations of the onset of DSP under specific antipsychotic treatments are needed.
Keywords: antipsychotic, dopamine D2 receptor, tardive dyskinesia, treatment-resistant

Introduction
Schizophrenia, a severe and chronic mental illness that occurs in approximately
1% of the human population, profoundly reduces the quality of life of the affected
individuals. Despite the extensive basic and clinical research concerning schizophrenia
over the past three decades, the disease pathogenesis remains incompletely under-
stood. In clinical practice, most of the available antipsychotic agents are effective
in treating schizophrenia, particularly for positive symptoms, which targets mainly
the dopamine D, receptor (DRD2), although clozapine is the exceptional agent.'
However, some patients with schizophrenia respond less or not at all to these agents
regardless of the appropriate pharmacotherapy; this is known as treatment-resistant
schizophrenia (TRS).?3

Drug-induced dopamine supersensitivity psychosis (DSP) has been speculated to
be involved in the process of the development of TRS. DSP is characterized by an
acute exacerbation of symptoms upon the discontinuation of antipsychotics or even
after minor stress (withdrawal psychosis), and by tardive dyskinesia (TD), a typical
neurological sign of DSP.**> A development of tolerance to antipsychotic therapeutic
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effects, such that even high doses of antipsychotics no longer
control symptoms, is also included in the concept of DSP.
It was estimated that approximately 50% of the cases of
TRS are due to DSP, based on clinical trials showing rela-
tively high occurrence rates of TD in patients with TRS.¢
A number of basic research and neuroimaging studies have
demonstrated that a prolonged blockade of DRD2 by antip-
sychotics leads to a compensatory increase in DRD2 densi-
ties, and this phenomenon is presumed to be closely related
to the development of dopamine supersensitivity.”'' We
recently reported that patients experiencing DSP episode(s)
are a relatively typical subgroup in TRS and that they might
differ in symptomatology and clinical course from patients
who have never experienced such episodes.'? The elucidation
of the biological mechanism underlying the upregulation of
DRD2 caused by antipsychotics could thus contribute to an
effective treatment strategy for patients with drug-induced
DSP and TRS.

DRD?2 desensitization is regulated by G protein-coupled
receptor kinase 6 (GRK6) and beta-arrestin 2 (ARRB2).
Following the activation of DRD2 by dopamine, GRK6
phosphorylates the receptor, and then ARRB2 binds to the
phosphorylated receptors and prevents further G-protein
activation. After this process, DRD2 is internalized from the
cell membrane. Finally, the internalized receptors recycle
back to the cell surface or degrade.'® Therefore, GRK6 and
ARRB?2 have a potential impact on the DRD2 upregulation
by antipsychotics, and it is suspected that patients who tend
to achieve DRD2 upregulation by antipsychotics are more
likely to experience DSP episodes (including withdrawal
psychosis and TD) compared with patients who do not. These
two molecules have already been reported to be potentially
related to schizophrenia,'*!'¢ but in relation to DSP, the
potential involvement of ARRB2 in TD is reported in only
one study by Liou et al.”® Here, we conducted a genetic asso-
ciation study to investigate the involvement of GRK6 and
ARRB?2 in the occurrence of DSP episode(s) in patients with
schizophrenia. To that end, the present study compared the
single nucleotide polymorphism (SNP) distribution of these

Table | Sex distribution and age data of the SZ cases and controls

molecules between the patients with DSP episodes and those
without such episodes.

Materials and methods
Subjects

This is a case-control study, and all of the study participants
were Japanese. As shown in Table 1, the subjects included
333 patients with schizophrenia: 164 males and 169 females,
age 46.0+14.7 years (mean * standard deviation: male
45.2414.4 years old, female 46.8+15.1 years old, P>0.05),
age range 20-81 years, who met the DSM-IV-TR'" criteria
for schizophrenia (SZ) and who were outpatients or inpatients
at Chiba University Hospital or affiliated hospitals. There
were 330 healthy controls; they were medical staff in our
hospital and were recruited for several previous research
projects by us: 193 males and 137 females, age 37.3t£15.7
years, age range 2085 years. The lack of a personal or family
history of psychotic disorders in the controls was confirmed
through careful interviews by experienced psychiatrists for
each participant. There were significant differences in age
and sex between the SZ and control groups.

This study was performed after approval was obtained
from the Ethics Committee of the Chiba University Graduate
School of Medicine, and was conducted in accord with the
Helsinki Declaration. All subjects provided written informed
consent for the use of their DNA samples as part of this
study.

Assessment of dopamine supersensitivity
psychosis

We classified the patients with schizophrenia into two
groups: the patients with [DSP(+) group: N=108, 32.4%: age
45.3+14.2 years: age range 2077 years] and without DSP
episode(s) [DSP(—) group: N=169, 50.8%: age 44.8+14.4
years: age range 20—81 years], based on our investigation
of their complete medical records. For the other 56 patients
(16.8%), it was not possible to accurately categorize them
due to a lack of sufficient medical information. We thereby
evaluated the presence or absence of past DSP episodes for

Controls SZ cases Statistical value  SZ cases?® Statistical value
(N:330) (N:333) (controls Vs SZ) DSP(+) group DSP(—) group [DSP(+) Vs
(N=108) (N=169) DSP(-) group]
Sex (male/female) 193/137 164/169 x=5.879, P=0.016  50/58 86/83 *=0.556, P=0.463

Age (years)® [range]  37.3+15.7 [20-85]  46.0+14.7 [20-81]

t=—7.434, P<<0.001

45.3%£14.2 [20-77] 44.8+14.4 [20-81] t=0.296, P=0.768

Notes: *Within the entire group of SZ cases (N=333), 56 cases were excluded from both SZ subgroups due to lack of sufficient clinical information. *The age data are

mean * standard deviation.
Abbreviations: DSP, dopamine supersensitivity psychosis; SZ, schizophrenia.
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every patient according to the following criteria that were
developed by our group, but were slightly modified from the
original criteria proposed by Chouinard.!® In particular, we
ignored the condition of “the last 5 years” and judged the fol-
lowing three items throughout each patient’s entire treatment
history. These items cover the basic concept or criteria of DSP
proposed by other researchers:**'* 1) Withdrawal psychosis:
an acute relapse or exacerbation of psychosis appeared after
a dose reduction or discontinuation of antipsychotics within
6 weeks for oral medication, and 3 months for long-acting
intramuscular injection; or 2) the development of tolerance
to antipsychotic effects: an acute relapse or exacerbation of
psychosis that occurred independently of a dose reduction
or discontinuation of antipsychotic therapy and that could
not be successfully controlled by a 20% increased titration of
the drug, or psychotic symptoms that were new to the patient
or of greater severity, which occurred immediately after a
decrease in drug dosage; or 3) TD: based on the information
available from the medical records, if at least one of these
three criteria was met, the patient was classified as a member
of the DSP(+) group, and if not, the patient was classified
as a member of the DSP(—) group. Since DSP is generally
considered to be a secondary state that could be relevant to
pharmacotherapy for some duration, we excluded patients
who were in their first acute episode of psychosis or who
had never shown relief from psychotic symptoms regard-
less of the duration of appropriate pharmacotherapy. We
also excluded patients with comorbidities such as substance
abuse/dependence, and patients who were clearly observed
to refuse treatment and take medication. In addition, DSP
could develop with antipsychotic treatment for some dura-
tion, but not a very long-term duration,'® and thus, the present
study included patients who had undergone at least 1 year of
pharmacotherapy. All of the decisions regarding the place-
ment of patients into the DSP(+) or DSP(—) group were made
by two of the authors (Yasunori Oda and Nobuhisa Kanahara),
based on clinical observations for at least 2 years after the
blood-drawing procedure. If their assessment of a patient
differed, the two raters discussed the case in depth to reach
a consensus for the placement.

Single nucleotide polymorphisms and
genotyping

We selected five SNPs (rs883576, rs867755, rs2287694,
rs1130857,1s335435) of GRK6 and three SNPs (rs2271167,
rs1045280, rs3786047) of ARRB2. All of these SNPs were
chosen on the basis of a minor allele frequency (=0.05) in
reference to the database for the Japanese population (the

Japanese Single Nucleotide Polymorphisms [JSNP] database,
at http://snp.ims.u-tokyo.ac.jp/).

Blood samples were obtained from all participants.
The DNA was isolated from whole blood using a QIAamp
DNA Blood Mini kit (250) (Qiagen, Valencia, CA, USA).
Genotyping was performed with a TagMan assay (Applied
Biosystems, Foster City, CA, USA) and the ABI PRISM 7000
Sequence Detection System (Applied Biosystems, Foster
City, CA, USA) in accord with the manufacturer’s protocols.
A polymerase chain reaction was performed under the follow-
ing conditions: 1 cycle at 95°C for 10 minutes, followed by
40 cycles at 92°C for 15 seconds, and at 58°C (rs335435), or
60°C (rs883576,1s867755,152287694, 151130857, 152271167,
rs1045280, and rs3786047) for 60 seconds.

Statistical analysis

Deviation from the Hardy—Weinberg equilibrium was tested
using the Pearson chi-square test, and the differences between
groups [ie, SZ patients vs controls and DSP(+) group vs DSP(-)
group] in terms of their genotype and allele frequencies were
tested using the Pearson chi-square tests for independence (3x2
table for genotype and 2x2 table for allele frequency, respec-
tively). These analytic procedures were conducted with SPSS
Version 21.0 for Windows (Chicago, IL, USA). The statistical
significance threshold was set at P<<0.05 (two-tailed).

Results

The genotype distributions of seven of the eight SNPs examined
in the control subjects and patients with schizophrenia were
in the Hardy—Weinberg equilibrium, but the SNP rs335435 of
GRK6 was not. The analyses revealed no significant differences
in allelic or genotyping distributions between the patients and
the controls for all SNPs examined in this study (Table 2).
These results did not change in the separate analyses of the
male and female subject groups. In addition, in our within-
cases comparison between the DSP(+) and DSP(—) groups,
no significant difference in allelic or genotyping distributions
was observed in any SNPs of either GRK6 or ARRB2. Although
only the genotyping distribution of rs335435 of GRK6 indicated
a tendency to differ between the DSP(+) and DSP(—) groups
(P=0.045), this P-value did not survive as a significant differ-
ence after Bonferroni correction (Table 3).

Discussion

Our results revealed that neither the allelic nor the genotyp-
ing distributions of all eight SNPs of GRK6 and ARRB2
showed a significant difference between the patients with
schizophrenia and the controls. Our further analyses based
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Table 2 Genotype and allele distributions of GRK6/ARRB2 in the SZ cases and controls

SNP Subjects Genotype (%) X-value  P-value Allele (%) 2>-value  P-value
GRKé6
TT TC CC T C
rs883576 Controls (N=330) I (3) 79 (24) 240 (73) 0.534 0.77 101 (15) 559 (85) 0.284 0.59
SZ (N=333) 8(2) 79 (24) 246 (74) 95 (14) 571 (86)
TT TC CC T C
rs867755 Controls (N=330) 13 (4) 72 (22) 245 (74) 1.317 0.52 98 (15) 562 (85) 0.289 0.59
SZ (N=333) 8(2) 76 (23) 249 (75) 92 (14) 574 (86)
GG GA AA G A
rs2287694 Controls (N=330) 62 (19) 169 (51) 99 (30) 1.717 0.42 293 (44) 367 (56) 0.709 0.40
SZ (N=333) 76 (23) 159 (48) 98 (29) 311 (47) 355 (53)
cc CG GG C G
rs| 130857 Controls (N=330) 0 (0) 93 (28) 237 (72) 0.060 0.8l1 93 (14) 567 (86) 0.051 0.82
SZ (N=333) 0(0) 91 (27) 242 (73) 91 (14) 575 (86)
GG GA AA G A
rs335435 Controls (N=330) I (3) 190 (58) 129 (39) 3.203 0.20 212 (32) 448 (68) 1.776 0.18
SZ (N=333) 12 (4) 213 (64) 108 (32) 237 (36) 429 (64)
ARRB2
AA AG GG A G
rs2271167 Controls (N=330) 3 () 61 (18) 266 (81) 3.118 0.21 67 (10) 593 (90) 0.180 0.67
SZ (N=333) 7(2) 49 (15) 277 (83) 63 (9) 603 (91)
CcC CT TT T C
rs1045280 Controls (N=330) 4 () 74 (22) 252 (77) 4.256 0.12 82 (12) 578 (88) 0.053 0.82
SZ (N=333) 10 (3) 60 (18) 263 (79) 80 (12) 586 (88)
AA AG GG A G
rs3786047 Controls (N=330) 3 () 73 (22) 254 (77) 4.768 0.09 79 (12) 581 (88) 0.162 0.69
SZ (N=333) 9(3) 57 (17) 267 (80) 75 (1) 591 (89)
Abbreviations: SNP, single nucleotide polymorphism; SZ, schizophrenia.
Table 3 Genotype and allele distributions of GRK6/ARRB2 in DSP(+) and DSP(-) groups
SNP Subjects Genotype (%) X-value  P-value  Allele (%) 2>-value  P-value
GRKé6
TT TC CC T C
rs883576 DSP (N=108) 3(3) 27 (25) 78 (72) 0.068 0.967 33 (15) 183 (85) 0.024 0.903
Non-DSP (N=169) 5 (3) 40 (24) 124 (73) 50 (15) 288 (85)
TT TC CC T C
rs867755 DSP (N=108) 3(3) 26 (24) 79 (73) 0.041 0.980 32 (15) 184 (85) 0.011 1.000
Non-DSP (N=169) 5 (3) 39 (23) 125 (74) 49 (15) 289 (85)
GG GA AA G A
rs2287694 DSP (N=108) 26 (24) 48 (44) 34 (32) 0.587 0.746 100 (46) 116 (54) 0.029 0.930
Non-DSP (N=169) 38 (23) 83 (49) 48 (28) 159 (47) 179 (53)
cC CG GG C G
rs| 130857 DSP (N=108) 0(0) 31 (29) 77 (71) 0.003 0.959 31(14) 185 (86) 0.013 1.000
Non-DSP (N=169) 0 (0) 49 (29) 120 (71) 49 (15) 289 (85)
GG GA AA G A
rs335435 DSP (N=108) 7 (6) 61 (56) 40 (38) 6.183 0.045 75 (35) 141 (65) 0.672 0.418
Non-DSP (N=169) 5 (3) 119 (70) 45 (27) 129 (38) 209 (62)
ARRB2
AA AG GG A G
rs2271167 DSP (N=108) 4 (4) 16 (15) 88 (81) 0.999 0.607 24 (1) 192 (89) 0.392 0.565
Non-DSP (N=169) 3 (2) 26 (15) 140 (83) 32(9) 306 (91)
CC CT TT T C
rs1045280 DSP (N=108) 4 (4) 20 (19) 84 (77) 0.121 0.941 28 (13) 188 (87) 0.084 0.793
Non-DSP (N=169) 5 (3) 31 (18) 133 (79) 41 (12) 297 (88)
AA AG GG A G
rs3786047 DSP (N=108) 4 (4) 19 (18) 85 (78) 0.431 0.806 27 (13) 189 (87) 0.16 0.788
Non-DSP (N=169) 4 (2) 31 (19) 134 (79) 39 (12) 299 (88)

Abbreviations: DSP, dopamine supersensitivity psychosis; SNP, single nucleotide polymorphism; SZ, schizophrenia.
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on the classification of the clinical phenotype, ie, DSP(+) or
DSP(-), also showed no significant difference in the allelic or
genotyping distributions of these genes between the groups.
We had hypothesized that the GRK6 and/or ARRB?2 gene were
involved in the development of DSP, which could affect the
symptoms or clinical course of patients presenting with such
an episode, rather than disease susceptibility. However, the
present results did not support this hypothesis.

GRK6 and ARRB2 are profoundly involved in DRD2
trafficking, suggesting that they are key proteins in the
DRD?2 upregulation caused by a chronic administration of
antipsychotics. GRK6 is widely expressed throughout many
brain areas, particularly in the caudate/putamen in rat brain.!
Overexpression of GRKG6 in rats promoted the internalization
of DRD2 and also improved L-DOPA-induced dyskinesia,
possibly by preventing an excessive G-protein signal.??
On the other hand, GRK6-knockout mice showed a sig-
nificantly increased locomotor response to psychostimulants
such as cocaine and amphetamine,” and the mice inhibited
the ability of haloperidol to induce catalepsy, possibly due
to a lack of suppression of the G-protein signal.?* Similarly,
ARRB?2 is involved in the internalization of DRD2 following
the phosphorylation of DRD2 by GRK6, and it was reported
that ARRB2-knockout mice were conversely less sensitive to
dopamine.” These findings indicate that GRK6 and ARRB2
strongly participate in the internalization of DRD2 follow-
ing the binding to the receptor by endogenous dopamine or
antipsychotics.

We conducted a retrospective investigation of the medical
records and diagnosed each patient as having DSP or not.
latrogenic DSP appears with specific clinical features such
as withdrawal psychosis and TD. Here, we also focused on
the development of tolerance to antipsychotic effects, which
indicates extremely severe exacerbation and difficulty in
controlling the relapsed psychotic symptoms. These three
episodes (ie, withdrawal psychosis, TD, and developed toler-
ance to antipsychotics) are included in the original criteria of
DSP by Chouinard,'® and the diagnoses of DSP(+) vs DSP(-)
in our study were made on the basis of these episodes.

Nevertheless, the present results did not support the
hypothesis that these two molecules play key roles in devel-
oping clinical DSP, and this finding would be explained by
several reasons as follows: first, unknown molecules other
than GRK6 and ARRB2 may be involved in the occurrence of
clinical DSP. Second, each aspect of the DSP phenotype, eg,
TD, withdrawal psychosis, and developed tolerance to antip-
sychotic effects, has a biological background that is different
from those of the others, and thus the extent of the effect of
their differential distribution in the specific DSP phenotype

might be reduced when all aspects of the DSP phenotypes were
bracketed together as DSP(+), as done in the present study.

To the best of our knowledge, there are only three studies
about the genetic association of GRK6 and ARRB2. Among
them, the studies of GRK6'® and ARRB2'* reported no sig-
nificant difference in any SNP distributions between patients
with schizophrenia and control groups, although neither of
these studies focused on DSP episodes in the patient group.
Another study of ARRB2" examined the association between
rs1045280 and TD induced by antipsychotics in patients with
schizophrenia, and the results demonstrated that the T allele
inrs1045280 was a risk allele for TD. However, in our study,
there was no significant difference in rs1045280 between the
patients with episodes of TD and those without. In light of the
findings reported in these studies and our present results, it is
possible that GRK6 and ARRB?2 are not susceptibility genes
for schizophrenia itself, but are involved in the clinical expres-
sion of DSP as by-products of treatment with antipsychotics.
However, further studies considering the symptomatological
variance of DSP are necessary to test this idea.

There are several limitations in the present study. First, we
conducted a retrospective investigation of medical records.
If a patient in the present study had had TD at any treat-
ment period but the dyskinesia was successfully resolved
by subsequent appropriate therapy, she/he could have been
classified in the DSP(—) group, when there was no accurate
registration of the TD in his/her medical records. In other
words, the diagnosis of DSP might have been done in a con-
servative manner, resulting in a slight underestimation of its
presence. Our sample size was very small, particularly for the
DSP(+) group, leading to a reduction of the statistical power
of our analysis. However, previous studies showed that the
number of DSP(+) patients is generally small at 4.5%—22%
of schizophrenia patients.”*?” Second, even if a patient was
considered a member of the DSP(—) group based on his/her
clinical history, future switching or increasing of antipsychot-
ics could induce one or more new DSP episodes, indicating
that such a patient could latently develop DSP. Third, the
development and clinical appearance of DSP are dependent
on varying aspects of antipsychotic treatment: its duration,
class and dosage, adherence level, and more. In the present
study, we did not access such detailed treatment information,
and thus further studies using homogeneous treatment series
are needed. Fourth, our patients and controls were not age-
and sex-matched, and both the patient and control groups
showed a wide age range. Thus, some caution is merited
regarding the interpretation of our findings. For example, it
is possible that some of the young-aged subjects among the
controls could show a transition to psychosis in the future.
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Conclusion

In conclusion, the present findings suggest that in eight SNPs
of the GRK6/ARRB2 gene, there is no significant difference
between patients with schizophrenia and healthy controls, nor
between DSP(+) and DSP(-) patients with schizophrenia.
However, since these molecules play significant roles in
DRD? trafficking following the action of antipsychotic(s),
further studies focusing on clinical DSP episodes and specific
antipsychotics are needed.
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