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DRD2 haplotype associated with negative symptoms
and sustained attention deficits in Han Chinese with

schizophrenia in Taiwan

Yi-Ling Chien!, Hai-Gwo Hwu!>*4, Cathy S-J Fann>, Chien-Ching Chang>, Ming-T Tsuang®7?

and Chih-Min Liu!?

Previous studies have reported significant associations between schizophrenia and the dopamine receptor D2 gene (DRD2)
variants. The relationships between DRD2 and clinical phenotypes are of particular interest because DRD2 has been shown to
associate with treatment response and prefrontal dopamine transmission. Glatt et al. reported significant associations between
schizophrenia and DRD2 variants (two single-nucleotide polymorphisms (SNPs) rs1079727 and rs2283265, and two
haplotypes, block 3 (rs1079727(A)-rs2440390(C)-rs2283265(G)) and block 4 (rs1801028(G)-rs1110977(A)-
rs1124492(C)-rs2734841 (T))) in 2408 Han Chinese individuals in Taiwan. To further investigate the relationships between
the SNPs/haplotypes of DRD2 and clinical symptoms and neuropsychological function, we compared the quantitative
phenotypes in patients with risk alleles/haplotypes and those without. The results showed that the A allele of rs1079727,

G allele of rs2283265, A allele of rs1124492 and the risk haplotype (A-C-G) of block 3 were associated with more severe
negative symptoms. With regard to neuropsychological performance, the risk haplotype (G-A-C-T) of block 4 was associated
with poorer performance in the sustained attention task. Our results imply that the genetic variants of DRD2 might not only
have a role in susceptibility to schizophrenia, but also influence the phenotypes of negative symptoms and sustained attention

in schizophrenia. This association warrants further validation.
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The dopamine receptor D2 gene (DRD2) has been shown by
numerous meta-analyses to contribute to the susceptibility of
individuals for schizophrenia across populations.' Glatt et al*
used a family-based association study to test 21 haplotype-
tagging and all three known non-synonymous single-nucleotide
polymorphisms (SNPs) in DRD2 for association with schizophrenia
in 2408 Han Chinese individuals in Taiwan, including 1214 patients
from 616 families with at least two affected siblings. The results
showed a significant association with two haplotypes (block 3,
composed of rs1079727(A)-rs2440390(C)-rs2283265(G), P=0.0047
and block 4, rs1801028(G)-rs1110977(A)-rs1124492(C)—
rs2734841(T), P=0.0023) of DRD2 after multiple testing
corrections. Two SNPs in block 3, rs1079727 (P=0.0041) and
rs2283265 (P=0.0051), were also significantly associated. The
relationships between these SNPs/haplotypes and clinical symptoms
and neuropsychological function are of particular interest because

DRD2 has been shown to be associated with treatment response® and
prefrontal dopamine transmission.®

To further investigate the relationships between these SNPs/
haplotypes and clinical symptoms and neuropsychological function,
we compared the quantitative phenotypes between patients with
risk alleles/haplotypes and those without risk alleles/haplotypes for
the above seven SNPs and two blocks, in the same samples used in
Glatt et al’s study.* The sample characteristics and the methodology
of DNA acquisition, marker selection and genotyping were described
in detail by Hwu et al.” and Glatt et al.* The genetic association was
tested by using a generalized estimated equations model with an
exchangeable correlation structure. The Bonferroni correction was
performed for multiple comparisons. The quantitative phenotypes
included clinical symptoms using the schedule for assessment of
negative symptoms and the schedule for assessment of positive
symptoms, and two neuropsychological tests (the continuous

IDepartment of Psychiatry, National Taiwan University Hospital, Taipei, Taiwan; 2Department of Psychiatry, National Taiwan University College of Medicine, Taipei, Taiwan;
3|nstitute of Epidemiology, College of Public Health, National Taiwan University, Taipei, Taiwan; 4Department of Psychology, College of Science, National Taiwan University, Taipei,
Taiwan; ®Institute of Biomedical Sciences, Academia Sinica, Taipei, Taiwan; ®Department of Psychiatry, Center for Behavioral Genomics, University of California, San Diego,
La Jolla, CA, USA; 7Harvard Departments of Epidemiology and Psychiatry, Harvard Institute of Psychiatric Epidemiology and Genetics, Boston, MA, USA and 8Veterans Affairs
San Diego Healthcare System, San Diego, CA, USA

Correspondence: Dr C-M Liu, Department of Psychiatry, National Taiwan University Hospital, No.7, Chung San South Road, Taipei, Taiwan.

E-mail: cmliu1968@ntu.edu.tw

Received 25 July 2012; revised 15 November 2012; accepted 18 December 2012; published online 31 January 2013


http://dx.doi.org/10.1038/jhg.2012.157
mailto:cmliu1968@ntu.edu.tw
http://www.nature.com/jhg

DRD2 haplotype and negative symptoms in schizophrenia

Y-L Chien et a

230

"TY8YELTSI-Z6YYZTTSHLL60TTTSH-8Z0T08TS4 JO Pasoduiod sem ¢ %90|q ‘GIZEBZESI-06E0YYZSI~L2L6L0TSI JO pasodwiod sem €
320|g *, YHM payJew aje s}nsad Juedliudis syl ‘Gz0'0>d S! sedAjojdey omy Jo sisAjeue 4o} ey} Seasaym ‘(U0IFORAI0D lUoLBIUOgG) €800 0>d S! SANS @I3UlS XIS JO SISA|eue 4o} [9AS] 82uedlyIUSIS 8y} ‘U0I384I09 uosiedwod a|dijnw Jo4 ‘paiedwod aiem |JSM 4O
(A1030107) panalyoe Ai0881ed pue (Josiadz) Joi1e anljeIanasIad J0) 8SO0U} pue ‘|40 (,pwz) papel3ap pue (,pz) pepei3apun Jo p 0} $8103s Z pajsnipe ‘s}sa} |ea130joydAsdoinau sy} Jo4 djdwes uno ul diydiowouow S| 3 8sneasq umoys jou st //60TT1S) dNS aul
*3593 SUIHOS paed UISUODSIM ‘1 SOM ‘wsiydiowAjod apiiosjonu-s|3uls ‘NS @uad g 40ydedas aujwedop ‘Zayq s} aduewlopad snonuiuod ‘| 49 :SUOIRIABIqAY

61°0 (GTTT) ¥O'TF4G°T (08) 22’ 1FLLT
180 (G8/) €8°0F L6'0— (09) £6'0F00'T—  +GG00'0  (988) €S’ TF0G'2— (89) 2V’ 1F¥90°€— 66°0 (6901) €0'TF89'T (64) E0TF69'T
(1v8vELZs!
—26vreIIs!
—LL60TTTS!
EV0 (684) 6L’ TFGE'T (09) G6'TFVI'T 1€0°0 (€26) 80'CFG¥'2— (69) 80'2F50°€— S6°0 (8TIT) IT'TFICC (08) 90'1F12C 1-0-v-9 —-820108TS))
¥ 420/9
620 (G6T) 90'T 611 (000T) GO'TF09'T
180 (L¥1) 06'0F86'0— (869) €8°0F96'0— G¥'0 (G9T) 99'TF€9'C— (684) 0§’ TF2G'2— 680 (261) 20'T+89'T (€86) €0'TF89'1
(Gozegees!
—-06€011Zs!
290 (L¥1) 88'1F92'T (869) 6/’ TFGE'T €0 (1L ¥1'2¥09'2— (128) L0CFLV'2—  «9%700°0 (G6T) TO'TF10C (€00T) 2T'TF6Ge2 9-0-v —/216L0TS))
€ y00/d
9200 (0L1) L6OFTIV'T (000T) 90°'TF19°'T
GL0 (€21) 88°0F66°0— (G0L) ¥8'0F96°0— 13700] (V1) 9SG T F v 2— (V64) 2GS TF 1462~ ov'0 (0L1) L6'0F 19T (186) ¥O'TF0L'T
G9°0 (€21) G8'TFOV'T (G0Z) 08'TFEE'T 160 (871) LO'CF8EC— (728) 80'¢F 162~ 6200 (1L1) €0°'TF10°C (200T) 2T’ TF¥2C2 L 178¥€/2s!
500 (0€2) 20T F¥¥'T (€96) GO'TF19'T
GEO (891) 68°0F20'1— (699) ¥8'0FG6'0— 180 (061) LG TFIGC— (VG/) ¢S T1F95°C— €50 (0€2) 66'0F€9'T (¥€6) YO'TF69'T
¥8'0 (891) 98'T+G€'T (699) 08’ TFVE'T 260 (661) 90°CF LV C— (¥84) 80'¢F6¥'2—  «G500°0 (1€2) T0'TF€0'C (GG6) ET'1FGCC v 26YreTITs!
— (2) 07051 (9£11) GO'TF6G'T
(1) ¥6'0— (£28) ¥8'0F L6'0— — (1) 82— (9€6) €G'TF95°2— — (2) 07051 (9GTT) €0'TF89'T
— (1) 20 (£28) 08’ TFVE'T — (1) 02'2— (V/6) 80'CF0G'2— — (2) 1207062 (6L1T) IT'TF1CC 9 8201081s!
¥ 420/g
ST°0 (09T) 20T FG¥'T (L10T) SO'TF09'T
¥6°0 (221) 16'0796°0— (T14) ¥8°0F96°0— 85°0 (LET) ¥9'1F29C— (€08) 1’ TF€G2— €8°0 (8GT) ¥O'TF99'1 (666) E0TF69'T
670 (2¢21) L8 1F€2'T (T14) 6L’ TFGE'T 9€'0 (EYT) 8T ¢F19'C— (9€8) L0CFLV'2—  +€L00°0 (091) 66'0F66'T (020T) €ET'TFVeCC 9 G9z€e8ees!
61°0 (QIIT) YO TF4G'T (8L YT TFVLT
68°0 (281) €8°0F L6'0— (8G) 66'0F96'0— 9200 (788) EG'TF16°2— (99) /¥’ 1F96'C— 160 (7601) €0°'TF/9'T (94) 66'0F9L'1
0/°0 (284) 08'TFVE'T (8G) G6°'TFVC'T L¥0°0 (126) L0CF97'2— (£9) LT'2F20°€~ 680 (GTIT) 1T'TF22¢ (8/) LO'TF6TC L 06€077Zs!
110 (291) 20T F¥¥'T (GTOT) SO'TF09'T
¥6°0 (€21) 06'0F L6'0— (0T1£) €8°0FL6'0— 69°0 (8ET) G9'TF09°2— (208) 1§’ TF€G'2— 180 (09T) €0'TFG9'T (L66) E0'TF69'T
180 (€21)98'1%22'1 (014) 6L TFGE'T 180 (P¥1) L1'2F09°C— (GEB) 90 CF LY 2— +800°0 (291) 00°'TF00°2 (8T0T) 2T'TF¥2C2 v 12L6L0TS!
€ y00/d
anje-d (N) (N) anje-d (N) (N) anjen-d (N) (N) adAjojdey adAjo|deysdNS

adAjordeyyaia](e ysi JnoyIm

adAjordeyaia]ie Y1 YIm

adAjojdeyyaia)ie ysii Inoyym adAjojdey/sisjje ysii Yim

adAjojdeyyaia]ie ysii Jnoypm edAjojdetysislje st Yim

AioSeje0z

Josiedz

1SIM

puiz
pz
1d2

swojdwAs paziuesiosiq

swojdwAs anijIsod

swojdwiAs anijesenN

suoisuawip wojdwAs [eaiuif)

/219118 %s1y

2aya jo sadfyojdeyy/sajajie %si 3y} INOYHM Jo ypm sjusijed ayy ussmiaq 1SIM Pue 14D Y3 Jo saxapul ay} pue swojdwAs [edlul)d Jo sa109sqns ueaw Jo suosuedwod ayl T 3|qel

Journal of Human Genetics



performance test (CPT, n=992) and the Wisconsin card sorting test
(WCST, n=845)), which are widely used as valid tools to measure
sustained attention and executive function, respectively. Deficits on
the CPT and WCST have been proposed to be endophenotypes for
schizophrenia,®~!! for that not only the patients themselves, but their
unaffected relatives performed worse on these two tasks.

As to the schedule for assessment of negative symptoms and
schedule for assessment of positive symptoms, the mean scores of
positive symptoms, negative symptoms and disorganizing symptoms
were compared. The mean scores were the mean of all global scores
for the four negative symptom dimensions (affective blunting, alogia,
avolition—apathy, and anhedonia—asociality), positive symptom
dimensions (hallucination and delusion) and disorganizing symptom
dimensions (bizarre behavior and positive formal thought disorder),
respectively. For the neuropsychological tests, adjusted z scores for
the d’ of undegraded (zd’) and degraded CPT (zmd’), and those for
perseverative error (zperror) and category achieved (zcategory) on the
WSCT were compared.

The single point association analysis revealed that the patients
carrying the A allele of rs1079727, G allele of rs2283265 and A allele of
rs1124492 had significantly higher mean negative symptom scores
(corrected P<0.05; Table 1). However, there were no significant
differences in the mean scores of positive symptoms and disorganiz-
ing symptoms or in CPT and WCST indexes if one carried a risk SNP.
For haplotype analysis, patients carrying a risk haplotype (A—C-G) of
block 3 had a significantly higher mean negative symptom score,
whereas there were no significant differences in positive symptoms
and disorganizing symptoms (Table 1). As to neuropsychological
performance, patients carrying a risk haplotype (G-A-C-T) of block
4 had a lower d’ of degraded CPT and a trend toward lower
undegraded CPT, whereas no significant difference was found in
WCST performance (Table 1).

Previous studies regarding DRD2 and clinical symptoms mostly
focused on Ser311Cys (rs1801028).!> This SNP was reported to
associate with schizophrenia by meta-analysis'> and has been
suggested to be associated with fewer negative symptoms and less
thought disorder, early onset and family history of schizophrenia,!>!4
but it also has been associated with disorganization'> and delusional
symptoms across major psychoses.'® In our study, most of the
subjects carried the risk allele for Ser311Cys, which rendered
comparisons of clinical symptoms and neuropsychological
performance between those with and without the risk allele
inadequate to reach a conclusion. However, we found a significant
association between a nearby risk SNP, rs1124492, in linkage
disequilibrium with rs1801028, and negative symptoms. We also
found that two SNPs in block 3 (rs1079727, rs2283265) and the A—C—
G haplotype of block 3 were significantly associated with higher
negative symptom scores, which has not been reported previously.

The SNP 151799732 in the promoter region has been reported to be
associated with WCST performance in female patients with schizo-
phrenia.!”” We found no association between WCST and the seven
SNPs and two blocks of the DRD2 gene, although these did not cover
the promoter region, in our whole sample and our female subsample.
Therefore, we cannot directly replicate the previous findings. The SNP
1s6277 (Xu et al.'®) and a haplotype of rs1800497—rs6277-1s2283265
(Markett et al.'®) involved in working memory in healthy subjects
have been measured by the word serial position test'® or a brief visual
array test.!” The SNPs rs6277 and rs2283265 are located in block 4
and block 3, respectively, in our linkage disequilibrium map. Yet, we
found a significant association between a risk haplotype of block 4
and sustained attention as measured by the CPT. The SNP rs6277 has
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also been reported to increase striatal DRD2 binding in humans?® and
to be associated with schizophrenia.?!?> Taken together, ours with
previous findings indicate that block 3 and block 4 of DRD2 may
have a more important role in working memory and sustained
attention in both healthy subjects and patients with schizophrenia.
Our study provides more evidence for the involvement of DRD2 in
sustained attention and working memory.

Several limitations of this study should be discussed. First, the
samples were recruited mostly from the outpatient clinic and were not
in an active phase of disease, which might mask the association with
positive symptoms. However, as negative symptoms are relatively
stable in chronic schizophrenia, the association with negative symp-
toms seemed more robust. Second, the drug effect on the perfor-
mance of the neuropsychological task was not controlled. Third, the
uneven sample sizes between the group with risk allele and the group
without in some of the analyses may limit us in reaching a definite
conclusion, particularly in analysis involving the SNP rs1801028.
Nevertheless, the significant associations of rs1079727, rs2283265,
rs1124492, block 3 and block 4 of DRD2 imply that the genetic
variants of DRD2 may not only have a role in the susceptibility to
schizophrenia as implicated by meta-analyses, but also influence the
phenotypes of negative symptoms and sustained attention in schizo-
phrenia. This association warrants validation from other independent
samples.
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