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Association between dopaminergic genes (SLC6A3
and DRD2) and stuttering among Han Chinese

Jie Lan1,4, Manshu Song2,4, Chunhui Pan1, Guoqing Zhuang1, Youxin Wang2, Wenzhan Ma1, Qiaoyun Chu1,
Qingxuan Lai1, Feng Xu1, Yanli Li1, Lixin Liu1 and Wei Wang1,2,3

Normal function of the dopaminergic system is necessary for speech fluency. There was evidence that the activities of dopamine

transporter (DAT) and dopamine D2 receptor (DRD2) could be altered in people with speech disfluency. This study aims to

ascertain the possible correlation between two dopaminergic genes (SLC6A3 and DRD2) and disorder of speech fluency, and to

determine the allelic frequencies of the five single-nucleotide polymorphisms (SNPs) (rs2617604, rs28364997, rs28364998

in SLC6A3 and rs6275, rs6277 in DRD2) among Han Chinese patients with this disorder. A sample of 112 patients with

speech disfluency and 112 gender-matched controls were included in this case–control study. The results show that the

presence of C allele at rs6277 in DRD2 gene is associated with increased susceptibility to the disorder, whereas T allele is

protective. Haplotype 939T/957T is also a protective factor.
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INTRODUCTION

Language is a particular type of human cognitive function that can be
divided into ‘language’ and ‘speech.’1 Speech production is a process
that transforms conceptual ideas within the brain into specific
language form and expresses it vocally.2 Fluent speech depends on
the balance of the three steps: conceptualization, formulation and
articulation,3 but the detailed mechanism has not been fully under-
stood yet. Stuttering has been used as a model of speech disfluency to
understand the mechanism of speech production.4 It is characterized
by involuntary syllable repetitions, syllable prolongations or interrup-
tions (blocks) in a smooth flow of speech. Developmental stuttering
begins during the period of rapid speech and language development in
childhood and is characterized by a disturbance in the normal fluency
and time patterning of speech.5

Dopamine has a major role in fine motor movements, and speech
requires the coordination of many small muscles.6 The dopamine
excess theory of stuttering suggests that stuttering may be related to
excess levels of the neurotransmitter in the brain.7–9 Further evidence
for the theory came from attempts at treating stuttering with anti-
psychotic medications that block dopamine in the brain.10–13 A study
to evaluate the efficacy of risperidone in the treatment of develop-
mental stuttering showed that a significant decrease of stuttering
severity occurred in the risperidone treatment group than in that of
the placebo group.14 The risperidone research supports dopamine
having a regulatory role in stuttering.

The prevalence of children who stutter and have attention deficit/
hyperactivity disorder (ADHD) ranges from 4 to 26%. About 10–20%
of children who stutter might show ADHD.15 The data suggest that
stuttering and ADHD may have some common pathology. One non-
synonymous single-nucleotide polymorphism (SNP) in SLC6A3,
rs28364997 (A559V), was identified in screening children diagnosed
with ADHD, and two affected male siblings were heterozygous for the
A559V allele.16 Human embryonic kidney cells transfected with the
A559V dopamine transporter (DAT) (hDAT A559V cells) displays
increased DA efflux when compared with cells transfected with DAT
(hDAT cells), suggesting that the A559V variant is associated with a
DAT-mediated DA leak that may underlie the ADHD phenotype.17

The other SNP in DRD2 (rs6277) shows that carriers of the CC
genotype, compared with carriers of the CT/TT genotypes, achieve
significantly poorer executive functioning. It has been found that a
lower dopamine D2 receptor (DRD2) binding was associated with the
CC genotype of rs6277 (SNP of the DRD2 gene). This led to an
increased density of dopamine in the synaptic cleft in in vivo studies.18

However, to date, no study has examined the association between
rs2617604, rs28364997, rs28364998, rs6275, rs6277 polymorphisms
and speech disfluency.

This study aims to examine the polymorphisms (rs2617604,
rs28364997, rs28364998 in SLC6A3 gene and rs6275, rs6277 in
DRD2 gene) and their haplotypes in a sample of disfluent speech
and controls. We also aim to test whether the two dopaminergic genes
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are involved in the genetic susceptibility to disorders of fluent speech
in a Han Chinese population who speak Mandarin, a hieroglyphic
language with many differences from English, an alphabetic language.

MATERIALS AND METHODS

Study participants
This study included 112 stutterers (the patients) and 112 non-stutterers (the

controls). The stutterers were recruited from two Rectification Centres of

Stuttering (Beijing Stuttering Correction Centre and Dingguagua Stutter Club

in Xi’an) and one hospital (Beijing Charity Hospital). Participants suffering

from neurological or other physical diseases were excluded from the study.

There were 13 females and 99 males in the patient group and their mean age

was 23.53 years (s.d.: 4.99). Chinese Fluency Interview, an instrument speci-

fically modified from the Fluency Interview to be applicable to Chinese,19 was

used for the assessment of stuttering. The total number of times of stuttering

and the number of stuttering episodes per minute were calculated. More than 3

times per minute was diagnosed as stuttering.

The non-stutterers were recruited from college students who volunteered to

participate. Participants with a past history or family history of fluency

disorders, severe neurological or other physical diseases were excluded. Among

the enrolled control participants, 112 participants were selected to match the

sex ratio with the patient group (13 females and 99 males). Their mean age was

25.23 years (s.d.: 3.34).

All participants are native Han Chinese. Informed consents were obtained

beforehand, and ethical approval was obtained from the Ethical Committee,

Graduate University of the Chinese Academy of Sciences.

Genotyping
Genomic DNA was obtained from peripheral blood leukocytes using standard

methods. A combined approach of PCR and pyrosequencing methods was used

for genotyping. The fragments that contained the SNPs in DRD2 were

amplified with biotinylated forward primers and non-biotinylated reverse

primers, whereas the fragments that contained the SNPs in SLC6A3 gene were

amplified with biotinylated reverse primers and non-biotinylated forward

primers, respectively (Table 1). PCR amplification was carried out in a 50ml

volume containing 1ml (10 ng) genomic DNA, 5ml 10�PCR buffer, 200mM

dNTP, 200 nM primer of each and 0.5ml (2.5 U) Taq DNA polymerase. After

5 min of pre-denaturation at 95 1C, 50 thermal cycles were repeated, 15 s at

95 1C, 30 s at annealing temperature, and 15 s at 72 1C, the PCR tubes were then

incubated for 5 min at 72 1C for final extension. The genotypes of the PCR

products were determined by pyrosequencing using a standard protocol.

Briefly, following strand separation, the biotinylated PCR product was immo-

bilized on streptavidin-coated beads (Streptavidin Sepharose High Performance;

Amersham Biosciences, Uppsala, Sweden). The beads were transferred to a filter

plate, and the liquid was removed by vacuum filtration (Multiscreen Resist

Vacuum Manifold; Millipore, Billerica, MA, USA). The DNA strands were

separated in a denaturation solution (0.2 mol l�1 NaOH) for 5 s. The immobi-

lized template was washed in 10 nmol l�1 Tris acetate (pH 7.6), transferred to a

PSQ 96 plate, and resuspended in annealing buffer (20 mmol l�1 Tris acetate

(pH 7.6)) that contained sequencing primers (Table 1). The resulting mixture

was analyzed on a PSQ 96MA Pyrosequencer (Pyrosequencing AB; Biotage,

Uppsala, Sweden) using the multiplex programing function.

Statistical methods
The allelic and genotypic frequencies, odds ratios (OR), haplotypes construc-

tion and haplotype frequencies were analyzed using the online SHEsis

software20 (http://analysis.bio-x.cn/myAnalysis.php). The differences in the

frequencies of various alleles and genotypes between patients and controls

were performed by w2-test with Yates’ correction, and Fisher’s exact test was

applied to the loci with a small number of alleles or genotypes (less than 5).

Po0.05 was considered significant. Each polymorphism was evaluated for the

Hardy–Weinberg equilibrium by a w2-test in both patients and controls. Values

of P40.05 were defined as nonsignificant deviations from Hardy–Weinberg

equilibrium. Statistical power was calculated by the Genetic Power Calculator

(http://pngu.mgh.harvard.edu/~purcell/gpc/#cc_ins).

RESULTS

SNPs in SLC6A3 and DRD2 genes among the Han Chinese
population
A total of five SNPs (Table 2) were detected in the patient and control
groups combined. Among them, two SNPs (rs2617604 and
rs28364997) are non-synonymous variants leading to amino-acid
substitutions (Leu42Phe and Ala559Val).

The allelic and genotypic frequencies of the SNPs at SLC6A3 and
DRD2 genes
Analysis showed that the patients and controls were in the Hardy–
Weinberg equilibrium at rs2617604 (P¼0.962 and 0.962), rs28364997
(P¼1.000 and 1.000), rs28364998 (P¼0.886 and 0.771), rs6275
(P¼0.204 and 0.124) and rs6277 (P¼0.695 and 0.280).

Table 1 Primers and fragmental length used in sample preparation for single-nucleotide polymorphism (SNP) analysis

Name Primer sequence

Length

(bp) SNP

PCR DAT 2F1 TATTGGCTGAAGACCAAGAGG

PCR DAT 2R1 CACAGCAAAGCCAATGACG 291 rs2617604

Sequencing DAT 2S1 GGAGCAGAACGGAGTG

PCR DAT 13F1 TATCTGCTGGTTGCAGTTCG

PCR DAT 13R1 CAGAACTTGTAGGCCGCATAGA 159 rs28364997

Sequencing DAT 13S1 CCCCGACTGGGCCAA rs28364998

PCR DRD2 6F2 AGCCACCACCAGCTGACTC

PCR DRD2 6R2 GCAATCTTGGGGTGGTCTTT 113 rs6275

Sequencing DRD2 6S2 TGGTTTGGCGGGGCT rs6277

, biotin labeled.

Table 2 Details about selected single-nucleotide polymorphisms

(SNPs)

Gene

Chromosome

location refSNP ID SNP Protein residue Region

rs2617604 124C4T Leu42Phe Exon-2

SLC6A3 5p15.3 rs28364997 1676C4T Ala559Val Exon-13

rs28364998 1692C4T Ile564Ile Exon-13

DRD2 11q23 rs6275 939T4C His313His Exon-7

rs6277 957C4T Pro319Pro Exon-7
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Among the five SNPs investigated, rs28364997 did not show any
polymorphism either in the patient group or in the control group.
Therefore, rs28364997 was excluded from subsequent analysis.

There was no significant difference in the allelic and genotypic
frequencies of the rs2617604, rs28364998 and rs6275 polymorphisms
between the patients and controls (P40.05), whereas the patient group
showed significant variation at the rs6277 site (Table 3). The frequency
of C alleles at the rs6277 site was significantly higher, and that of T
alleles was significantly lower, in the patient group than the controls
(96.4 vs 87.5 and 3.6 vs 12.5%, respectively, P¼0.001). The results
showed that rs6277 in the DRD2 gene had the highest association with
disorders of fluent speech. C allele was a risk factor to this disorder
(P¼0.001; OR¼3.857, 95% confidence interval 1.717–8.663).

Haplotype analysis of the SNPs in SLC6A3 and DRD2 genes
The frequencies of various haplotypes constructed by rs2617604 and
rs28364998 in the SLC6A3 gene and rs6275 and rs6277 in the DRD2
gene were determined by SHEsis software. The haplotypes with fre-
quency o0.03 in both patients and controls were ignored during the
analysis. The five possible haplotype frequencies are shown in Table 4.

There was no significant difference in the haplotype frequency of
SLC6A3 between the patient and control groups. Among the various
possible haplotypes of the DRD2 gene (n¼4), the frequency of the

939T/957T haplotype was significantly lower in the patients than in
the controls (0.0 vs 4.9%, P¼0.001). The OR of the 939T/957T
haplotype is 0.001 (95% confidence interval 0.000–0.010), with
significant differences between patients and controls (P¼0.001).

DISCUSSION

Studies concerning the nature of language recognition have produced
an extensive amount of data over the years, but the biological
mechanisms of language recognition, production and speech dis-
fluency problems are still not clear. To our knowledge, this is the
first attempt to evaluate the association between the SNPs and
haplotypes of the SLC6A3 and DRD2 genes and disorders of fluent
speech in the Chinese Han population. Our finding lends direct
support to the hypothesis that the dopaminergic system is involved
in stuttering, and suggests a potential genetic risk factor for stutterers
of the Chinese Han population.

Hans-Georg Bosshardt21 analyzed how silent reading and word
memorization may affect the fluency of concurrently repeated words.
It has been found that the speech of stutterers is more sensitive to
interference from concurrently performed cognitive activity.21 Recent
animal studies indicate that changes in DRD2 expression in the
striatum modify prefrontal dopaminergic function through the chan-
ging dopamine level, its turnover rate and activation of D1 receptors,

Table 3 Frequencies of genotype and allele of SLC6A3 and DRD2 gene polymorphisms in disfluent speech patients and controls

Polymorphism Patients, n (%) Controls, n (%) w2 P OR (95% CI)

rs2617604

Alleles

C 223 (99.6) 223 (99.6) 1.000a 1.000 (0.062–16.088)

T 1 (0.4) 1 (0.4)

Genotypes

CC 111 (99.1) 111 (99.1) 1.000a 1.000 (0.062–16.189)

CT 1 (0.9) 1 (0.9)

rs28364998

Alleles

C 221 (98.7) 218 (97.3) 0.5034a 2.028 (0.501–8.210)

T 3 (1.3) 6 (2.7)

Genotypes

CC 109 (97.3) 106 (94.6) 0.4988a 2.057 (0.501–8.436)

CT 3 (2.7) 6 (5.4)

rs6275

Alleles

C 100 (44.6) 97 (43.3) 0.082 0.775 1.056 (0.727–1.533)

T 124 (55.4) 127 (56.7)

Genotypes

CC 19 (17.0) 17 (15.2) 0.135 0.716

CT 62 (55.4) 63 (56.2) 0.893

TT 31 (27.7) 32 (28.6) 0.882

rs6277

Alleles

C 216 (96.4) 196 (87.5) 12.082 0.001 3.857 (1.717–8.663)

T 8 (3.6) 28 (12.5)

Genotypes

CC 104 (92.9) 87 (77.7) 0.0019a

CT 8 (7.1) 22 (19.6)

TT 0 (0.0) 3 (2.7)

Statistically significant difference, Po0.05; statistically nonsignificant, P40.05.
aFisher’s Exact Test.
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all of which are crucial in cognitive functions.22 This study shows that
the DRD2 polymorphism is associated with the susceptibility to
disorders of fluent speech in the Han Chinese. C allele at rs6277 is
the risk factor to the disorder (P¼0.001; OR¼3.857, 95% confidence
interval 1.717–8.663). Although the mutation rs6277 in DRD2 does
not change the amino acid (Pro 319 Pro), studies in vivo have
associated the CC genotype of rs6277 to a lower striatal DRD2
binding.23 Then most of the DA in the synaptic cleft would be
reuptaken by DAT resulting in an overactivity of the presynaptic
dopamine system in the brain. In this study, patients have a
significantly higher CC genotype (P¼0.001) and lower CT genotype
(P¼0.006) when compared with the controls, which is compatible
with an earlier result in which stuttering patients showed a large
increase in dopamine activation in the presynaptic area.9 Among the
haplotypes of the DRD2 gene, the frequency of 939T/957T is sig-
nificantly lower in the patient group (P¼0.001; OR¼0.001, 95%
confidence interval 0.000–0.010), indicating its protective effect on
disorders of fluent speech in the Han Chinese. The results showed that
the highest association is observed between rs6277 in the DRD2 gene
and disorders of fluent speech. In addition, the statistical power was
calculated by the Genetic Power Calculator and it equals 80.37%
(high-risk allele frequency A equals 0.9196; prevalence equals 1%;
genotypic relative risk AA equals 14.88).

There were no significant associations detected between the other
three SNPs (rs2617604, rs28364998 in SLC6A3; rs6275 in DRD2) and
disorders of fluent speech in the Han Chinese, but the small sample
size in this study calls for further investigation on a larger sample scale
to confirm our findings.

Of the SNPs assessed, the highest association is observed between
the C allele at rs6277 in the DRD2 gene and disorders of fluent speech
in the Han Chinese who speak Mandarin. Significantly higher CC and
lower CT genotype frequencies were observed in the patients com-
pared with controls. The haplotype 939T/957T is a protective factor to
the occurrence of speech disfluency. This study indicates that the
higher susceptibility is because of the presence of the C allele as a risk
factor and the loss of protective effect from the T allele at 6277 SNP.
However, the real role of DRD2 gene polymorphism in the pathogen-
esis of disorders of fluent speech should be further investigated by the
combination of large population-based case–control studies and a
functional analysis of the cellular signaling pathway of the DRD2.
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