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No Association between Tryptophan Hydroxylase-2
Gene G1463A Polymorphism and Unipolar
Depression in a Southern Chinese Han Population

(translated version)
KX Xue, CH Fan, XL Li

Abstract

Objective: To investigate the association between the tryptophan hydroxylase-2 (TPH2) gene (G1463A)
polymorphism and unipolar depression in a southern Chinese Han population.

Participants and Methods: The allelic and genotypic frequencies of TPH2 gene G1463A polymorphism
were examined with the amplification refractory mutation system—polymerase chain reaction technique
in 123 unipolar depressive patients and 122 healthy individuals. Patients and healthy controls were all
from the Guangdong Han population in southern China.

Results: No subjects among the cases or controls were found to carry any TPH2 1463A allele.
Conclusion: There is no association identified between the TPH2 G1463A polymorphism and unipolar

depression in the southern Chinese Han population.
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Introduction

Depression is a common psychiatric disease which
may lead to mental disability and suicide. The life-time
prevalence of depression is about 5 to 17%.! The incidence
of depression is highly modulated with environmental
factors, however, there is also a strong genetic contribution
to the disease pathogenesis with an estimated heritability
of 40 to 70%.' Family studies, twin studies, and foster
children studies show an association between genetic
factors and depression.? Until now, there are still no
confirmed genes or related DNA sequences associated with
the onset of depression. Therefore, studies to identify the
genetic associations of depression will be an interesting
area of concern.

Results  from  psychopharmacology  and
neurobehavioural research show serotonin (5-
hydroxytryptamine [5-HT]) dysfunction in the central
nervous system is associated with the incidence of
depression.? Decreased level of 5-HT is associated with
depressed mood, reduced appetite, insomnia, circadian
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rhythm disturbance, endocrine and sexual dysfunction,
anxiety, and reduced activity.® Furthermore, the central
serotonin neural system is the target for most commonly
prescribed antidepressants such as tricyclic antidepressants,
selective serotonin reuptake inhibitors (SSRIs), and
monoamine oxidase inhibitors.* Central serotonin is
synthesised at dorsal raphe nuclei of the brainstem.’
The biological processes related to serotonin in the body
include its biosynthesis, storage, transportation, release,
receptor binding, reuptake, and metabolism. Proteins and
corresponding related genes which regulate these processes
include tryptophan hydroxylase-1 and -2 (TPH1 and TPH2),
vesicular monoamine transporter 2 (VMAT?2), serotonin
transporter (5-HTT), monoamine oxidase A (MAOA), and
the serotonin receptors including: 5-HT1A, -2A, -2C, -3, -4,
-5, -6, -7.° Therefore, these serotonin-related genes are the
candidates for research into the aetiology of depression.
Tryptophan hydroxylase is the rate-limiting enzyme
of 5-HT biosynthesis, which includes TPH1 and TPH2. The
former (TPH1) is predominately expressed in peripheral
organs such as the heart, lungs, duodenum, liver, and
adrenal glands, and also in some parts of the brain. It is
also the main regulator of peripheral 5-HT synthesis. The
latter (TPH2) is neuron-specific and only expressed in the
brain 5-HT neuron. In some regions of the brain (such as
the hippocampus, frontal lobe, thalamus, hypothalamus,
and amygdala), the expression levels of TPH1 and TPH2
are almost equal. However, TPH2 is predominately
expressed in the brain stem where 5-HT neurons originate.’
Recent studies have shown inconsistent results regarding
any association between TPH2 gene polymorphism and
unipolar depression.®!¢ In 2005, Zhang et al* found that
the human TPH2 gene coding region contains a functional
polymorphism, G1463A, leading to the replacement of the
441 arginine position with histidine (R441H). This may cause
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approximately 80% of TPH2 function loss and significantly
reduce 5-HT generation. Zhang et al* also analysed the
TPH2 G1463A polymorphism and its relationship with the
affective disorder. Results showed that among 87 patients
with unipolar depression, 9 carried the 1463A mutant
allele, while in 219 control subjects, only 3 carried the
mutant allele. This suggested that the R441H mutation
may be an important risk factor in unipolar depression. In
order to verify this result in the Chinese Han population,
this study used an association analysis method to study the
TPH2 G1463A polymorphism in the southern Chinese Han
population and its relevance to unipolar depression.

Methods

Subjects

All study subjects were of Han nationality in the Guangdong
Province of southern China and gave signed informed
consent prior to enrolment.

Case Group

Atotal of 123 patients were included in the study — 42 were
male, 81 were female. They were aged 16 to 65 years with
a mean of 38 (standard deviation [SD], 14) years. All were
recruited from the Guangdong General Hospital Institute
of Mental Health outpatient clinics and inpatient services.
For all patients, the diagnosis of unipolar depression was
made by 2 veteran psychiatrists, according to diagnostic
criteria in the Chinese Classification and Diagnostic
Criteria of Mental Disorders (3rd edition), and in the
Diagnostic and Statistical Manual of Mental Disorders (4th
edition). The 24-item version of the Hamilton Depression
Scale was used to evaluate the severity of depression
and the total scores for all patients were greater than 20.
Patients who were diagnosed with neurological disorders,
other serious physical illnesses, secondary depression,
bipolar disorder, and other functional mental disorders
were excluded.

Control Group

Another 122 healthy individuals without severe physical
diseases, genetic diseases, and mental illness were recruited
as controls. They were hospital staff, internship students,
and volunteers from the Guangdong General Hospital
Medical Center and without any blood relationships to any
of the patients. Among the control were 55 males and 67
females; they aged 18 to 65 years, with a mean of 37 (SD,
14) years. No significant statistical differences were found
with regard to gender and age distribution between cases
and controls (P>0.05).

Specimen Collection and Genomic DNA Extraction
From each patient suffering from depression and each healthy
control, 5 ml of peripheral venous blood was acquired and
mixed with sodium citrate anticoagulant. A column-blood
genomic DNA extraction kit was used to extract genomic
DNA (according to kit instructions).
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TPH2 G1463A Genotype Analysis

The amplification refractory mutation system—polymerase
chain reaction (ARMS-PCR) method* was used to analyse
TPH2 G1463A genotypes. The PCR reaction primers included
1 allele-specific primer (G or A allele) and 2 positive control
primers (forward and reverse) flanking the site of the G1463A
polymorphism. According to human TPH2 gene coding DNA
sequences, a forward positive control primer “F” was designed
as: 5'-ATG TGT GAA AGC CTT TGA CCC AAA GAC A-
3 '; a reverse positive control primer “R” as: 5'-TGC GTT
ATA TGA CAT TGA CTG AAC TGC T-3 '; G allele-specific
primer P as: 5’-TAG GGATTG AAG TAT ACT GAG AAG
GCA C; A allele-specific primer P, as: 5’-TAG GGA TTG
AAG TAT ACT GAG AAG GCAT. For each sample, 2 PCR
reactions were conducted to detect the possible G / A alleles
using primes F + R + P, for the G allele detection and primers
F + R + P, for the A allele. The 25 ul PCR reaction volume
was composed of 12.5 ul GoTaq Green Master Mix, 2 x
(reaction buffer, pH > 8.5; 400 uM dNTP; 3 Mmol MgCl,),
DNA template 2 pl (= 100 pg), each primer 1 pl (10 pumol/l)
and ddH,O 8.5 pl. The PCR reaction conditions were: 94°C
predenatured for 5 minutes (94°C for 30 sec, 63°C for 30 sec,
72°C for 30 sec) x 40 cycles, final extension at 72°C for 5
minutes. For genotyping, 5 ul PCR product samples separated
via 2% agarose gel electrophoresis were stained with EB and
the results observed. According to electrophoresis banding
patterns, TPH2 G1463A genotype was identified: 2 bands
of 492-bp and 294-bp indicated for “positive” (G allele or
A allele positive, respectively, according to the type of PCR
primers used) and one 492-bp band for “negative” (G allele
or A allele negative, respectively). Some samples of the PCR
products involved DNA sequencing.

DNA Sequencing of Polymerase Chain Reaction
Products

In order to verify the accuracy of the ARMS-PCR method
in TPH2 G1463A genotyping, 8 samples of PCR products
were taken for DNA sequencing. DNA sequencing was
conducted following the routine protocol by Shanghai
Invitrogen Biotechnology Co., Ltd, Guangzhou Office. It
was carried out as follows: (1) recycling of unpurified PCR
product in gel; (2) examination of samples’ band brightness
to decide the template quantity added to reaction mixture;
(3) ddH, 0, primes and template were added to the reaction
mixture for heat-denaturation at 96°C; (4) after being cooled
on ice and added with 1 ul BDT, the reaction mixture was
taken for amplification in a thermocycler for 25 cycles; (5)
after being cooled on ice, the mixture was added with EDTA
and laid aside for about 5 minutes; (6) centrifugation for
30 minutes at 4°C after being added with 15 ul anhydrous
ethanol; (7) after centrifugation, the upper solution was
discarded, and the precipitate added with 50 pl of 70% iced
ethanol and centrifuged for another 15 minutes at4°C; (8) the
precipitate was air dried after discarding the upper solution;
(9) 10 ul of deionised formamide added and subjected to
denaturation; (10) after being cooled, the sample was taken
to the sequencing analyser 3730 to obtain a final result.
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Statistical Analysis

The Statistical Package for the Social Sciences (Windows
version 13.0; SPSS Inc, Chicago [IL], US) was used to carry
out data management and counting of genotype and allele
frequency. The allele and genotype frequency distribution
differences between the two groups were analysed using the
Chi-square (%) test. If the theoretical value was less than 5,
Fisher’s exact probability analysis would be used.

Results

Agarose gel electrophoresis and DNA sequencing results
showed that in all subjects the TPH2 1463A mutant allele
was not present (Fig); all 123 cases of unipolar depression
and the 122 healthy controls were homozygous for 1463G.
According to the report of Zhang et al,* 1463A allele
frequency in patients with unipolar depression was 5.17%.
In accordance with this frequency, among all patients there
should have been 6 subjects carrying the 1463A mutant
allele. However, in neither the cases or controls was there a
single 1463A allele carrier.

Discussion

Zhang et al* first reported in 2005 that the coding region
of human 7TPH2 gene contains a G1463A functional
polymorphism. However, in subsequent studies, many
research groups could not replicate Zhang’s results. Garriock
et al'® analysed TPH2 G1463A polymorphism in a sample
of 182 unipolar depression patients which was similar to

Correlation between TPH2 Gene and Unipolar Depression

Zhang’s sample in race and gender distribution, including
83 cases of treatment resistance, 8 bipolar affective disorder
patients (treatment resistant), and 186 healthy controls, and
found that no subjects were 1463 A mutant allele carriers.
For the first time, they also studied the 11th intron in the
TPH?2 gene, searching for the other 2 single-nucleotide
deletion mutations (C1487G and TI1578G), and the
sequence analysis showed no single nucleotide variations.
Van Den Bogaert et al'* carried out TPH2 G1463A
genotyping on 2 independent case-control samples. One
sample consisted of 135 cases of unipolar depression (mean
age, 57 years) and 182 cases of bipolar affective disorder
patients (mean age, 56 years) forming the case group, and
364 gender-, age-, and race-matched individuals formed the
control group. The other sample consisted of 182 cases of
unipolar depression patients (mean age, 47 years) and 182
cases of bipolar affective disorder patients (mean age, 56
years) forming the case group, and 364 cases of gender-,
age- and race-matched individuals forming the control
group. Within the 2 study samples, there was not a single
carrier of 1463A. In addition, they discussed the reason for
the discrepancy between Zhang’s and their study — the
sample of patients selected in Zhang’s study* had a rather
high average age (>60 years), and 7 patients with unipolar
depression carrying the 1463A allele were unresponsive to
SSRI treatment. Glatt et al' carried out G1463A genotype
analysis on 1023 cases of unipolar depression from a wide
range of ethnic representatives, and found no carriers of
the 1463A allele. Zhou et al'® carried out TPH2 G1463A
genotyping on 779 cases of unrelated individuals (403
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Figure . Tryptophan hydroxylase-2 (TPH2) G1463A genotype electrophoresis analysis of (a) and DNA sequencing (b)
of polymerase chain reaction (PCR) products.

(a) M denotes DNA marker; lanes 1, 3, 5, 7: PCR products using G allele-specific primer (G allele positive); lanes 2, 4, 6,
8: PCR products using A allele-specific primer (A allele negative); (b) position 1463’s G base is underlined in red.
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cases of unipolar depression, with an average age of >60
years) and 1740 patients with major depression, and did not
find any carrier of the 1463A allele. They speculated that
the TPH2 1463A allele is a very rare mutation, and may
not have any relationship with major depression or other
behaviours. If there is a relationship with other behaviours,
based on their own samples of old-age patients in the study,
the 441H allele may be related to late onset of depression.
Additionally, Delorme et al'> used 3 different methods:
ARMS-PCR, restriction fragment length polymorphism
(RFLP), and direct sequencing of 1071 cases with mental
disorders (265 cases of unipolar depression, 297 cases of
severe depression, 84 cases of bipolar disorder, 201 cases
of obsessive compulsive disorder, 224 cases of autism
patients), and 246 healthy volunteers to genotype the TPH2
G1463A polymorphism. They found all subjects were
G1463G homozygotes.

This study also found no TPH2 1463A allele carrier
within the sample of southern Chinese Han population,
and was in accordance with the findings of the above-
mentioned authors but inconsistent with Zhang’s earliest
results.* The probable underlying reasons may be: (1) with
regard to depression itself, there may exist geographic and
ethnic differences; (2) compared with Zhang’s study sample
(unipolar depression, patients’ age = 60 years), patients in this
study had a lower mean age (38; SD, 14 years) and therefore
lower onset age of depression. If the age of onset is different,
the genetic backgrounds may also be different; (3) the TPH2
1463A allele may be a rare mutant allele and has not been
detected in this study due to its relatively small sample size;
(4) the 1463A allele may be seen mainly in patients with a
poor response to SSRI treatment. Zhang’s study* found that
among the 9 cases who carried the A mutant allele, 7 exhibited
a poor response to treatment with SSRI, and the other 2
required a very high dose. In this study sample however,
no patients had a poor response to SSRI treatment, which
may be another reason for inconsistence; (5) since this and
other studies did not detect the 1463A allele, the TPH2 gene
G1463A polymorphism should not be a major genetic factor
in depression. In short, the results of this study do not support
a correlation between the TPH2 G1463A gene polymorphism
and depression among the southern Chinese Han population.

The present study has some limitations, one of which is
its relatively small sample size. Usually, rare mutant alleles
are detected only in a large sample. If the TPH2 1463 A allele
is a rare mutant allele in Chinese Han population, a large
sample would be needed to detect it. In this study, although
there was no evidence of an association between TPH2 gene
G1463A polymorphism and unipolar depression in southern
Chinese Han population, our findings cannot exclude a
possible correlation between TPH2 gene and unipolar
depression, because there are several other polymorphisms
affecting this gene.®!!' To clarify the relationship between
5-HT-related genes like TPH2 and unipolar depression,
further studies with a larger sample and consideration of
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gene-gene and gene-environment interaction are necessary.
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