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No Coding Variant of the Tryptophan Hydroxylase
Gene Detected in Seasonal Affective Disorder,
Obsessive—Compulsive Disorder, Anorexia Nervosa,
and Alcoholism
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Alessandro Rotondo, Matti Virkkunen, Markku Linnoila, and David Goldman

Background: The goal of this study was to evaluate the Key Words: Anorexia nervosa, obsessive—compulsive
role of genetic variation in the coding sequence of tryp-disorder, tryptophan hydroxylase gene, polymorphism,
tophan hydroxylase (TPH) in the pathogenesis of severasingle-strand conformation polymorphism

psychiatric diseases in which altered serotonin function

has been implicated: bipolar affective disorder (BP),

obsessive—compulsive disorder (OCD), anorexia nervosa .

(AN), seasonal affective disorder (SAD), panic disorderlntroduction

(PD), and al_cohollsm (Alc). _ Sveral lines of evidence indicate that central seroto-
Methods: Ninety-three percent of the TPH coding se- ergic neurotransmission may be reduced in certain

quence was screened by polymerase chain reaction singlessy chiatric diseases that are characterized by a deficit in

strand conformation polymorphism (SSCP) for DNA se- .
quence variations in 128 AN, 88 OCD, 72 SAD, 45 IDD,|mpulse control (Coccaro and Murphy 1990; Asberg et al

and 36 BP patients and 142 normal volunteers. Alsolﬁzgég_aﬂr?r:gﬁg eett:: 113;3 BR;?/;]I 2';?%?’1\5/)%';“_??]22
included in the screening were 61 Alc randomly selected,. T >, baleng S

from a Finnish alcoholic population in which an associ- dlsprders include depresswe dlsprde(s, suicidality, alco-
ation of a TPH intron 7 polymorphism with suicidality was helism (Alc), obsessive—compulsive disorder (OCD), an-
previously observed. Polymorphisms detected by SSC@rexia nervosa (AN), bipolar affective disorder (BP), and
were characterized by DNA sequencing and by allelefanic disorder (PD). Accumulating data from twin, family,
specific restriction enzyme digestion. Genotyping was thednd adoption studies also indicate that most of these
performed in 34 Finnish alcoholic suicide attempters.  disorders have a genetic component (Gershon and Clon-

Results: A rare silent mutation was identified in exon 10 inger 1994).
and is designated T1095C. The C1095 allele was found in Since tryptophan hydroxylase (TPH) is the rate limiting
1 OCD and in 2 AN subjects; all 3 individuals were enzyme in the pathway of serotonin synthesis, it may play
heterozygous (C1095/T1095) for the variant allele. Noa vital role in interindividual variation in serotonin metab-
association was observed between this TPH T1095@lism. Previous studies have implicated TPH in impulse
variant with either OCD, AN, Alc, or suicidality. control. When a TPH intron 7 polymorphism was evalu-
Conclusion: These results suggest that the coding se-ated in a cohort of Finnish alcohol offenders, a significant
guence of the TPH gene does not contain abundanassociation between this TPH marker and suicidality was
variants, and may not play a major role in vulnerability to observed (Nielsen et al 1994). These findings were re-
several psychopathologies in which reduced serotonircently replicated in a second clinical population from
turnover has been implicatedBiol Psychiatry 1999;45:  Finland (Nielsen et al 1998). In a separate study that used
615-619 ©1999 Society of Biological Psychiatry an undefined French population sample and an unpub-
lished TPH polymorphism, Abbar et al (1995) found no
association between TPH and suicidality.
_ _ _ _ If the TPH/suicidality association is valid, the intron 7
Frorpﬂ;t:;;léAA/Lab of Neurogenetics, National Institutes of Health, Rockuville, polymorphism either alters the expression or structure of
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NIAAA/Lab of Neurogenetics, 12420 Parklawn Drive, Park 5 Bldg, Rm 451, a variant could be found in either the coding region or the
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Table 1. Primers Used to Amplify the TPH Coding Region

Annealing
Product Temp
Exon Upstream Primers Downstream Primers Length (bp) (°C)
2 5 TTTAGCCCGTAGTCT 3 5 TTTTCAGGGCTTTTA 3 170 45
3 5 ACATAGGAGAAGCATGT 3 5 TTGAACTTACCATCTTCCT 3 200 55
4 5 TAAATTTTACAGGTATG 3’ 5" GAAAATACTTACAGGAT 3’ 125 45
5&6 5" AATTATCAGGGCTTC 3 5" GGAGACATCTTCCAA 3 411 55
7 5 ATGCTGCAGTCAGGGGTCTA 3 5 TGATGAATTCCTGGCTGAAA 3 230 54
8 5 GCAGCGTGACAAACTTGTAC 3 5" AGCTAATTCCAGATTTATAC 3’ 179 54
9 5 AATATTGATGTTCTTTTGCA 3 5" CCCCAAGTATGTTCCATAGT 3 225 59
10 5 CTTTGATTCACTGACTCTT 3 5 TATACTGTACCTCATCTT 3 173 46
11 5 AAATAGAGAATTTAC 3’ 5 CTGGCTACTGTAGA 3 191 40

screened the coding region of the TPH gene in a randomllc), NIAAA (PD, NV), the University of Pittsburgh (AN), the
selected sample from the same alcoholic Finnish populaUniversity of Pica (AN, OCD, PD), and the University of
tion in which the TPH/suicidality association was ob- Helsinki (Alc).

served. We also screened the TPH coding sequence in

several other disorders in which serotonin dysfunction ha®NA Amplification by PCR

been implicated: AN, OCD, PD, BP, and seasonal affeCDNA amplification was performed on 9 regions of the TPH gene
tive disorder (SAD). corresponding to exons 2, 3, 4, 5, 6, 7, 8, 9, 10, and 11 (Boularand
et al 1990; Craig et al 1991), and covered 93% of the TPH coding
sequence (the noncoding exon, exon 1, was excluded). Nine primer

. pairs were synthesized to amplify these fragments, which included

Methods and Materials the 5 and/or 3 end exon/intron junctions of exons 2, 5, 6, 7, 8, 9,
Py ; and 10. The sequences of the synthesized primers and the lengths of

Clinical Populations the amplified products are listed in Table 1. Amplification was
Genomic DNA was isolated either from Epstein—Barr virus performed with 50 ng DNA, 0.5uL of 10X polymerase chain
immortalized lymphoblastoma cell lines or directly from periph- reaction (PCR) buffer containing 200 mmol/L Tris-HCI, 0.5 mol/L
eral blood. The ethnic makeup of the sample included AmericarkKCl, 20 mmol/L MgCl, and 1 mg/mL bovine serum albumin
Indians, and Caucasians of U.S., Italian, and Finnish origin. ThgBSA), 0.8 umol/L of each primer, 0.2 mmol/L each of deoxycy-
sizes of the clinical populations were AN (= 128), OCD tidine triphosphate (dCTP), deoxyguanosine triphosphate, deoxy-
(n=88), SAD (n = 72), Alc (n = 61), PD (A = 45), and  thymidine triphosphate, and deoxyadenosine triphosphate, 0-2
BP (n = 36). Inaddition, we evaluated 142 normal Caucasian mmol/L of MgCl, individualized for each exon, 0.25 U of Ampli-
volunteers (NV), who were also psychiatrically screened. TheTaq (Perkin Elmer Cetus), and OECi [«**P] dCTP in a total
diagnoses were made by experienced psychiatrists according tmlume of 5uL per reaction. Samples were amplified for 30 cycles,
DSM-III-R criteria following structured interviews. All subjects each consisting of 15 sec at 95°C, 15 sec at 40-59°C (individualized
participated following informed consent and were studied underfor each exon as indicated in Table 2) and 30 sec at 72°C in a Perkin
human research protocols approved by NIMH (OCD, SAD, BP,Elmer 9600 thermocycler.

Table 2. Populations Screened by SSCP for the TPH Coding Sequence Variation

For All 9 Fragments For Exon 10

Population Sources Mean = s.e.m. (9) Minimum N

AN US & ltaly 56.9+ 11.7 32 128
OCD US & ltaly 54.6+ 4.3 32 88
SAD us 40.0+ 4.6 32 72
ALC Finland 453+ 7.1 32 61
PD UsS & ltaly 421+ 1.9 32 45
BP us 324+ 0.4 32 36
NV us 62.0+ 12.5 32 142

Total 333.3+= 35.8 224 572
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Single-Strand Conformation Polymorphism (SSCP) A
Analyses é\ 9‘19 000
PCR products were diluted in 0L SSCP buffer consisting of v

95% deionized formamide, 10 mmol/L NaOH, 0.05% Bromo- I

phenol blue, and 0.05% xylene cylanol and incubated at 97°C

for 10 min for denaturation. After incubation on wet ice for 2
min, 4 pL of the denatured PCR product was loaded onto a
nondenaturing, sequencing-type Mutation Detection Enhance-
ment MDE (FMC) gel in 0.6% TBE buffer. Electrophoresis l“ — “ -. “ .1 u £ 2 -
was carried out at 4°C for 16—18 hours at 500 V. DNA bands
were visualized by autoradiography at70°C and by phos-
phoimaging (Phosphorimager 400, Molecular Dynamics). To
increase the sensitivity of SSCP, longer fragments resulting
from amplification of exons 5 and 6, 7, and 9 were digested
with restriction enzymes (New England Biolabs) to yield
subfragments of desired length prior to electrophoresis in a - S
nondenaturing gel. The restriction digestions were performed
in a total volume of 15uL containing 5pL of the PCR
products and 1.5.L of the manufacturer's recommended
buffer. The enzymes used were: 0.2k (5 units) Tad'| for
exon 7, yielding fragments 95 and 135 in length; Q.IZ (7
units) Hinfl for exon 9, yielding fragments of 74 and 151 in . “ “' - ’ e -
length; and 0.2uL Dra | (4 units) plus 0.5uL ScrF1 (2.5
units) for exons 5 and 6, yielding fragments of 89, 135, and
187 in length, respectively.

Figure 1. Detection of T1095C variant by SSCP mobility shift.

Sequencing and Allele-Specific Restriction EnzymeThree heterozygous individuals are labelled in the figure.
Digestion

For automated sequgncing, 5 ng of genomic DNA W"?‘S amplifieleOX (3 ng) BSA and incubated for 16 hours at 55°C ([BsmA
as described above in a total volume of 50 per reaction. The ) or 37°C (for Alw26 I). Twelve microliters of the digested

PCR product and 1Q1L loading dye (0.25% Bromophenol blue, sample was loaded on a 10% acrylamide gel and electrophoresed
0.25% xylene cylanol, and 30% glycerol) were loaded onto a 2%,

. . “Jat 35 mA in IX TBE buffer for 20 min. DNA bands were
agarose gel. Following electrophoresis at 150 V for 1 hour inisualized by ethidium bromide staining.
TBE buffer, bands representing the specifically amplified prod-
ucts were cut out, and the DNA was purified using the JETsorb
protocol (Genomed Inc.). Sequencing was performed bidirecResults

tionally and by using JuL of each primer (3.2 nmol/L), 2.5L . e
of purified PCR product, and G.L Dye Terminator Cycle USing the SSCP method to detect sequence variation, we

Sequencing Ready Reaction Mix with AmpliTag DNA polymer- Screened a minimum of 224 and a maximum of 572 DNA
ase (Perkin Elmer Cetus). The resulting mixture was incubate@amples (333t 36, meanst SEM) for each of the nine
for 25 cycles of 10 sec at 96°C, 5 sec at 50°C, and 4 min at 60°CTPH exons (see Tables 1 and 2). Three patients, 1 OCD
Extension products were further purified by ethanol precipitationand 2 AN, showed similar SSCP mobility shifts with the
and resuspended in 250L 70% ethanol. The purified DNA  amplification products of exon 10 (Figure 1). Dideoxyse-
fragments were resuspended inuB deionized formamide and guencing detectea T to Ctransition at position 1095
incubated at 95°C for 5 min. Then, 4L was loaded on a 6% (Figure 2). This transition does not result in an amino acid
acrylamide gel and subjected to electrophoresis in TBE buffer a&ubstitution; the alternate triplet codons CTT and CTC
room temperature for 10 hours in a ABI 373 automated Sey)qih encode leucine. All 3 individuals with the 1095C
quencer. : - :
To confirm the sequencing result and to genotype the varian\(gigir:; ;\;e;: vcgltle;giégs?rlii (;Se(;(t)irc])urgztgatr)mlé)tssehqol'\l/?rr:)c N9

in additional samples, the PCR products of exon 10 were
digested withBsmAl or its isoschizomeAlw26 |. BsmAl (and The frequency of the rare 1095C allele was .0026 (3/1144)

Alw261 as well) should cut the 1095C alleles into two fragments fOF thEZWhOIe sample, .0078 (2/256) for the AN group (vs.
of 75 and 98 bp, while the 1095T allele is not cleaved by thisNV: X~ = 2.23, df= 1, p > .1), and.0057 (1/176) for
enzyme. The digestion reaction was carried out in a total volumCD (vs. NV: x* = 162, df = 1, p > .1). No
of 15 pL consisting of 1.5uL (7.5 U) BsmAl, 10 pL PCR  polymorphism was found in the other diagnostic groups or
product plus 1.5uL of the recommended buffer, and Oyl in normal volunteers. Analyses of exons 2, 3, 4, 5, 6, 7, 8,
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1095C/T vulnerability to mental disorders screened in the present
A. ‘ study, at least in SAD, OCD, AN, and Alc, where sample
sizes allowed for reasonable statistical inferenoe={
61-128,p > .1). Thenegative result reported here is
also in line with the available, but limited results from
variant searches conducted on the TPH gene to date.
Previously the TPH coding sequence from 2 individuals
2). Y homozygous for the intron 7 marker associated with
jf \If \ suicidality was sequenced by Nielsen et al in press. They
/ i /){/ detected no alteration in DNA sequence or messenger
Wt '% %f';,_ . — RNA structure. The only TPH variants detected remain
T e TYT TieA T ¢ synonymous coding sequence variants and variants in
noncoding sequences, including multiple variants in the
TPH promoter region (Rotondo et al in submission);
however, variants may be found elsewhere in the TPH
gene. Unscreened regions include the portions of the gene
more than 2 kb upstream, exon 1, introns, the 3° untrans-
lated region, as well as the 7% of the coding region we
have not screened. Future efforts on the role of TPH in
mental disorders could focus on the role of these promoter
variants and other variants yet to be detected. A role for
TPH coding sequence variants in mental disorders is not
fommad T yet excluded.
T ¢ T T A T C Although SSCP is a sensitive and widely utilized

Figure 2. Sequencing of TPH T1095C heterozygous [Fig 2A ,Screening method for DNA polymorphisms, its efficiency

and 2] individuals and T1095 homozygous individuals [Fig 25 1 Varies with the DNA region analyzed and electrophoresis
and 2]. conditions such as temperature and gel solution (Orita et al

1989; Glavac and Dean 1993; Liu and Sommer 1995). We
have enhanced the sensitivity of the procedure by predi-
gesting long PCR products with restriction enzyme, add-
ing 10% glycerol to MDE gel, and performing electro-
phoresis at 4°C; however, the sensitivity of the procedure
we used is typically about 85% (Glavac and Dean 1993).
Therefore, other screening methods like restriction endo-

uclease fingerprinting, Denaturing Gradient Gel Electro-
phoresis DGGE or direct sequencing could detect variants
missed by the SSCP analyses performed here.

1)

1).

2).

9, and 11 revealed no other polymorphism in the TPH
coding region.

In addition, we genotyped 34 alcoholic suicide attempt-
ers from the same Finnish alcoholic population in which
the association of a TPH intron 7 polymorphism with
suicidality was observed (Nielsen et al 1994). All 34 of
these patients were homozygous for the 1095T allele (dat
not shown).

Discussion

In the present study, we screened the coding region of thgefer(’jr‘ces

TPH gene for polymorphism in several psychiatric popu-Abbar M, Courtet P, Amadeo S, Caer Y, Mallet J, Baldy-
lations in which serotonin dysfunction has been impli-  Moulinier M, et al (1995): Suicidal behaviors and the tryp-
cated. These samples also included alcoholic Finnish tophan hydroxylase genérch Gen Psychiatr$2:846—849.
offenders in whom a TPH/suicidality association WasAstéigg?Gl\)/l‘sThoren_ Pél Traskmankb_BeLtHSS_OﬂlL, I[I)?Inberge_rh\_/
observed with an intron 7 polymorphism (Nielsen et al - Serotonin depression: A biochemical subgroup within
1994). The regions of TPH gene we screened covered 93% the affective dlsord?rssc'encel_gl'us_480' _
of the TPH coding region, which spans a total of 13328&%2%& ‘;crid Seorﬁ(rja\ﬁnger'(:)}:(;nmariwoertaliz)'j)’lis?rzc?;lvr;ngmlz:h%ge?)-
nucleptid_es. The only detected \(griant Was a Ssynonymous  pgychiatry36:224—227.

substitution, CTT to CTC at position 1095. This SUbSt'tu'Boularand S, Darmon M, Ganem Y, Launay JM, Mallet J (1990):

tior} .iS highly .U_n"ke'y to direct moqiﬁcati(_m of TPH Complete coding sequence of human tryptophan hydroxylase.
activity. In addition, the 1095C allele is relatively uncom-  Nucleic Acids Red8:4257.

mon. This result may suggest that the genomic regiorcoccaro EF, Murphy DL (19908erotonin in Major Psychiatric
encoding the TPH is generally not involved in differential  Disorders.Washington, DC: American Psychiatric Press.
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