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A b s t r a c t  Concentrations of monoamine metabolites 
(MM) in lumbar cerebrospinal fluid (CSF) have been used 
extensively as indirect estimates of monoamine turnover 
in the brain. We investigated possible relationships be- 
tween DNA polymorphisms in the tryptophan hydroxy- 
lase (TPH) and catechol-O-methyltransferase (COMT) 
genes and CSF concentrations of  5-hydroxyindoleacetic 
acid (5-HIAA), homovanillic acid (HVA), and 3-methoxy- 
4-hydroxyphenylglycol (MHPG) in healthy volunteers (n 
= 66). Lower CSF 5-HIAA levels were found in men with 
the TPH U allele (p = 0.005), but not in women. A similar 
but less significant pattern was observed for CSF HVA. 
No relationship was found between the TPH polymor- 
phism and CSF MHPG. COMT genotypes did not relate 
significantly to MM concentrations. The results suggest 
that TPH genotypes participate differentially in the regu- 
lation of serotonin turnover rate under presumed steady 
state in the central nervous system of men. Due to the un- 
certain functional relevance of the DNA polymorphism 
investigated and the many calculations performed, the re- 
suits should be interpreted with caution until replicated. 
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Introduction 

Concentrations of the major monoamine metabolites (MM) 
5-hydroxyindoleacetic acid (5-HIAA), homovanillic acid 
(HVA), and 3-methoxy-4-hydroxyphenylglycol (MHPG) 
in lumbar cerebrospinal fluid (CSF) have been used ex- 
tensively as indirect indices of monoamine turnover rate 
in the brain in humans. Studies of human twins indicate 
that CSF 5-HIAA and HVA levels are under familial in- 
fluence of both genetic and environmental origin, whereas 
MHPG is under major genetic influence (Oxenstierna et 
al. 1986). In rhesus monkeys significant portions of  CSF 
5-HIAA, the major serotonin metabolite, HVA, the major 
dopamine metabolite, and MHPG, the major norepineph- 
rine metabolite in the central nervous system, have been 
shown to be determined by genetic mechanisms (Higley 
et al. 1993). Tryptophan hydroxylase (TPH) catalyzes the 
first and rate-limiting reaction in the biosynthesis of  sero- 
tonin (5-HT; Cooper and Melcer 1961). This makes the 
TPH gene, located on chromosome 1 l p 15.3-p 14 (Craig et 
al. 1991), a candidate for the regulation of 5-HT turnover 
and metabolism. The enzyme catechol-O-methyltransferase 
(COMT) catalyzes the O-methylation of catechol neuro- 
transmitters, hormones, and drugs (Axelrod and Tomchick 
1958; Guldberg and Marsden 1975). Together, monoamine 
oxidase and COMT contribute to the conversion of dopa- 
mine and noradrenaline into HVA and MHPG, respec- 
tively. COMT exists in a thermolabile low-activity form 
and a thermostable high-activity form, which is due to a 
DNA exonic polymorphism changing Met to Val at posi- 
tion 108 and 158 in the soluble and membrane-bound 
form of the enzyme, respectively (Boudikova et al. 1990; 
Grossman et al. 1992b; Klemetsdal et al. 1994; Lachman 
et al. 1996). Thus, the COMT gene, positioned on chro- 
mosome 22q11.2 (Brahe et al. 1986; Grossman et al. 
1992a; Winqvist et al. 1992), is a candidate to influence 
the levels of  HVA and MHPG in CSF. 
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In the present study a HaeIII  marker  which  distin- 
guishes a po lymorph i sm in the TPH gene and a NlaIII  re- 
striction site associated with high and low C O M T  activity 
were  examined  for possible  relationships to concentra-  
tions o f  5 -HIAA,  HVA, and M H P G  in lumbar  C S F  of  
healthy Swedish  volunteers .  

Materials and methods 

Subjects 

The characteristics and assessment of the subjects participating in 
the present study have previously been described (J6nsson et al. 
1996). Briefly, Caucasian individuals (n = 66) were recruited pre- 
dominantly among students or hospital staff. Lumbar puncture 
(LP) had been performed in all subjects in previous studies on MM 
in CSF. Height was also measured. Back length, defined as the dis- 
tance between the external occipital protuberance and the insertion 
point of the lumbar needle with the subject in the lying position, 
was measured in 41 subjects. Eight to 19 years after these studies 
were accomplished, a structured interview was performed by a 
psychiatrist (E.J.) to assess psychiatric morbidity (according to 
DSM-1II-R), somatic illness, and presence of mental and nervous 
system disorders among relatives. Hospital records were obtained 
and examined for diagnosis. Genealogical data for antecedents up 
to the third degree were obtained from parish registers to assess the 
origin of the individuals. Subjects previously excluded from the 
MM studies and those who admitted any lifetime psychiatric dis- 
order were omitted. 

Of the subjects 37 were men and 29 women. The age range at 
the time of the present study was 29-56 years (mean age 39 years). 
The mean age at LP was 27 years (range 19-43 years). Thirty sub- 
jects were university graduates. Twenty-one subjects had a family 
history of major mental illness defined as at least one first- or sec- 
ond-degree relative with schizophrenia, schizoaffective disorder, 
bipolar disorder, recurrent unipolar disorder, other non-organic 
psychosis, or who had committed suicide. Of the women, 10 used 
oral contraceptives at LP, 17 did not, and data were missing for 
two individuals. Except for oral contraceptives, all participants 
were drug free at LP. Genealogical data indicated that 88% of the 
chromosomes were of Swedish origin, 7% of Finnish, and the re- 
maining 5% from seven other European countries. 

250 gM each of dCTP, dGTP, dTTP, and dATP, 1.5 mM MgCI~, 
50 mM KC1, 0.001% gelatin, 10 mM Tris, pH 8.3, 3 gCi 
[0t-32p]dCTP, and 0.8 units of AmpliTaq (Perkin-Elmer Cetus, 
Foster City, CA 94404, USA) in a volume of 10 gl. Samples were 
amplified for ten cycles of 15 s at 94~ 15 s at 52~ and 30 s at 
72~ followed by 20 cycles of 15 s at 89~ 15 s at 52~ and 30 s 
at 72 ~ C, followed by 5 min at 72 ~ C. The resulting phosphorus 32- 
labeled fragment (2 gl) was diluted with 18 gl of 95% formamide, 
10 mM NaOH, 0.05% bromophenol blue, and 0.05% xylene 
cyanole, and incubated at 100~ for 2 min. The denatured DNA 
was electrophoresced (2.5 gl/lane) through a nondenaturing 1X 
MDE gel (FMC BioProducts, Rockland, ME 04841, USA) and 
visualized on a PhosphorImager 400 (Molecular Dynamics, Sunny- 
vale, CA 94086, USA) and by autoradiography. The alleles, due to 
an adenine to cytosine transversion at position 779 of intron 7 
(Nielsen et al. 1997), are designated according to their SSCP mi- 
gration pattern with the faster migrating band designated "L" and 
the slower "U". 

The COMT genotype was determined by RFLP analysis as pre- 
viously described (Daniels et al. 1996). Briefly, genomic DNA 
was amplified using PCR with the primers 5'-ACTGTGGCTACT- 
CAGCTGTG-3' and 5'-CCTTTTTCCAGGTCTGACAA-Y. These 
primers are complementary to motifs in exon 4 and intron 4 of the 
human COMT gene so that the resulting fragment includes the 
polymorphic site in the 3' part of exon 4. The 169 bp product was 
digested with the restriction enzyme Nla III (New England Biolabs 
(UK), Hitchin, Herts, England) and then run on a 6% non-denatu- 
rating polyacrylamide gel subsequently stained with ethidium 
bromide. The low-activity COMT polymorphism (methionine at 
amino acid 108/158) contains a Nla III restriction site resulting in 
129- and 40-bp digest products, whereas the high-activity COMT 
polymorphism (valine at amino acid 108/158) contains no restric- 
tion site, leaving the 169-bp product undigested. 

Data analysis 

Analysis of variance (ANOVA) was used for the 30 primary cal- 
culations. Unpaired two-tailed t-test was used in post hoc analyses. 
Due to the exploratory nature of the investigation, the overall level 
of significance was set to 0.01 in the primary calculations and 
0.005 in the post hoc analyses. 

Results 

CSF MM concentrations 

The CSF was obtained by LP with the subject in the sitting (n = 
36) or recumbent (n = 30) position. It was performed between 8 
and 9 a. m. Subjects had at least 8 h of supervised bedrest in the 
hospital, abstaining from food and smoking. Samples of 12.5 ml 
CSF were drawn according to a standardized sampling procedure 
(Sedvall et al. 1980). 5-HIAA, HVA, and MHPG concentrations 
were measured with mass fragmentography using deuterium-la- 
beled internal standards (Swahn et al. 1976). 

Genotype analyses 

Venous blood was taken from all individuals into EDTA-contain- 
ing tubes. DNA isolation was performed according to Luthman 
and Datta (Geijer et al. 1994). 

TPH genotype was determined by single-strand conformational 
polymorphism (SSCP) analysis essentially as previously described 
(Nielsen et al. 1995). Briefly, DNA was amplified using poly- 
merase chain reaction (PCR) with the primers TPHI7-3: 5'-TTGT- 
TTCTTTATTTGATTAGTGT-3" and TPHI7-4a: 5'-AGTTCATG- 
GCAGGTATCTCTGAA-3'. These primers hybridize within TPH 
intron seven on either side of the polymorphic nucleotide. Ampli- 
fication was performed with 50 ng DNA, 0.2 gM of each primer, 

Relat ionships  be tween TPH genotypes  
and CSF  M M  concentrat ions 

In the present sample the U L  genotype  was the most  fre- 
quent  (44%), fo l lowed by the LL (38%) and U U  (18%) 
genotype.  The allele f requencies  were  0.60 (L) and 0.40 
(U), respectively.  

When  the three t ryptophan hydroxylase  genotypes  
were compared  across the total sample,  there were  no sig- 
nificant differences for CSF  5 -HIAA,  HVA, and M H P G  
levels  (Table 1). However ,  when the sample  was subdi- 

vided by gender  it was observed  that men with the LL 
genotype displayed higher  5 - H I A A  mean  (114 nmol/ l )  

than men  with the U L  (74 nmol/1) or U U  (90 nmol/1) 
marker  (F = 6.15, p = 0.005). In the post  hoc analysis men  
with the LL genotype  had higher  5 - H I A A  levels  than men  
with UL and U U  genotypes  (means 114 and 78 nmol/1, re- 
spect ively;  t = 3.30, p = 0.002). Compar i sons  be tween  
men with homozygot i c  genotypes  vs men with the U L  
genotype  also revealed differences (t = 3.09, t = 0.004) 
with significantly higher  5 - H I A A  concentrat ions in the 



Table 1 Comparisons (ANOVA) between tryptophan hydroxy- 
lase genotype constellations and homovanillic acid (HVA), 5-hy- 
droxyindoleacetic acid (5-HIAA). and 3-methoxy-4-hydroxyphe- 
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nylglycol (MHPG) concentrations in lumbar cerebrospinal fluid in 
healthy volunteers 

Geno- Subgroup n HVA 
type 

5-HIAA MHPG 

Mean _+ S D  F Mean + S D  F Mean _+ S D  F 
(nmol/L) p (nmol/L) p (nmol/L) p 

LL All 25 206+ 83 F = 2 . 9 4  108_+33 F = 1 . 7 3  43_+6 F = 0 . 8 5  
UL 29 157_+ 74 p =0.060 89-+41 p =0.186 42_+7 p =0.431 
UU 12 167+ 57 9 5 + 2 8  4 1 + 7  

LL Men 11 208+ 99 F = 3 . 8 9  114+38  F = 6 . 1 5  46_+7 F =  1.37 

UL 20 138 _+ 53 p = 0.030 74 _+ 28 p = 0.005 41 _+ 7 p = 0.267 
UU 6 140_+ 50 90_+21 4 3 + 8  

LL Women 14 204 + 72 F = 0.04 103 _+ 29 F = 1.16 42 _+ 4 F = 1.10 
UL 9 202 _+ 97 p = 0.960 124 _+ 47 p = 0.328 43 _+ 8 p = 0.348 

UU 6 194 _+ 52 99 _+ 36 38 _+ 6 

LL No family history 13 214 _+ 93 F = 4.02 109 _+ 35 F = 3.13 44 _+ 7 F = 0.94 
UL 21 147_+ 58 p =0.025 8 1 + 3 3  p =0.054 4 2 + 7  p =0.400 
UU 11 159 _+ 52 90 _+ 25 40 + 7 

LL Family history a 12 197 + 75 F = 0.28 106 _+ 31 F = 0.35 43 + 4 F = 0.25 
UL 8 185 _+ 105 p =0.756 111 +55  p =0.710 41 _+9 p =0.778 
UU 1 254 142 43 

aAt least one first- or second-degree relative with schizophrenia, schizoaffective disorder, bipolar disorder, recurrent unipolar disorder, 
other non-organic psychosis, or who had committed suicide 

Table 2 Comparisons (ANOVA) between tryptophan hydroxy- 
lase genotype constellations and ratios between homovanillic acid 
(HVA), 5-hydroxyindoleacetic acid (5-HIAA), and 3-methoxy-4- 

hydroxyphenylglycol (MHPG) concentrations in lumbar cerebro- 
spinal fluid in healthy volunteers 

Geno- Gender n HVA/5-HIAA 5-HIAA/MHPG 
type 

Mean + S D  F Mean + S D  F 
(nmol/L) p (nmol/L) p 

LL All 25 1.94 + 0.47 F = 0.55 2.50 _+ 0.75 F = 0.83 
UL 29 1.82 + 0.43 p = 0.578 2.19 _+ 1.10 p = 0.441 
UU 12 1.81 + 0.51 2.33 + 0.58 

LL Men 11 1.86 _+ 0.56 F = 1.10 2.52 +_ 0.86 F = 2.97 
UL 20 1.92 + 0.43 p = 0.345 1.84 _+ 0.77 p = 0.065 
UU 6 1.58 + 0.57 2.10 + 0.29 

LL Women 14 2.00 + 0.39 F = 3.89 2.49 + 0.68 F = 0.72 
UL 6 1.59 + 0.34 p = 0.033 2.96 + 1.35 p = 0.496 
UU 9 2.03 + 0.37 2.57 + 0.72 

LL No family history 13 2.00 _+ 0.54 F = 0.51 2.50 + 0.79 F = 2.33 
UL 21 1.89 + 0.43 p = 0.607 1.95 + 0.79 p = 0.110 
UU 11 1.81 + 0.54 2.24 _+ 0.51 

LL Family history a 12 1.87 _+ 0.39 F = 0.76 2.51 + 0.76 F = 0.35 
UL 8 1.65 _+ 0.39 p = 0.480 2.81 + 1.55 p = 0.713 
UU 1 1.79 3.30 

a At least one first- or second-degree relative with schizophrenia, schizoaffective disorder, bipolar disorder, recurrent unipolar disorder, 
other non-organic psychosis, or who had committed suicide 

L L  and  U U  ( m e a n  105 nmol/1)  than  the  U L  (74 nmol/1)  

sub jec t s .  A s imi l a r  bu t  n o n s i g n i f i c a n t  pa t t e rn  w a s  f o u n d  

in m e n  w h e n  the  T P H  g e n o t y p e s  w e r e  c o m p a r e d  fo r  C S F  

H V A  concen t ra t ions .  M e n  wi th  the L L  g e n o t y p e  had  h ighe r  

H V A  c o n c e n t r a t i o n s  t han  m e n  w i t h  U L  or  U U  g e n o t y p e s  

( m e a n  208,  138, a n d  140 nmol/1,  r e s p e c t i v e l y ;  F = 3.89,  

p = 0 .030) .  In  the  p o s t  h o c  ana lys i s  t h e s e  d i f f e r e n c e s  w e r e  

fu r t h e r  a t t e n u a t e d  bu t  stil l  n o n s i g n i f i c a n t  w h e n  m e n  w i t h  

U - c o n t a i n i n g  g e n o t y p e s  w e r e  c o m p a r e d  w i t h  m a l e s  w i t h  

the  L L  g e n o t y p e  (t = 2.83,  p = 0 .008) .  
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However, in women there were no significant differ- 
ences when TPH genotypes or alleles were compared for 
CSF 5-HIAA or HVA levels. The MHPG levels did not 
relate to TPH genotypes or alleles either in men or women. 

When subjects were divided into those with and with- 
out a family history of major mental illness, it was ob- 
served that family-history-negative subjects with the LL 
genotype had nonsignificantly higher HVA concentrations 
than subjects with UL or UU genotypes (mean 214, 147, 
and 159 nmol/1, respectively; F = 3.89, p = 0.025). There 
was also a trend for subjects without family history carry- 
ing the LL genotype to display higher 5-HIAA concentra- 
tions than subjects with the UL and UU genotype (Table 
1). 

When MM ratios were compared for TPH genotypes 
nonsignificantly higher HVA/5-HIAA ratios were found 
in homozygotic than heterozygotic women (F = 3.89, p = 
0.033; Table 2). In a post hoc analysis comparing homo- 
vs heterozygotic female subjects this difference was not 
significant (t = 2.84, p = 0.009). 

Relationships between COMT genotypes 
and CSF MM concentrations 

The heterozygotic genotype was the most frequent (52%), 
followed by the Met/Met (32%) and Val/Val (17%) geno- 
types. The allele frequencies were 0.42 (Val) and 0.58 
(Met), respectively. 

There were no relationships between COMT geno- 
types or alleles and 5-HIAA, HVA, or MHPG concentra- 
tions or ratios between the different MM either in the to- 
tal sample, or in the subsamples derived with regard to 
gender or family history (data not shown). 

Discussion 

The TPH L allele was found to be the most frequent 
(0.60). This is in accordance with previous studies of  Cau- 
casian subjects (Nielsen et al. 1992; Nielsen et al. 1994). 

In the present study we found significantly different 
mean CSF 5-HIAA levels in men with different TPH 
genotypes. This finding is interesting, since TPH can be 
rate limiting in the biosynthesis of serotonin (Cooper and 
Melcer 1961). The data are compatible with the view that 
the TPH genotypes differentially regulate 5-HT synthesis. 
There was also a nonsignificant trend for different CSF 
HVA levels in relation to TPH genotypes in a similar way 
as for 5-HIAA. This finding may be expected in light of  
the well-established high correlation between HVA and 5- 
HIAA levels in CSF (/~gren et al. 1986; Hsiao et al. 1993). 

The lack of relationship between TPH genotypes and 
MHPG levels is in accordance with the evidence suggest- 
ing TPH as an enzyme of direct importance for serotonin 
but not noradrenalin synthesis. 

Interestingly, in women no significant relationship be- 
tween TPH genotypes and CSF 5-HIAA was found. This 
may indicate gender differences in the relationship be- 

tween TPH genotypes and 5-HIAA levels in CSF or ma- 
jor confounding variables among women. In a study of 
rhesus monkeys TPH mRNA expression was elevated by 
estrogen treatment (Pecins-Thompson et al. 1996). Promi- 
nent differences in translational efficiency for TPH 
mRNA has been documented (Dumas et al. 1989). 
Steroids also have rapid, nongenomic actions at the mem- 
brane level (Ke and Ramirez 1990; Majewska 1992). Hy- 
pothetically, such mechanisms may alter the serotonin 
turnover and hence the level of  5-HIAA in CSF; if so, for 
example, gender differences in steroid levels or distribu- 
tion of steroid receptors may explain the present results 
rather than, or in concert with, DNA variations in the TPH 
gene. Changes in serotonin synthesis in relation to the 
menstrual cycle have been suggested on the basis of al- 
tered rat brain serotonin in relation to varying serum con- 
centrations of sex steroids (Sietnieks et al. 1983). Reduc- 
tion of premenstrual complaints demonstrated during 
treatment with 5-HT reuptake inhibitors may also possi- 
bly reflect changes in the serotonin synthesis (Eriksson et 
al. 1990; Rickels et al. 1990; Steiner et al. 1995). How- 
ever, no significant differences were found when CSF 
MM levels were compared in the lutheal and follicular 
phases in women with or without premenstrual syndrome 
(Eriksson et al. 1994). In the present study the timing of 
the menstrual phases was not recorded. Some of the 
women used oral contraceptives, another confounder 
which could have reduced the possibility to find a rela- 
tionship between TPH genotypes and CSF 5-HIAA levels 
also in women. However, when MM concentrations from 
each group of women (users or non-users of  oral contra- 
ceptives at the time of lumbar puncture) were separately 
related to TPH genotypes, no significant differences 
emerged (data not shown). 

Ratios of the three CSF MMs have been suggested to 
reflect interactions between the 5-HT, dopamine (DA) and 
norepinephrine (NE) systems (,~gren et al. 1986). In the 
present study no significant differences related to geno- 
types were found between MM ratios. 

Despite a huge literature on confounding variables in 
CSF MM measurements controlling for factors such as 
height or back length, affecting acid metabolite transport 
seems to be controversial and is often not done, even in 
recent studies. Recently, 5-HT3 receptors were reported to 
regulate development of the spinal column during fetal 
period (David Julius, 29th Winter Conference on Brain 
Research, 27 January to 3 February 1996, Snowmass, 
Colorado, USA). This implies that serotonin may influ- 
ence growth and length of the spinal column and indi- 
rectly also influence height. Hence, assuming relation- 
ships between the serotonin turnover in fetus and the adult 
gives a rationale not to normalize for height or back 
length. However, in a previous report we found significant 
relationships between back length and CSF MMs in the 
present sample (J6nsson et al. 1996). Therefore, in the 
present study we also performed calculations with data 
corrected for back length. Overall, the results were very 
similar, but when TPH genotypes were compared with 
corrected MM levels the tendencies were somewhat 



weaker. For example, in men comparisons between LL 
and the U-containing TPH genotypes decreased the prob- 
ability for differences (5-HIAA, p = 0.010; HVA, p = 
0.039). 

The present findings differ from those of Nielsen et al. 
(1994). In the latter study no statistically significant dif- 
ference of TPH genotype to CSF 5-HIAA concentration 
was detected when 20 healthy male controls were evalu- 
ated. However, in a series of 56 impulsive alcoholic male 
offenders with the UU genotype higher 5-HIAA levels were 
found. Interestingly, there was also an association be- 
tween presence of suicide attempts within the sample of 
alcoholic Finnish offenders and the L allele. Analyzing 
another TPH polymorphism in a clinically heterogenous 
group of French suicide attempters, Abbar et al. (1995) 
could not find any association of TPH genotypes to suici- 
dal behavior. In the present study, investigating 37 healthy 
male volunteers, men with the LL genotype displayed the 
highest CSF 5-HIAA concentrations, whereas men with 
the UL genotype had the lowest mean levels. In the study 
by Nielsen et al. (1994) the 20 controls had very similar 5- 
HIAA mean concentrations irrespective of TPH genotype. 
The cause of the difference between the studies is pre- 
sently unclear. The control samples are different, with re- 
spect to number, sociodemographics, family history, se- 
lection, and ethnic profiles. 

The present sample consists of an unusually high per- 
centage of university graduates. There is also a high de- 
gree of mental illness among relatives in the present sam- 
ple, whereas the Finnish controls were all assessed to be 
free of first-degree relatives with major mental illness or 
alcoholism. Although in the present study trends for rela- 
tionships between TPH genotypes and CSF HVA and 5- 
HIAA levels emerged in subjects without, but not among 
those with, a family history of major mental illness, these 
relationships were far from significant after correction for 
back length making the interpretation difficult. If alcohol 
diagnoses in relatives up to the second degree also were 
included in the definition of family history, no relation- 
ships between TPH genotypes and CSF HVA and 5-HIAA 
emerged (data not shown). However, it could not be ex- 
cluded that family history of some mental illness(es) may 
influence the relationship between TPH genotypes and 
MM in CSE The control subjects in the present study had 
been clinically evaluated twice with about a decade in be- 
tween. Approximately a third of the sample was excluded 
due to DSM-III-R psychopathology admitted at the sec- 
ond interview. In the Finnish study the control individuals 
were assessed only once. It is possible that a significant 
amount of the Finnish control subjects later in life will ex- 
perience DSM-III-R disorders. If there are different rela- 
tionships between TPH and CSF 5-HIAA levels in 
Swedes and Finns, the different origin may be a possible 
explanation for the differences in the studies. The smaller 
control sample size in the Finnish study may also have re- 
duced the possibility of detecting a relationship. 

The COMT polymorphism, directly associated with 
COMT activity, did not reveal any influence on lumbar 
MM concentrations in the present sample. This suggests 
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that COMT activity does not significantly influence 
monoamine turnover or metabolite formation. This may 
be due to the high availability of COMT, which therefore, 
irrespective of high or low catecholaminergic activity, 
does not become rate limiting in the formation of HVA 
and MHPG. As COMT is not involved in the serotonin 
metabolism, the lack of relationship to CSF 5-HIAA lev- 
els was expected and may also further point to the signif- 
icance of the significant TPH - 5-HIAA relationships 
found. 

The significant CSF 5-HIAA differences with regard 
to TPH genotypes and alleles in the present study may in 
any case be chance findings, although the lack of or less 
significant associations to HVA and MHPG make such an 
interpretation less likely. The sample size is limited, espe- 
cially when divided according to gender and family his- 
tory. The functional relevance of the TPH polymorphism 
investigated is unclear. The TPH polymorphism is located 
in an intron and does not cause amino acid changes in the 
protein sequence. It is unlikely to convey a direct effect it- 
self upon CSF 5-HIAA levels. Its relevance is based on an 
assumed linkage disequilibrium with other polymor- 
phisms within the coding or regulatory sequence. Also 
considering the many variables tested, type-I errors can be 
expected to emerge. This means that until the present re- 
sults are replicated in independent investigations, they 
must be regarded as preliminary and should be interpreted 
with caution. 

If  replicated, the present results suggest that TPH 
genotypes may participate differentially in the regulation 
of serotonin and dopamine turnover in the central nervous 
system of men and women. The results do not favour a 
differential influence of COMT gene activities on MM 
concentrations in lumbar CSE 
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