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Abstract

Serotonin Transporter (5HTTor SLC6A4) mRNA transcription is regulated by both genetic and
epigenetic mechanisms. Unfortunately, despite intense scrutiny, the exact identity and contribution
of each of these regulatory mechanisms, and their relationship to behavioral illness remain
unknown. This lack of knowledge is critical because alterations in SLC6A4 function are posited to
be central to a wide variety of CNS disorders. In order to address this shortcoming, we quantified
5HTTLPR genotype, SLC6A4 mRNA production and CpG methylation using biomaterial from
192 lymphoblast cell lines derived from subjects who participated in the latest wave of the lowa
Adoption Studies. We then analyzed the resulting data with respect to clinical characteristics. We
confirmed prior findings that the short (s) SHTTLPR allele is associated with lower amounts of
MRNA transcription, but there was no significant effect of the “Long G” allele on mRNA
transcription. We also found that CpG methylation was higher (A< 0.0008) and mRNA production
(P<0.0001) was lower in females as compared to males. Those subjects with a lifetime history of
Alcohol Dependence had higher levels of SLC6A4 mRNA. There was a trend for an association of
increased overall methylation with lifetime history of major depression. Finally, we confirm our
prior findings that the exact levels of SHTT mMRNA expression are dependent on how it is
measured. We conclude that both genetic variation and epigenetic modifications contribute to the
regulation of SLC6A4 function and that more in-depth studies of the molecular mechanisms
controlling gene activity and the relationship of these mechanisms to behavioral illness are
indicated.

Introduction

Altered serotonergic neurotransmission is hypothesized to be central to the pathogenesis of a
wide variety of CNS disorders including migraine headaches, major depression (MD),
autism and alcoholism [Glover et al., 1993; Conroy et al., 2004; Feinn et al., 2005]. The
serotonin transporter (5HTT7or SLC6A4) is a key regulator of serotonergic
neurotransmission. This gene, which is localized to 17p13, consists of 14 exons and a single
promoter [Lesch et al., 1994]. Two structural elements of SLC6A4 are of particular
relevance to this communication. The first is a variable nucleotide repeat (VNTR), referred
to as SHTTLPR, which is approximately 1,400 bp upstream of the transcription start site
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[Collier et al., 1996; Heils et al., 1996]. The second is a recently discovered CpG island that
surrounds Exon 1 [Philibert et al., 2007a].

The SHTTLPR is perhaps one of the best studied human polymorphisms. The polymorphism
consists of two common alleles in European populations, a short (s) variant with 12 copies
of a 22 bp repeat element and a long (l) variant, which has 14 copies of the repeat element.
The properties of the s allele have been extensively examined and it has been associated
with decreased mRNA transcription [Heils et al., 1996; Lesch et al., 1996; Bradley et al.,
2005], decreased protein production [Stoltenberg et al., 2002] and increased vulnerability to
alcohol dependence (AD) and MD as demonstrated by meta-analyses [Lotrich and Pollock,
2004; Feinn et al., 2005].

In contrast, the CpG island surrounding Exon 1 has only been recently described and its role
in illness is completely unknown. However, since the amount of variance in mRNA and
protein production accounted for by the SHTTLPR is relatively modest (i.e., <10%)
[Hranilovic et al., 2004; Bradley et al., 2005], it is reasonable to assume that other cisand
trans acting elements in the greater SLC6A4 gene region, such as the CpG island, constitute
the majority of the regulatory mechanism(s) controlling SLC6A4 activity. Because the
protein product of this gene is a key target of antidepressants, the complete delineation of
these and other regulatory elements in this gene could substantially advance the
development of an integrated understanding of the pathogenesis of common behavioral
illness.

The role of the CpG island may be particularly critical in this pathogenesis. Although it is
commonly appreciated that a substantial portion of gene activity is contributed by heritable
factors, over the past several years it has also become apparent that gene-environment
interactions (GXE), which are defined as environmental effects whose impact is dependent
on gene status, also make substantial contributions to neuropsychiatric illness [Moffitt et al.,
2005]. In particular, some [Caspi et al., 2003; Kendler et al., 2005], but not all studies
[Surtees et al., 2006], have suggested that GXE effects at SL. C6A4 are particularly pivotal in
the development of MD. Because gene elements such as CpG motifs are potentially
modifiable by environmental factors, they may represent a physical substrate for these GXE
effects to become manifest. If so, by characterizing the regulatory elements of SLC6A4
responsible for these interactions, it may be possible to identify vulnerable individuals and
design more effective, personalized interventions for certain forms of behavioral illness and
integrate the effects of these elements into a more comprehensive understanding of the
biology that underlies vulnerability to neuropsychiatric illness.

One potential stumbling block to the development of this knowledge base is that
technologies to assess the function of these regulatory elements in the intact human CNS do
not exist. However, it is well established that lymphoblast cell lines, which are more readily
obtained, are valuable tools for deciphering the effects of genetic variation on gene
expression [Hranilovic et al., 2004; Bradley et al., 2005; Shukla and Dolan, 2005; Arenas et
al., 2007]. In addition, we and others have recently shown that lymphaoblast cell lines
derived from human subjects retains transcriptional signatures reflective of the clinical status
of their donors [Vawter et al., 2004; Philibert et al., 2007b,c]. Hence, by using these in vitro
cell lines from well-characterized subjects as surrogates for in vivo CNS cells, it may be
possible to delineate the identity of the regulatory elements and determine whether
epigenetic effects on these elements affect their function in neuropsychiatric illness.

Therefore, to test the possibility, we quantified CpG residue methylation and gene
expression at SLC6A4 in cell lines derived from 192 subjects who participated in the latest
wave of the lowa Adoption Studies (IAS). We then analyzed results of these biological
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assays with respect to the clinical data from their cognate donors to conditions with meta-
analytic evidence of serotonergic dysfunction, MD and AD.

The overall methodologies and design of the IAS have been previously described [Yates et
al., 1998; Philibert, 2006]. In the latest wave of the studies, the subjects were re-interviewed
with an extensive environmental, cognitive and behavioral assessment battery that included
the Semi-Structured Assessment for the Genetics of Alcoholism, version 2 (SSAGA-II
[Bucholz et al., 1994]) and phlebotomized to provide biomaterial for cell lines and DNA.
Symptom counts and categorical diagnoses for MD and AD were derived from SSAGA-II
data using criteria from the DSM-1V [Association, 1994] and our previously described
methods [Yates et al., 1998]. Briefly, lifetime history of AD was defined as having met three
or more criteria in the current or past wave of SSAGA interviews. Lifetime history of MD
was defined as having met five or more criteria of a MD episode, including low mood or
anhedonia, in the current or past wave of SSAGA interviews. Current MD is defined as
having low mood or anhedonia and four other symptoms at the time of the phlebotomy
draw. All procedures and protocols described in this communication were approved by the
University of lowa Institutional Review Board.

DNA and RNA used in the studies were both prepared from the lymphoblast cell lines.
These lymphoblast cell lines were prepared by standard EBV transformation [Klaus, 1987]
and the media changed 24 hr prior to the use of the cell lines for the preparation of
biomaterial. Total RNA was prepared from the lymphoblast using an Invitrogen RNA
purification kit (Invitrogen, Carlsbad, CA) according to the instructions of the manufacturer
[Bradley et al., 2005]. DNA was prepared for the cell lines using cold protein precipitation
[Lahiri and Nurnberger, 1991]. Not all parameters were successfully measured in all cell
lines. Hence, the “n” for each experiment may vary.

Genotyping for the SHTTLPR was conducted as previously described [Bradley et al., 2005].
Genotype for the “Long G” allele described by Hu et al. [2006], was conducted as described
by Stein et al. [2006].

Total RNA from each of the cell lines was quantified spectrophotometrically, then reverse
transcribed into cDNA using an Applied Biosystems (ABI, Foster City, CA) cDNA
archiving kit according to the manufacturer’s instructions. The resulting cDNA was then
diluted, aliquotted into 384 well plates robotically, and stored at —20°C until use.

RTPCR was conducted and quantified as previously described [Bradley et al., 2005;
Philibert et al., 2007b,c]. Briefly, the quantification of 5SHTT was conducted using a
commercially available primer probe set whose probe bridges exons 8 and 9 (ABI,
Hs00169010) and a specially synthesized primer probe set whose probe recognizes
transcripts containing exons 1 and 2 described previously [Philibert et al., 2007a]. The levels
of these transcripts and the housekeeping control transcripts, GAPDH (ABI, Tagman®
GAPDH Control Kit) and LDHA (ABI, Hs 00855332, endogenous controls), were
performed using Tagman™ Universal PCR master mix and a ABI 7900 HT sequence
detection system. All samples were measured in duplicate. Relative levels of each of these
transcripts were determined by the comparative Ct method using LDHA and GAPDH as
normalizing controls after all values were transformed into Z-scores. Correlation co-efficient
for sample duplicates for the SHTT exon 1, 5SHTT exon 8, GAPDH, and LDHA were 0.79,
0.98, 0.93, and 0.91, respectively.

Quantitative methylation of each of the samples was conducted by Sequenom, Inc. (San
Diego, CA). Briefly, methylated cytosine residues were converted to thymidine using
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bisulfite modification [Ehrich et al., 2007]. The region flanking the previously identified
CpG island was then PCR amplified in two contigs using the following primer sets: Set A,
5 GGGTTTTTATATG-GTTTGATTTTTAGATAG and 5
CCTACTCCTTTATACAACCTCCCCC and Set B: 5
GGTTATTTAGAGATTAGATTATGTGAGGGT and
5'CCTACAACAATAAACAAAAA-AACCCC. Methylation ratios for each of the residues
(Methyl CpG/Total CpG) were then determined using a MassARRAY ™ mass spectrometer
using proprietary peak picking and spectra interpretation tools[Ehrich et al., 2005, 2007].

All data were analyzed using the JMP analytic suite, VVersion 5.1 (SAS Institute, Cary, SC)
using Pearson’s correlation co-efficients or two tailed, regression (analysis of variance,
ANOVA, ordinal logistic regression, OLR), Chi-square or #tests tests as described in the
text [Fleiss, 1981]. Symptom counts and SHTTLPR genotype were treated as ordinal (s,s <
s,I < I,1) or nominal variables when indicated. Sex and categorical diagnosis was treated as a
nominal variable. Methylation ratios and normalized SHTT mRNA expression were treated
as continuous variables.

The characteristics of the subjects are summarized in Table I. In total, 96 male and 96
female subjects provided biomaterial for the study. Male subjects were more likely to be
older (#test, < 0.002) and less likely to have experienced a MD episode than the female
subjects (Chi-Square, £< 0.005).

The distribution of genotypes at SHTTLPR for the 192 subjects and their incidence of
lifetime MD (in parentheses) are shown in Table Il. The genotypes for males, females and
all subjects together were in Hardy—Weinberg equilibrium.

The sequence of the CpG island region and the position of each of the 71 CpG residues
studied are shown in Figure 1 while the average methylation ratio for each sex at each
residue is depicted in Figure 2. Due to the inability of the mass spectroscopy technique to
differentiate certain peaks, the methylation scores for CpG residues 1-2, 9-11, 14-15, 16—
17, 18-19, 21-23, 24-25, 28-29, 30-33, 34-39, 40-41, 42-43, 46-52, 53-54, 55-56, 57—
61, 63-64, and 6667 are reported as averaged aggregates (the order of the 71 CpG residues
is specified in Figure 1). In addition, because their mass spectroscopy peaks could not be de-
convoluted, CpG 16-17, 24-25 and 27; CpG 45 and 65; and CpG 66-67 and 69 have
identical values. As Figure 2 illustrates, the methylation ratio increased from left to right
(i.e., from CpG 1 to CpG 71) with a peak in methylation being noted near the transcription
start site of exon 1. In addition, at all points surveyed, females tended to have a higher
amount of methylation with the overall average methylation ratio being significantly higher
in females than in males (P < 0.0008). Surprisingly, the correlation coefficients for
methylation between neighboring residues are stronger in 5" portion of the island (0.3-0.5)
then in the 3" portion of the island (0.2) with the correlation for methylation at the opposite
ends of the region surveyed being very poor (Pearson’s < 0.10) (Supplemental Table I).

The relationship between SHTTLPR genotype and SLC6A4 mRNA expression was
explored using the commercially available primer probe set and our “in house” primer probe
set that specifically recognizes transcripts containing exon 1 of SLC6A4. Consistent with
our prior results [Philibert et al., 2007a], the correlation of SLC6A4 gene expression as
measured by the two primer probe sets was only 0.75 (Pearson’s). The relationship between
gene expression as measured by each of these primer probe sets and SHTTLPR genotype is
shown in Figure 3. When expression of the commercially available primer probe set which
recognizes the sequence in exons 8 and 9 is examined, the s allele had a nominal but not a
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statistically significant effect upon SLC6A4 transcripts levels. In contrast, when the primer
probe set specifically designed to assay the expression of transcripts containing exon 1 is
used, there is a significant effect of genotype on SLC6A4 mRNA expression (ANOVA,
Adjusted R square, 0.034, £<0.02). The difference in Z scores for the exon 1 primer probe
set between the s,s and |,I corresponds to a 0.84 cycles (i.e., on average, lymphoblasts with
1,1 genotypes produce 79% more of the mRNA that cells with the s,s genotypes produce).

The effect of the recently described “Long G” (I°) allele was also analyzed [Hu et al., 2006].
The frequency of the “G” allele among the I alleles in the 179 subjects for whom both
genotype and expression data for the exon 1 probes was available was 16% (33/211). Using
an ordinal regression model that specified the following rank order s,s <s,1 < 5,1 <LIC < 1,1,
there was no effect of the “Long G” allele on transcription using either the exon 1 probe (see
data Table I1l, OLR, £< 0.18) or the exon 8 probe (data not shown).

Proband gender also had a marked effect on SLC6A4 mRNA production (Fig. 4).
Lymphoblast cell lines (the z-score differences reflects an average difference of 0.87 and
0.41 cycles) from males produced 82% and 36% more of exons 1 and 8 transcript,
respectively, than the lines from the female subjects.

The relationship between methylation and mRNA expression was then analyzed. There was
no effect of average methylation on mMRNA expression as determined by either primer
probeset. However, since the inter-CpG residue methylation correlation coefficients were
not strong across the entire island and since some residues, particularly those near the
transcription start site, may be more important than others, we then examined the
relationship between methylation at each residue and mRNA expression. With respect to the
exon 1 probe, before correction for multiple comparison, methylation at CpG 7 and CpG 62
was significantly associated (P < 0.05, ANOVA), and with respect to the exon 8 probe,
before correction for multiple comparison, methylation at CpG 30-33 and CpG 62 (P < 0.05,
ANOVA) was significantly associated with mRNA production. In each case, increased
amounts of methylation at these residues were associated with decreased mRNA
transcription. No other significant relationships were observed.

We then turned our attention to the relationship between the lifetime history of MD or AD
and both SLC6A4 methylation and gene expression. There was a trend for those without a
lifetime history of MD, but not AD, to have higher amounts of total methylation than those
without a history of depression (P< 0.07; ANOVA; 17.3% in those with MD vs. 15.6% in
those without MD). However, when male and female samples are analyzed separately, the
findings were nominally, but not significantly different (15.8% in males with a lifetime MD
vs. 14.4% in those without lifetime MD, P< 0.25; ANOVA, 18.1% in females with lifetime
MD vs. 17.2% in those without lifetime MD, £< 0.52). There were no significant
relationships between the expression of SLC6A4 by either probe and lifetime history of MD.
However, lifetime history of AD was associated with increased expression of SLC6A4 as
measured by both the exon 1 (P< 0.03) and exon 8 (P< 0.04) probes (data not shown).

Finally, we examined the relationship of current depression to both SLC6A4 methylation
and gene expression. No significant relationships using logistic regression or categorical
cutoffs (>4 current symptoms denoting current MD) were noted, though we note that only
16 subjects met 5 or more criteria for MD at the time of the blood draw that led to the
establishment of the lymphablast lines.

Discussion

In summary, we report that SLC6A4 mRNA expression is associated with the amount of
CpG island methylation and is higher in males than in females. In addition, we confirm and
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more precisely determine the effect size of the SHTTLPR on mRNA expression. Finally, we
provide suggestive evidence that methylation or gene expression at this locus may be
associated with altered vulnerability to MD and AD.

Before discussing these results, we would like to note limitations of this study. First, the
biomaterial for the studies was provided from lymphoblast cell lines, not serotonergic
neurons. However, we have previously shown that these cell lines retain transcriptional
signatures reflective of their cognate donors [Philibert et al., 2007b,c]. Second, the IAS
subjects are an epidemiologically sound, but high-risk population that is largely white.
Therefore, generalizations to other populations should be done judiciously.

The extension and confirmation of the prior findings with respect to the effect of the
S5HTTLPR on mRNA expression is gratifying and more effectively restrains the effect size
of this polymorphism on gene transcription and perhaps, by extension, clinical effect. The
effects of the s and | variants on mRNA expression have been examined in at least four prior
investigations using a total of ~150 lymphoblast cell lines [Lesch et al., 1996; Hranilovic et
al., 2004; Bradley et al., 2005]. Overall, the studies found that variance at the SHTTLPR
accounted for ~4-5% of the total variance in SLC6A4 mRNA production. The current study
is very much consistent with those prior findings.

The effect of gender was not expected. By itself, gender accounted for 30% of the variance
in mMRNA expression. This is unlikely to be an artifact for two reasons. First and foremost,
all RTPCR reactions were carried out in the same plate using the same set of solutions.
Second, we have re-examined our data from our earlier examination of 85 independent
lymphoblast lines and found the same effect (£ < 0.05, unpublished data). Hence, these
differences appear to be real. Further studies will be necessary to determine whether these
gender differences have significant effect on clinical status or treatment outcome with
selective serotonin reuptake inhibitors.

The quantitatively different responses of the two probe sets were not entirely unexpected. In
our prior study, we demonstrated a similar, but less than perfect, correlation between the
SLC6A4 expression levels determined by the two probes. Whereas the differences could be
artifactual, we strongly believe that they represent true differences in the amount and type of
transcript measured because of the following rationale. Our primer probe set for exon 1 was
specifically designed to recognize full-length transcripts that are capable of being 5" capped
and thereby stable intracellularly. In contrast, while the commercially available exon 8 probe
will also measure these full-length transcripts, it will also recognize partial transcripts that
result from promiscuous transcription along the gene. Since this type of transcription is
generally not regulated by the promoter [Sipos and Gyurkovics, 2005; ENCODE, 2007] and
these incomplete transcripts will not be properly capped or be translated into a functional
protein, they, in some respects, may be biologically irrelevant. Still, there is considerable
evidence that some of these promiscuous transcripts may serve other functions [ENCODE,
2007].

In a previous study using lymphoblast cell lines, Hu et al. [2005, 2006] reported that aA -G
polymorphism in the | variant strongly altered the effects of this SHTTLPR allele on mRNA
expression. In addition, others have shown an effect of the Long G variant in the etiology in
MD [Hu et al., 2007]. In the current study, we did not find an effect of the “Long G” allele
on mRNA levels. We also examined the effect of this allele on expression in the 89 cell lines
used in our prior study and did not find an effect in the cell lines either (unpublished data).
Using publicly available data, Martin et al. [2007] also did not find an effect of the Long G
variant on gene expression either but suggested that the role of genetic variation at this locus
in regulating mMRNA may be very complex. We agree and taken in total, these findings
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suggest that the effect size of the “long G” variant on mRNA transcription may be smaller
than originally posited but suggest caution is in order.

Our main motivation for conducting this study was to examine the effect of the CpG island
on mRNA production and liability to MD and AD. In our prior communication, we found
evidence of genotype specific effects of methylation on mRNA production in an exploratory
analysis [Philibert et al., 2007a]. In this study, which used a much more precise method of
quantitating methylation and four times the number of cell lines, we did not find that effect
and suggest that either this effect is small or that our previous finding in this respect were a
false positive.

However, in other respects, the current findings nicely complement and expand the prior
findings. First of all, in keeping with our general understanding of the effects of methylation
on gene transcription, they demonstrate that greater amounts of CpG methylation are
associated with lower amounts of mMRNA production [Reik, 2007]. Second, the
demonstration of greater amounts of methylation in females versus males and a trend for
that methylation to be associated with greater vulnerability to lifetime MD directly
demonstrates a mechanism through which the environment can reprogram genes to
vulnerability to illness. However, it should be noted that CpG methylation is only one
method through which gene transcription can be modified epigenetically. Hence, the current
study should be viewed as only the beginning for future studies of this important group of
phenomena.

» Inthe current study, we did not find that SL C6A4 mRNA production was
significantly associated with vulnerability to lifetime history of MD. The failure to
show an effect with MD is roughly consistent with our prior study of 94 1AS
subjects and our genome wide transcriptional profiling studies of MD (unpublished
data and [Philibert and Madan, 2007]). However, this should not be misconstrued
as asserting that altered serotonergic neurotransmission is not involved in the
pathogenesis of MD. Indeed, the literature richly supports a strong role for
dysfunctional serotonergic neurotransmission in the pathogenesis of MD and the
current methylation data strongly suggest something interesting is happening in a
longitudinal fashion. Rather, in light of recent advances in our appreciation of
systems biology in the etiology of complex illnesses, these findings suggest that (1)
the relationship between SHTT mRNA expression and vulnerability to illness is
likely to be exceedingly complex, (2) the 16 acutely depressed subjects analyzed
herein may be too few in number to be useful in these type of studies, and (3) the
direct measurement of SHTT mRNA and protein expression in the relevant CNS
neurons may be preferable.

In contrast, we did show a significant relationship between 5SHTT mRNA expression and
lifetime history of AD. This is consistent with some theories on the pathogenesis of AD
[Enoch, 2003; Kaufman et al., 2007]. Still, we note that we have not corrected our analyses
of the clinical phenotypes for multiple comparisons. Hence, these findings with respect to
AD should be viewed cautiously.

In summary, we report strong effects of gender on methylation and SHTT mRNA
production and confirm prior findings of the effect of SHTTLPR genotype on mRNA
production. We suggest that confirmation and further examination of the clinical relevance
of these and other findings reported herein are indicated.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.

GCGCAGGACAGCACTTTGC TCAAGACCCTCTTTAAGGGGTCTTTCACGGE
TCCTCAAGAGGTTGCAAAGCCCCTGCALCAATAGACAMAGGAGCCCCCTA
CGCCOGCCCACTTCGAGCACTCCACGTTCCTOGTCTCCCACTCTGGCCGG
TCAGCTTCAGCTCTGGCTCTTGCTGACCGTCRAGGGCGCAGGGGCAGGAT
CCGCOGCCCACCGCTGGGGOGCATGCACCTCCTCGCCTCCTCGCAGGGOR
GTGOGECGCAGCGETTCTATCCCCCTCCCOCGAGGCGGGGAAGAAGGTCTG
GAAAGRAACGTCGCTICGAGOCGLAGAGGAAMGCGCACCCACCE gocay
got gOECGygyagyctygt ccCEyggctyggcagyCEygot ggoct TCGOGC
cetCGaggcac cCoglGyChaot gyct gt gCGRACGCCOGCCGROGCGECT
GTATTTGTACCCGCGGGCCCTCACATGGTCTGATCTCTAGATAGCCGLOG
A CAGCTCTTCARGAATTTTTGCGT CACTTTCAGCCGAATARACTTA
ATGCTTCCCOGCGGCOGCGGCTCCGCGCTCCOGCTGGATGGGGTTGCGCT
CGCCAGGCAGCGCCCELGCTACGOCCOGGECTRCGCGCCCGACCCCAGAG
CCAGGAGGGRAGGGACCCCCGACACACACACACGCTCGCAGCRAGGAGCG
CAGCECGCACCAGCCGECACGCCACCOCCGACOGACCAATCCTGACTTTC
CTGCTCTTTAACTTTOCGGCAGGGCLCAGGC TCGCACAAACCGAGCAGGTGT
GCGCCTCCCCTGCCGCCCCOCCCCCACAGCACCGCACACAGCGETCTGLT
CGTGCCGCTTTCTCTTGACCTCGGACACCTCCCCATCGTCCCCATCCCGA
AACCTGCTCTCTCTTTCTTCCTGGGACCTAGCAGTACTCGATACCCATGC
GCTTTATCTCACTGACCCGCTGCCATGTCGAGCTCAGCTTAGACGGCCCTTG
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The sequence of the SHTT CpG island and position of the CpG residues. The base pair

position according to the UCSD Genome Browser March 2006 Assembly (SLC6A4

chrl7:25586414-25587412) is given on the left-hand side. All studied CpG residues are
denoted in bold and blue with CpG residue 1 corresponding to bp 25586514. The sequence
corresponding to SLC6A4 exon 1 is denoted by lower case letters.
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Figure 2.

The average methylation at each CpG residue for each sex. The values for females are

depicted by blue squares while the values for males are depicted by red circles. The position
of SLC6A4exonl is denoted by the box with the direction of transcription being indicated

by the line with arrows.
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SHTT Exon 1 Expression

Figure 3.
The relationship between SHTTLPR genotype and SLC6A4 mRNA expression. Using an
ordinal regression that specifies an additive effect of the s allele, there is a significant
relationship between genotype and SHTT expression as measured by the exon 1 probe (P<
0.02, ANOVA), but not the exon 8 probe (P< 0.59) [lower Z scores mean lower Ct counts
or more transcript]. Similarly, when contrasting just the s,s and I,I groups, the relationship is
also significant for the exon 1 probe (P < 0.007, £test), but not the exon 8 probe (£ < 0.30).
The n for each group is given below the genotype.
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SHTT Exon 1 Expression

SHTT Exon 8 Expression

Female

Figure 4.

Male

Female

Male

The relationship between gender and SLC6A4 mRNA expression. Males had higher levels
of MRNA expression as measured by both the exon 1 probe (P< 0.0001, #test, left panel)
and the exon 8 probe (P < 0.03, #test, right panel). The “n” for each group is 182 and 180,

respectively.
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Demographic and Clinical Characteristics of the IAS Subjects

Male Female
N 96 96
Age (years) 424+85 388+6.8
Ethnicity
White 88 91
African American 5 2
White of Hispanic origin 2 1
Other 1 2
Lifetime history of MD 24 44
Lifetime history of AD 20 9
Current MD symptoms
0 86 81
1 1 1
2 0 3
3 1 1
4 0 1
5 5 2
6 1 3
7 1 4
8 0 0
9 0 0
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Table Il
S5HTTLPR Genotypes

Male Female Total

ss 18(3) 13(9) 36
s|  47(12) 42(16) 89
LI 31(9) 36(19) 77

The number in parentheses denotes the number of subjects with a lifetime history of MD.
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