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Seasonal affective disorder (SAD) is characterized by winter depressive episodes and

springtime remission. SAD may result from a genetically mediated abnormal response to
low light availability during winter. One candidate gene for SAD is melanopsin, a non-visual
photopigment. Variations in the gene for melanopsin may raise the threshold of light input
needed for euthymic functioning such that low light levels fall below this threshold during
winter in individuals with SAD. The present study investigated the haplotype structure of the
melanopsin gene by genotyping loci throughout the gene as well as in up- and down-stream
regions proximal to the gene. Genotyping was performed using two strategies, 5’
exonuclease assays that employ strands of about 20 DNA base pairs complementary to
variant sequences in the gene, and direct sequencing of certain segments of the gene. This
study tested associations between both single-base variations and specific haplotypes in the
melanopsin gene in SAD participants (n» = 132) relative to low seasonality controls (» = 90)
with no history of psychopathology. This study also tested associations between seasonality
(i.e., degree of seasonal variation in mood and behavior) and both polymorphisms and
specific haplotypes among SAD participants. Although SAD and control participants did not

differ on the overall genotype or allelic distributions for the single-base variant P10L, SAD
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between boys and girls (Angold, Costello, & Worthman, 1998), and the increased stress of
dating on girls as opposed to boys at this age (Joyner & Udry, 2000).
SAD: Abnormal Response to Light

As reviewed below, SAD can be characterized as an abnormal response to light for
the following reasons: (1) SAD prevalence, recurrence, and symptom severity correlate
negatively with photoperiod and light availability and positively with latitude; (2) circadian
rhythms may be dysregulated in SAD; (3) individuals with SAD may have retinal sub-
sensitivity; and (4) bright light therapy alleviates depressive symptoms in SAD. These four
points are used to substantiate a plausible mechanism for the involvement of the melanopsin
gene in SAD and to develop a rationale for the proposed candidate gene analysis in the
sections that follow. Concurrent with the discussion of abnormal light responses in SAD,
etiological theories of SAD are discussed including biological theories and integrative
theories that include biological, psychological, and environmental factors.
Integrative Hypotheses for SAD

Most research on SAD has focused on testing biological factors in SAD
pathophysiology, but it is important to review theories that propose biological, psychological,
and environmental factors to explain SAD because it underscores the point that biological
factors, including genetic factors, are not expected to explain all of the variance in SAD.
Although the present study investigates a potential genetic factor to explain SAD, this genetic
factor is not expected to explain a majority of the variance in SAD, but is expected to be one
of multiple genes, and one factor among other, non-genetic factors, involved in SAD

etiology. Theories reviewed here include the dual vulnerability hypothesis as proposed by























































































the circadian clock could be either a consequence or cause of depression symptoms. Ifitisa
cause, then a role for melanopsin, the circadian photopigment, is supported.

The specific role of monoamines in SAD. As described above, 5-HT and NE have
been implicated in non-seasonal depression as mediators of the stress response system, and
are therefore of general interest in SAD as well. However, 5-HT is specifically implicated in
SAD for a few reasons. First, brain serotonin levels are lowest in the winter season in
healthy individuals (Lambert, Reid, Kaye, Jennings, & Esler, 2002; Sohn & Lam, 2005).
Second, individuals with SAD treated to remission with light therapy relapse when levels of
5-HT and/or NE are experimentally reduced in neuroendocrine challenge studies (Lam et al.,
1996; Neumeister et al., 1998), suggesting that light therapy may work through the
monoamine signaling pathways. 5-HT modulates non-visual light input to the SCN, and 5-
HT may mediate sleep disturbances due to a dysregulated circadian clock through
postsynaptic G-protein signal transduction, an intracellular process initiated by
neurotransmitter signaling (Sohn & Lam, 2005). Monoamines may act similarly in SAD as
in non-seasonal depression as a vulnerability factor for stress sensitivity, with the difference
being that this risk increases in magnitude during winter season. In addition, serotonin can
inhibit the effects of light on the circadian clock through pathways independent of light input
pathways, which may interact with the effects of non-visual light input in SAD (Yannielli &
Harrington, 2004). Therefore, serotonin is important in SAD for two reasons: (1) it is
implicated in non-seasonal depression, and (2) it varies in concentration across the seasons.
Potential Mechanisms for a Biological Vulnerability to SAD

The biological hypotheses of SAD reviewed above (i.e., photoperiodic, phase-shift,

retinal subsensitivity, monoamine, stress response system) do not propose a specific

35


















not identified any polymorphisms associated with SAD (Ozaki et al., 1996; Sher et al., 1999),
some of which utilized the samples proposed for use in the present study.

Dopamine-related genes and SAD. According to the monoamine hypothesis
reviewed above for depression, dopamine-related genes are candidate genes for SAD. The
neurotransmitter dopamine is associated with eating behavior, activity levels, and weight
gain (Levitan et al., 2004a). Individuals with SAD report seasonal changes in eating,
activity, and weight gain, suggesting possible involvement of dopamine signaling pathways
in SAD. Levitan et al. (2004) found that the seven repeat allele of the Dopamine-4 Receptor
gene (DRD4) was associated with obesity and binge eating in a group of women with SAD
(Levitan et al., 2004a; Levitan et al., 2004b). However, it is unknown if the seven repeat
allele of DRD4 is more common in individuals with SAD compared to controls or if this
DRD#4 variation is associated with seasonality, in general.

Clock genes and SAD. Individuals with SAD may have dysregulated circadian
rhytms as reflected by phase delays in core body temperature, dim light melatonin onset, and
a preference for evening over morning (diurnal preference), suggesting possible involvement
of circadian clock genes in SAD. Genes for the molecular basis of the circadian clock
(CLOCK, Period2, Period3, and NPAS2, Timeless and Casein kinase 1-epsilon) were studied
in four groups of European individuals, SAD (n = 159), matched controls (» = 159), and high
seasonality (n» = 127) and low seasonality (» = 98) populational samples from northern
Sweden (Johansson et al., 2003b). The 471 Leuw/Ser polymorphism in NPAS2 was associated
with SAD but not with seasonality, and none of the other genetic variants in the other genes
were associated with either SAD or seasonality (Johansson et al., 2003b). Individuals with

SAD were more likely to have the Leu/Leu homozygous assumed recessive genotype (6%)
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affect the clock in mammals include novelty-induced activity, social interaction, saline
injections, and handling (Yannielli & Harrington, 2004). It is plausible that the
environmental factor of changing social zeitgebers may interact with genes involved in the
clock and signaling pathways for the clock, as well as genes related to stress sensitivity.
Some data suggest that sensitivity to social zeitgebers correlates with seasonality in
individuals with SAD, suggesting that individuals with SAD are more responsive to social
rhythms than less-seasonal individuals (Reid, Towell, & Golding, 2000). Additionally, if
social cues are more important for entrainment in individuals with decrements in the function
of the light input pathway, the loss of social zeitgebers through life events could interact to
confer even greater risk of developing a depressive episode. However, data shows that light
is the most important entraining cue in humans.

Personality, depression, and genetics. The interaction between genes, personality,
and depression is important given the present study and it’s focus on genetic factors in SAD.
Research shows that depressive personality is closely etiologically related to Axis I
depressive disorders, particularlyi chronic forms of depression (Klein, Durbin, Shankman, &
Santiago, 2002). As SAD is, by definition, a chronic, recurrent form of depression,
investigating personality factors that may be associated with SAD is indicated. A review of
the personality dimensions that are proposed to be risk factors for MDD and SAD follows,
with data on the interrelationship of genetic factors presented when available.

Neuroticism and Openness in MDD and SAD. MDD is associated with high levels of
neuroticism (N) and low levels of extroversion (E; Klein et al., 2002), although high N is
found in most forms of psychopathology (i.e., anxiety disorders, substance dependence, and

antisocial personality disorder) and is not specific to MDD (Clark, Watson, & Mineka, 1994;
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outside of the scope of this project. Methods to manage disadvantages of candidate gene
case-control studies including statistically maximizing power, minimizing Type I errors, and
controlling bias in a case-control sample are reviewed below.

A discussion of the research methodology behind identifying important genetic
sequence variation is provided as a foundation for understanding the research methodology
proposed for the present study. A large source of sequence variations in the genome present
in a given population occurs as single nucleotide polymorphisms (SNPs). SNPs are
variations in the genome occurring approximately every 200-300 base pairs (Lee, Choi, Lee,
& Lee, 2005) that may or may not be of biological significance. SNPs are biallelic, with only
two possible sequence variations, lending to their detection by simple, high-throughput
methods such as TagMan assays (described below) to generate fast, accurate genotypes (Lee
et al., 2005).

Disadvantages of Case-Control Association Studies

The main methodological problem with association studies of the type proposed in
the present study proposal is non-replication. Multiple explanations for non-replication of
association studies have been suggeste(i. For example, non-replication of single-SNP
association studies may occur when in vivo function of a protein depends on the interaction
of combinations of SNPs (Clark, 2004; Wang & Zhao, 2003). Testing for epistasis, or the
interaction of melanopsin variations with other genes, is beyond the scope of this project.
The present study employs a combined functional SNP (fSNP) - haplotype analysis of the
melanopsin gene. This means that 3 specific loci (fSNPs) are tested for an association with

SAD, and in addition, the regions between these loci and immediately before and after the
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(described below) to define haplotype “blocks” of DNA that show few structural changes
within populations, and then perform tests of association between identified haplotypes and
case status (SAD vs. control). Haplotype blocks are composed of regions with strong inter-
marker LD (Twells et al., 2003), and are flanked by hotspots that have recombination rates of
between 10 and 1,000 times the rate for proximal regions (Clark, 2004; Crawford et al.,
2004). Despite the general tendency for LD to increase with decreasing distance between
loci, rates of LD are not uniformly distributed across the genome (Tiret et al., 2002). This is
why the entire gene for melanopsin as well as regions surrounding the gene will be tested to
see if they are in LD with other regions of the gene. One variant may have unexpectedly low
rates of LD with other variants in a gene despite being relatively close if a hotspot of
recombination is near (Tiret et al., 2002; Twells et al., 2003). Association studies using
SNPs are based on the assumption that a SNP tested for association with a disorder is either
functionally relevant to thg disorder itself, or is in LD with the unidentified, putative disease-
risk mutation (Risch, 2000). Therefore, determining the haplotype structure of a gene is
important to inform tests of association and will be one strategy employed in the present
study.

Haplotype structure and statistical treatments to maximize power. Analyzing the
haplotype structure of a gene can have two significant impacts on the power of a test of
association; (1) the degrees of freedom can be appropriately controlled, and (2) the
adjustment for multiple testing can be minimized appropriately. These are introduced below
to inform the reader of these issues with respect to the study methodology being proposed for

the present study.

52






event is the most parsimonious method of analysis, maintaining the power of the test to
detect an association by limiting the degrees of freedom while adhering to an accepted
standard of correction for Type 1 error when conducting multiple tests (Tiret et al., 2002).
Non-Replication of Case-Control Associations

As mentioned above, population-based case-control association study findings are
often not replicated, suggesting a high rate of false-positive results (Risch, 2000). Recently,
a rﬁeta-analysis of population-based case-control association studies of complex diseases
found that out of 166 associations that were tested at least 3 times, only 6 were consistently
replicated, and only half were replicated one or more times (Hirschhorn, Lohmueller, Byrne,
& Hirschhorn, 2002). A commonly cited reason for non-replication is that population
stratification in one study may have led to spurious results that would not be repeated in
studies with more homogenous samples. In addition to the sources of bias common to all
case-control study designs, candidate gene studies are vulnerable to bias that is unique to
genetic studies such as population stratification, further reviewed below.

Factors contributing to Type I error. Some researchers suggest that the high false-
positive rate seen in population-based case-control studies is more likely to be due to factors
other than population stratification including a weak rationale for the involvement of the
candidate gene (Risch, 2000), poor study design or low power (Wacholder, Chanock, Garcia-
Closas, El Ghormli, & Rothman, 2004), genotyping errors (Hoh et al., 2001), and a
publication bias in favor of significant results (Pritchard & Donnelly, 2001). A recent review
of association studies published in three volumes of the Journal of Human Genetics in 1997
and 1998 found that published reports are not different from results obtained through chance

alone (Terwilliger & Weiss, 1998). This study by Terwilliger and Weiss (1998) assessed
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likely structured populations (i.e., African American, African Caribbean, Native American
and Hispanic American) through the use of genomic control loci (Gorroochurn et al., 2004;
Hoggart et al., 2003; Kittles et al., 2002; Knowler, Williams, Pettitt, & Steinberg, 1988;
Schork et al., 2001). Although whites of European or Middle Eastern origin are generally
considered homogenous for the purposes of candidate gene studies (Thomas & Witte, 2002),
stratification was recently identified in a sample of European Americans (Shriver et al.,
2005). In the publication “The Evaluation of Forensic DNA Evidence,” The National
Research Council recently adopted the position that the effect of stratification is likely to be
negligible within an ethnic group such as Caucasians (Curran, Buckleton, & Triggs, 2003;
National Research Council and C.O.D.F. Science, 1996). Since the present sample is largely
Caucasian, this finding has a direct bearing on the potential for stratification in the present
study.

Ethnic variation wi(hin Caucasians in Maryland. In some parts of the U.S., ethnic
variation within Caucasians may be less than in other areas, requiring more sensitive
measures of stratification. For example, 80% of Caucasians in Illinois reported their ancestry
to be German (Thomas & Witte, 2002). Residents of Maryland, the area in which the present
study sample was collected, self-reported ancestry as: 15.7% German, 11.8% Irish, 9%
English, 5.8% U.S., 5.1% Italian, 3.5% Polish, and 15.9% from other European areas (U.S.
Census Bureau, Census 2000). Therefore, the Caucasian Americans in our study are likely to
have multiple different ancestral countries of origin, which may reflect strata within the
Caucasian groups.

The magnitude of the potential effect of population structure. Researchers suggest

that the magnitude of bias caused by population stratification is not sufficient to significantly
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structure rely on the assumption that population structure will be reflected by characteristic
allelic patterns across the genome as a whole, whereas effects of candidate genes will be
localized to disease associated gene regions (Pritchard & Donnelly, 2001).

Number of markers required for genomic control. European Caucasian populations
vary between 1% and 3% genetically, and more heterogeneous populations vary between
10% and 30% (Pritchard & Donnelly, 2001). Risch et al. (2002) estimate that 20 carefully
chosen SNPs are needed to distinguish African Americans from Asian Americans, and 40
SNPs are needed to distinguish Caucasian Americans from African Americans and Asian
Americans. Distinguishing Caucasian Americans from Hispanic Americans is more difficult,
requiring about 50 markers (Risch et al., 2002). Hundreds of markers are needed to
differentiate strata within the same race, such as subgroups within Caucasian Americans.
However, other researchers successfully distinguished African American, African Caribbean,
and Hispanic American groups with 32 markers informative for ancestry (Hoggart et al.,
2003). In general, 30-40 markers are needed to distinguish major racial groups (Freedman et
al., 2004). Our proposal of using 30-40 markers may be sufficient to identify population
stratification between racial groups, but not within the Caucasian group. Several hundred
markers would be necessary to conclusively test for strata within the Caucasian group, which
is outside of the scope of this proposal.

Statistical approaches to genomic control. Two methods have been proposed to
statistically control for population stratification (Chen et al., 2003): (1) adjusting the test
statistic by a factor estimated from the genomic markers (Devlin & Roeder, 1999) and; (2)
identifying subgroups within study comparison groups and then performing tests of

association while controlling for subgroup designation (i.e. structured association; Pritchard
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absence of binding of the probe. The sequence of the allele specific probes will match the
more or less common allele. The assays are based on the NCBI SNP Cluster ID’s of each
SNP and developed with Assays-on-Demand (Applied Biosystems, Foster City, CA).
Genotyping reactions will be performed in 384-well plates using 10 ng genomic DNA, 0.5
uM of each amplification primer, 0.2 pM of probes, and 2.5 pl of Master Mix (Applied
Biosystems, Inc.). The reaction thermal cycle will be 50°C for 2 min, 95°C for 10 min, 40
cycles of 95°C for 15 s, and Tm for each probe for 1 min. Tm for each probe will be
determined once probes are designed to match the alleles of interest. Accuracy of
genotyping will be verified by regenotyping 10% of samples, and accuracy and completion
rates will be reported.
Markers Selected to Construct Haplotypes

SNPs chosen for markers in the study include those that are reported on the Single
Nucleotide Polymorphism database (dbSNP), a public-domain archive for a broad collection
of simple genetic polymorphisms. dbSNP distinguishes between information about SNPs
submitted by individuals without evidence of validation, meaning that the polymorphism has
only been observed in one DNA sample by the individual who submitted the data to the
dbSNP database, and SNPs that have been validated by the submitter or by The National
Center for Biotechnology Information (NCBI), the division of NIH that created the dbSNP
database. NCBI also conducts research in computational biology, and may validate
polymorphism through observing genotype or frequency data. Validation status is
determined by the type of evidence used to confirm the variation and may be one of the
following for a marker; (0) not validated, (1) validated by being observed by two

independent submitters, one of which was experimentally validated, (2) submitter provided
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above, the use of genomic control markers can identify subgroups of individuals with genetic
variation that differs from groups described by self-reported ancestry. Therefore, if
significant associations between melanopsin and SAD or seasonality had been found,
independent tests of population stratification would have been conducted. This would have
comprised a set of 30-40 genetic markers that are unrelated to the gene of interest. However,
as the results below are nonsignificant, genomic control for stratification is not indicated for
the present study.
Data Analytic Strategy

Haplotype analysis was be performed prior to testing Hypotheses 3 & 4. Deviation
from Hardy-Weinberg equilibrium was tested prior to all tests of association. The data
analytic strategy includes methods for testing for population stratification in the event of
significant associations, and controlling for the effect of stratification in the analyses if
population stratification is identified. However, this was not ultimately necessary for the
present study due to the lack of significant associations.

Hardy-Weinberg Equilibrium

Prior to tests of association, the distribution of genotypes and haplotype frequencies
will be tested for Hardy-Weinberg equilibrium (HWE). Hardy-Weinberg equilibrium
describes a state in which each genotype (i.e., both homozygous and heterozygous
genotypes) are found in the frequency predicted by chance given the frequency of each of
two alleles. Computing a X? statistic presupposes that each allele of a genotype be
statistically independent and that deviations from independence (i.e., one genotype is more
likely than predicted by chance) can inflate the Type 1 error rate (Schaid & Rowland, 1998).

HWE is determined by the equation p2 + 2 p g + q2 = 1 where p is the frequency of the

86


















conferring allele of 22%, the frequency obtained in the control group for the P10L analysis.
With the available sample size of 222, we have 80% power to detect an effect with an odds
ratio of 1.65. An odds ratio of between 1.5 and 2.0 is likely for this study. We would have
63% power to detect an odds ratio of 1.5, and 96% power to detect an odds ratio of 2.0 with a
sample of 222 individuals (Hsieh, 1989). A limitation of this power estimate is that the
frequency of other risk conferring alleles may not be similar to the 22% found for P10L.

Tab

Results

Participants

Participants in the SAD group were 70% female, 95% Caucasian, 5% African
American, and 1% Asian American, and were predominately middle aged (A =40.1, SD =
8.3, minimum age = 18, maximum age = 66). Participants in the SAD group had an average
global seasonality score (GSS) of 16.6 (SD = 3.3), with a minimum of 8 and a maximum of
24, and these data were normally distributed. 53% of the SAD group had unipolar Major
Depressive Disorder, 2% had Biploar II Disorder, 17% had Bipolar I Disorder, and the
remaining 28% were missing data on this variable.

Documentation regarding the previous studies completed with this sample state that
the control group was matched to the case group, however it is unclear how participants were
matched, as the sample sizes are not equivalent. Ideally, the matching strategy would be
known and could be presented, and the groups would not differ on the basis of age, gender,
ethnicity, or other potentially stratifying variables such as socio-economic status.
Participants in the control group were 58% female, 97% Caucasian, 3% African American,

and were predominately middle aged (M = 39.8, SD = 10.7, minimum age = 19, maximum
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rate = 4.9%). 15% of the samples were sequenced twice, and 3 samples were in error (error
rate = 9%), below the previously established limit.
Hardy-Weinberg Equilibrium

Prior to tests of association, the distribution of genotypes at each locus was tested for
Hardy-Weinberg Equilibrium (HWE). Genotypes at the loci P10L and I394T were tested,
but not D444G because this locus was monomorphic in the present sample. We used the
FINETTI program (Wienker & Strom, 2003) to compute Pearson’s goodness-of-fit Chi-
square, the log likelihood ratio Chi-square, and, in certain cases, the Fisher’s exact test to
compare observed frequencies from those expected given HWE. Fisher’s exact test was used
when asymptotic sampling distributions are present, as in the case of P10L. Neither controls
nor the SAD cases differed from HWE at any of the 10 markers tested.

Hypothesis 1 Results

In Hypothesis 1 it was proposed that SAD participants would demonstrate an
increased frequency of the coding variants P10L, 1394T, and/or D444G relative to control
participants.
PI0L: Hypothesis 1

In the case of P10L, the distribution of all three genotypes (C/C, C/T, and T/T)
between the SAD and control groups was compared using Fisher’s Exact Test, X*(2, N =
228) =5.09, p = .09, ns. Allelic Frequency tested with Fisher’s Exact Test was also not
statistically different between groups at the P10L locus, X*(1, N = 456) =2.29, p = .13.

Upon observing that all seven individuals with the T/T genotype at P10L were in the
SAD group, and there was little difference between groups in the frequency of the C/T

genotype, a post-hoc "autosomal recessive disorder" interpretation was considered. The term
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will consider each test of the identified haplotypes as one test, rather than as multiple tests of
between 2 and 10 tests of association. Therefore, there is evidence that each haplotype is one
event of inheritance, the correction for multiple tests is minimized.
Six Haplotypes Identified with PHASE 2.1: Hypothesis 3

Initially, the PHASE 2.1 program identified 16 haplotypes, although 10 of these were
rare (i.e., < 2% frequency). Individuals with rare haplotypes were removed from further
analyses, yielding 190 individuals for the final haplotype analyses. Haplotypes 1 and 2
contain the coding variant at the 1394T locus, and haplotype 5 contains the coding variant at
the P10L locus. Of the rare haplotypes deleted from the final analyses, the majority (70%)
had neither the P10L or I394T coding variant. Of the deleted samples, 8% had the P10L
variant, 20% had the 1394T variant, and 2% had both. Therefore, it is possible, but unlikely,
that the rare haplotypes removed impacted the test of association by removing potentially
important variants.
Permutation Test of Association: Hypothesis 3

The PHASE 2.1 utility automatically runs a case-control significance test of
association with the 6 identified haplotypes, taking into account the certainty of the phase
estimates calculated by PHASE 2.1. The p value associated with this test was 0.39, »s.
Direct Tests of Association: Hypothesis 3

An initial Fisher’s Exact Test comparing the distribution of all 6 haplotypes across
SAD and control groups identified no significant difference between groups, X°(5, 378) =

3.75, p = 0.58, ns.
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you found yourself asking for help with things you could really do your self? IF YES: Like
what, for example? How often has that happened? 0 = not present; 1 = self-absorption
(bodily); 2 = preoccupation with health; 3 = frequent complaints, requests for help, etc.; 4 =
hypochondriacal delusions.

*SIGH-SAD Diurnal Variation A - “Over the past week, in the first few hours after waking
up, have you been feeling better, worse, or no different from before you go to sleep?” 0 =no
variation OR not currently depressed; 1 = worse after awakening; 2 = worse before going to
sleep.

*SIGH-SAD Depersonalization and Derealization - “In the past week, have you ever
suddenly had the sensation that everything is unreal, or you’re in a dream, or cut off from
people in some strange way? Any spacey feelings? IF YES: Tell me about it. How bad has
that been? How often this week has that happened?” 0 = absent; 1 = mild; 2 = moderate; 3 =
severe; 4 = incapacitating. |

’SIGH-SAD Agitation - RATING BASED ON OBSERVATION INTERVIEW. IF
TELEPHONE INTERVIEW: “As we talk, are you fidgeting at all, or having trouble sitting
still? For instance, are you doing anything like playing with your hands or your hair, or
tapping your foot? Do others noticé that you are restless?” 0 = none; 1 = fidgetiness; 2 =
playing with hands, hair, etc.; 3 = moving about, can’t sit still; 4 = hand-wringing, nail biting,
hair-pulling, biting of lips.

SIGH-SAD Increased Appetite — “In the past week, has your appetite been greater than
when you feel well or OK? IF YES: Do you want to eat a little more, somewhat more, or

much more than when you feel well or OK?” 0 = no increase in appetite; 1 = wants to eat a
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little more than usual; 2 = wants to eat somewhat more than usual; 3 = wants to eat much
more than usual.
’SIGH-SAD Increased Eating — “In the past week, have you actually been eating more than
when you feel well or OK? IF YES: A little more, somewhat more, or much more than when
you feel well or OK?” 0 = is not eating more than usual; 1 = is eating a little more than
usual; 2 = is eating somewhat more than usual; 3 = is eating much more than normal.
8SPAQ Humid Weather “Indicate how the following weather (humid weather) makes you
feel, from 3 = in very low spirits or markedly slowed down, to +3 = markedly improves your
mood or energy level.”
*The copies of a particular haplotype are reported for haplotype analyses in the comparison
column (e.g., 0,1, or 2 copies of haplotype 1).
Light Therapy Remission Rates

Data were obtained »for 45 individuals with SAD who were included in the above
study and who completed the SIGH-SAD before and after a 2-week trial of light therapy.
The following criteria were used to define SAD episode remission (Terman et al., 1990): (1)
pre- to post-treatment reduction in total SIGH-SAD score by at least 50%, HAM-D score < 7,
and atypical score <7, or (2) HAMY-D score <2 and atypical score <10. Twenty-four out of
45 individuals met one or both criteria for remission (53% remission rate), and a majority of
those had successful sequences for P10L and 1394T as well as the haplotype analyses.
Although there are too few individuals for a conclusive test of associations between light
therapy remission status and melanopsin gene variations, summary data are reported below in

Table 8.
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or subscales, and none of the haplotypes were associated with subscales on the SPAQ or
SIGH-SAD (i.e., typical depressive symptoms on the 21-item Hamilton Rating Scale for
Depression or atypical depressive symptoms on the 8-item atypical subscale). There is no
clear pattern to these findings, which are likely to be false positive results because of the
number of analyses conducted. However, it is possible that having one or more copies of
haplotype 6 may be associated with increased appetite and eating, given that eating behavior
and appetite are partly under circadian control in humans (e.g., Hoogerwerf, 2006).

Preliminary Analysis of Light Therapy Outcome

This study also involved a preliminary test of association between remission with
light therapy and the melanopsin gene. Light therapy outcome data were available for 45
individuals in the present study. No associations between P10L, I394T, or any haplotype and
remission status after 2 weeks of light therapy were identified. There were two individuals
treated with light that had the T/T P10L genotype, with one remitted and the other classified
as not remitted. These data do not support a role for melanopsin variants in predicting light
therapy remission rates.

Possible Reasons for Lack of Findings

The overall hypothesis of the present study, that melanopsin gene variants are
associated with SAD, although theoretically compelling, was not supported by the results of
the present study. Possible reasons for the lack of significant findings are that the
melanopsin gene is not involved in SAD, important parts of the gene were not assayed (i.e.,
the newly reported isoform), or genes other than melanopsin are more important in
conferring genetic risk for SAD, including those in the melanopsin signaling pathway (e.g.,

arrestin) and genes in other systems (e.g., neurotransmitters and circadian clock genes).
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Strengths of the Present Study

One strength of the current study is that a very thorough analysis of the melanopsin
gene was conducted, with fewer than 2K bases between markers. Dense maps for genetic
analysis usually require at most 4K bases between markers; therefore, this analysis is even
more dense. Because the genotypes at a nearby marker are highly correlated with each other,
it is unlikely that the present study failed to assay important parts of the melanopsin gene.
Therefore, it is most likely that genes other than melanopsin are responsible for the portion of
risk for SAD that seems to be heritable. Other candidate genes for SAD are described below.
Limitations

Recruitment Methods Differed

An initial limitation of the study is that the control and SAD participants were
recruited using different methods. The NIH healthy volunteer pool is a group of individuals
who volunteer to be controls for many types of studies on a continual basis. However, the
SAD participants were recruited through community advertising for the purpose of
participating in SAD-specific studies at NIH, and were self-referred for treatment and/or
research. This difference between recruitment methods for the comparison groups could
have accounted for a difference between groups if one had been discovered in the present
study. Hypothetically, a difference in genes could have been associated with a third factor
other than SAD diagnosis, such as a factor associated with one of the recruitment strategies
(i.e., willingness to volunteer for any research among controls vs. willingness only to
volunteer for research on a specific issue among participants with SAD).

Homogeneity of the Sample
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Another limitation is that both groups had very stringent inclusion and exclusion
criteria, making any findings from the present study less generalizable to the population as a
whole. Individuals in the SAD group had no personal history of another Axis I disorder, but
research indicates that individuals with SAD may have comorbid ADHD, alcohol use
disorders, generalized anxiety disorder, panic disorder, bulimia nervosa, late luteal phase
dysphoric disorder, and chronic fatigue syndrome, although rates of comorbidity are not
available (Lurie, Gawinski, Pierce, & Rousseau, 2006). Individuals in the control group had
no personal or family history of Axis I disorders, and this is also unlikely to be a common
finding. Ideally, for the present study, we would have information about how many potential
SAD cases and control participants were excluded because they or a family member carried
an Axis I disorder excluding them from participation. Despite a complete review of all
records kept at NIH for the present study, data on number of individuals excluded was not
discovered.

Gender Differences Between Groups

The SAD group was 70% female, but the control group was only 58% female, leaving
open the possibility that gender has confounded our analyses. Although gender did not
account for any variance in the logistic regression analyses, the difference between groups on
the basis of gender is marginally significant (p = 0.07). It is unclear at this point if the
difference in frequency of each gender has impacted the results, so future work should do one
of two things: (1) test the effect of melanopsin variants in each group, stratified by gender, or
(2) recruit a more gender-matched control group for future studies.

Not All Candidate Genes Are Tested
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Candidate Genes For SAD: PKC

In cultured Xenopus cells, PKC phosphorylates at least four proteins (i.e., 43-, 74-,
90-, and 134-kDa), suggesting that the protein products and/or the process of phosphorylation
are points in the signaling pathway that could be disregulated in SAD (Isoldi et al., 2005).

The proteins phosphorylated by PKC in the melanopsin signaling cascade are involved in

melanasome dispersion in Xenopus cells, and it is currently unknown if these same proteins
are phosphorylated in human ipRGCs, and if so, what their function is. Identifying the
phosphorylation targets of PKCB1 and PKCB2 in ipRGCs may identify additional candidate
genes for SAD, as it is possible that such light-activated pathway proteins are uniquely
espressed in retinal cells, and have a unique function in ipRGCs.

Candidate Genes For SAD: Arrestin

As described above, arrestin is involved in the rhodopsin signaling cascade and a
homologue of the rhodopsin arrestin may be present in ipRGCs. Arrestin binds to the
photoreceptors in invertebrates (Kiselev & Subramaniam, 1997), and may bind human
melanopsin at a site homologous to arrestin-binding sites in rhodopsin that are in the
cytoplasmic loops of rhodopsin or phosphorylated residues on rhodopsin’s tail (Ascano,
Smith, Gregurick, & Robinson, 2006; Smith et al., 1999). Phosphorylation sites on the
rhodopsin cytoplasmic tail are exposed when the chromophore changes shape, allowing
arrestin to bind phosphorylated rhodopsin. If the sites at which arrestin binds rhodopsin are
similar to sites in the cytoplasmic tail of melanopsin, these should be determined and
sequenced in future studies. The current study assayed sites within 2K bases of possible
arrestin-binding sites in melanopsin, but direct sequencing of this region would be necessary

to rule out additional coding variations in this area.
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Candidate Genes in Other Systems

Other molecules involved in the neurotransmitter, hormonal, sleep, and HPA-
axis/stress response systems may also be involved in SAD. For example, tryptophan
hydroxylase (TPH), arylalkylamine N-acetyltranferase (AA-NAT), and hydroxyindole-O-
methyltransferase (HIOMT) are enzymes that catalyze the transformation of tryptophan to
serotonin and then into melatonin. AA-NAT, HIOMT, and TPH have been proposed as
targets for pharmacological treatments for mood disorders because of the role of serotonin
and melatonin in depression (Zheng & Cole, 2002). AA-NAT is the rate-limiting enzyme in
the reaction transforming serotonin to melatonin, and may be involved in seasonally-
dependent variations in serotonin levels because AA-NAT exhibits circadian and seasonal
variations in expression (Diaz et al., 2003). Many other molecules interact with the various
systems proposed to be involved in SAD etiology, making an exhaustive list of other
candidate genes for SAD beyond the scope of the present study. However, it is clear that
other candidate genes for SAD exist that have not yet been studied in SAD, and these genes
may account for variance in the risk for SAD that is not accounted for by the known risk
factors for SAD.
Clinical Significance

Despite the lack of significant findings, there are clear clinically-relevant reasons for
pursuing this line of research. Finding a biological mechanism for the etiology of SAD could
lead to more effective treatments for SAD that are curative (i.e., prevent recurrence after
treatment is discontinued) as opposed to simply palliative (i.e., suppress symptoms as long as
treatment is continued). Palliative treatments for SAD include light therapy and psychotropic

medications that reduce the severity of symptoms during acute episodes. Light therapy, the
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H14.

H15.

H16.

H17.

17-ITEM TOTAL SCORE HAMILTON DEPRESSION

In the last week, how much have your
thoughts been focused on your physical
health or how your body is working
(compared to your normal thinking)?
(Have you worried a lot about being or
becoming physically ill? Have you really
been preoccupied with this?)

Do you complain much about how you
feel physically?

Have you found yourself asking for help
with things you could really do yourself?
IF YES: Like what, for example? How
often has that happened?

RATING BASED ON OBSERVATION
DURING INTERVIEW.

RATING BASED ON OBSERVATION
DURING INTERVIEW

concentrate; decreased motor activity):
IF TELEPHONE INTERVIEW: Do you
feel that your speech or physical move-
ments are sluggish? Has anyone
actually commented on this?

RATING BASED ON OBSERVATION
INTERVIEW.

IF TELEPHONE INTERVIEW: As we
talk, are you fidgeting at all, or having
trouble sitting still? For instance, are
you doing anything like playing with your
hands or your hair, or tapping your foot?
Do others notice that you are restless?

HYPOCHONDRIASIS:

0 = not present

1 = self-absorption (bodily)

2 = preoccupation with health

3 = frequent complaints, requests for
help, etc.

4 = hypochondriacal delusions

INSIGHT:

0 = acknowledges being depressed and
ill OR not currently depressed

1 = acknowledges iliness but attributes
cause to bad food, overwork, virus,
need for rest, etc.

2 = denies being ill at all

RETARDATION (slowness of thought
and speech; impaired ability to

0 = normal speech and thought

1 = slight retardation at interview

2 = obvious retardation at interview
3 = interview difficult

4 = complete stupor

AGITATION:

0 = none

1 = fidgetiness

2 = playing with hands, hair, etc.

3 = moving about, can’t sit still

4 = hand- wringing, nail biting, hair-
pulling, biting of lips



H18.

A8.

H19.

Over the past week, in the first few hours
after waking up have you been feeling
better or worse or no different from before
you go to sleep?

IF VARIATION: How much worse do you
feel in the (MORNING OR EVENING)?
IF UNSURE: A little bit worse or a

lot worse?

This week, have you regularly had a
slump in your mood or energy in the
afternoon or evening?

IF YES: Is it mostly in your mood or your
energy? Does it occur every day? Atwhat
time has the slump usually begun?

( o'clock). When has it ended? Has
that been at least an hour before you go to
sleep? How big a slump do you have -
would you say it's generally mild, moderate,
or severe?

HOUR OF RECOVERED MOOD OR

In the past week, have you ever suddenly
had the sensation that everything is
unreal, or you're in a dream, or cut off
people in some strange way?

IF YES: Tell me about it. How bad has
that been? How often this week has that
happened?

DIURNAL VARIATION TYPE A:

A. Note whether symptoms are worse
after awakening or before
sleeping. If NO diurnal variation,

mark none:
0 = no variation OR not currently
depressed

1 = worse after awakening
2 = worse before going to sleep

RATER NOTE: DO NOT COUNT
ABOVE SCORE IN SCALE TOTALS.

B. When present, mark the severity of
the variation:

0 = none
1 = mild
2 = severe

*DIURNAL VARIATION TYPE B:

0=no

1 = yes, of mild intensity

2 = yes, of moderate intensity
3 = yes, of severe intensity

CIRCLE ONE Mood
OR BOTH: Slump

Energy
Slump

NOTE: RATE ONLY SLUMPS THAT
ARE FOLLOWED BY AT LEAST AN
ENERGY BEFORE SLEEP.

DEPERSONALIZATION AND
DEREALIZATION

(such as feelings of unreality and from other
nihilistic ideas):

0 = absent

1 =mild

2 = moderate

3 = severe

4 = incapacitating














