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 ABSTRACT 
This dissertation is composed of five major chapters. The first is a comprehensive 

literature review, followed by three chapters of research findings, and a final concluding 

chapter. Major Depressive Disorder (MDD) is a phenotypically complex and 

heterogeneous syndrome. This challenge and others faced when investigating the genetic 

basis for the susceptibility to MDD are discussed, as are tools used to address and 

overcome these challenges. Included in this review of the literature is a discussion on 

findings of genome-wide analyses of MDD, as well as candidate genes that may play a 

role in the susceptibility to major depression. Following the literature review, three 

chapters of studies are presented. The first one demonstrates that in humans, the actual 

number of risk genotypes in the serotonin system accounts for over half of the variance in 

mood response to tryptophan depletion. There was no association between the dopamine 

system and mood response. The main conclusion from that study is that using a pathway 

analysis, rather than a single gene approach, may lead to more informative results when 

studying the genetics of a complex behavior. The next study demonstrates a similar 

conclusion, however, is not pathway specific. It is shown that in a group of depressed 

subjects not capable of treatment response, the mean number of risk genotypes is greater 

than in a group without depression. This supports the thought that treatment resistance 

may be a more severe form of MDD. This study also presents data on single gene results 

which demonstrate that the genetic basis for susceptibility to major depression may be 

different and independent from the genetic basis for the capacity to respond to treatment. 

Several individual polymorphisms are implicated in each case. The final investigation is a 

published manuscript refuting the findings of a previously published article on 
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polymorphisms in the TPH2 gene and association with treatment resistance. Many other 

research groups have also been able to replicate the results demonstrated here. A final 

chapter discusses the overall conclusions about the three research studies, as well as the 

field of psychiatric genetics with a focus on the continuing search for the genetic basis of 

susceptibility to major depressive disorder.  
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1. CHAPTER 1. INTRODUCTION 

1.1. What is Major Depressive Disorder? 
Major Depressive Disorder (MDD) is a Mood Disorder that has been recognized as a 

mental affliction for centuries. The essential feature of MDD is a Major Depressive 

Episode (MDE). The typical symptoms of a MDE are a depressed mood or lost of interest 

in usually pleasurable things for at least 2 weeks, along with the presence of at least 4 out 

of 7 criterion symptoms: 1

Criterion A for Major Depressive Episode according to DSM-IV-TR:  

A. either depressed mood OR loss of interest or pleasure for 2 weeks plus 4 of the 

following 7 options present most of the day, nearly every day: 

a. significant weight loss when not dieting or weight gain or decrease or increase 
in appetite  

b. insomnia or hypersomnia  
c. psychomotor agitation or retardation  
d. fatigue or loss of energy  
e. feelings of worthlessness or excessive or inappropriate guilt  
f. diminished ability to think or concentrate or indecisiveness  
g. recurrent thoughts of death, recurrent suicidal ideation, suicide attempt. 

 

There is no laboratory test that can unambiguously indicate a diagnosis of an MDE; 

however, there are some physiological testing results that are common to those suffering 

from an MDE. Difficulty falling asleep, frequently waking up at night, and waking in the 

early morning are some sleep problems that are common 1. These may be accompanied 

by irregular sleep EEG recordings involving rapid eye movement (REM) sleep stages 2.

Impaired functioning in several neurotransmitter systems, hormonal systems, and 

neurotrophic systems has also been associated with MDE.  
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1.2. Explanation of the problem and its context 
The polythetic structure of the DSM-IV-TR allows for two individuals with MDD to 

appear phenotypically different. For example, one individual may have a depressed mood 

and symptoms a-d of MDE, and another person may have a loss of interest and symptoms 

d-g of MDE. Furthermore, weight, appetite, sleep and psychomotor activity may be either 

increased or decreased, increasing the heterogeneity of the symptoms individuals with 

MDD may have. Individuals suffering from MDD often have other mental disorders such 

as substance-related disorders, anxiety disorders or an underlying personality disorder. 

The severity of MDD may vary among sufferers of MDD, and from one episode to 

another. According to the DSM-IV-TR, of those that have one MDE, 60% will have a 

second MDE. Individuals with 2 previous MDEs have a 70% chance of having a third, 

and after three MDEs, one has a 90% chance of experiencing a 4th MDE. The phenotypic 

heterogeneity resulting from the DSM classification scheme and aforementioned co-

morbidity, and degrees of severity make genetic studies difficult.  

Adding to the complexity of genetic studies on MDD is the fact that MDD is not a single 

gene disorder. It is well recognized that susceptibility to MDD is influenced by many 

genes. Although, not yet proven, the sizes of the effect of these genes will, more likely 

than not, vary across gender and racial lines. Furthermore, the average size of effect for 

one of the genes will be small, requiring large sample sizes of clearly defined phenotypes 

in order to be detected. The mode of inheritance for MDD is also not known to date. 

Several studies have ruled out a Mendelian mode (i.e. single gene) of inheritance, 

however, mathematical models of mood disorders have not been able to consistently 
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determine the mode of inheritance3. One gene may also affect more than one 

physiological system, and since MDD is not associated with only one biological system, 

it is likely that this pleiotropic effect is involved. The complexity resulting from 

pleiotropy and the polygenic nature of MDD combined with the phenotypic heterogeneity 

causes the increasing difficulty of genetic studies of MDD, and impedes progress in the 

field.  

1.3. Epidemiology 
According to the DSM-IV-TR, the lifetime prevalence rates of MDD among women are 

10-25%, and for men are 5-12%. The percent risk of unipolar depression in the general 

population in studies from 1951-1984 ranged from 3.4% to 18% 4. Weissman et al (1996) 

determined the lifetime rates of major depression in 10 countries across the world and 

found a range of 1.5% in Taiwan to 19% in Beirut, Lebanon, with the Unites States at 

5.2%  5. The differential prevalence in the sexes is always apparent with women at 

consistently greater risk (1.3 to 3.2) in community samples 5,6.

1.4. Is Depression Heritable?  
 

The more genes you share with a mood disordered relative, the higher your risk for a 

mood disorder yourself. The NIMH Collaborative Study of Depression found that the risk 

for relatives of unipolar probands is 28.4% 7. There are consistent findings of higher rates 

of unipolar depression among relatives of unipolar probands (11-18%) than control 

probands (0.7-7%) 6,8-10. Although it is unknown exactly how MDD is transmitted 

genetically, it is well established and accepted that there is a heritable component3,11.
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Sullivan et al (2000) performed a comprehensive meta-analysis of family studies of major 

depression. They found that the best estimate of heritability for MDD is 37% from 

additive genetic effects. The remaining 63% of the phenotypic variability to major 

depression was accounted for by individual specific environmental effects (non-shared 

environment)12. Shared environment had a negligible contribution to major depression. 

The one trait that best predicted a genetic effect was recurrence of Major depressive 

episodes. Early age at onset is also a measure of heritability and severity. 

The most common mood disorders are unipolar depression (UPD) and bipolar depression 

(BPD), with the differential feature being a manic phase in BPD but not in UPD. 

Although these mood disorders share the same depression phenotype, BPD is consistently 

more heritable than UPD. This was shown in a recent twin study of UPD and BPD by 

McGuffin et al (2005) where the phenotypic correlation between the disorders was 

supported, but these was little sharing of genetic variance between mania and depression 
13.

1.5. Mode of Transmission 
Family, twin and adoption studies inform us that MDD does not follow a simple 

Mendelian pattern of inheritance 14-16. Two alternative models to the single gene 

hypothesis are based on the polygenic model of many genes influencing the susceptibility 

to MDD were proposed 3. The first is a limited loci polygenic model (LLP) in which a 

limited number of genes play a role in the susceptibility to MDD. Alternatively, the 

multi-factorial polygenic model (MFP) proposes that a large number of genes plus 

environment are at play. In this model there is no factor that is necessary or sufficient and 
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the factors are not listed in terms of ordered importance. (This model is very similar to 

the multigenic composite inheritance theory for MDD by Raymer et al, 2005). Although 

mathematical models can clearly determine that MDD does not follow Mendelian 

inheritance patterns and that MDD is genetically influenced, they cannot distinguish 

between the two aforementioned polygenic models 17.

1.6. Environmental Contributions to MDD 
Childhood sexual abuse, stressful life events and the personality trait of neuroticism are 

the best predictors of onset of MDD in adulthood18, however, low self-esteem, substance 

abuse and degree of social support also play interconnecting roles 19. A gene-environment 

interaction between stressful life events and genetic susceptibility has also been shown 20.

1.7. Endophenotypes 
The phenotypic heterogeneity and genotypic complexity of MDD have driven the 

investigation of the genetic susceptibility of MDD to utilize endophenotypes of MDD. 

Ideal endophenotypes are phenotypic measures that are heritable and common to most 

syndrome sufferers, trait-like, and co-segregate within families 21. By using an 

endophenotype rather than the full syndrome of MDD, researchers are attempting to 

decrease the complexity of the phenotype, thereby theoretically decreasing the 

complexity of the genotype22. It follows then, that the genetic signal for a particular 

phenotype will be stronger than if the syndrome of MDD was used, thus facilitating its 

detection. Endophenotype research for MDD is still emerging, and few studies have 
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shown evidence of a valid endophenotype, however, several have been proposed 2,23,24.

Successful endophenotype usage has resulted in susceptibility genes for alcoholism25.

1.7.1. Tryptophan Depletion 
This research paradigm is based on the serotonin-deficit hypothesis of MDD, which 

states that low levels of serotonin in the brain is one etiological factor of MDD. Serotonin 

levels alone are not enough to explain depression, however, serotonin dysfunction is one 

of the most commonly proposed hypotheses of MDD. Tryptophan (TRP) is the precursor 

of serotonin, thus decreasing levels of TRP in the system decreases levels of serotonin. 

The synthesis of serotonin requires the conversion of tryptophan to 5-hydroxytryptophan 

by the neuronal form of tryptophan hydroxylase (TPH2) and a further modification of 5-

hydroxytryptophan to serotonin by amino acid decarboxylase. The action of TPH2 is the 

rate limiting step and is one factor that can be manipulated to artificially decrease 

serotonin levels, however, such manipulation results in undesirable side-effects 26.

Another method is simply dietary restriction of foods rich in TRP, however, the percent 

reduction in TRP required to observe behavioral effects requires unrealistically long 

TRP-free dieting. A final method to decrease serotonin levels is to decrease the TRP 

which initially enters the brain, crossing the blood brain barrier. This method, which may 

be combined with a temporary TRP-free diet is the most effective method for acute 

tryptophan depletion. TRP competes with other amino acids for binding to a carrier to 

cross the blood brain barrier; therefore, providing these amino acids in the form of a drink 

decreases the amount of TRP possible to enter the brain. The drink includes most of the 

amino acids with or without tryptophan. When without TRP, the body is stimulated to 
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make proteins and exhaust the basal levels of TRP already present in the plasma, 

facilitating the acute tryptophan depletion. As a result of tryptophan depletion, the 

tryptophan levels in individuals regardless of their history of MDD are decreased on 

average by 70-90% 27,28. Brain serotonin and plasma TRP are effectively decreased in rats 

when exposed to acute tryptophan depletion 29,30. In healthy subjects and currently 

depressed subjects, acute tryptophan depletion does not have a strong effect behaviorally 
31,32, however, in remitted depressed subjects recently responding to selective serotonin 

re-uptake inhibitors (SSRIs), depressive symptoms returned when exposed to acute TRP 

depletion 28,33. In lines with theory, the return of symptoms of depression is only observed 

when the medication responded to is a serotoninergic one 27,28,34. TRP depletion is an 

acute challenge to the complex neurobiological network which regulates mood. The 

current paradigm holds that this network is capable of eliciting compensatory signals 

when one system in the network is faulty or challenged. In a healthy individual not 

susceptible to MDD, this network functions to continuously regulate mood even in the 

face of acute TRP depletion, however, systems not capable of mounting a compensatory 

signal will be accentuated by the TRP depletion challenge in individuals susceptible to 

major depression. It is hypothesized that these faulty systems in the complex neural 

network of mood regulation will be detectable in individuals susceptible to MDD with 

TRP depletion. This theory is supported by results found by Neumeister et al (2005) 

when they tryptophan depleted subjects with and without a history of MDD, and 

measured levels of brain derived neurotrophic factor (BDNF). They found that the 

healthy subjects increased their BDNF levels in response to the TRP depletion, but the 
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subjects with a history of MDD were not capable of mounting the same response35. The 

depressive symptoms observed in this case are evaluated using the Hamilton Depression 

Rating Scale (HDRS) 36. An association between the SLC6A4 promoter and mood 

response to tryptophan depletion has been demonstrated by Moreno et al (2002) when 

they showed that the long/long genotype conferred a higher change in mood response to 

tryptophan depletion than the other genotypes in remitted subjects37. The correlation 

between the degree of severity of depressive symptoms and the genetic constitution of the 

individual is an analysis of interest, and is reported on in CHAPTER 3.  

1.7.2. Treatment Resistance 
A necessary trait of treatment resistant depression (TRD) is the inability to respond to 

standard and adequate antidepressant treatment. It is estimated that over half of MDE 

sufferers don’t experience an alleviation of clinical symptoms 38. As stated previously, 

the severity of MDD varies among sufferers, and from one major depressive episode to 

another. Sixty percent of individuals who experience one MDE will have a second 1. The 

risk for individuals with 2 previous MDEs, increase to 70% chance of having a third, and 

after three MDEs, one has a 90% chance of experiencing a fourth MDE. The recurrence 

of MDEs is another factor in TRD that by definition, all researchers agree upon. Many 

definitions of TRD have been proposed, allowing the similarities between definitions to 

be the core of TRD 39. Thase and Rush40 proposed a definition of TRD which includes 5 

stages corresponding to treatment response profiles:  

TABLE 1.1 Staging of Levels of Treatment Resistance according to Response History 
Stage Treatment Response 
0 No medication trials 
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1 Nonresponse to monotherapy 
2 Nonresponse to 2 trials of monotherapy of different class 
3 Stage 2 + Nonreponse to augmentation 
4 Stage 3 + nonresponse to 2nd augmentation 
5 Stage 4 + nonreponse to Electroconvulsive Therapy 

(ECT) 

The essence of TRD is a failure to respond to two different classes of antidepressant 

medications provided compliance, dosage and duration were all adequate. For the 

purpose of the study reported on in this dissertation, the definition of TRD is failure to 

respond to at least 2 adequate trials of different class antidepressants (i.e. Stage 2) as 

verified by the Antidepressant Treatment History Form (ATHF).  

Some variables seem to be more associated with TRD than others. For examples, being 

female, and being older, make one more susceptible for not responding to antidepressants 
41,42. Furthermore, atypical depression43 and psychotic depression 44 are subtypes of 

depression that seem more vulnerable to treatment resistance. The same factors that link a 

family history of depression are also associated with treatment outcome, namely, early 

age of onset and chronicity 45,46. Earlier age of onset is associated with higher heritability 

of MDD, increased chances of chronic suffering from MDEs and poorer prognosis. TRD 

individuals are more likely to experiment with many medications until a suitable one is 

found with the least number of side effects 47. Sufferers of TRD are twice as likely to be 

hospitalized and their total medical costs are six times that of individuals with non-TRD, 

making this putative subtype of MDD a clinically and socially significant one 48.

Whether or not TRD is a subtype of depression with a distinct underlying biology is still 

unknown and under investigation. It is possible that to some extent TRD is a result of 
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hyperfunctioning enzymes that metabolize typical antidepressant medications 49. In this 

case, the TRD subjects would have a genetic background that leads to a pharmacokinetic 

difference from the depressive group which is capable of antidepressant treatment 

response. It is also conceivable that TRD is a result of genetic susceptibilities in other 

brain activity pathways that play a role in the pathophysiology of depression. Regardless 

of the amount of medication administered, the individual would not respond to the 

standard medication. Polymorphisms in the biochemical pathways that include the 

monoamine system would be likely “suspects” for this group of depressed individuals.  

1.8. Hypotheses of Major Depressive Disorder 
1.8.1. Monoamine hypothesis 

The monoamines include the catecholamines (dopamine, norepinephrine and 

epinephrine) as well as serotonin. These systems were first implicated in depression 

because some medications intended for use with non-depressive symptoms, were found 

to alleviate depressive symptoms 50. The serotonin and catecholamine hypotheses are 

very similar in that they both state that it is low levels of the particular neurotransmitter 

that contributes to the etiology of MDD. The low levels can be attained by decreases in 

synthesis or increase in degradation of the neurotransmitter, defective post-synaptic 

signaling, or alterations in the functioning of pre- and post-synaptic receptors. Figure 1 is 

an example of serotoninergic and dopaminergic synapses and proteins that are involved 

in neurotransmission. Under-expressed or hypofunctional neuronal tryptophan 

hydroxylase (TPH2) or tyrosine hydroxylase (TH) would result in decreased overall 

serotonin or dopamine, respectively, available at the synapse for signaling. Likewise, an 
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over-expressed or hyperfunctional serotonin transporter (SERT) or dopamine transporter 

(DAT) would re-uptake more neurotransmitter than required and lead to decreased levels 

in the synapse. In the monoamine hypothesis, cAMP response element binding protein 

(CREB) is activated once serotonin or dopamine levels are increased. The typical 

antidepressant, namely the SSRIs have a mechanism of action on the neurotransmitter 

transporter, while others affect synaptic receptors, or degradation enzymes, such as 

monomaine oxidase inhibitor (MAOIs). Although the levels of neurotransmitters increase 

soon after antidepressant administration, the alleviation of depressive symptoms is not 

achieved unless the administration is long-term 50. This is one of the faults of this 

hypothesis which has driven the need for other hypotheses of MDD etiology.  
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FIGURE 1.1 Serotonin (A) and Dopamine (B) Synapses 

1.8.2. Neurotrophin/Neurosteroids hypothesis 
One effect of increasing levels of neurotransmitters via antidepressant medication is an 

activation of CREB (see Figure 1). CREB is a transcription factor that affects the 

transcription of many genes. The gene of interest in the neurotrophin hypothesis is brain 

derived neurotrophic factor (BDNF). BDNF acts via its receptor, TrkB, to stimulate 
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CREB. BDNF has survival, protective, and trophic effects on neurons 51, which is 

thought to be the final effect of antidepressants. In subjects with depression, there is an 

overproduction of cortisol, which, through glucocorticoid receptors, down-regulate 

BDNF 52. BDNF levels in individuals with MDD are lower than in those without 53-56,and 

BDNF levels increase in response to chronic administration of antidepressants 52,55-57,

implicating it as an etiological factor of MDD 58. Administration of BDNF as 

antidepressant treatment is not feasible in humans as the size of the protein is prohibitive 

in crossing the blood brain barrier.  

1.8.3. Hypothalamus-pituitary-adrenal (HPA) system 

FIGURE 1.2 Stress-HPA-Depression relationship. From Urani et al, 200550 
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The HPA system is the major system for humans to deal with stress (see Figure 2). The 

HPA hypothesis of MDD proposes that the overactivation of the HPA system is 

responsible for the etiology of MDD. Stress activates the hypothalamus to release 

corticotrophin releasing hormone (CRH) which stimulates the pituitary to release 

adrenalcorticotropic hormone, finally signalling the adrenals to release cortisol. Cortisol 

acts via the glucocorticoid receptors to inhibit BDNF, and contributes to feedback 

systems to regulate its own level. It is not known how (i.e. where or when) the feedback 

system is defective in the case of MDD.  

 

1.9. Whole Genome Linkage Studies 
Several whole genome analyses on MDD have been performed, however, only those that 

employed a clear phenotype were replicated and deemed as valid findings. Most of the 

studies used only Caucasian subjects, without manic or psychotic symptoms. When more 

than one region is listed, they are enumerated. Neale et al, (2005) performed a genome-

wide scan for neuroticism in nicotine dependent smokers and found significant linkage 

peaks at 12p11, 1p15, 11q24, 3p12-p13 and 6q2459. Neuroticsim levels are a significant 

risk factor for major depression60. Fullerton et al (2003) also performed a genome wide 

scan on neuroticism and detected significant peaks for females at 12q23, 1p21, 4q34, 

13q14 and for males at 7p14-p15, 8p23 while region 11q21-q22 was not sex-specific61.

Similarly, Nash et al (2004) also scanned the genome for neuroticism and detected 1p34 

and 6p21 as significant regions62. Cloninger et al (1998) performed a genome-wide scan 

for personality traits and detected the region 8p21-p23 in association with harm 
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avoidance, the personality trait with the highest heritability rates63. For major depression, 

Abkevich et al (2003) found 12q22-q23.2 as the most significant region in the genome64.

Several studies have focused on recurrent, early onset major depression (RE-MDD), as 

this is the most heritable and more severe form of MDD. Zubenko et al (2003) detected 

linkage at 11pter-p15 for RE-MDD, and a female specific effect for R-MDD at 2q33-

3465. They also detected 1p36-p35, 5q21-q23 and 18q21 as significant regions for any 

mood disorder. In 2004, Holmans et al detected 15q25.3-q26.2 as the most significant 

region for RE-MDD66. A non-sex specific effect for RE-MDD was detected at 3centr, 

7p22 and 18q21-q22 by Camp et al (2005)67. A male specific effect for RE-MDD was 

found at 4q31 and 15q26 by the same group. The most recent genome wide scan for RE-

MDD was performed by McGuffin et al (2005). They found a female specific effect at 

1p36, and non-sex specific effects at 12q23.2-q24.11, 13q31.1-q31.3 and 15q13.

Conclusions to be made from genome wide studies:  

1. Many regions are detected in linkage with MDD, therefore, MDD may be 

polygenic 

2. Not all regions that are detected are accounted for by the monoamine hypothesis, 

therefore, other explanations of etiology of MDD are possible 

3. Neuroticism is frequently found in same regions as MDD, therefore, neuroticism 

may be an endophenotypic trait of MDD.  

Several serotonin, dopamine and other genes of interest to MDD are scattered throughout 

the genome. The following tables list chromosomal regions that meet one of 2 criteria: 2 

or more genome-wide studies described above found a region to be significant, or, at least 
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one genome wide study found it to be significant, and there are 2 or more monoamine 

genes mapped to that region. When non-monoamine genes are listed, they are of potential 

interest to the etiology of MDD, or have been reported to be in association with MDD.  

Genes with references indicate an association study between that gene and MDD.  

TABLE 1.2 Significant regions of Chromosome 1 
1p36 McGuffin et al 200513 Female effect for recurrent 

MDD 
1p34 Nash et al 200462 Neuroticism 
1p36-p35 Zubenko et al 200365 Any mood disorder 
1p21 Fullerton et al, 200361 Female effect for 

Neuroticism 
1p15 Neale et al, 200559 Neuroticism in nicotine 

dependent smokers 
1p36-p35 HTR6 Serotonin receptor 
1p36.3 GABRD68 GABA A receptor delta 
1q21 p1169 Annexin II, light chain, 

S100A10, CalIL 

TABLE 1.3 Signifcant regions of Chromosome 3 
3centr Camp et al 200567 Recurrent early onset MDD 
3q13-q21 PXR70,71 Pregnane orphan receptor 
3q13.3 DRD3 Dopamine receptor 
3p12 HTR1F Serotonin receptor 

TABLE 1.4 Significant regions of Chromosome 11p 
11pter-p15 Zubenko et al, 

200365 
Recurrent early onset MDD 

11p15.5 DRD4 Dopamine receptor 
11p15.5 TH Tyrosine hydroxylase 
11p13 BDNF55 Brain derived neurotrophic factor 
11pter-p15 Gene rich area Thalassemias, leukemia, NPC, diabetes type 2, 

long QT, sickle cell anemia, bladder and breast 
cancers etc. 

TABLE 1.5 Significant regions of Chromosome 11q 
11q21-q22 Fullerton et al, 200361 Neuroticism 
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11q23 DRD2 Dopamine receptor 
11q23.1 HTR3B Serotonin receptor 
11q23.1-q23.2 HTR3A Serotonin receptor 
11q21-q23 Susceptibility to …. Coronary heart disease, Tourette 

syndrome, lung cancer, etc. 

TABLE 1.6 Significant regions of Chromosome 12 
12q22-q23.2 Abkevich et al, 

200364 
Males effect for MDD 

12q23.2-q24.11 McGuffin et al, 
200513 

Recurrent MDD 

12q23 Fullerton et al, 200361 Female effect for Neuroticism 
12q23 APAF172 Apoptotic Protease Activating Factor 1 
12q24.2-q24.31 NOS73,74 Neuronal nitric oxide synthase 1 

TABLE 1.7 Significant regions of Chromosome 15 
15q25.3-q26.2 Holmans et al 200466 Recurrent early onset MDD 
15q McGuffin et al, 200513 Recurrent MDD 
15q26 Camp et al, 200567 Males effect for RE-MDD 

1.10. Candidate Gene Studies 
1.10.1. Serotonin Genes 

1.10.1.1.  SLC6A4:  
The SLC6A4 gene encodes for the serotonin transporter (SERT and 5-HTT). This 

gene is frequently studied for its association with depression. The serotonin selective 

reuptake inhibitor (SSRIs) class of antidepressants decreases the activity of SERT, which 

results in an increase in synaptic serotonin levels, facilitating postsynaptic signaling 

events thereby alleviating the symptoms of depression. However, SSRIs are not specific 

to depression, and have also been shown to work for many anxiety disorders, including 

obsessive compulsive disorder (OCD) and other psychopathologies. This implies that 

SERT may serve functions in many areas of emotion and cognition.  
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The most studied functional polymorphism in SERT gene is a 44bp insertion/deletion that 

exists in the promoter region of the SERT gene75. Repeats 6-8 of 16 repeat elements in the 

promoter region are deleted when the ‘short’ or ‘s’ allele is present. When the insertion is 

present, the allele is termed the ‘long’ or ‘l’ allele. Lesch et al, 1996 termed this 

polymorphism 5-HTTLPR for ‘serotonin transporter linked polymorphic region’. In vitro 

studies have demonstrated that the ‘l’ allele of the polymorphism is associated with two 

to three times higher basal transcriptional activity, and higher activity in response to 

cyclic AMP and protein kinase C, than the ‘s’ allele76. Similarly, Lesch et al. (1996) 

found greater levels of SERT m-RNA in ‘ll’ cells, than ‘ls’ cells, or ‘ss’, and uptake of 

labeled 5-HT in ‘ll’ cells was 2 times the amount in ‘ls’ or ‘ss’ cells75. These studies, as 

well as many others, imply that the 5-HTTLPR polymorphism has a dominant (l-form)-

recessive (s-form) effect.  

The long/short promoter polymorphism in the SLC6A4 gene has been the focus of much 

investigation in psychiatric genetics. The ‘ll’ genotype is associated with better and faster 

SSRI response than individuals with the ‘ls’ or ‘ss’ genotypes77-80. Individuals with the 

‘ss’ genotype fail to achieve remission of depressive symptoms when treated with 

citalopram ( an SSRI)81. Individuals homozygous for the long allele have been found to 

have lower neuroticism scores than those with the other genotypes75. Using functional 

MRI, Hariri et al, 2002 demonstrated that the distinction between the ‘ll’ and ‘ls/ss’ 

genotypes holds true for neural circuitry82. Individuals homozygous for the long allele 

show lower amygdala neuronal activity in response to fearful stimuli, when compared to 

the other genotypes. Caspi et al, 2003 demonstrated that when compared to those with the 
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‘ll’ genotype, individuals with the ‘ls’ or ‘ss’ genotype had more symptoms of depression 

and met DSM-IV criteria for depression and suicidality in relation to stressful life events. 

Their findings show that an individual’s genotype moderated one’s response to stressful 

life events, thus providing supporting evidence for a gene-by-environment interaction20.

Individuals with the ‘ll’ genotype and MDD have smaller hippocampal volumes (grey 

and white matter) than both individuals with the same genotype without MDD, and 

individuals with MDD with either the ‘ls’ or ‘ss’ genotypes83. Studies supporting an 

association between Neuroticism and the ‘ll’84 and ‘ss’75,85,86 genotype and refuting87-90 

any association exist. Although Willeit et al, 2003 could not find a significant difference 

between patients with seasonal affective disorder (SAD) and healthy volunteers, an 

association was detected between the subtypes of depression, melancholic and atypical, 

and the long and short alleles, respectively91. Similarly, Theirry et al, 2004 showed that 

although individuals with SAD do not differ significantly in genotype from individuals 

without SAD, individuals with SAD that have the ‘ls’ or ‘ss’ genotypes exhibited lowered 

self-directedness scores as measured by the Temperament and Character Inventory 

(TCI)92, compared to those with the ‘ll’ genotype93. This supports the notion that 

although the 5-HTTLPR may not cause the depression, phenotypic expression within the 

disorder is varied due to the polymorphism. No association between the 5-HTTLPR and 

personality traits (using the NEO-FFI and STAI94; using KSP95; using TCI96), in healthy 

volunteers were detected in recent studies. A meta-analytic review of association studies 

on the long/short polymorphism revealed no association with MDD, but a significant one 

for bipolar depression97.
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Another variation within the SLC6A4 gene is a variable number tandem repeat (VNTR) 

polymorphism which exists in intron 2 of the gene. It consists of three alleles containing, 

9 (Stin 2.9), 10 (Stin 2.10) and 12 (Stin 2.12) copies of a repetitive element98. The 9 

repeat allele has been found to be in association with unipolar depression98 and higher 

anxiety states and state anger99. The 12-repeat allele was shown to be in association with 

risk for sudden-infant death syndrome (SIDS) in African American cases only100 and in 

autism101. In a group of 305 healthy Caucasian volunteers, Gustavasson et al, 2004 were 

unable to find an association between the VNTR polymorphisms and personality traits 

when measured using the KSP scales95. No association of the VNTR polymorphism 

could be found with autism by Persico et al, 2004102. A meta-analytic review of 

association studies on the STin2 VNTR revealed no association for MDD, but a 

significant one for bipolar disorder97.

Evidence supporting a gene dosage effect is provided by Ozaki et al, 2003103. They found 

an association between a non-synonymous coding (I425V) serotonin transporter gene 

polymorphism and OCD and some other 'serotonin-related disorders'. The most clinically 

affected individuals in 2 unrelated families had the I425V and the long allele for 5-

HTTLPR. Six of the 7 members of the families had OCD and 1 had obsessive compulsive 

personality disorder. Furthermore, several met diagnostic criteria for other disorders, 

including Asperger syndrome, social phobia, anorexia nervosa, tic disorder, and alcohol 

and other substance abuse/dependence.  
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1.10.1.2. HTR1A 
A C�G transversion SNP at -1019 in the promoter of the HTR1A gene104 is one of 

several polymorphisms which have been investigated for association to psychiatric 

conditions. This gene is one of the many serotonin receptors which inhibit adenylyl 

cyclase signaling.  

Genetic manipulation of the HTR1A gene in mice with knockouts105, and inactivation106 

all demonstrated that this gene is responsible for mediation of stress-related behaviors107 

as well as behavioral effects of chronic antidepressant administration108.

G allele carriers score higher on Neuroticism and Harm avoidance ratings109 than 

individuals homozygous for the C allele, however individuals with the CC genotype 

responded better to fluoxetine than those with a G allele80. The G allele is associated with 

major depression and suicide110. In major depression, individuals with the CC genotype 

had a shorter onset of the P2 component of auditory evoked potentials111, and lower 

scores on the self-transcendence and spiritual acceptance ratings112.

There is no association with citalopram response113, however, when the GG genotype is 

combined with the ‘ss’ genotype of the  SLC6A4 promoter polymorphism, an association 

with failure to respond to citalopram existed.  

1.10.1.3. HTR1B 
The serotonin receptor 1B is a G-protein coupled receptor which inhibits adenylyl cyclase 

signaling. The main polymorphism under investigation for the HTR1B gene is a G�C

SNP at position 861114. This polymorphism is in near perfect linkage disquilibrium with 

several of the 5’-UTR polymorphism also under investigation115. (HTR1B is also known 
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as HTR1DB because it is similar to the serotonin D receptor, thus the name serotonin 

receptor 1-D-beta).  

Mice without the HTR1B gene display an increased vulnerability to cocaine and self-

administer cocaine more frequently116. There is no association for G861C  (Hinc II 

RFLP) polymorphism in suicide completers117,118, suicide attempts119, alcoholism120 or 

alcohol or substance dependence121,122, schizophrenia123,124 or bipolar depression125, or

deliberate self harm126 or bipolar depression127 or major depression128. Although no 

association with OCD was detected, an association with the severity of symptoms in 

OCD was129. The C allele is associated with substance abuse, and major depressive 

episode125, and antisocial alcoholism in Finnish and American Indian populations114. The 

G allele is associated with conduct disorder and antisocial personality traits130 and the 

inattentive subtype of attention deficit hyperactivity disorder (ADHD)131, as well as 

ADHD as a syndrome132, OCD133, and alcohol dependence134.

Although no polymorphism was investigated, an interesting recent study revealed that the 

protein p11 (aka S100A10, 42C, calpactin I light chain, annexin II light chain) interacts 

with HTR1B69. p11 regulates the levels of HTR1B in the brain. Overexpression of p11 in 

the brain in mice results in antidepressant-like behaviors, and reduction of p11 results in 

depression-like states. 

1.10.1.4. HTR2A 
The serotonin 2A receptor is a post-synaptic receptor with phospholipase C signaling 

capacity. It may 135or may not136 be maternally imprinted, and has a common 

polymorphism in the first exon, C102T137 (rs6313), which is a  silent mutation and both 



36

alleles are expressed identically138. Association studies found links between the C102 

allele and schizophrenia136,139,140, visual and auditory hallucinations in Alzheimer’s 

Disease141, seasonal pattern in MDD142, suicidality in depressed patients143, and major 

depressive disorder144,145. Furthermore, associations were detected between the CC 

genotype and intolerance to paroxetine due to side-effects146, and panic disorder147,148.

Associations were detected between the T102 allele and delusions and 

agitation/aggression in Alzheimer’s Disease149, and adolescent depression150. No 

association for the C102T polymorphism existed with seasonal affective disorder142,

major depressive disorder151-153, smoking154, suicidality in schizophrenia155, deliberate 

self-harm126, BPD156, or schizophrenia in Irish populations157. A meta-analytic review of 

this polymorphism and major depression reveals no association97. No association was 

found between another polymorphism (G995A) and suicide completers117, mood 

disorders in ethnic Chinese158, schizophrenia or clozapine response159 or alcoholism160.

1.10.1.5. HTR2C 
The serotonin receptor 2C is a G-protein coupled receptor which stimulates 

phospholipase C signaling. The main polymorphism in association studies with 

psychiatric disorders is a G�C SNP resulting in an amino acid change (CYS23SER)161.

The SER23 allele is associated with major depressive disorder and bipolar depression in 

an European population162, visual hallucinations in Alzheimer’s Disease141, higher 

MHPG (the major metabolite of norepinephrine) levels163, reduced reward dependence 

and persistence scores164, and better clozapine response165. No association was detected 

between this polymorphism and MDD in Jewish population166, deliberate self-harm126,
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alcohol dependence or panic disorder167, bipolar disorder168,169, neuronal 

hyperexcitability170, obsessive compulsive disorder171, human obesity172 or 

schizophrenia165.

1.10.1.6. HTR5A 
Only one association study has been conducted on the gene for the serotonin receptor 5A. 

The C allele of a G to C SNP at position -19 in 5’-UTR  of the HTR5A gene is associated 

with unipolar depression, as is the T allele of an A to T SNP at position 12 in the coding 

region in a British population173, however, conflicting results have been reported for the 

Spanish population174. An association with clozapine response was not supported in the 

same study. No association between suicide and -19G/C and was detected117.

1.10.1.7. HTR6 
The serotonin receptor 6 is a G-protein coupled stimulator of adenylyl cyclase signaling. 

One polymorphism in the HTR6 gene has been investigated for association with many 

conditions. A T to C SNP at position 267C (rs1805054) is a silent mutation detectable by 

Rsa I restriction fragment length polymorphism analysis175.

The heterozygous C/T genotype is associated with better antidepressant treatment 

response176, and late-onset Alzheimer’s Disease in Chinese177. The C allele is in 

association with Alzheimer’s Disease in ethnic Chinese178 No association for this 

polymorphism was detected in major depressive disorder176,179,180, suicide 

completers117,181, tardive dyskinesia182, sporadic Alzheimer’s disease183, schizophrenia184,

clozapine response in schizophrenia185, or antidepressant response in ethnic Chinese179.
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1.10.1.8. TPH2 
Tryptophan hydroxylase is the enzyme responsible for the conversion of tryptophan to 5-

hydroxytryptophan, which is the rate-limiting step of serotonin synthesis186. The gene is 

also referred to as neuronal tryptophan hydroxylase (NTPH) as it is expressed exclusively 

in the brain, whereas TPH is not. The main polymorphism investigated in the TPH2 gene 

was a G�A at position1463 resulting in ARG441HIS. This was initially reported to play 

a significant role in treatment resistance to major depression187, however, several studies 

have since shown contradictory results188-191. Several SNPs are still being investigated for 

association to major depression192-195 and ADHD196,197.

1.10.2. Dopamine Genes 
1.10.2.1. COMT 

 Catechol-O-methyltransferase (COMT) catalyzes the transfer of a methyl group 

from S-adenosylmethionine to catecholamines including the neurotransmitters dopamine, 

epinephrine, and norepinephrine. This O-methylation results in one of the major 

degradative pathways of the catecholamine transmitters, ultimately resulting in 

inactivation of the catecholamines.  

The major variation in the COMT gene is one that results in a 3 to 4 fold decrease in the 

activity of COMT due to a G to A transition at codon 158 (4th exon), altering the amino 

acid sequence from valine to methionine (V158M; rs4680)198 (i.e. the MET (A) allele is 

low activity allele). The role of COMT in dopamine metabolism points to a role of 

COMT in schizophrenia susceptibility. A significant association between schizophrenia 

and a COMT haplotype which included  the functional V158M polymorphism and 2 non-

coding SNPs at either end of the COMT gene199 was detected in a large case-control 
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sample. The VAL (G) allele is also associated with anorexia200, and MDD201. The MET 

allele (low activity; A allele) is associated with bipolar spectrum disorder, rapid cycling 

form202,203, ultra-ultra rapid cycling bipolar disorder204, violent suicidal behavior205,

smoking cessation in women206, good cognitive stability but poor cognitive flexiblity207,

bipolar I in females208 and in both genders209, severity of symptoms in schizophrenia210,

homicidal schizophrenia211, aggressive and dangerous behavior212,213, psychotic and 

affective disorders214, OCD in females only215 and males only216, alcoholism217, and poor 

response to mirtazapine218. Susceptibility COMT haplotype is associated with low 

COMT expression as a result of lower expression of COMT mRNA219. These findings 

suggest that the haplotype implicated in schizophrenia susceptibility is likely to exert its 

effect, directly or indirectly, by down-regulating COMT expression. No association was 

found for this polymorphism and Tourette Syndrome220, bipolar disorder221,

schizohrenia210,222-224, or SSRI response225. The heterozygotes (VAL/MET) are associated 

with OCD in a South African population226.

Another common polymorphism, not in linkage disquilibrium with VAL/MET 

polymorphism exists in the 3’-UTR and is a G�A SNP (rs165599 ). The G allele is 

associated with schizophrenia199,214, however this association has also been refuted227.

1.10.2.2. DRD4 
 The gene that encodes the dopamine D4 receptor (DRD4) has been extensively 

studied for associations of polymorphisms and personality traits. More specifically, a 

48bp repeat in the third exon of the gene has been studied for it association with attention 

deficit hyperactivity disorder (ADHD). This repeat has been detected as 2 to 11 copies 
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within the exon. More often than not, the 7 repeat (7R) allele has been found to be in 

association with the personality trait of novelty-seeking, a key feature of ADHD. Several 

lines of evidence suggest that DRD4 may have a causal relationship with novelty-

seeking: Ashgari, 1995 showed that the individuals with the 7R allele of exon III are not 

as sensitive to endogenous dopamine as individuals with the 2R allele are228; Van Tol et 

al, (1991) showed that DRD4 expression patterns are highest in limbic regions of the 

brain such as the midbrain, frontal cortex, amygdala and medulla (regions that are 

involved in cognition and emotion) 229; Agmo et al (1997) demonstrated that dopamine 

mediates exploratory behavior in animals230 and Menza et al, 1993 showed that novelty 

seeking is dependent on dopamine levels231.

The long 7R allele was shown to be a risk factor for attention deficit hyperactivity 

disorder (ADHD) in 3 family-based studies232-235. Several candidate-gene approach 

studies support these family-based studies’ findings236,237; however, several refute the 

finding238-241. Furthermore, a meta-analysis conducted by Kluger et al, 2002 assessed 20 

studies of association between DRD4 polymorphisms and novelty seeking. The 

association between the long alleles of exon III DRD4 gene and novelty seeking behavior 

was supported in 13 of the 20 studies242. In the remaining 7, an association was not 

found. In some cases, studies obtained opposite results than what was theoretically 

predicted. For example, Swanson et al, 2000 found that individuals with the 7R allele 

exhibit normal reaction times when tested with neuropsychologic tests, whereas 

individuals with shorter alleles have unexpected abnormalities in reaction times243.
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No association was detected with this polymorphism for response to SSRIs244 or 

ADHD245.

Other polymorphisms exist within the DRD4 gene, however conflicting results have also 

been reported246-248. It is possible that the 7R allele is in linkage disequilibrium with 

another polymorphism physically nearby in some populations. Therefore, the positive 

association studies may actually be detecting a polymorphism linked to another 

polymorphism, and it is this other polymorphism that may be associated with novelty-

seeking behavior.  

 

The DRD4 gene has a 120 bp insertion/deletion polymorphism in the promoter, which 

ahs also been investigated for associations with psychiatric disorders249. The longer 

(inserted) allele has lower transcriptional activity that the short (deleted) allele250. It is of 

interest mainly to researchers of ADHD because the first report found preferential 

transmission of the inserted allele to ADHD probands251-253. The long (inserted) allele has 

also been reported to be associated with novelty seeking254, schizophrenia in Chinese255.

No association was detected between this polymorphism and major depression256, ADHD 

in Indian 257, Taiwanese258, Irish235, or American245,259 populations, or schizophrenia in 

Danish population260 

1.10.2.3. SLC6A3  
SLC6A3 encodes the dopamine transporter (DAT1). Mice without the SLC6A3 gene 

display hyperactive phenotypes as a result of the hyperdopaminergic effects261,262. A well 
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studied 40bp VNTR in 3’ UTR and was first reported by Vandenbergh263. Conflicting 

results demonstrating no effect264, increased265, and decreased266, binding of dopamine to 

DAT1 with the 10 repeat allele has been shown. A recent, well-conducted study confirms 

that 10-repeat allele has increased specific binding (increased DAT binding activity) 

when compared to the 9-repeat allele, but no difference in methylphenidate binding267.

Associations and linkage were detected between the 10 repeat allele and ADHD268-271, as 

well as methylphenidate response272. Associations were also detected between the 9 

repeat allele and severe alcohol withdrawal symtpoms273, binge-eating disorders274, and 

lack of smoking275,276. No association was detected between this polymorphism and 

novelty seeking277, alcoholism278, dylsexia279, hallucinations in Parkinson’s disease280, or

Tourette’s Syndrome281.

1.10.2.4. DRD3 
The dopamine receptor D3 is both an autoreceptor and a post-synaptic receptor282. A

well-studied G�A polymorphism exists in exon 1 (rs6280) and results in a glycine to 

serine substitution at amino acid 9 (GLY9SER)283. An excess of homozygotes (of both 

alleles) was found to be in association with schizophrenia283,284, however, several studies 

were not able to confirm this finding285,286. Associations were detected between the 

glycine (G) allele and unipolar depression287. Associations were also detected between 

the A (serine) allele and schizophrenia in Italian, European288, Chinese289, and Israeli290 

populations, however, this too has been refuted for Chinese 291,292, Japanese293,

Swedish294, and European295 populations. Studies exist demonstrating evidence for296,297 
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and against298,299 an association with this polymorphism and bipolar disorder, with a 

meta-analysis supporting no association300.

1.10.2.5. DRD1 
The dopamine receptor D1 is a G-protein couple receptor which stimulates adenylyl 

cyclase signaling301,302. No association has been detected between this gene and bipolar 

disorder303-305, alcoholism306, schizophrenia307,308, Tourette’s Syndrome in Taiwanese309 

or European310 populations. Variation in this gene has been associated with ADHD311,312.

The following SNPs contribute to ADHD312 and bipolar313 susceptibility haplotypes of 

the DRD1 gene: G�C at positions -1251, T�C at positions +1403, T�C at position -

800 and G�A at positions -48, of which, the -48 SNP is most commonly studied314. The 

G-allele of a promoter (-48) polymorphism is associated with essential hypertension315,

and bipolar disorder307,316, lower sensation seeking in alcohol dependent men317. The A-

allele is associated with better clozapine response318. No association between the -1251 or 

-800 SNPs and bipolar or schizophrenia was detected319.

1.10.2.6. MAOA 
Monoamine Oxidase type A is responsible for degradation of biogenic amines in the 

body. In the psychiatric genetics field, a 30bp VNTR (2R-7R) in the promoter of the 

MAOA gene is the polymorphism of interest. The alleles with 3.5 and 4 repeats exhibit 

the highest transcriptional efficiency out of all the alleles320. The short alleles (2 or 3 

repeats) are in association with panic disorder321, better fluoxetine response among 

Chinese women322, whereas the long allele is associated with ADHD323, longer admission 

times in female bipolar patients324. The high activity alleles are associated with recurrent 
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MDD322,325, MDD in females with psychotic symptoms324, OCD326 whereas the low 

activity alleles are in association with autism and the severity of autistic symtpoms327,

conduct disorder, antisocial tendencies, violent behaviors328, obesity329, cluster B 

personality types330, alcoholism in men with antisocial personality disorder331, alcoholism 

in women with anxious-depressed traits331. No association was detected for this 

polymorphism and mood disorders256,332, time course of mood disorders333, panic 

disorder334, personality traits335, affective disorders or schizophrenia336, suicide337,

schizophrenia338,339, ADHD340, fluvoxamine response in Japanese patients with MDD341,

SSRI response in Italian patients with MDD342 

1.10.2.7. DBH 
DBH is the enzyme responsible for the conversion of dopamine to norepinephrine. The 

relationship between DBH activity levels and psychiatric disorders is well-studied343.

DBH activity levels are known to be lower in depressed individuals with psychotic 

features than in individuals with non-psychotic-MDD344 as well as in delusional 

depressed subject than in non-delusional MDD345. DBH activity levels are higher in 

patients with psychotic PTSD than in non-psychotic PTSD and normal controls346. Mice 

null for the DBH gene show a reduced sensitivity to SSRIs347, due apparently to 

decreased norepinephrine functioning. A frequently studied polymorphism in exon 11 is a 

FnuD II RFLP SNP (C1603T; rs6271) resulting in R535C first reported by Perry et al, 

1991348. An association between this polymorphism and unipolar depression has been 

reported349.
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Many other polymorphisms in the DBH gene exist and are the focus of research in 

psychiatric genetics350. Zabetian et al, 2001 describe a polymorphism with functional 

effects on the activity levels of DBH351. The G allele and GG genotype of a 

polymorphism in the second exon of the DBH gene, G444A, may be protective against 

paranoia and development of psychosis352. Linkage of bipolar disorder to the DBH gene 

has been excluded353.

1.10.2.8. TH 
Tyrosine Hydroxylase converts tyrosine to DOPA (dopamine equivalent of TPH2 for 

serotonin) and is the rate limiting step in synthesis of dopamine. The gene has been 

mapped to human chromosome 11p15.5354. An intron 1 tetranucleotide repeat (TCAT)6-10 

(A5-A1) is thought to regulate transcription355. Individuals with A2/A2 genotypes had the 

highest levels of serum noradrenaline and those with A4/A4 had the lowest, while 

individuals with the A1/A1 genotype had the highest levels of homovanillic acid 

(metabolic by-product of dopamine)356. Two studies by Serretti et al demonstrate an 

association with TH polymorphisms and mood disorders: individuals with allele 2 

(256bp) showed more depressive symptoms than individuals without the allele 2357, and 

unipolar subjects present an excess of TH*2 allele and lack of TH*1 allele compared to 

bipolar and healthy controls. Linkage disequilibrium confirmed the association358.

Several negative findings of associations between TH and mood disorders exist prior to 

these findings359-362.
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1.10.3. Other Genes 
1.10.3.1. AP-2 β

TFAP2B encodes the transcription factor AP-2 β. One VNTR has been reported and 

investigated with respect to psychiatric disorders: (CAAA)5-6 in intron 2 near the 3’ splice 

site363. Genes of interest that have AP-2 β binding sites are DBH, SLC6A4 and SLC6A3, 

TH, TPH and HTR2A364. Carriers of the short alleles score higher on scales for anxiety 

and hostility, whereas mean with 2 copies of the long allele score higher on indirect 

aggression scales365. HVA levels are lower in women with 2 copies of the short allele, 

and MHPG is higher in women with 2 copies of the long allele366. Individuals 

homozygous for the long allele have lower MAOB activity367. No association was 

detected with this polymorphism and PMDD368, DRD2 density or 5-HIAA levels366, or

schizophrenia369.

1.10.3.2. BDNF 
Brain derived neurotrophic factor is a relatively new focus for psychiatric genetics. 

BDNF is responsible for neuronal outgrowth, protection, and plasticity of serotonergic 

neurons and is the key player in the neurotrophin hypothesis of MDD. There is an 

increase in limbic thalamic neuronal number with MDD, but not schizophrenia or bipolar 

disorder370.

Low BDNF levels are associated with MDD54, and a BDNF levels increase as depressive 

symptoms are alleviated371,372. BDNF levels in non-depressed individuals increased 

during tryptophan depletion, however, for recovered depressed subjects, BDNF levels did 

not change in response to tryptophan depletion35, indicating that the neurotrophic system 

may be one that is capable of compensating acute fluctuations in other systems to 
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consistently regulate mood. The most studied polymorphism in BDNF is a G�A SNP at 

nucleotide 196 (rs6265; val66met) in the proBDNF coding region of the gene. The Met 

(A) allele is associated with MDD373,374 and schizophrenia375, whereas the Val (G) allele 

is associated with anxiety levels376.

No association was detected for this polymorphism and the personality trait 

neuroticism377, panic disorder378.

1.10.3.3. CHRM2 
The muscarinic acetylcholine receptor M2 is a factor in the overactive noradrenergic 

hypothesis of major depression. A polymorphism [C�T (Bss SI)] in intron 4 is 

associated with MDD and alcoholism379, alcohol dependence and drug dependence380,

cognitive processing381. Polymorphisms in the 3’-UTR have also been associated with 

major depression in women382.

1.10.3.4. PXR 
 Uzunova et al (1998) were the first to show that depressed patients have lower 

cerebrospinal fluid (CSF) allopregnanolone levels when compared to non-depressed 

controls, and that the levels of allopregnanolone and depression symptoms can be 

normalized by selective serotonin reuptake inhibitors (SSRI) treatment383. At baseline 

levels (before treatment), depressed patients showed a significantly lower concentration 

of allopregnanolone when compared to the controls. After 8-10 weeks of treatment with 

the SSRI fluoxetine, an increase in the concentration of allopregnanolone in CSF 

occurred in a dose-dependent manner. These findings suggest that there is an interaction 

with the serotonin system and neurosteroids levels that result in clinical remission of 
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depression. These result were replicated and showed a significant time effect of 

normalization of plasma allopregnanolone levels with treatment with fluoxetine384.

Plasma levels of allopregnanolone continuously increased until at day 50, 

allopregnanolone levels in patients did not differ from that of controls. To investigate if 

the increase in allopregnanolone levels is specific to treatment with SSRIs, Romeo et al 

(1998) designed a complementary study to test an even wider range of antidepressants for 

their effects on plasma allopregnanolone levels. They studied the effects of amitriptyline, 

nortriptyline, clomipramine (tricyclic antidepressants) viloxazine (a selective re-uptake 

norepinephrine inhibitor) and lithium treatment on plasma levels of 5α-DHP and 

allopregnanolone in eleven severely depressed patients. There was a significant treatment 

effect detected, which was attributable to the increase in allopregnanolone after 55 days 

of treatment with antidepressants. This finding suggests that the alterations in 

allopregnanolone after treatment are not due to a specific interaction with the serotonin 

system, rather it seems as though increased allopregnanolone levels are a response to 

general antidepressant treatment. Similar results from Ströhle et al, 1999 confirm this 

finding, suggesting that allopregnanolone is the actual mediator of mood state385.

Allopregnanolone is a neurosteroid and a ligand for Pregnane X Receptor (PXR) (a.k.a. 

Steroid and Xenobiotic Receptor, SXR). PXR is encoded by the NR1I2gene and is 

mapped to 3q13-21. PXR is a nuclear hormone receptor expressed in thalamus386. ALLO 

(among other agents) induces NR1I2 to increase the transcription of CYP3A4 (also 

expressed in thalamus) leading to altered clearance of drugs386. Females have higher 



49

mRNA levels of NR1I2 than males386. Expression levels of CYP3A4 protein is extremely 

variable in the human population, and SNPs in the CYP3A4 gene do not completely 

account for this variability387. Variations in NR1I2 may be a source of variation on 

expression levels of CYP3A4. Pxr null mice develop and reproduce normally; no overt 

phenotypic changes (not essential for normal development/adult physiology under lab 

conditions) 388. In response to xenobiotic treatment, however, these mice were not 

capable of regulating the activity of the cytochrome P450 gene Cyp3a11, indicating the 

PXR is a key regulator of this gene and potentially several other CYP P450 enzyme 

genes. Such regulation is important to the treatment resistant population of individuals 

suffering from major depression. Genetic research and association studies with 

psychiatric disorders are just beginning, and as such, the field is limited.  

1.10.3.5. GNB3 
The G-protein β3-subunit (GNB3) gene is mapped to 12pter-p12.3. A common 

polymorphism is C825T. The T allele is associated with splice variant in which 

nucleotides 498-620 of exon 9 are deleted (in frame), and the shortened, more active 

splice variant on B3 subunit, as well as hypertension389. The TT genotype confers a better 

response to antidepressants390,391. Zill et al, 2000 found a higher frequency of T allele in 

depressive patients than in controls, and schizophrenics390. Individuals with TT genotype 

had higher baseline HAM-D scores with the TC being intermediatry and CC the lowest. 

They also had the largest change in baseline-day 28  HAM-D scores implying the best 

response to antidepressants.  
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1.10.3.6. ADRA2C 
The alpha2C-adrenergic receptors are responsible for inhibition of release of 

noreadrenaline, and play a role in the overactive noradrenergic hypothesis of major 

depression. A newly discovered deletion (alpha2CDel322-325) is an in-frame deletion 

and was first reported in association with congestive heart failure392. The polymorphism 

is a functional one as individuals homozygous for the deletion have higher noradrenaline 

spillover than those who are not carriers393,394. Furthermore, individuals with remitted 

MDD with at least one copy of the deletion have increased amygdala responses to sad 

facial expressions when compared to those without the deletion and healthy deletion 

carrier individuals394. No association was detected between clinical response or cognitive 

improvement with antipsychotics395 

1.11. Conclusions 
 
Most researchers in psychiatric genetics are in agreement that major depression is 

heritable, however, which genes are involved promotes a great deal of discussion. For 

every positive association study with your favorite psychiatric disorder, a negative one 

may be published, making the interpretation of a collection of studies difficult to 

interpret. This inconsistency in results is most likely due to the phenotypic heterogeneity 

of all behavior and psychiatric disorders, the polygenic and multi-factorial nature of the 

disorders, and the influence of racial genetic background on rare polymorphic 

frequencies. The phenotypic heterogeneity of complex disorders aids in the difficulty of 

detecting genetic signals. This may be addressed to some extent in the usage of 
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endophenotypes which represent a collection of a particular subset of traits of the 

disorder. The concept of endophenotypes is to decrease the phenotypic complexity of the 

disorder, thereby in theory, decreasing the genotypic complexity. This decrease in 

complexity of the genetics should enhance the signal and facilitate its detection. The 

endophenotype analysis is therefore, also addressing the polygenic nature of many 

psychiatric disorders. There is strong consensus that the genetic basis for most, if not all, 

psychiatric disorders, is accounted for by many genes, rather than only a few. The 

evidence to support the polygenic nature of major depression is that many regions are 

detected in linkage with MDD by whole genome analysis studies, and that a single gene 

effect would have already been detected by now. The number of genes contributing to the 

susceptibility of psychiatric disorders can not be modified, however their detection may 

be aided by the use of endophenotypes. The ethnic background of the population in every 

study plays a critical role in many genetic studies. It is necessary to control for the 

distribution of varying ethnicities when case-control studies are format of the study. 

Many risk alleles are also the ‘rare’ allele in a Caucasian population, however, they may 

not be so rare in a non-Caucasian ethnic background. Although the above mentioned 

aspects of many psychiatric genetic studies seem to hinder the search of susceptibility 

genes for major depression, if the study is done correctly and well controlled, useful 

information can be obtained.  
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2.1. Abstract 
Objective: To assess for the potential additive effect of specific pathway related risk 

genotypes 

on the vulnerability to depressive symptoms during tryptophan depletion.  

Method: Thirty-six (27 female, 9 male) Caucasian subjects aged 25-72 years (46.4 ± 

11.1), in remission from unipolar major depression, were tryptophan depleted and 

genotyped for nineteen polymorphisms related to monoamine neurotransmitter pathways.  

Results: One single-gene effect was detected for the val66met polymorphism in BDNF: F

= 5.168, df = 6, 62, p < .001. The number of serotonin pathway risk genotypes accounted 

for 52.5% of the variance in the change in depressive symptoms during depletion (F = 

4.425 df = 9, 93, p < .001).  

Conclusions: Preliminary data showing an association of serotonin pathway-risk 

genotypes to mood response during tryptophan depletion are presented. The use of the 

depressive response during tryptophan depletion provides an objective, measurable 

phenotype and allows the detection of specific polygenic systems that may contribute to 

the vulnerability to major depression. 

 

2.2. Introduction 
The most common method of analysis to search for genes associated with depression is 

the candidate gene approach. Though this method is capable of detecting single-gene 

effects, the phenotypic heterogeneity of subjects included in different studies is a major 

factor leading to subsequent candidate gene studies having inconsistent findings.  The 
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advantage of analyzing a set of putative risk genes rather than applying a single gene 

approach is that it takes into account potential additive effects of each genotype’s 

correlation with susceptibility to depression, and as a result could plausibly have more 

consistent findings across research groups as replication occurs.  

 

Alterations in serotonin function have been consistently associated with major depression 
1-4. Tryptophan (TRP) is the precursor of serotonin and can be depleted through 

nutritional manipulation, resulting in an acute and reversible depressive response in 

individuals in remission from major depression 5-7. The change in depressive symptoms is 

captured via comparison of Hamilton Depression Rating Scale (HDRS) scores before, 

during, and after depletion, providing an objective measurable phenotype. TRP depletion 

may thus be used to identify a putative endophenotype of depression, making this 

vulnerability to temporary depressive response amenable to genetic studies.  

2.3. Methods 
Thirty-six (27 female, 9 male) Caucasian subjects aged 25-72 years (46.4 ± 11.1), who 

participated in a variety of TRP depletion studies approved by the University of Arizona 

Human Subjects Committee and for which written informed consent was obtained, 

agreed to be genotyped. All subjects were outpatients in remission from at least one prior 

unipolar major depressive episode (MDE) according to DSM-III-R criteria based on 

SCID interviews and were free of co-morbid AXIS-I diagnoses. TRP depletion was 

accomplished by ingestion of a 102 g, TRP-free, 15-amino acid drink as described in 
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prior studies 5,8. The 25-item HDRS 9 were obtained in the morning 15 min prior to, and 

5, 7, and 26 h after ingestion of the drink.  

 

Nineteen candidate polymorphisms (in fifteen genes) were analyzed: five involved 

exclusively in the serotonin function pathway (Fig. 2.1 #1-4), ten related to the dopamine 

function pathway (Fig. 2.1 #9-15), and four involved in several neurotransmitter 

pathways (Fig. 2.1 #5-8). All of the proteins coded for by the analyzed genes have 

functions in neurotransmitter synthesis, signaling, or degradation. The polymorphisms 

and signaling pathways are depicted in Figure 2.1. A description of primers, methods of 

analysis, and polymorphism details are listed in Appendix A and B. A particular 

genotype of a polymorphism is considered a risk genotype if it is thought to lead to lower 

levels of neurotransmitter in the synapse, in this case, serotonin or dopamine. The choices 

of which genotypes were considered risk genotypes were made prior to analyses, and 

were based on previously published functional studies when available, or prior 

association based analyses. In Figure 2.1, polymorphisms 1-8 are serotonin pathway-risk 

polymorphisms, and 5-15 are dopamine pathway-risk genotypes. A table of primers, 

method of analysis, references, and allele sizes are available as supplemental material. No 

genotype frequencies of any polymorphisms departed significantly from Hardy-Weinberg 

Equilibrium expectations (data not shown).  

 

Baseline, 4 hour, 7 hour, and ‘next day’ time points were all used in the repeated 

measures ANOVA analysis. Change in HDRS is measured as the peak score on the 
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HDRS minus the baseline HDRS score during the depletion. Twenty-one comparisons 

between genotype frequencies (19 single gene and 2 multiple gene pathway comparisons) 

were performed; therefore a Bonferroni correction was applied to correct for multiple 

testing, resulting in 0.002 as the threshold p-value.  Tryptophan depletion was successful 

in inducing acute depressive symptoms in 28 (77.8%) subjects (t = -5.69, df = 27, p < 

.001). The medication status of the subjects did not affect the change in HDRS during 

depletion. Fifteen subjects were drug free, 16 were being treated with SSRIs, and 5 were 

being treated with non-SSRI antidepressants the time of depletion.  
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FIGURE 2.1 Description of polymorphisms analyzed and the role of the protein in the 
neurotransmitter signaling system. Risk genotype is indicated after description of polymorphism. 
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2.4. Results 
To assess whether individual gene polymorphisms were preferentially represented in 

those patients that showed the largest increase in depressive symptoms during depletion, 

the genotypes were compared to the change in HDRS during depletion. The time by 

genotype interaction was measured using a repeated-measures ANOVA including HDRS 

scores at all four time points of depression symptom evaluation. The single gene analysis 

for an interaction between the degree of change in depressive symptoms and time during 

depletion yielded one new statistically significant finding, for the val66met 

polymorphism in BDNF: F = 5.168, df = 6, 62, p < .001. The single AA (methionine) 

genotype subject had the highest degree of change in depressive symptoms during the 

tryptophan depletion challenge, and the highest number of risk alleles however, this could 

be a statistical artifact. The methionine allele is associated with traits linked to affective 

disorders: poorer episodic memory, abnormalities in hippocampal activation and 

secretion, and localization problems 10. A previously published finding 11 of the 

statistically trending interaction between ‘time’ and the ‘long/long’ genotype of the 

SLC6A4 promoter polymorphism was independently replicated for the Caucasian sample, 

however, due to the multiple comparison correction, this polymorphism did not reach 

statistical significance in this study. 
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Change in HDRS during Tryptophan Depletion and Number of 
Serotonin Risk Genotypes
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FIGURE 2.2. Comparison of Change in Hamilton Depression Rating Scale (HDRS) scores during 
tryptophan depletion and the number of risk genotypes in the serotonin system. Sample size of each 
group is indicated along x-axis. 
 

We then assessed cumulative effects of pathway based sets of multiple risk genotypes on 

the depressive response to tryptophan depletion, again using a repeated-measures 

ANOVA and the four HDRS time points. Individuals with a greater number of serotonin 

pathway-risk genotypes showed a larger increase in depressive symptoms during 

tryptophan depletion than individuals with fewer such genotypes. The analysis 

demonstrated that the number of serotonin pathway-risk genotypes accounts for a 

remarkable 52.5% of the variance in Hamilton Depression Rating Scale (HDRS) scores 

during tryptophan depletion in this small sample, and is statistically significant (F = 4.425 
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df = 9, 93, p < .001). The change in HDRS during depletion and the number of serotonin 

risk genotypes is shown in Figure 2.2. For comparison, the analysis of the combination of 

dopamine risk genotypes effect on mood response during tryptophan depletion yielded 

non-significant results (F = 1.127, df = 9, 93, p = 0.352).  

2.5. Discussion 
In this preliminary investigation using Bonferroni-adjusted p-values, the magnitude of 

depressive response to tryptophan depletion was higher in subjects with a greater number 

of serotonin pathway genotypes previously associated with depression. The pathway-

specific grouping together of the individual polymorphisms by ‘risk’ genotypes is a novel 

aspect of this report. This provides a method of analysis that mirrors the genetically 

complex nature of depression, taking into account a possible cumulative effect of small 

effects in each polymorphism. It is surprising that although we found no single-gene 

effects of polymorphisms in the serotonin pathway, we found a strong association 

between the number of serotonin pathway-risk genotypes one has and the change in 

depressive symptoms during tryptophan depletion. Thus, in this small ‘proof of concept’ 

study, using a putative sub-phenotype of depression and focusing on neurotransmitter 

pathways as a whole rather than one gene at a time, we are able to identify a set of 

polymorphisms that may be contributing to a vulnerable serotonin system and ultimately 

increasing susceptibility to major depression. 
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3.1. Abstract 
Objective: To detect genetic polymorphisms that influence the susceptibility to Major 

Depressive Disorder.  

Method: An association study of 20 candidate genes relevant to monoamine function and 

the mechanism of antidepressant response was conducted in 3 phenotypically distinct 

samples: a group with chronic or recurrent depression unable to respond to 

antidepressants (non-responders) (n=58), a group capable of symptomatic improvement 

with or without treatment (responders) (n=39), and volunteer controls (n=85). 

Results: A statistically significant difference in genotype frequency for the SLC6A4 

intron 2 VNTR was detected between the subjects with a history of depression and 

controls (p = 0.004), and between the non-responders and controls (p= 0.006). A 

statistically significant difference was also noted for the DRD4 exon III 48bp VNTR and  
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COMT 3’-UTR SNP rs165599 polymorphisms between responders and controls (p = 

0.011 and 0.007, respectively). Surprisingly, a statistically significant difference was 

detected between responders and non-responders for the DRD4 exon III VNTR genotype 

frequencies (p = 0.009). The controls have significantly less mean number of risk 

genotypes than the history positive group (p = 0.015) and the non-responders (p = 0.006).  

Conclusions: An association between several monoamine-related genes and Major 

Depressive Disorder is supported. In addition, the data suggest that the two depressive 

phenotypes are genetically different, inferring that the genetic basis for the capacity to 

respond to standard antidepressant treatment, and the genetic susceptibility to Major 

Depressive Disorder may be independent.  

3.2. Introduction 
 

Depression affects more than 40 million Americans at some time during their lives and 

represents one of the most debilitating medical conditions. A substantial body of 

evidence drawn from a range of methods, proband groups, and diagnostic criteria has 

established that a familial phenotype is present in patients with major depression1-7.

Despite their limitations, molecular methods such as candidate gene association studies 

also support the concept of a genetic influence in vulnerability to depression8,9. Although 

genetic studies promise to improve our understanding of the pathophysiological and 

genetic aspects of the depressive syndrome,  such understanding is limited by the genetic 

complexity and lack of discrete, etio-pathologically related, and homogeneous 

“depression” phenotypes. To explore genetic differences within depression 
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endophenotypes, we genotyped Caucasian subjects with unipolar major depression from 

two distinct treatment response profiles. The genes being studied encode for receptors, 

transporters, synthetic or degradation enzymes, transcription factors, and neurotrophins 

related to monoamine function. We hypothesized that the depressive group as a whole 

would be genetically distinct from the healthy controls, however, the non-responder 

group would have more robust genotypic frequency differences compared to the 

responders. It was predicted that there would be a higher frequency of “risk” genotypes 

(excessive or deficient in functioning depending on the case) in the depressive groups 

when compared to the controls. This hypothesis was based on the thought that non-

responders would have greater patho-physiological abnormalities identified by higher 

frequency of risk alleles. 

3.3. Methods 
Subjects: Ninety-seven subjects, aged 18 to 85 years and diagnosed with unipolar major 

depression (DSM-IV)10 participated in the study (see Table 3.1). Of this sample, 39% of 

the subjects were males. Fifty-eight of these subjects  had participated in a research trial 

for TRD; selection criteria for this group included clinical diagnosis of chronic or 

recurrent depression and failure to achieve remission after at least two adequate 

antidepressant trials as documented by the Antidepressant Treatment History Form 

(ATHF)11-17 Thirty-nine others were selected because they had recovered from a major 

depressive episode (diagnosed according to DSM-III-R criteria), facilitated by the 

capability to respond to standard antidepressant medication. The response to the 

antidepressant medication was indicated by a score of ≤14 on the 25 item - Hamilton 
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Depression Rating Scale18. The control group consisted of 85 volunteer students from the 

University of Arizona (35.7% male), who denied a personal history of mental illness 

based on the mood disorders section of the Structured Questionnaire Interview for DSM-

IV-R (SCID) questionnaire19. All participants were of European descent. 

TABLE 3.1 Clinical description of each subject group analyzed in the study 
Subject term Descriptive clinical information 
Non-responders (subjects with 
treatment resistant depression) 

Clinical diagnosis of chronic or recurrent depression 
and failure to achieve remission after at least two 
adequate antidepressant trials as documented by the 
Antidepressant Treatment History Form (ATHF). 

Responders Clinical diagnosis of major depressive disorder, and 
capability to respond to standard antidepressant 
medication. 

Controls Subjects who denied a personal history of mental 
illness based on the mood disorders section of the 
Structured Questionnaire Interview for DSM-IV-R 
(SCID) questionnaire. 

Genotyping: The study was approved by each of the participating institutions. All 

subjects gave written informed consent for genotyping; samples for DNA analysis were 

obtained from whole blood or cheek cells. PCR-based genotyping was performed at the 

Laboratory of Molecular Psychiatry of The University of Arizona for the following 20 

genetic polymorphisms: Serotonin Transporter Gene (SLC6A4) Promoter VNTR [5-

HTTLPR], and Intron-2 VNTR [STin2]; Serotonin Receptor 2A (HTR2A) exon 1 rs6313 

SNP; Dopamine Transporter (SLC6A3) 3’ non-coding region of exon-15 VNTR; 

Catechol-O-methyltransferase (COMT) 3'UTR rs165599 SNP and exon IV rs4680 SNP; 

Serotonin Receptor 6 (HTR6) T267C SNP; Dopamine Receptor 4 (DRD4) 5'UTR 

insertion/deletion, and exon-3 VNTR; Dopamine Receptor 3 (DRD3) exon 1 rs6260 SNP; 



101

four Dopamine Receptor 1 (DRD1) SNPs at positions +1403, -1251, -800 and -48 (in 

relation to first nucleotide of the translational start codon); transcription factor AP2β

(TFAP2B) intron 2 VNTR; brain derived neurotrophic factor (BDNF) rs6265 SNP; 

Serotonin Receptor 1A (HTR1A) C�G SNP at nucleotide position –1019; monoamine 

oxidase type A (MAOA) promoter VNTR; Dopamine beta-hydroxylase (DBH) exon XI 

rs6271 SNP and muscarinic acetylcholine receptor 2 (CHRM2) intron 4 rs2061174 SNP. 

Primer sequences and methodology details can be found in Appendices A and B. 

Genotypic frequencies did not deviate from expected frequencies from Hardy-Weinberg.  

Statistical Analysis: A chi-square analysis was used to test for differences in the 

frequency of genotype polymorphisms between  the subgroups of depressive subjects and 

healthy controls. False discovery rate analysis was used to control for multiple 

comparisons between groups and number of genes. Q-values are reported with all p 

values ≤ 0.05. Based on the value distribution of the present dataset, a value of q ≤ 0.137

was considered statistically significant. Odds ratio and 95% confidence intervals are also 

provided. The statistical testing for each polymorphism was between a risk genotype 

determined a priori to testing, and the remaining genotypic groups.  

3.4. Results 
Table 3.2 provides the p-value, corresponding Q-value, odds ratio and 95% confidence 

interval for all the polymorphisms tested. The risk genotype to which the other genotypic 

groups were compared for each polymorphism is indicated by an * in Table 3.3. Four 

comparisons were made: between subjects with a history of major depression vs. 
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controls, non-responders vs. controls, responders vs. controls, and non-responders vs. 

responders.  

3.4.1. P-values 
A multiple comparison correction (Q-value) was used to decrease the number of false 

discoveries in the analysis. Genotype frequency differences were statistically significant 

for the serotonin transporter gene intron-2 VNTR (STin2) between subjects with a history 

of depression and controls (p=0.004), and non-responders and controls (p=0.006). 

Statistically significant genotypic frequency differences between responders and controls 

existed in DRD4 exon-3 VNTR (p=.011), and COMT 3'-UTR rs165599 (p=.007) 

polymorphisms. Furthermore, a significant difference was detected in the genotypic 

frequency distributions between the non-responders and the responders of the DRD4 

exon 3 VNTR (p=0.009).  AP2-beta, BDNF, and HTR6 did not generate any differences 

for any of the comparisons when analyzed with p-values or odds ratios. The CHRM2 

rs2061174 SNP and HTR1A SNP showed statistical trending between the responders vs. 

controls, yet did not reach significance according to the Q-value correction. 

 

3.4.2. Odds ratio 
Given that this is a pilot study, the sample sizes are low, making it difficult to detect 

small effects like the ones proposed to be involved in susceptibility to Major Depressive 

Disorder; we analyzed the odds ratio for each polymorphism using the comparisons listed 

above. A number of differences in genotype frequencies were observed in several other 

genes, however they were not statistically significant by p-value determinations, yet 
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demonstrated a suggestive effect when analyzed using odds ratios. An example of this are 

differences in genotype frequencies of the dopamine receptor 3 (DRD3) exon 1 rs6260 

SNP between the controls, responders and non-responders. The comparison between 

subjects with a history of depression and controls yielded an OR of 4.61, between non-

responders and controls: 3.14, and between responders and controls: 7.11, however the 

OR between non-responders and responders is 0.44.  

Susceptibility to Major Depressive Disorder: The two COMT polymorphisms 

(rs165599 and rs4680), DRD3 (rs6260) and SLC6A4 intron 2 VNTR (STin2) 

demonstrated differences between the responders vs. controls, non-responders vs. 

controls and subjects with a history of depression vs. controls. This pattern suggests that 

these polymorphisms are polymorphisms that influence the genetic susceptibility to 

Major Depressive Disorder. The DRD4-120 repeat and MAOA VNTR show suggestive 

odds ratio between subjects with a history of depression vs. controls and non-responders 

vs. controls, also implicating these polymorphisms in susceptibility to Major Depressive 

Disorder. In addition, HTR2A and DAT1 show odds ratios between non-responders vs. 

controls and subjects with a history of depression vs. controls, which suggest these 

polymorphisms too, play a role in the susceptibility to Major Depressive Disorder. The 

SLC6A4 promoter insertion/deletion and DRD4 VNTR in exon 3 each displayed some 

signal between non-responders vs. controls and responders vs. non-responders. An odds 

ratio of 2.28 was detected for the DBH SNP between responders and controls only.  

Susceptibility to Standard Antidepressant Response: The SLC6A4 promoter 

insertion/deletion, DRD4-120 insertion/deletion, MAOA VNTR, DRD4 exon 3 VNTR, 
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and all four DRD1 SNPs presented suggestive odds ratio between non-responders and 

responders. The DRD1 results (odds ratios) in differences between responders and non-

responders should be considered as one signal as the linkage disequilibrium values 

between the polymorphisms are very strong (0.9 < D’ ≤ 1.0)20.

The overall number of risk genotypes varies for the 3 phenotypic groups. Figure 3.1 

displays the distribution of the number of risk genotypes for the responder, non-

responder, and history negative, whereas Figure 3.2 compares the history positive against 

the history negative non-depressed group. Nearly half of the history negative group has 4-

7 risk genotypes, whereas over half of the responders have 8-11 risk genotypes. The same 

is true of the non-responders; however, 15% of them fall into the 12-15 risk genotypes 

category. This suggests that the non-responder group has more risk genotypes than the 

other 2 groups, although the difference is not statistically significant. The curve shifts to 

the right when the history positive is compared against the history negative group, 

indicating increase in proportion of risk genotypes in the history positive group. 

Furthermore, the history negative group has significantly less risk genotypes than the 

history negative group (t = -2.463, df = 181, p = .015) and the group not capable of 

treatment response (t = -2.774, df = 141, p = .006). The mean number of risk genotypes 

in each group is compared in Figure 3.3.  
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TABLE 3.2 P and corresponding Q-values, Odds ratio (OR) and 95% confidence intervals for all polymorphisms analyzed,

and all comparisons.
history-positive depressed subjects
(TRD and responders) vs. history-
negative non-depressed subjects

Treatment-resistant depressed subjects
vs. history-negative non-depressed
subjects

Subjects capable of antidepressant
response vs. history-negative non-
depressed subjects

Subjects capable of antidepressant
response vs. treatment-resistant
depressed subjects

OR 95% CI p-value q-
value

OR 95%
CI

p-value q-value OR 95% CI p-
value

q-value OR 95%
CI

p-
value

q-value

AP-2 β 1.11 .61 -
2.01

0.867 0.753 0.94 .48 -
1.86

0.974 0.770 1.43 .65 -
3.16

0.475 0.555 0.66 .28 -
1.54

0.437 0.555

BDNF 0.85 .12 -
6.19

0.783 0.716 0.71 .06 -
8.02

0.95 0.770 1.07 .09 -
12.12

0.287 0.482 0.67 .04 to
10.99

0.252 0.482

SLC6A4
promoter

1.28 .69 -
2.37

0.404 0.549 1.60 .80 -
3.20

0.309 0.482 0.90 .40 to
2.05

0.458 0.555 1.77 .75 -
4.15

0.299 0.482

HTR2A 1.62 .75 -
3.49

0.475 0.555 1.17 .50 -
2.69

0.964 0.770 3.27 .90 -
11.86

0.191 0.482 0.36 .09 -
1.37

0.302 0.482

HTR6 0.29 .03 -
2.80

0.445 0.555 0.46 .05 -
4.56

0.739 0.699 0.00 0.00 0.436 0.555 0.00 0.00 0.715 0.687

DRD4-
120

1.84 .96 -
3.52

0.245 0.482 2.20 1.07 -
4.51

0.112 0.389 1.30 .53 -
3.19

0.79 0.716 1.69 .68 -
4.25

0.337 0.490

DRD1+14
03

1.13 .48 -
2.65

0.501 0.556 1.41 .56 -
3.58

0.21 0.482 0.76 .23 -
2.55

0.908 0.753 1.86 .54 -
6.43

0.278 0.482

DRD1-
1251

0.84 .41 -
1.72

0.865 0.753 1.05 .45 -
2.46

0.891 0.753 0.63 .26 -
1.53

0.555 0.571 1.67 .64 -
4.36

0.474 0.555

DRD1-
800

1.16 .50 -
2.72

0.669 0.653 1.44 .57 -
3.67

0.292 0.482 0.78 .23 -
2.63

0.916 0.753 1.85 .53 -
6.39

0.266 0.482

DRD1-48 1.16 .50 -
2.72

0.55 0.571 1.38 .55 -
3.51

0.261 0.482 0.76 .23 -
2.55

0.908 0.753 1.82 .53 -
6.29

0.327 0.487

DβH 0.88 .12 -
6.40

0.872 0.753 0.00 0.00 0.499 0.556 2.28 .31 -
16.81

0.526 0.567 0.00 0.00 0.181 0.482

TH 0.45 .23 -
.87

0.464 *** 1.68 .80 -
3.52

0.390 *** 1.30 0.55 -
3.09

0.456 *** 1.29 .53 -
3.13

0.652 ***
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GNB3 1.21 0.40 -
3.64

0.943 *** 0.48 .09 -
2.48

0.663 *** 2.44 .73 -
8.13

0.330 *** 0.20 .04 -
1.04

0.111 ***

TPH2in5 0.95 .51 -
1.77

0.351 *** 1.43 0.68 -
3.01

0.394 *** 0.56 0.25 -
1.21

0.148 *** 2.58 .08-
6.14

0.094 ***

PXR9 1.40 .57 -
3.43

0.414 *** 1.32 .48 -
3.64

0.240 *** 2.19 .73 -
6.22

0.745 *** 0.85 .27 -
2.69

0.391 ***

HTR1A 0.54 .26 -
1.09

0.138 0.431 0.64 .29 -
1.45

0.357 0.496 0.41 .17 -
.99

0.047 0.245 1.55 .63 -
3.80

0.208 0.482

CHRM2 1.08 .44 -
2.65

0.147 0.437 1.21 .45 -
3.28

0.626 0.631 0.90 .26 -
3.07

0.037 0.239 1.35 .37 -
4.84

0.218 0.482

SLC6A3 1.80 1.0-
3.26

0.129 0.424 1.40 .71 -
2.75

0.557 0.571 2.69 1.21 -
5.98

0.037 0.239 0.52 .22 -
1.21

0.247 0.482

MAOA 1.73 .96 -
3.12

0.097 0.368 2.29 1.16 -
4.55

0.042 0.239 1.13 .52 -
2.45

0.507 0.556 2.02 .88 -
4.64

0.223 0.482

rs4680
COMT

2.31 1.13 -
4.75

0.033 0.239 2.27 1.02 -
5.07

0.078 0.348 2.37 .97 -
5.80

0.1 0.368 0.96 .40 -
2.33

0.986 0.770

rs6280
DRD3

4.61 1.28 -
16.66

0.055 0.264 3.14 .75 -
13.11

0.245 0.482 7.11 1.77 -
28.60

0.015 0.156 0.44 .14 -
1.39

0.439 0.555

rs165599
COMT

3.08 1.16 -
8.19

0.041 0.239 2.16 .70 -
6.60

0.351 0.496 4.69 1.56 -
14.14

0.007 0.137 0.46 .16 -
1.31

0.251 0.482

SLC6A4
STin2

2.46 1.33 -
4.55

0.004 0.137 2.71 1.35 -
5.44

0.006 0.137 2.12 0.96 -
4.68

0.098 0.368 1.28 .56 -
2.90

0.749 0.699

DRD4-48 1.40 .41 -
4.77

.316 .482 2.12 .41 -
10.87

0.649 0.644 0.92 .22 -
3.9

0.011 0.137 2.29 .36-
14.40

0.009 0.137
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TABLE 3.3 Genotype and allele frequencies for the 4 phenotypic groups tested. The risk genotype is 
indicated by an *.  
 

HTR2A TT TC* CC* T C
history negative 18 (.21) 35 (.42) 31 (.37) 0.42 0.58 
history positive 14 (.14) 45 (.46) 38 (.39) 0.38 0.62 
responder 3 (.08) 20 (.51) 16 (.41) 0.33 0.67 
non-responder 11 (.19) 25 (.43) 22 (.38) 0.41 0.60 

rs165599 
COMT AA AG GG* A G

history negative 46 (.56) 30 (.37) 6 (.07) 0.74 0.26 
history positive 40 (.43) 34 (.37) 18 (.20) 0.62 0.38 
responder 13 (.35) 14 (.38) 10 (.27) 0.54 0.46 
non-responder 27 (.49) 20 (.36) 8 (.15) 0.67 0.33 

DRD4-48 0-7R* 1-7R* 2-7R 7R other 
history negative 56 (.67) 22 (.26) 6 (.07) 0.20 0.80 
history positive 55 (.57) 36 (.38) 5 (.05) 0.24 0.76 
responder 15 (.38) 21 (.54) 3 (.08) 0.35 0.65 
non-responder 40 (.70) 15 (.26) 2 (.04) 0.17 0.83 

DRD3 AA AG GG* A G
history negative 46 (.55) 34 (.41) 3 (.04) 0.76 0.24 
history positive 47 (.50) 34 (.36) 14 (.14) 0.67 0.33 
responder 18 (.47) 12 (.32) 8 (.21) 0.63 0.37 
non-responder 29 (.51) 22 (.39) 6 (.10) 0.70 0.30 
SLC6A4 STin2 10/10 10/12* 12/12 10 12 

history negative 15 (.18) 25 (.31) 42 (.51) 0.34 0.66 
history positive 18 (.19) 49 (.52) 27 (.29) 0.45 0.55 
responder 8 (.21) 18 (.47) 12 (.32) 0.45 0.55 
non-responder 10 (.18) 31 (.55) 15 (.27) 0.46 0.55 
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FIGURE 3.1 Distribution of the Number of Risk genotypes among the history negative, responder 
and non-responder groups.  
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FIGURE 3.2 Distribution of the Number of Risk genotypes among the non-depressed, and history 
positive MDD groups. 
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FIGURE 3.3 Mean Number of Risk Genotypes for all phenotypic groups.  
* history negative vs. history positive: p = 0.015 
** history negative vs. non-responders: p = 0.006 

* ** 
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3.5. Discussion 
 

The genetic susceptibility to major depression was tested using genotype frequency 

comparisons between subjects with a history of depression vs. controls, responders vs. 

controls, and non-responders vs. controls.  

We detected three statistically significant polymorphisms (DRD4 exon 3 VNTR, SLC6A4 

intron 2 VNTR, and COMT rs165599 SNP) which may contribute to the genetic 

susceptibility to major depression, plus one polymorphism which is trending statistically, 

DRD3 exon 1 rs6260 SNP. Odds ratio analyses also support an effect on susceptibility to 

Major Depressive Disorder for the following polymorphisms: SLC6A4 promoter 

insertion/deletion, HTR2A SNP, DRD4-120 insertion/deletion, DBH SNP, SLC6A3 

VNTR, MAOA VNTR, and COMT rs4680 SNP.  

 

The comparison between the non-responders and responders is a method to detect the 

genetic basis for antidepressant response, in general. Out of the 20 polymorphisms tested, 

only one (DRD4 exon 3 VNTR) was statistically significant. This is compared to the 3-4 

polymorphisms which demonstrate a genetic susceptibility to depression. According to 

the odds ratio analysis, the DRD1 polymorphisms have some effect on antidepressant 

response capacity, as does the DRD4 polymorphisms, MAOA VNTR and the SLC6A4 

promoter insertion/deletion. The latter polymorphisms may also have a role in 

susceptibility to Major Depressive Disorder; however, the DRD1 polymorphisms did not. 

It was unpredicted that the genetic basis for antidepressant response may differ from the 

genetic basis of susceptibility to major depression.   
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An interesting trend was noted in the increased proportion of risk genotypes in the 

treatment resistant group, when compared to the other 2 groups. The finding is not 

significant; however, it supports the notion that treatment resistance may represent a 

more severe form of major depression. Individuals capable of response to treatment 

showed a moderate increase in the proportion of risk genotypes when compared to 

history negative group. The history negative group has significantly less risk genotypes 

than both the history negative group and the group not capable of treatment response. No 

other comparisons yielded significant difference in mean number of risk genotypes.  

 

This pilot study provides a proof of concept that two depressive phenotypes 

(antidepressant response and non-response) may be subtypes of Major Depressive 

Disorder. In terms of medication response, these patients are clearly distinct from each 

other, thus it is logical to propose their genetic constitution may be distinct. The 

polymorphisms analyzed in this study is by no means an exhaustive list of 

polymorphisms which play a role in Major Depressive Disorder, however it is a fairly 

representative list for the monoamine related polymorphisms thought to confer 

susceptibility to major depression. Further research on other neurotransmitter system, 

neurotrophic pathways, neurosteroids and antidepressant metabolic pathways (e.g. 

cytochrome p450 factors) needs to be conducted, as well as a replication in a larger study 

of the polymorphism presented in this study.  
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In retrospect, we recognize that much of our current understanding of the 

pathophysiology of depressive disorders has been inferred from the prevailing hypotheses 

of mechanisms for antidepressant action. Accordingly, candidate genes selected for their 

function are commonly associated with monoamine function or their putative intracellular 

responses to neurotransmitter activation.  The neurobiology of treatment resistance is not 

well understood; it may represent an extreme phenotype along a unique pathological 

continuum of depression.  This interpretation may be supported by the fact that the usual 

monoamine-based treatment interventions, by definition, provide little or no benefit to 

patients with treatment resistant depression.  

 

Despite the modest sample size, these data support the existence of a genetic basis to the 

susceptibility to major depression. Furthermore, depending on the phenotypic definition 

used in testing, different associations may be detected.  Given that we utilized phenotypic 

definitions based on patters of treatment response, these findings further suggest that the 

genetic basis for the capacity to respond to monoamine-based antidepressants is different 

from that of susceptibility to major depression.  
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4. CHAPTER 4:  LACK OF ASSOCIATION OF TPH2 EXON 
XI POLYMORPHISMS WITH MAJOR DEPRESSION 

AND TREATMENT RESISTANCE. 
 

Published in Molecular Psychiatry; Letter to the Editor 
Garriock HA, Allen JJB, Delgado P, Nahaz Z, Kling MA, Carpenter L, Bruke M, 
Burke W, Schwartz T, Marangell LB, Husain M, Erickson RP, Moreno FA (2005): 
Lack of association of TPH2 exon XI polymorphisms with major depression and 
treatment resistance. Mol Psychiatry 10 (11): 976-977. 

 

4.1. Introduction and Results 
A recent report in Neuron by Zhang et al, 2005 presented evidence for a role in 

unipolar depression of the G1463A polymorphism in the eleventh exon of the tryptophan 

hydroxylase 2 (TPH2) gene. Of special interest is their finding that seven of the nine 

unipolar depressed subjects carrying the rare 1463A allele were resistant to SSRI 

treatment. This association strongly suggested that this single nucleotide polymorphism 

(SNP) is involved in major depression. We found no evidence of variation of the G1463A 

SNP via sequencing analysis in 182 patients with unipolar depression (of which 83 were 

treatment resistant), 186 non-depressed controls, and 8 bipolar patients. We also report 

for the first time, the absence of nucleotide variation in a clinical population of 2 other 

SNPs in exon XI of the TPH2 gene (C1487G and T1578G). 

The G1463A SNP results in an R441H amino acid change in the TPH2 protein 

and has an 80% loss of function in serotonin production in PC12 cells1. Zhang et al 

(2005) investigated this SNP in a clinical population and found that the rare allele (A) 

frequency was 0.9% in controls (1AA, 2AG, 216GG) and 6.9% in patients with unipolar 
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major depression (3AA, 6AG, 78GG). The striking difference in 1463A allele frequency 

between the unipolar depressed group and control subjects was highly suggestive of a 

role for this polymorphism or this genomic region in major depression. Furthermore, in 

the Zhang et al sample (N = 306) the phenotype of 7 of the 9 unipolar depressed patients 

that carried the rare A allele were considered resistant to SSRI treatment, and the two 

remaining subjects were reportedly responsive to high SSRI doses1. The high frequency 

of this rare allele and the endophenotype in which it was detected was highly suggestive 

of a role for TPH2 in treatment resistant major depression. For this reason, we analyzed 

this SNP in 83 treatment resistant unipolar depressed patients, 8 treatment resistant 

bipolar depressed patients, 99 non-treatment resistant unipolar depressed patients and 186 

control subjects without personal history of major affective disorders, using the same 

method described in Zhang et al, 2005. Our sample population had a similar ethnic and 

gender distribution as Zhang et al, 2005 and consisted of 67% (N =252) female, 84.1% 

(N = 312) Caucasian, 6.2% (N = 23) Hispanic, 4.6% (N =17) Asian, 2.7% (N = 10) 

African American, 1.3% (N = 5) Native American and 1.1% (N = 4) Middle Eastern 

subjects (all unrelated). Given the genotype frequencies in the previous study, we 

expected at least 2 AA and 5 AG genotypes in the treatment resistant depression group 

alone, and at least 6 AA and 12 AG if the unipolar depression groups are combined 

(antidepressant responsive and resistant). Surprisingly, no variation at this locus was 

detected in any of the subjects. To confirm our gel-based genotyping findings, we 

sequenced all the samples for this genomic region and in so doing, were able to analyze 

two other reported SNPs (see Table 4.1). One was reported in mouse models to result in a 
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40% decrease in the serotonin concentrations in both the frontal cortex and striatum of 

BALB/cJ mouse strains when compared to 129X1/SvJ mouse strains2. The corresponding 

position of this functional SNP in humans is P449R, resulting from a C1487G variation. 

A third SNP in this region is reported in dbSNP as rs7488262 and is a non-synonymous 

change of T1578G and results in a D479E amino acid change3. To the best of our 

knowledge, neither of these two SNPs has been reported in a clinical population to date.  

Sequencing analysis of the G1463A SNP in the 83 treatment resistant unipolar 

depressed patients, 99 non treatment resistant unipolar depressed patients, 8 treatment 

resistant bipolar depressed patients and 186 control subjects yielded no variation for any 

of the subject groups (all 376 GG). This is inconsistent with the genotype frequencies 

found in Zhang et al, 2005. Furthermore, sequencing analyses of C1487G and T1578G 

polymorphisms failed to provide evidence of the nucleotide variation in all of these 

subjects. In summary, although TPH2, and the variations within the TPH2 gene, may 

play a role in unipolar depression, at least in some patients identified by Zhang et al., our

results do not provide supporting evidence for the involvement of exon XI 

polymorphisms in either treatment resistant depression or unipolar major depression.  

TABLE 4.1 SNP locations, and nucleotide and amino acid changes of analyzed TPH2 variants. 
Superscripts correspond to nucleotide and amino acid position in Figure 4.1 and 4.2. 

Position of 
SNP* 

Nucleotide 
Variation 

Amino Acid 
Variation 

Original 
Publication 

192699; 
70711591 

G1463A R441H Zhang et al, 2005 
292724; 
70711615 

C1487G P449R Zhang et al, 2004 
392814; 
70711706 

T1578G D479E dbSNP rs7488262 
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4.3. Supplemental materials 
 
1222 acaacttgct tacaggaatg CCTTATCAcc accttccagg aagcctacTT TGTTTCAGAA 
1282 AGTTTTGAAG AAGCCAAAGA AAAGATGAGG TAAACTTTTT 
TTTCCTCCTA GCTAGAGAAA 
1342 ATAACTTTTT ATTTTTCTGT CTCTATTCCT TCCTTTTATC 
TATCCCTCGT ACCAATGAGG 
1402 GTTGATCACA TCTCTTTCTA CTTCTGTTTA TTCTGCAGGG 
ACTTTGCAAA GTCAATTACC 
1462 CG1TCCCTTCT CAGTATACTT CAATCC2CTAC ACACAGAGTA 
TTGAAATTCT GAAAGACACC 
1522 AGAAGTATTG AAAATGTGGT GCAGGACCTT CGCAGCGACT 
TGAATACAGT GTGTGAT3Gct 
1582 ttaaacaaaa tgaaccaata tctgggg 
 
FIGURE 4.1 Nucleotide sequence of region of analysis. All primers are in lowercase letters. 
Amplification primers flank region and the italicized letters indicates the sequencing primer. Each 
polymorphism is in bold and underlined, with an appropriate superscript indicating SNP details in 
Table 4.1.  
 

422 
SESFEEAKEKMRDFAKSITR1PFSVYFNP2YTQSIEILKDTRSIENVVQDLRSDLNTVCD3AL
NKMNQYLGI 490 
 
FIGURE 4.2 Amino Acid sequence of the area around 3 polymorphisms. Affected residues are 
underlined, and superscripts correspond to superscripts in the nucleotide sequence. 
* Nucleotide positions are determined from the 5’ end of the TPH2 gene (No 5’-flanking region) 
ENSG00000139287; nucleotide position relative to the coordinate system. Superscripts indicate 
nucleotide position and correspond to nucleotide in Figure 4.1 in online supplemental materials. 
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5. CHAPTER 5. CONCLUSIONS 
5.1. Mood Response to Tryptophan Depletion 

This work contributes to the field of psychiatric genetics by providing data revealing the 

importance of pathway involvement in genetic susceptibility to major depression. 

Chapter 2 demonstrates that when a pathway is analyzed as a whole, rather than in a 

candidate gene approach, more informative data can be obtained about the genetic basis 

of a complex disease. It is intuitive that the serotonin system would be involved in 

tryptophan depletion, and therefore not surprising that the serotonin system, rather than 

the dopamine system was associated with mood response to tryptophan depletion. This 

however, is a proof of concept pilot study, demonstrating that pathway analysis of genetic 

polymorphisms can account for more than half of the phenotypic variability of a complex 

syndrome. A natural follow-up to this study would be to acutely deplete dopamine levels 

and determine if the susceptibility to mood response would lie in the genetic 

polymorphisms of the dopamine metabolic pathway. This type of statistical analysis has 

not been performed for MDD, however, similar analyses have been done for 

externalizing behaviors in children.  

 

The data on BDNF variants and mood response to tryptophan depletion are consistent 

with previously published data associating the A (met) allele of the rs6265 SNP with 

MDD. Our data should be taken as preliminary as there was only one individual with this 

genotype, but it was also the same one with the largest response to tryptophan depletion.  
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What does this say about genetics of depression? This data strongly supports the notion 

that MDD is a polygenic disorder. Rather than approaching the genetic basis of 

depression in a candidate gene manner, the pathway analysis would provide more 

informative data for basic and clinical scientists. This data does not suggest that 

susceptibility to MDD lies only in the serotonin system. There are many other systems 

mentioned in Chapter 1 among others still unknown that may contribute to the 

susceptibility to major depression. This data also does not suggest that MDD is fully 

accounted for by one’s genetics. The limited behavioral data obtained in this study only 

allowed for the analysis of genetic effects on mood response to tryptophan depletion. A 

replication attempt on an independent sample is currently underway.  

 

Although tryptophan depletion does not meet all the criteria for an endophenotype, this 

research also provides data for the endophenotype field of psychiatric genetics. It 

demonstrates that using a more defined, simpler phenotype, rather than the whole 

syndrome, results in less complex genetic processes. Tryptophan depletion is a means to 

an end for the genetics of major depression, but should not be considered as a substitute 

for a phenotypically well-defined population with major depression. If this was done, 

many other genetic pathways/systems would be missed, which would set back the field 

for some time to come.  
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5.2. Treatment Resistant Major Depression 
The data presented in Chapter 3 provide the first data that suggest that the capacity to 

respond to treatment is genetically independent from the susceptibility to major 

depressive disorder. The polymorphisms implicated in susceptibility to MDD are the 

serotonin transporter intron 2 VNTR, and to a lesser extent both COMT polymorphisms. 

Both the serotonin and dopamine systems have been implicated in the susceptibility to 

MDD in numerous studies. It was not surprising to detect differences among the history 

negative and history positive groups, as most of the polymorphisms were initially chosen 

for investigation due to their association with MDD in previous studies. What was 

surprising was the difference we detected between those capable of responding to 

treatment and those who have failed at least two adequate trials of antidepressants. For 

the most part, the responders and non-responders are very similar genetically. 

Unpredictably, a statistical difference between the genetics of responders and non-

responders was detected, suggesting these 2 groups may be genetically different from 

each other. In the individuals with the capacity to respond to treatment, the over 

representation of 7-repeat alleles of the DRD4 48bp VNTR in exon III constitutes the 

main difference between individuals without the ability to respond. It is important to note 

that the sample size of these populations is small, and this study should be considered as 

a pilot study from which to base larger studies. The fact that the history negative group 

has significantly fewer numbers of risk genotypes than the history positive and non-

responder group is in strong support that it may be the number of risk genotypes one has, 
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regardless of signaling pathway components, that confers susceptibility to major 

depressive disorder.  

 

A lot of decisions for candidate gene research for MDD are based on the suspected 

mechanism of action of many antidepressants, namely effects on increasing the serotonin 

levels in the brain. Thus, research for susceptibility genotypes for MDD has been focused 

on serotonin receptors, synthesis and degradation enzymes, and the well-studied 

serotonin transporter. Many other polymorphisms and genes are most likely being missed 

using the candidate gene method of analysis. Several regions of the genome which are 

detected in whole genome analyses of MDD, are not focused on for further fine mapping 

due to the monoamine hypothesis of MDD.  

Our data on genotypes conferring susceptibility to MDD is in agreement with many other 

studies of the genetics of MDD, however, as outlined in Chapter 1, it is also contradictory 

to several others. The heterogeneous nature of MDD as a syndrome leads to confusing 

results that may be difficult to interpret. For that reason, an attempt to clarify the 

phenotype using endophenotypes, was employed. When the genetics of the non-

responder group is compared to that of the history negative group, the results are not 

different from the comparison of the history negative group to the whole history positive 

group. This may mean that the non-responder group is driving much of the signal in the 

history positive groups given that it constitutes 60% of the group. Alternatively, it may 

also mean that the signal from the responders in the history positive group is being 

buffered or diluted when combined with the non-responders. In either case, it must be 
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understood that this is a pilot study and the results necessitate replication in a larger 

population. The increased number of differences between the responders and history 

negative group suggest that either there may be more deleterious genotypes in the group 

capable of response to treatment, or it is a statistical artifact that may disappear when 

more samples are analyzed. In this case, it is difficult to ultimately determine if the usage 

of an endophenotype truly aided the search for MDD susceptibility genotypes. However, 

even with carefully controlled and constructed study designs, it does not seem that one 

particular gene that will be deemed “the depression gene”. Rather, an additive or 

synergistic effect of accumulation of risk genotypes in numerous pathways seems to 

predict the presence and severity of MDD.  

A replication study with a larger samples size of responders is currently underway, 

however, a study evaluating the application of the criteria of a true endophenotype to 

treatment resistance and possibly tryptophan depletion is still required.  

The results presented in Chapter 4 refute the results of another group regarding the 

association of SNP in the TPH2 gene and MDD, especially treatment resistance. Our 

finding has been supported and replicated by many other research groups since 

publication. 

The inconsistency of results across studies is a hurdle for psychiatric genetics as a whole. 

Ethnic backgrounds present with different allele frequencies, and may account for failure 

to replicate publications.  
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5.3. Overall 
Psychiatric genetics as a field needs to develop clear phenotype data on a large scale data 

set to facilitate genotyping data and analysis. There is no question that many of the 

psychiatric and behavioral disorders are polygenic and multi-factorial in nature. The 

heritability rates of MDD justify the search for the genetic susceptibility to MDD. The 

phenotypic variability of MDD however, suggests that there may be several subtypes of 

MDD. The variability in response profiles further suggests that there are clinical 

implications for the tailoring of medications based on genetic constitution. Knowing the 

genetic basis of depression would facilitate several aspects of the disorder: individual 

medication response predictions, identification of susceptible individuals, and possibly 

the diagnosis of MDD rather than another psychiatric disorder to lead to proper treatment, 

among others. In a medication driven society, the most effect that the genetics of MDD 

may have on society may be to predict what medications would work for individuals with 

particular genetic backgrounds. This would decrease the amount of time spent suffering 

while searching for the correct medication. For this to happen, we don’t necessarily need 

to know the genetics of MDD per se, rather the genetic backgrounds of those that respond 

to certain medications compared to those that do not. This is where society as a whole 

would benefit the most, and therefore where the most research monies should be directed. 
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6. APPENDIX A. PRIMERS, METHOD OF ANALYSIS AND ALLELE SIZES FOR
EACH POLYMORPHISM ANALYZED.

Polymorphism Primers (with reference) Method of Analysis Allele
Sizes

Serotonin transporter intron 2 VNTR
(Bellivier et al, 2002; Lesch et al, 1994)

SERTVNTR-F 5’-fam-GCTGTGGACCTGGGCAATGT-3’
SERTVNTR-R 5’-GACTGAGACTGAAAAGACATAATC-3’

ABI PRISM® Genetic
Analyzer (Applied
Biosystems)

290bp=9R
307=10R
341=12R

Serotonin transporter promoter 44bp
VNTR (Heils et al, 1995; Moreno et al,
2002)

stpr5 5'-GGCGTTGCCGCTCTGAATGC-3'
stpr3 5'-GAGGGACTGAGCTGGACAACCAC-3'

3% agarose gel
electrophresis

484bp=short
528bp=long

Serotonin receptor 2A C102T SNP
rs6313 (Warren et al, 1993)

HTR2A-F 5’-TCTGCTACAAGTTCTGGCTT-3’
HTR2A-R 5’-CTGCAGCTTTTTCTCTAGGG-3’

MspI RFLP and 3%
agarose gel
eletrophresis

342bp=T
216 +126 bp=C

Serotonin Receptor 6 T267C SNP
rs1805054 (Tsai et al, 1999)

5-HT6F 5’-AACTTCTTCCTGGTGTCGCTCTTC-3’
5-HT6R 5’-ATGAGCAGGTAGCGGTCCAGGC-3’

RsaI RFLP and 3%
agarose gel
electrophresis

220=T
128 + 92bp=C

AP2-β intron 2 VNTR (Damberg et al,
2000)

AP2F 5’- fam-CCTACCACCAGAGCCAGGACCC–3’
AP2R 5’- CCCCCCTCCAGAAGCATTCCT–3’
AP2SEQ 5’-GTTCGGAAGCCGGCTCTCTCC-3’

ABI PRISM® Genetic
Analyzer (Applied
Biosystems)

363=5R
367=6R

proBDNF val66met G196A SNP rs6265
(Sklar et al, 2002)

BDNF-1PCR 5’-CATCCGAGGACAAGGTGGCTT-3’
BDNF127-R 5’-ACTGTCACACACGCTCAGC-3’
BDNF-1SEQ 5’-GACTCTGGAGAGCGTGAATG-3’

ABI PRISM® Genetic
Analyzer (Applied
Biosystems)

SEQUENCED

MAOA promoter 30bp VNTR (Deckert
et al, 1999; Sabol et al, 1998)

MAOA-F 5’-fam-CCCAGGCTGCTCCAGAAAC-3’
MAOA-R 5’-GGACCTGGGCAGTTGTGC-3’

ABI PRISM® Genetic
Analyzer (Applied
Biosystems)

179bp=2R
207bp=3R
225bp=3.6R
237bp=4R
266bp=5R

rs4680 COMT va158met SNP (Rotondo
et al, 2002)

rs4680F 5’-CTCATCACCATCGAGATCAA-3’
rs4680R 5’-CCAGGTCTGACAACGGGTCA-3’

Nla III RFLP and 3%
agarose gel
electrophoresis

67bp + 22bp +
18bp = A
86bp + 22bp = G
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Polymorphism Primers (with reference) Method of Analysis Allele
Sizes

rs165599 COMT
3’-UTR SNP (Karayiorgou et al, 1997)

rs165599F 5’-GACATGCTAACCTCTCTGAAC-3’
rs165599R 5’-GTGCAGGTGAACTCAGCTAG-3’

Msp I RFLP and 2%
agarose gel
electrophoresis

759bp = A
385bp + 344bp =
G

Dopamine Receptor D3
Exon 1 G�A SNP rs6280 (Crocq et al,
1992; Joober et al, 2000)

DRD3F 5’-GCTCTATCTCCAACTCTCACA-3’
DRD3R 5’-AAGTCTACTCACCTCCAGGTA-3’

Msc I RFLP and 3%
agarose gel
electrophoresis

304bp + 111bp +
47bp = A
206bp + 111bp +
98bp + 47bp = G

Dopamine Receptor D4
Exon 3 48bp VNTR (Lichter et al, 1993;
Van Tol et al, 1992)

D4-3(F) 5’-GCGACTACGTGGTCTACTCG-3’
D4-12(R) 5’-GGTCTGCGGTGGAGTCTG-3’

1.5% agarose gel
electrophoresis

344bp = 2R
485bp = 4R
629bp = 7R

Dopamine Receptor D4
5’-UTR 120bp in/del (Seaman et al,
1999)

D4-120F 5’-TTGTCTGTCTTTTCTCATTGTTTCCATTG-3’
D4-120R 5’-GAAGGAGCAGGCACCGTGAGC-3’

1.5% agarose gel
electrophoresis

429bp = short
549bp = long

Dopamine transporter exon 15 40bp
VNTR (Barr et al, 2001; Vandenbergh et
al, 1992)

DAT1F 5’-TGTGGTGTAGGGAACGGCCTGAG-3’
DAT1R 5’-CTTCCTGGAGGTCACGGCTCAAGG-3’

2% agarose gel
electrophoresis

440bp = 9R
480bp = 10R

Dopamine Receptor D1 position -1251,
G�C SNP (Misener et al, 2004)

D1-1251F 5’-GAGACTGGCGAGGTAACCAG-3’
D1-1251R 5’-TCAGGAGCCTGTGGCAAT-3’

HaeIII RFLP and 2%
agarose gel
electrophoresis

191bp + 58bp =
G
166bp + 58bp +
25bp = C

Dopamine Receptor D1 position -800,
T�C SNP (Misener et al, 2004)

D1-800F 5’-CTCTCGAAAGGAAGCCAAGA-3’
D1-800R 5’-CGGCTCCGAAACGTTGAG-3’

HaeIII RFLP and 2%
gel electrophoresis

169bp + 112bp =
T
143bp + 112bp +
26bp = C

Dopamine Receptor D1 position -48,
G�A SNP (Misener et al, 2004)

D1-48F 5’-ACTGACCCCTATTCCCTGCT-3’
D1-48R 5’-AGCACAGACCAGCGTGTTC-3’

DdeI RFLP and 2% gel
electrophoresis

146bp + 61bp =
G
146bp + 42bp +
19bp = A

Dopamine Receptor D1 position +1403,
T�C SNP (Misener et al, 2004)

D1+1403F 5’-TGGAGAAGCTGTCCCCAG-3’
D1+1403R GTACCTTAGTTTCTTAATAGCGA-3’

Bsp1286I RFLP and 2%
gel electrophoresis

189bp = T
167bp + 22bp =
G

Serotonin Receptor 1A C�G SNP at
position -1019 from ATG start site
(Strobel et al, 2003)

HTR1AF 5’-GGCTGGACTGTTAGATGATAACG-3’
HTR1AR 5’-GGAAGAAGACCGAGTGTGTCAT-3’

BstF5I RFLP and 2.5%
gel electrophoresis

163bp = C
146bp + 17bp =
G
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Polymorphism Primers (with reference) Method of Analysis Allele
Sizes

Dopamine Beta-hydroxylase exon 11
C1603T SNP rs6271 (Perry et al, 1991)

DBHF 5’-CTGCACCTGCCCTCAGGCGTCCGT-3’
DBHR 5’-CTGGAAGCGGACGGCTGAGGACTT-3’

BstUI RFLP and 3.5%
gel electrophoresis

95bp + 47bp = T
(A1)
66bp + 47bp +
29bp = C (A2)

Muscarinic acetylcholine receptor M2
(CHRM2) rs2061174 intron 4 C�T
SNP (Wang et al, 2004)

Rs2061174F 5’-GCAGCAGGGAGTAAGAGTTTC-3’
RS2061174R 5’-AGGCTTCTGAACTGGGCACA-3’

BssSI RFLP and 2% gel
electrophoresis

261bp = T
148bp + 113 bp
= C

Tryptophan Hydroxylase 2 (TPH2)
rs1386494 intron 5 A�G (Zill et al,
2004)

RS1386494-F 5’-GTGACAGAACTAAGTGACTTGG-3’
RS1386494-R 5’-GATATGCTAGTCCTCTGTTGG-3’

Hpa II RFLP and 2%
gel electrophoresis

501bp = A
355bp+ 146bp =
G

Pregnane orphan receptor (PXR)
rs1464603 intronic G�A

NR1I2-F 5’-GTCATGATTACAGCTCTC-3’
NR1I2-R 5’-GTAGAACAGGAAGACTGAAG-3’
NR1I2-S 5’-CATGAGAGGTCAGCTCC-3’

ABI PRISM® Genetic
Analyzer (Applied
Biosystems)

SEQUENCED

G-protein beta subunit (GNB3) C825T
(Siffert et al, 1998)

GNB3-F 5’-TGACCCACTTGCCACCCGTGC-3’
GNB3-R 5’-GCAGCAGCCAGGGCTGGC-3’

BseD I RFLP and 2%
gel electrophoresis

268bp = T
152bp + 116 bp
= C

Tyrosine hydroxylase (TH) VNTR intron
1 (Serretti et al, 1998)

TH-F 5’-CAGCTGCCCTAGTCAGCA-3’
TH-R 5’-GCTTCCGAGTGCAGGTCACA-3’

ABI PRISM® Genetic
Analyzer (Applied
Biosystems)

260bp=TH*1=1
0 repeats
256bp=TH*2=9
repeats
252bp=TH*3=8
repeats
248bp=TH*4=7
repeats
244bp=TH*5=6
repeats

Alpha adrenergic receptor 2C 322-325del
(Neumeister et al, 2005)

ADRA2C-F 5’-AGCCGGACGAGAGCAGCGCA-3’
ADRA2C-R 5’-CTGGAGGCCAATCCATCC-3’
ADRA2C-S 5’-GGTGCGAGTCACTGCCTGAAG-3’

ABI PRISM® Genetic
Analyzer (Applied
Biosystems)

SEQUENCED
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7. APPENDIX B. POLYMORPHISM DETAILS, IDENTIFICATION OF RISK
GENOTYPES AND ALLELES.

Gene
Risk

Genotype
Risk
allele Gene function

Type of
Polymorphism

polymorphism
details

Chromosome
Location

location in
gene

TFAP2B ss/sl s transcription factor (CAAA)5-6

SLC6A4, HTR2A,
DbH, DRD1,
SLC6A3 have
Ap2B binding

sites 6p12-p21.1

intron 2 near
3' splice site

of exon 2

BDNF AA A Neurotrophic
factor

G-->A SNP at
nucleotide 196;

rs6265;

(val66met) val=G,
met=A; amino

acid #66, codon
pos. 1 11p13

proBDNF
coding
region

SLC6A4_IN/DEL ll l Serotonin
transporter

44bp in/del
(5-HTTLPR)

actually a VNTR
(xs-xl) 17q11.1-q12 promoter

SLC6A4_VNTR 10/12 Serotonin
transporter

VNTR of 17bp
element (9-12

copies) 17q11.1-q12 intron 2

DRD4_IN/DEL sl/ss s Dopamine
receptor D4 120bp in/del 11p15.5 5'-UTR

DRD4_VNTR 0 or 1 7R 7R Dopamine
receptor D4 48bp VNTR 11p15.5 exon 3

HTR2A CC/CT C
Serotonin post-

synaptic receptor
2A

C102T SNP;
rs6313

amino acid #34
codon pos 3,

amino acid=serine
13q14-q21

exon 1

DAT1 (SLC6A3)
9/9 and

9/10 9R
Dopamine
transporter
(SLC6A3)

40bp VNTR (9
and 10 repeats

most frequent, but
3-11 copies

possible)

5p15.3
3' non-
coding

region of
exon 15
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Gene
Risk

Genotype
Risk
allele Gene function

Type of
Polymorphism

polymorphism
details

Chromosome
Location

location in
gene

rs165599 COMT GG G
CATECHOL-O-
METHYLTRANS
FERASE

G-->A SNP
(MspI); rs165599

G allele is
ancestral

22q11.2

3'-UTR;
maybe in

mRNA (M.
O'Donovan,

WCPG
2005)

DRD3 GG G Dopamine
receptor D3

G-->A SNP
(Glycine-->

serine) (MscI,
isoschizomer of

BalI) rs6280
codon pos 1;

amino acid pos #9

3q13.3 exon 1 (N-
terminal

extracellular
domain)

DRD1 GG G Dopamine Recptor
D1

G-->C SNP
(HaeIII) 5q35.1 -1251

DRD1 CC C Dopamine Recptor
D1

T-->C SNP
(Bsp1286I) 5q35.1 1403

DRD1 TT T Dopamine Recptor
D1

T-->C SNP
(HaeIII) 5q35.1 -800

HTR6A CC C Serotonin receptor
6A

T267C SNP
(RsaI) Tyr(89)

silent
mutation;
rs1805054

amino acid pos
#89; codon
position #3 1p36-p35

coding
region (1st

ectracellular
loop)

DRD1 GG G Dopamine Recptor
D1

G-->A SNP
(DdeI) 5q35.1 -48

re4680 COMT GG G

CATECHOL-O-
METHYLTRANS
FERASE

G-->A SNP
(va158met)

(NlaIII) rs4680
val=G, met=A;

ancestral allele=G

22q11.2 4th exon
(codon 158

or 108)

MAOA

≥3.6R
combinat

ions

3.6R,
4R,
5R,
etc. Monoamine

Oxidase type A

30bp VNTR (2R,
3R, 3.6R, 4R, 5R,

7R) Xp11.23

1.2kb
upstream of

coding
region;

promoter
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Gene
Risk

Genotype
Risk
allele Gene function

Type of
Polymorphism

polymorphism
details

Chromosome
Location

location in
gene

HTR1A GG/CG G
Serotonin

Receptor 1A

C-->G SNP
(BstF5I) at

position -1019
from ATG start

site 5q11.2-q13

PCR
fragment is
from -1158

to -996 from
ATG start

site strobel,
2003;

promoter

DBH TT (A1/A1) T
Dopamine-beta-

hydroxylase

C-->T SNp at
position 1604;

R535C (BstUI);
rs6271

A1=T; amino acid
#535; codon pos
#1; C-->Arg (R);

T-->cys (C). 9q34

exon 11:
142bp

fragment
(originally

FnuDII
digest). A1:
95, 47bp;

A2: 66, 47,
29bp.

CHRM2
rs2061174 CC C

Muscarinic
acetylcholine
receptor M2
(CHRM2)
rs2061174

C-->T SNP
rs2061174 (BssSI)

ancestral allele=C;
T allele doesn't cut

(261bp) and C
allele does

(148bp+113bp) 7q31-q35 intron 4

PXR GG
Pregnane Orphan
Receptor (NR1I2)

G-->A SNP
(intronic);
rs1464603 3q13-q31 intronic

TPH2 AA A

Tryptophan
Hydroxylase 2
(neuronal TPH)

G1463A;
Arg441His;

paper refuting
Zhang et al,

2005 12q21.1 exon 11

TPH2 GG G

Tryptophan
Hydroxylase 2
(neuronal TPH) A-->G; rs1386494 12q21.1 intron 5

TH 0,1 TH*2
Tyrosine

Hydroxylase VNTR 11p15.5 Intron 1

GNB3 TT T
G protein Beta

subunit 2 C825T

T allele results in
deletion of amino

acids 498-620 12p13 exon 9
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Gene
Risk

Genotype
Risk
allele Gene function

Type of
Polymorphism

polymorphism
details

Chromosome
Location

location in
gene

ADRA2C deletion del
Alpha adrenergic

receptor 2C 322-325del 4 amino acid
deletion 4p16.1 coding
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8. APPENDIX C. GENOTYPE AND ALLELE 
FREQUENCIES OF NON-SIGNFICANT FINDINGS. 

RISK GENOTYPES ARE INDICATED BY AND *. 
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AP2 Beta S/S S/L* L/L* S L
history negative 12 (.14) 37 (.44) 35 (.42) 0.36 0.64 
history positive 12 (.12) 47 (.49) 38 (.39) 0.37 0.63 
responder 4 (.10) 22 (.56) 13 (.33) 0.39 0.62 
non-responder 8 (.14) 25 (.43) 25 (.43) 0.35 0.65 

BDNF AA* AG GG A G
history negative 2 (.02) 28 (.34) 53 (.64) 0.19 0.81 
history positive 2 (.02) 29 (.30) 66 (.68) 0.17 0.83 
responder 1 (.02) 8 (.21) 30 (.77) 0.13 0.87 
non-responder 1 (.02) 21 (.36) 36 (.62) 0.20 0.80 

SLC6A4pro LL* L/S SS S L
history negative 27 (.32) 39 (.46) 18 (.21) 0.55 0.45 
history positive 37 (.38) 35 (.36) 26 (.26) 0.56 0.44 
responder 12 (.30) 15 (.37) 13 (.33) 0.49 0.51 
non-responder 25 (.43) 20 (.35) 13 (.22) 0.60 0.40 

SLC6A3 (DAT1) 0 10R* 1 10R* 2 10R 10R other 
history negative 4 (.05) 31 (.37) 49 (.58) 0.23 0.77 
history positive 6 (.06) 48 (.50) 42 (.44) 0.31 0.69 
responder 2 (.05) 23 (.61) 13 (.34) 0.36 0.65 
non-responder 4 (.07) 25 (.43) 29 (.50) 0.28 0.72 

HTR6 TT* TC CC T C
history negative 3 (.04) 25 (.30) 54 (.66) 0.19 0.81 
history positive 1 (.01) 25 (.27) 67 (.72) 0.15 0.86 
responder 0 (.00) 9 (.26) 26 (.74) 0.13 0.87 
non-responder 1 (.02) 16 (.27) 41 (.71) 0.16 0.85 

DRD4-120 LL LS* SS* L S
history negative 60 (.73) 20 (.24) 2 (.02) 0.85 0.15 
history positive 52 (.60) 31 (.36) 4 (.04) 0.78 0.22 
responder 21 (.68) 8 (.26) 2 (.06) 0.81 0.19 
non-responder 31 (.55) 23 (.41) 2 (.04) 0.76 0.24 

DRD1+1403 TT TC CC* T C
history negative 32 (.38) 41 (.49) 11 (.13) 0.63 0.38 
history positive 44 (.46) 38 (.40) 14 (.14) 0.66 0.34 
responder 16 (.41) 19 (.49) 4 (.10) 0.65 0.35 
non-responder 28 (.49) 19 (.33) 10 (.18) 0.66 0.34 

DRD1-1251 GG* GC CC G C
history negative 66 (.80) 15 (.18) 2 (.02) 0.89 0.11 
history positive 72 (.77) 19 (.20) 3 (.03) 0.87 0.13 
responder 27 (.71) 10 (.26) 1 (.03) 0.84 0.16 
non-responder 45 (.80) 9 (.16) 2 (.04) 0.88 0.12 
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rs4680 AA AG GG* A G

history negative 26 (.31) 43 (.52) 14 (.17) 0.57 0.48 
history positive 30 (.32) 34 (.36) 30 (.32) 0.50 0.50 
responder 12 (.32) 13 (.35) 12 (.32) 0.50 0.50 
non-responder 18 (.31) 21 (.37) 18 (.31) 0.50 0.50 

DRD1-800 TT* TC CC T C
history negative 11 (.13) 40 (.48) 33 (.39) 0.37 0.63 
history positive 14 (.15) 38 (.40) 42 (.45) 0.35 0.65 
responder 4 (.10) 19 (.50) 15 (.40) 0.36 0.65 
non-responder 10 (.18) 19 (.34) 27 (.48) 0.35 0.65 

DRD1-48 GG* AG AA G A
history negative 11 (.13) 41 (.49) 32 (.38) 0.38 0.63 
history positive 14 (.14) 39 (.40) 44 (.45) 0.35 0.66 
responder 4 (.10) 19 (.49) 16 (.41) 0.35 0.65 
non-responder 10 (.17) 20 (.35) 28 (.48) 0.35 0.66 

HTR1A CC CG* GG* C G
history negative 15 (.18) 44 (.54) 23 (.28) 0.45 0.55 
history positive 28 (.30) 46 (.48) 21 (.22) 0.54 0.46 
responder 13 (.35) 14 (.38) 10 (.27) 0.54 0.46 
non-responder 15 (.26) 32 (.55) 11 (.19) 0.53 0.47 

DBH A1/A1* A1/A2 A2/A2 A1 A2 
history negative 2 (.02) 11 (.13) 71 (.85) 0.09 0.91 
history positive 2 (.02) 10 (.11) 83 (.87) 0.07 0.93 
responder 2 (.05) 3 (.08) 33 (.87) 0.09 0.91 
non-responder 0 (.00) 7 (.12) 50 (.88) 0.06 0.94 

MAOA S/S S/L L/L* S L
history negative 19 (.22) 30 (.36) 35 (.42) 0.41 0.60 
history positive 21 (.22) 22 (.23) 53 (.55) 0.33 0.67 
responder 11 (.29) 10 (.26) 17 (.45) 0.42 0.58 
non-responder 10 (.17) 12 (.21) 36 (.62) 0.28 0.72 

CHRM2 TT TC CC* T C
history negative 45 (.54) 29 (.34) 10 (.12) 0.71 0.29 
history positive 36 (.38) 46 (.49) 12 (.13) 0.63 0.37 
responder 11 (.30) 22 (.59) 4 (.11) 0.60 0.41 
non-responder 25 (.44) 24 (.42) 8 (.14) 0.65 0.35 


