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Objective: To evaluate common genetic
variations for association with symptomatic
improvement in bipolar I depression following
treatment with olanzapine/fluoxetine combina-
tion (OFC) or lamotrigine.

Method: Symptom improvement was assessed
in 88 OFC-treated and 85 lamotrigine-treated white
patients with bipolar I depression in the 7-week
acute period of a randomized, double-blind study
comparing OFC (6/25, 6/50, 12/25, or 12/50 mg/d
[olanzapine/fluoxetine]) with lamotrigine (titrated
to 200 mg/d). The original study was conducted
from November 2003 to August 2004. Single nucle-
otide polymorphisms (SNPs) were genotyped in a
set of 19 candidate genes corresponding to known
sites of activity for olanzapine and fluoxetine or
previously associated with antidepressant or antipsy-
chotic response. Primary outcome was the reduction
in Montgomery-Asberg Depression Rating Scale
(MADRS) total score as assessed by the difference
by genotype from baseline to week 7 from a mixed-
effects repeated measures analysis with terms for
visit, genotype, genotype-by-visit interaction, and
baseline MADRS score as a covariate.

Results: SNPs within the dopamine D, recep-
tor and histamine H, receptor (HRHI) genes were
significantly associated with response to OFC. SNPs
within the dopamine D, receptor, HRH1, dopamine
B-hydroxylase, glucocorticoid receptor, and melano-
cortin 2 receptor genes were significantly associated
with response to lamotrigine.

Conclusions: SNPs in specific candidate genes
were associated with symptomatic improvement in
a treatment-specific fashion. These results suggest
the importance of dopaminergic effects in the treat-
ment of patients with bipolar I depression and the
potential utility of genotyping in selection of phar-
macologic treatments for bipolar depression.
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M ajor depressive episodes among patients with bi-
polar I depression are associated with significant
morbidity, disability, and mortality.' The current American
Psychiatric Association (APA) practice guidelines recom-
mend either lithium or lamotrigine as first-line treatment for
bipolar I depression, while olanzapine/fluoxetine combina-
tion (OFC) and quetiapine are currently the only treatments
for acute bipolar I depression approved by the US Food &
Drug Administration.”™* The efficacy and safety of OFC
(N=205) and lamotrigine (N =205) were evaluated in the
acute phase (7 weeks) of a multicenter, randomized, double-
blind study”’ of inpatients or outpatients meeting Diagnostic
and Statistical Manual of Mental Disorders, Fourth Edition,
Text Revision (DSM-IV-TR)® diagnostic criteria for bipolar
I disorder, depressed. It was an option for patients in this
study to consent to provide a sample for genetic analysis.
Both treatments showed significant interindividual vari-
ation in therapeutic efficacy. Variation in genes involved
in the mechanism of action of individual medications
may account for some of this interindividual variation.”
For instance, polymorphisms in the dopamine D, recep-
tor (DRD3) gene have been associated with greater positive
symptom response to olanzapine in patients with schizo-
phrenia.*” The ability to predict treatment response in
bipolar depression would be of great value in making ratio-
nal therapeutic choices for individualized patient therapy.
Therefore, this exploratory study examined variations in a
set of candidate genes corresponding to known or putative
mechanisms of actions of olanzapine and fluoxetine, as well
as those previously reported to be predictors of response for
antidepressant or antipsychotic medications, for association
with depressive symptom improvement and remission.

METHOD

Subjects

Subjects were adult outpatients or hospital inpatients
from a randomized, double-blind study conducted in the
United States from November 2003 to August 2004 com-
paring OFC with lamotrigine treatment; details of the
overall study population and design have been previously
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Table 1. Baseline Characteristics of Patients Taking
Lamotrigine or OFC for Bipolar Depression®

All
Patients
Genotyped Patients All From
Lamotrigine OFC Patients ~ Parent Trial
Characteristic n=_85 n=_88 N=173" N=410
Male sex, n (%) 38 (44.7) 39 (44.3) 77 (44.5) 164 (40.0)
Age, 36.6(11.4) 355(11.6) 36.0(11.5) 37.0(1L1)
mean (SD), y
CGI-S score, 4.8 (0.7) 47(07)  4.8(0.7) 4.6 (0.6)
mean (SD)
MADRS 323(5.1)  314(53) 319(52)  31.0(5.4)
total score,
mean (SD)
YMRS 5.0 (3.5) 47 (3.2) 4.8(3.4) 49(3.3)
total score,
mean (SD)

*One patient was missing a value for therapy and was not included in the
lamotrigine group or OFC group.

Abbreviations: CGI-S = Clinical Global Impressions-Severity of Illness
scale, MADRS = Montgomery-Asberg Depression Rating Scale,
OFC = olanzapine/fluoxetine combination, YMRS = Young Mania
Rating Scale.

reported.® Relevant inclusion criteria included the follow-
ing: patients met DSM-IV-TR diagnostic criteria for bipolar
I disorder, depressed, on the basis of the Structured Clini-
cal Interview for DSM-IV Axis I Disorders (SCID-P)"; they
had a minimum Montgomery-Asberg Depression Rating
Scale (MADRS)"" total score of 20; and they had a minimum
Clinical Global Impressions-Severity of Illness (CGI-S)"
score of 4 (moderate). Patients were randomly assigned in
a 1:1 fashion to treatment with OFC (6/25, 6/50, 12/25, or
12/50 mg/d) and lamotrigine (titrated to 200 mg/d). The
study protocol was approved by institutional review boards,
and written informed consent was obtained from all par-
ticipants prior to study entry. Of the 410 patients enrolled
in the clinical trial, 212 consented at the initial study visit
to donate a blood sample for genetic analysis. Of these sub-
jects, 173 white subjects were used in this analysis (Table
1). Genotype association analysis was limited to white pa-
tients to minimize the effects of population stratification.
Single nucleotide polymorphisms (SNPs) used to evaluate
population substructure are typically selected with the un-
derstanding that they have no association with the endpoint
being examined. All the SNPs examined here are within
candidate genes, so we could not formally use them to as-
sess population substructure. However, the inflation factor
due to stratification, lambda," was estimated to be 1.03 us-
ing all of the genotyped SNPs, suggesting only minor or no
confounding effects of population substructure.

Clinical Assessments

Depressive symptoms were assessed at each weekly study
visit with the MADRS."" Response was defined as mean
change in MADRS total scores from baseline to the end
of the acute treatment period at 7 weeks on the basis of
repeated measures.
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Genotyping

Nineteen genes were selected for genotyping (Table 2),
including 5 serotonergic, 5 dopaminergic, 2 a-adrenergic,
and 2 histamingeric genes. Genotyping was performed on
a subset of white patients (n=173) from the larger study
who agreed to donate a DNA sample at baseline for analy-
sis. Genotyping was performed by Cogenics (Newton,
Massachusetts) using the MassArray platform'* for SNPs
and polymerase chain reaction (PCR) characterization for
2 length variation and 1 insertion/deletion polymorphisms:
(1) Two major alleles (termed short [s] and long [1]) and
1 minor allele (termed extra long [xl]) correspond to the
presence of 14 versus 16 versus 18 20-23 base pair repeat
elements in the serotonin transporter gene-linked polymor-
phic region (SLC6A4)"; (2) a 48 base pair segment in exon
3 of the coding region of dopamine D, (receptor DRD4) is
characterized by a varying number of direct imperfect 48
base pair repeats'®; and (3) a 19 base pair insertion/deletion
in the dopamine -hydroxylase promoter characterized us-
ing Titanium Taq DNA polymerase'” (Clontech, Leusden,
The Netherlands).

Of 254 SNPs attempted, 232 were successfully genotyped
in at least 190 individuals (90%); 99 of these SNPs were ex-
cluded prior to analysis because minor allele frequencies
in the sample as a whole were less than 15%. A 15% minor
allele frequency cutoff was used to ensure sufficient num-
bers of individuals per genotype and enhance the likelihood
of results’ having clinical utility. Likewise, of the 3 variable
number tandem repeats (VNTRs) and insertion/deletion
polymorphisms attempted, 3 were successfully genotyped
in at least 190 individuals (90%). Four SNPs were out of
Hardy-Weinberg Equilibrium (P<.0001)" and were ex-
cluded from analysis, leaving 129 SNPs that passed quality
control (QC). Finally, 2 individuals were excluded from
analysis because of a genotyping rate less than 85%. Among
the remaining individuals, genotyping pass rates were above
89.5%. Of these individuals, 173 were white (on the basis
of self-report).

Statistical Analyses

The assessment of the effect of genotype on change
in MADRS scores was evaluated using the P value for a
difference between genotype means at 7 weeks from a
mixed-effects repeated measures (MMRM) analysis of
variance with terms for visit, SNP, SNP-by-visit interac-
tion, and baseline score as a covariate. For the term SNP
in the MMRM model, SNP was entered as the number of
variant alleles a subject had and was handled as a continu-
ous variable. For the SCL6A4 polymorphism, the genotypes
s/s, s/1,1/1, and I/x] were coded as 0, 1, 2, and 3, respectively,
and placed into the MMRM as a continuous variable. For
the DRD4 VNTR, the allele with the largest and smallest
number of repeats was entered into the MMRM as a con-
tinuous variable. Correction for multiple testing within
each gene was performed using the effective number of

J Clin'Psychiatry 71:5, May, 2010



Genetics and Treatment Response in Bipolar Disorder

‘wstydrow4jod apnoapnu oduts = NS ‘UoneuIquIod dumnaxonfj/aurdezue[o =10
9[qesridde jou = yN ‘0uad 10)dosar ' surureysiy = 1y H @udl 103dadar’(q surwredop = Hqyq Quad 103dadart(q surwredop = ¢y 9uas 10)davarq surwredop =gy “mred aseq=dq :suoneraarqqy
APANoadsal (OF¢” pue £00" =d) DJO J0U Inq durSrnote] 03 3suodsal (im pajerdosse AuedyTudls sem yorym 161951 yim @' Suons uf,
"(9€0° PUB 000°T =d) STBLELYST PU® (9€0° PUB 000°T =d) F1080€¥ST (9€0° PU 000'T =d) L060¥6151 “(9€0° PUE 000" =d) 9FTESSOTST (9€0°
PUe 000'T=d) SFZESS0TSI “(9€0° PUB 000'T =d) S0£888¢ST :A[9A130adsax durdrijowre] 0 a19m Jnq DI 03 dSuodsar Y)Im pajerdosse A[uedsyruds Jou oS[e 1M YPIYM ‘SINS SUIMO[[o] ) im (I Suons uf,
“(ApPAndadsar ‘pge” pue ££0 * :d) D0 10U Inq surStijowre 03 asuodsal yim pajerdosse AuedyIudis sem YIYM NS SI1uaSo) e yim T Suons uj,
(€01 pue 600" =d) 620FCEST PUL ($50° PUe 600" =d)
€20 zest :Apandadsar QuiSnowre] 0 asuodsar yim pajerdosse A[pjeropow pue DO 03 asuodsar yim pajerosse Auesyyrusis os[e a1om YIIYM SINS SUIMO[[0F ay3 Yim ((1'T) winrqibastp adeyur) Suons uf,
o MOUAN £q paqr1dsap se g x (] sdNS yuspuadaput jo aqunu AR5 a3 uisn pawrojiad sem suad oy uryim Sunss) afdnnur 10§ UOHIII0D,

“(SANS ) #V9DTS “(SANS €)

IDEYN (NS T) €SVAN “(SANS 1T) ¥ZOW “(SANS S) ddAT ‘(SANS 9) 94.LH (SANS 6) DTY.LH (SANS 9) VZHIH ‘(SANS S) VIY.LH (SANS ¢) IHYH ‘(ALNA T Pue sdNS ¢) #QI ‘(SANS T1) €I ‘(SINS
€€) ZQYA ‘(SANS ¥) IqYJ ‘(uonapp/uonasul [ pue dNS 1) HId (dNS 1) LIWOD (SANS ) XNV (SANS T) VZVIAV (SANS TT) VIVIQYV :saua8 ayj sso1oe pazd[eue swsiydrowsod jo roqumu [ejog,

S0 ¥20° 0 1c  (Te)oce- ¥ (TID) T'L1- esT ST ¢ (€¢oe- s1 (01D 61— T (66) 60T (D/V) 861951

¥00° #00° 01 (som)601- L& (S0D)06I- 8T  (L'6)¥TC- 69T 9T 9 (Ts) st Le (00D) LTT— LT (911) 00T J(L/D) L¥L8STsT
IDEIN

650° €0 01 (g6)STc- 6T (001)T6I- 9T (0°CI)L9T- Fes 8T 8 (86)81C- 9z (€11)0T1c- 9T (T6)TTT- (I/Q) sLTET8SST

820" S10° 81 (ze1)e9r- c¢€ (zopDTrel- ¥#1 (L'8)%TC- 00T 8vS 91  (F'6)T'lc- 6T (601)LT1T- ST (L'6)0CT- (9/D) ,6£€87TLST

661" 91 ¥ (070991~ 1¢ (T01T6l- 8 (6'8) €°0T- 8¢0° 00200 9tz  (Te)Tie- ST (TID¥oT- 1 (VN) 0°8- (DIV) LY TH9PFsI
YTOW

8€0’ 8€0° I (VN)O¥e- 9z (€01)S0c- 8¢ (801)TLI- 68T 68T 0 61  (06)0€T- T1F (901)01C- (L/D) €519L01s1
HIa

%0’ 90" sz (601) 91— €€ (66)T8I- € (991) €6~ see see vr (601)961- LT (§6)9TT- S (L01)0¥C- (D/V) 19%9¢651
PaQya

010° 1000> T  (s01)0¥c- %€  (F6)T6I- FI (600 ¥ TI- 01 LSS Tz (Ton)o€c— 8T (901)¥0c- 01  (16)61C- (1/D) L¥1SFTHsT
aya

0%0° 610 4 (82)s61- €T (L6)STT— 8¢ (I'T1) 991~ €IS 9T S (89 %81~ ¢ (66)961- €€ (S0D¥Fe~ (L/D) (VIbBL) L6V008151

o 120° 0 81  (88)sTt- S¥ (601) 691~ 0T S19° 0 € (§6)6'61- 9¢  (S01)¥TT- (1/D) T09%TTITsx
DDINY

6€0° 6€0° € (62)08- 8T (901)9L1- ¥v (L01)661- €h0° [ VN (00)08- €1 (IL)L1c- T (801)LT1C- »(L/D) 0L09F€sT
THYH

000°T SIT0  v¢ (1o 891- ¢z (€I1D)¥0c- 8  (I'Cl) 61T 18T €0r T (LT1D¥el- st (#8)9€T- 6 (62) LTt~ (/D) 0879s1

€01 610° 9 (¢8)0¥c- 1T (L11)Tee- 8¢ (6'6) 6'SI- £00° 1000 S (69)8¥c- 8T  (8L)9¥%c— LT (911)6LI- S(D/V) 0LLL9Ts1
qeri(el

od PI2RIIOD  on[eAd U a4 u qav u \AY od PAI22II0D  AN[EAd U a4 u qv u \A4 9/V)

adfyouan adfyouan (dq) ANS
suisinowe| 210 auan)

sadAjoudn ajepipue) (dnoxg juawijear) I Ised[ Je 10J GO° >4 pajddriodun)
JuedIUSIS Aq uoIssaxda( | fejodig UM SJUdIeJ UI JUIUI)RAL], JUISLIJOWR T 10 DO JO SN 2 0} dul[aseq WOk 31028 [0, SYAVIN Ul 38uey) ((S) Uedy ‘Z d[qeL

601

PSYCHIATRIST.COM

5, May 2010

JClin Psychiatry 71



Perlis et al

independent SNPs (M,) X P as described by Nyholt."” Be-
cause the statistical power to detect associations was low,
no experiment-wise correction was applied, as this was
an exploratory analysis with a limited number of candi-
date genes with high prior probability of association and
we were more concerned about type II than type I error.
For the primary analysis, OFC- and lamotrigine-treated
patients were analyzed separately. When the minor allele
was associated with greater response in comparison to the
more common allele, the genetic interaction was termed
an association with response. When the minor allele was
associated with less response in comparison to the more
common allele, the genetic interaction was termed an as-
sociation with nonresponse. Linkage disequilibrium (LD)
was calculated with Haploview software (Broad Institute,
Cambridge, Massachusetts).

RESULTS

Subjects and Clinical Assessment

Genotyping was completed for 88 OFC- and 85
lamotrigine-treated white patients. Baseline patient and
illness characteristics are shown in Table 1. The age, sex,
and illness severity of genotyped patients appeared simi-
lar to that of the entire clinical cohort. The proportion of
genotyped patients completing the 7-week acute phase of
the study was 68.2% (60/88) for the OFC group and 77.6%
(66/85) for the lamotrigine group.

Genotyping and Genetic Analyses

One hundred twenty-nine SNPs, 1 insertion/deletion
polymorphism, and 2 length variation polymorphisms
from 19 candidate genes met QC criteria and were used
for analysis.

Association With Response

The DRD3 SNP 15167770 and 2 other DRD3 SNPs in
strong LD were significantly associated with differences
in depressive symptom response to OFC (Table 2). All
3 of these SNPs had a modest effect on lamotrigine re-
sponse with a similar response pattern by genotype as
OFC, but this association was not significant after correc-
tion for multiple testing. Two additional DRD3 candidate
SNPs were examined that were not significant at the
gene-wise level. The SNP rs6280, which results in a ser/
gly substitution (ser-9-gly), was in modest LD with the 3
SNPs significantly associated with OFC response: rs16770
(r*=.747), rs324029 (r*=.760), and rs324023 (r’=.762).
There was a marginally significant effect for the rs6280
genotype on OFC response (uncorrected P=.033) but not
for the lamotrigine arm (uncorrected P=.215). Another
candidate DRD3 SNP, 152134655, in a different region of
the gene, was also marginally associated with response to
OFC (uncorrected P=.019) but not to lamotrigine (uncor-
rected P=.434).
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Two histamine H, receptor (HRH1I) SNPs in strong LD
were associated with depressive symptom nonresponse to
both OFC and lamotrigine (Table 2).

Finally, other polymorphisms associated with depressive
symptom nonresponse to lamotrigine but not OFC included
3 SNPs in the dopamine D, receptor gene (DRD2)/ANKK1,
1 SNP in DRD4, 1 SNP in the dopamine p-hydroxylase gene
(DBH), 3 SNPs in the glucocorticoid receptor gene (NR3CI),
and a block of 7 strongly linked SNPs and 1 moderately
linked SNP in the melanocortin 2 receptor gene (MC2R)
(Table 2). Although none of these melanocortin SNPs as-
sociated with lamotrigine response were associated with
response to OFC, an additional MC2R SNP rs4464147 was
associated with response to OFC, but not to lamotrigine.

Only the DRD3 SNPs rs16770, rs324029 and rs324023
were significantly associated with baseline MADRS (P=
.038, .042, and 0.042, respectively), although not after ad-
justment for multiple comparisons. The clinical impact of
these 3 SNPs was modest. For example, the mean + SD base-
line MADRS score was 31.2+5.1 (n=93),32.0£5.0 (n=64),
and 34.1+6.1 (n=18) for the AA, AG, and GG genotypes
of rs16770, respectively.

DISCUSSION

This genetic association study, which is one of the first
to examine treatment response in bipolar I depression,
identified polymorphisms in 3 genes that were nominally
associated with response to OFC and 5 genes nominally as-
sociated with response to lamotrigine. The SNPs in 2 genes
were associated with response in both treatment arms.

A block of 3 intronic DRD3 SNPs in strong LD were asso-
ciated with response to OFC. These SNPs were in moderate
LD with the frequently studied nonsynonymous ser-9-gly
(rs6280) SNP. The minor gly allele of the ser-9-gly SNP and
other minor SNP alleles in moderate LD were associated
with greater response, whereas the minor rs2134655 allele in
a separate haplotype block was associated with nonresponse
(nonsignificant at gene-wise level). This pattern of associa-
tion with OFC response in patients with bipolar disorder is
similar to that shown in prior studies of olanzapine response
in schizophrenia, which suggested that polymorphisms in
the DRD3 gene (including ser-9-gly) were associated with
olanzapine positive symptom response (the gly allele being
associated with greater response in both patient popula-
tions),*’ and the minor rs2314655 allele was associated with
olanzapine positive symptom nonresponse.’ Thus, it is very
likely that the observed association with OFC response in the
current study is due to the olanzapine component of OFC,
although the results need to be confirmed. Olanzapine has
moderate affinity for DRD3 (K;=43.7 +8.95 nM), approxi-
mately 4-fold less than its affinity at DRD2 (K;=10.5+0.22
nM),*" and DRD3 antagonism may be an important site
for olanzapine therapeutic efficacy. More broadly, dopa-
minergic neurotransmission has been implicated in the
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pathophysiology of affective disorders, and dopaminergic
modulation may be an important pathway for antidepres-
sant mechanism of action.””** DRD3 may be particularly
related to antidepressant activity due to its neuroanatomi-
cal localization in limbic regions of the brain. Vogel et al*
found a decrease in DRD3 messenger RNA (mRNA) in the
lymphocytes of patients with schizophrenia or bipolar disor-
der compared to controls that reversed with treatment. The
DRD3 gene should therefore be considered a candidate for
further studies of treatment response in bipolar disorder.

Both the HRHI SNP rs346070 and the MC2R SNP
rs4464147 were also associated with OFC response. Olan-
zapine has significant affinity at the HRHI receptor.”' The
HRH1 SNP associated with both OFC and lamotrigine re-
sponse in the present study is in an untranslated region of
exon 3. It is unclear what function variations in the HRH1
gene may play in the response to OFC or lamotrigine. Al-
though HRHI antagonism has been linked to sedation
and possibly weight gain associated with antipsychotic
treatment, it is unclear what role this receptor plays in thera-
peutic response.

The precise mechanism of action of lamotrigine in bipo-
lar disorder is not known but may be related to its inhibition
of neuronal sodium and calcium channels and indirect
modulation of y-aminobutyric acid neurotransmission.
Lamotrigine response was associated with SNPs in several
genes involved in catecholamine signaling, including the
DRD2, ANKK1, DRD4, and DBH genes. Lamotrigine does
not have substantial affinity at dopamine receptors, so the
functional consequence of the dopaminergic gene SNPs that
were observed to be associated with response are not obvious
and very likely indirect. ANKK1 is a serine/threonine kinase
gene downstream of DRD2, and it lies in the same haplotype
block.? The ANKKI SNP (rs11214601) that was associated
with lamotrigine response is in the downstream untrans-
lated portion of the ANKKI gene near the DRD2 genomic
region. It is downstream of the frequently studied TaglA
polymorphism in the ANKKI gene, which was also associ-
ated with lamotrigine response and has been associated with
smoking behavior and alcoholism.” SNPs in ANKK1 have
also recently been associated with nicotine dependence.”
Additional studies with denser SNP genotyping are needed
to confirm the association of DRD2 and/or ANKKI variants
in lamotrigine response in bipolar depression, in order to
more precisely identify the gene location that may affect
treatment response. A single SNP in the 5’ upstream region
of DBH was also associated with lamotrigine response. DBH
catalyzes the conversion of dopamine to norepinephrine.

Lamotrigine response was also associated with SNPs
in 2 genes involved in the hypothalamic-pituitary-adrenal
(HPA) axis signaling. Three SNPs in an untranslated region
of exon 9 or downstream of exon 9 of the glucocorticoid
receptor (GR) coding gene (NR3CI) were associated with
lamotrigine response. Dysregulation of the HPA axis is a
common finding in affective disorders, including bipolar
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disorder. GR regulation of this pathway is critical for normal
physiologic response to stress, and it has been suggested
that this receptor plays a role in antidepressant response.
Lithium and some antidepressants have been shown to alter
GR expression in cells and animal models.”® A postmor-
tem study found region-specific alterations in GR mRNA
in subjects with bipolar disorder compared with controls
and subjects with schizophrenia and depression.”” In ad-
dition, GR protein levels and DNA binding were altered in
lymphocytes of patients with bipolar depression receiving
pharmacologic treatment compared to matched controls
and compared to euthymic patients, suggesting that re-
sponse to therapy may normalize GR signaling.” This study
adds to the body of literature suggesting a role for the GR
in affective disorders by identifying a potential association
of specific polymorphisms in the GR coding NR3CI gene
with lamotrigine response.

It is intriguing that variations in a second gene that codes
for a receptor that is part of the HPA axis were associated
with lamotrigine response. MC2R is selectively expressed
in the adrenal cortex and regulates cortisol release via the
adrenocorticotropic hormone. A block of MC2R SNPs, in-
cluding the SNPs associated with depressive response in
patients with bipolar depression in the present study, was
previously observed to be associated with depressive symp-
tom response to olanzapine in patients with schizophrenia
and moderate depressive symptoms at baseline.”* None of
the associated SNPs are in coding regions of the gene, but
MC2R 154797825 and rs4308014 are in the 3" untranslated
region. SNP rs4464147, which was associated with OFC
response, is also in the 3’ untranslated region.

There was some overlap in the SNPs that were associated
with response to either treatment. The SNPs in the DRD3
gene that were significantly associated with response to
OFC were modestly associated with lamotrigine response,
but these associations were not significant after correcting
for within-gene multiple testing, suggesting that DRD3 may
have a more selective role in OFC mechanisms of action and
DRD3 variations may have a greater effect on OFC response
than on lamotrigine response. Likewise, both lamotrigine
and OFC response were associated with HRH1 SNPs. These
results suggest that both drugs have effects on bipolar de-
pression mediated by HRH1I or that HRH]1 variations are
markers of nonspecific or placebo response.

This study had a number of limitations, including the
lack of a placebo control group. Thus, the possibility that
the observed associations with treatment response were
actually due to placebo response cannot be excluded, in
particular for the SNPs that were associated with both OFC
and lamotrigine response. Of course, any association with
treatment response, regardless of specificity, could be of tre-
mendous clinical utility. In addition, the sample size for the
study was small, so the risk of type I error is high. Likewise,
as the SNPs in these genes were not selected to tag hap-
lotype blocks and thus capture all common variation, the
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associations with other, untyped SNPs in these genes can-
not be excluded. Coverage of the DRD2-ANKKI block and
of DRD3 was relatively good. In DRD2, of the 85 HapMap
SNPs, 81% were captured with 7> 0.8, and mean r* between
typed SNPs and HapMap SNPs was .90. Likewise, in DRD3,
of the 44 HapMap SNPs, 68% were captured with > 0.8, and
mean r* was 0.77. (HapMap provides a list of common SNPs
in the human genome that can be used to develop a haplo-
type plot.””) Tagging efficiency for most other genes was less
than 50%. Because statistical power to detect associations
was recognized to be low, this study did not correct for ex-
amining multiple genes, as there was more concern about
type II than type I error. This study also did not examine
association with adverse events because of the small sample
size. For the significant associations with OFC, it would be
beneficial to have had separate olanzapine and fluoxetine
treatment groups to determine which compound might be
primarily responsible for the associations. Finally, the risk of
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