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1. Introduction

Mood disorders are among the most common psyabidisorders. Usually they have an
early onset and a long-lasting time course. Theeefbesides personal suffering, these
disorders impose a great burden on all nationsutfirairect costs (such as hospitalization
and pharmacological treatments) and indirect c@sts, inability to work, and the loss of
productive forces due to early death rates). Adogrdo the World Health Organization’s
estimates depression will be the second main reémoreduced work capacity and early
death by 2020, and will demand great expenses althheare budgets. Unfortunately, the
currently available treatment options for major rdsgion are only partially effective, since
many patients do not or only moderately respondrtm therapies. The lack of cooperation
(which can be due to drug side effects) is alsaremuent problem. Searching for the
underlying mechanisms in mood disorders has bewsot ¢opic in the medical field over the
last decades. There are several methodologicabagipes in this research; one of them is
aiming to unravel the complex genetic backgroundnobd disorders. The findings of these
psychiatric genetic studies can help to identifgsth vulnerable individuals who would
develop depressive symptoms as a response tofgtraisigations. Also, these genetic studies
might identify novel molecular targets with a pdtahfor innovative antidepressant drug
design.

The aim of my PhD research was to investigate fifecteveness of two potential
biomarkers (which have been shown previously tg pleole in the pathomechanism of mood
disorders) in our patient population treated durngajor depressive episode (MDE). The
peripheral level of a protein biomarker, the plasWascular Endothelial Growth Factor
(VEGF) was analyzed in antidepressant drug respoimsé¢he hope of finding an early
diagnostic biomarker for mood disorders, a potégimetic risk factor was also investigated
in the Hungarian patient population. Based on earésults, we chose the P2RX7 (purinergic
receptor P2X, ligand-gated ion channel, 7) as andate gene.

My thesis presents genetic association analyseswof P2RX7 single nucleotide
polymorphisms (SNPs) in unipolar major depressigiDD), bipolar disorder (BPD), and
depressive symptom severity. One of the investig&2RX7 polymorphisms (GIn460Arg,
rs2230912) was already associated with both MDD BR® in earlier studies. In addition,
we tested a new potential microRNA binding siteypwrphism, rs1653625 from the 3’ end
of the P2RX7 gene.



2. Aims

The aim of our study was to analyze two possiblemarrkers (VEGF protein level and
P2RX7 gene polymorphisms) which could affect degices symptom severity and/or could
potentially predict treatment success. The patidistignosed with either MDD or BPD had an
active depressive episode; whereas the controls keeruited from the general population.

2.1 Peripheral VEGF protein level as a potential predictor for treatment
response

Based on previous findings, the VEGF might haveirmaportant role in the molecular
pathomechanism of mood disorders, and it might affert treatment outcome.

The present study tested if plasma VEGF levelsreednd after the 28 day treatment period
were in association with antidepressant drug respam a sample of patients treated during
MDE.

2.2 P2RX7 polymorphisms as possible genetic risk factors for depression

In this genetic association study we tested if P2ZR)ne polymorphisms (rs2230912,
rs1653625) were in association with the occurrenic®#DD or BPD. First a case-control
analysis was carried out. Then a dimensional megs also tested, since it can be more
sensitive in identifying small genetic effects.this dimensional analysis we used symptom
severity as the dependent variable. Depressioraarigty symptoms were measured with the
Hospital Anxiety and Depression Scale (HADS) ane Montgomery—Asberg Depression
Rating Scale (MADRS).

3. Methods

Data was collected from more than 400 patientsmiiagd with mood disorder and from
almost 560 healthy control participants. Howevbeg inclusion criteria for the two types of
analyses (i.e., the VEGF and the P2RX7 study) wiéferent in terms of age, clinical status
(possible chronic diseases), and valid phenotydeganotype data.

Patients with current MDE were recruited at the &#épent of Clinical and Theoretical
Mental Health, Kuatvoélgyi Clinical Center, SemmelweuUniversity, or at the Psychiatric
Ward, Nyi Gyula Hospital (Budapest, Hungary). For the cdnsample, healthy young
adults were recruited at the EOtvos Lordnd UnivgrsParticipants filled out a set of



guestionnaires, which included the Hospital Anxietyd Depression Scale (HADS), the
Montgomery—Asberg Depression Rating Scale (MADR®} wollected only from patients
with MDE. The study was approved by the Sciengiicl Research Ethics Committee of the
Medical Research Council. (ETT-TUKEB reference nemb 4514-0/2010-
1018EKU(294/P1/10.)

Study of the VEGF biomarker was carried out onr§ghtients (MDD=21 and BPD=13,
9 men and 25 women, mean age 44.6+12.6 year).nBatieere excluded if their MADRS
score was less than 20 at the time of the first (i§;). Furthermore, major cardiovascular
events, malignant and/or hematopoietic diseasesrlgamatoid arthritis were also in the
exclusion criteria. Levels of plasma VEGF were mead by dr. Judit Dobos in the National
Institute of Oncology (Department of Molecular Imnalogy and Toxicology). Levels of
plasma VEGF and the severity of depressive symptawer® monitored at two dates: at
baseline and after a four-week treatment period. tRe analyses of plasma VEGF levels
paired sample t-tests were used.

For testing the peripheral VEGF protein level apagential predictor for treatment
response, we divided our sample into a respondeéraanon-responder group (responders
were defined as those whose MADRS total scoreeasétond visit (%) was reduced by at
least 50% compared to their MADRS total score aebae (first visit, \{). Conversely,
patients with less than a 50% improvement in MADBIAI scores during the period between
V; and \b were regarded as non-responders. Then, VEGF leatelsaseline and after
treatment were tested in both groups. Also, inmaettisional approach VEGF and MADRS
scores were analyzed in a regression model.

Genetic association analyses were carried out m waves: in the first study 171
patients were included (MDD=107 and BPD=64; 25.1%evand 74.9% female; mean age
48.5+11.0 years). In this sample only the exon palgphism (rs22300912) was genotyped
using allele-specific TagMan probes on a real-tift@R machine. Afterwards additional
patients were recruited, and the second set ofsemlincluded 315 patients (MDD=195 and
BPD=120; 24.8% male and 75.2% female; mean age7 &+41.5 years) and 373 controls
(30.0% male and 70.0% female; mean age 28.3t12a#s)yeOn this expanded dataset the
microRNA binding site polymorphism of P2RX7 (rs1623) was also genotyped with a
restriction fragment length polymorphism (RFLP) hoet developed at the Molecular
Genetic Laboratory, Institute of Medical ChemistryMolecular Biology and

Pathobiochemistry, Semmelweis University. Sincerfean age of the clinical sample was



higher than in the control sample, we selected gatrmaatched control subsample (N=163;
mean age was 37.8+12.9 years) from the control Eamp

In the case-control genetic analyses chi-squarts tesre used to test the genotype
frequency differences in the MDD and BPD vs consainples. In the dimensional analyses
we compared the mean depression symptom scorée afifferent P2RX7 genotypes in the
patient group with analysis of variance (ANOVA) test if any genotype would affect the
severity of symptoms. Two-way analysis of variansas used to test the possible
interactional effect of the groups (clinical or tah) and P2RX7 genotypes.

4. Results

4.1 Changes in the peripheral levels of VEGF before and after treatment

As expected, the responder group showed a bigdiratice in the MADRS scores after
treatment as compared to the non-responders. Ireipender group the MADRS mean score
was 75% less in the control visit, as comparechéltaselinep<0.0001), whereas the non-
responder group showed only an average 25% cha@e001). The peripheral levels of
VEGF did not show any significant difference befarel after the 28 day treatment either in
the total sample, nor in the responder or in the-msponder groups.

4.2 Baseline VEGF plasma level as a possible predictor of treatment
response

The non-responder group showed higher plasma VEE@# ht baseline as compared to the
responders’ baseline VEGF levekE(Q.055). This trend was observable after treatrasmell
(p=0.097). Further tests of the dimensional apprahdwed that the baseline VEGF level is a
predictor of MADRS symptom severity score afteridepressant treatmerp<0.02). These
results suggest, that the peripheral level of VE@GIGht be a good biomarker of treatment
response in patients with MDE. However, furthereipeindent replications are needed.



4.3 P2RX7 genotypes as possible risk factors of depression (case-control
model)

No significant genotype or allele difference waseafted in the clinical subsamples (MDD,
BPD) vs. control group in the first sample or iretlexpended sample at any of the
investigated P2RX7 polymorphisms (rs2230912 an@53625).

4.4 G allele of P2ZRX7 rs2230912 as a possible biomarker for depression
symptom severity (dimensional approach)

Significant difference of the mean depression amxlesy scores was observed between the
different genotype groups at the P2RX7 exon polyh@m (rs2230912) in both the first and
the expanded sample. MDD and BPD patients withGladlele of P2RX7 rs2230912 showed
significantly higher mean score on the HADS depoesgp=0.0004) and anxiety scale
(p=0.012) compared to the AA genotype. At the sametino significant association was
observed between this exon polymorphism and anxietgepression scores in the control
sample. These results were replicated on the ewgesdmple. Furthermore, in the BPD
group the rs2230912 G allele was associated wigheniMADRS mean score£0.028).

4.5 MicroRNA binding site polymorphism of P2RX7 (rs1653625) as
possible biomarker for symptom severity (dimensional approach)

BPD patients carrying the C allele of the rs1653826wed lower mean depression symptom
severity scores on both depression scales as cethpmthe AA genotype group (for HADS:
p=0.017, for MADRSp=0.019).



5. Conclusions

First, we tested the possible associations betd#eBF plasma levels and antidepressant
drug therapy with different approaches. We didfimat any significant difference in the total
clinical sample comparing the baseline VEGF leved &/EGF level after the 28 day
treatment. However, responders and non-respondewesl a different VEGF levels at
baseline 1§=0.055) and after treatment as wgi-0Q.097). Dimensional analysis identified a
significant association between plasma VEGF atlimesand symptom severity measured by
MADRS (p=0.02): the low peripheral VEGF level at baselimedicted low MADRS scores
after treatment. These results suggest that plagi@F level might be a biomarker for
successful antidepressant treatment in patients wéjor depressive episode if effectiveness
of therapy is measured by quantitative methodssé&esults are in line with previous studies
suggesting that VEGF might have an important rolehe molecular changes occurring
during antidepressant treatment.

The genetic analyses of the P2RX7 polymorphisn2288912 and rs1653625) tested
the possible associations with MDD or BPD diagnaasswell as with depression and anxiety
symptom severity. In the case-control analysesigmifcant difference was observed in the
P2RX7 allele or genotype frequencies at eithermpolphisms between patient (MDD, BPD)
and the control samples. In the dimensional analysetested if P2RX7 polymorphisms were
in association with symptom severity. Our firstuks showed that MDD and BPD patients
with the rs2230912 G allele had higher mean sconethe HADS depressiop£0.0004) and
anxiety scalespe0.012) compared to the AA genotype. Analyses ef ékpanded dataset
confirmed and further clarified this associatiof?B patients carrying the rs2230912 G allele
showed not only higher mean scores on the HADS edspn scalepE0.003), but on
MADRS as well p=0.028). These results support previous studiesvisigo association
between the P2RX7 exon polymorphism and major édspe, and also support the idea that
dimensional approaches are more sensitive to deteatl genetic effects as compared to
case-control analyses. According to our best kndgde our study was the first to report
significant association between the P2RX7 microRNnding site polymorphism
(rs1653625) and depression symptom severity meddyrbéoth HADS and MADRS.
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