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Project summary

Bipolar disorder (BD) is among the 10 most disabling conditions world-wide since
several medical and psychiatric comorbidities as well as cognitive deficits are
associated. Due to the weight of evidence suggesting the neuroprogressive evolution
of the disorder, BD has been put forward as a systemic disorder and the applicability of
a model of staging is under consideration. Factors such as cytokines (IL-6), oxidative
stress and neurotrophic factors (BDNF) have been proposed to explain the evolution of
the disorder. In this project, we aimed to study a staging model for BD based on clinical
and functional variables as well as biological validators. Moreover, we studied the role

of neurotrophins and their functional polymorphisms in the response to treatment in BD.

In study 1, stable bipolar patients were matched for age and gender with first degree
relatives of bipolar patients. Socio-demographic, clinical and functional data were
collected. Cytokines, BDNF, biomarkers of oxidative stress were assessed. Cluster
analysis was carried out to build a staging model and logistic regression was
conducted to study any associations between the model and biomarkers.

In studies 2 and 3, bipolar patients who were medication-free at baseline and in an
acute mood episode were recruited and matched with healthy controls. Clinical
evaluation, serum BDNF and BDNF Val66Met polymorphism were assessed along the

16-week follow-up.

In the first group of patients, the staging model depicted an early- and a /ate-stage
regarding functioning, number of episodes, age at onset of the disorder and time
elapsed since the first episode. IL-6 was associated with this model.

In the second group of patients, the BDNF Val66Met polymorphism predicted changes
in BDNF levels, and the response to treatment and the polarity of the episode were

associated with variations in BDNF levels.

Functional and clinical variables may determine a model of staging, defined with an
early and late stage. IL-6 may be a biological validator.

BDNF levels vary along treatment according to response to treatment, the BDNF
Val66Met polymorphism and polarity of the episode.



Conclusions

Conclusions

1. The clinical and functional variables that may be helpful to determine a model of

staging in bipolar disorder based on an early- and late stage are:

[V

. Severity of functional impairment assessed by the FAST score
b. Number of episodes

c. Age at the onset of the disorder

d

. Time elapsed since the first episode

2. The inflammatory biomarker IL-6 has been determined to be related to a model of
staging in bipolar disorder, displaying a progressive increase along the stages of
the classification ranging from first-degree relatives of patients diagnosed with
bipolar disorder without any psychiatric diagnosis, patients in an early stage to

patients in a late stage.

3. The neurotrophins and the oxidative stress markers do not seem to define
remarkable differences among the proposed stages in the model of staging in

bipolar disorder.

4. Peripheral BDNF levels vary along the pharmacological treatment according to
the response to treatment in patients diagnosed with bipolar disorder in an acute

affective episode.

5. The BDNF Val66Met polymorphism can predict variations in the BDNF levels
during the treatment in patients diagnosed with bipolar disorder in an acute

affective episode.

6. The polarity of the episode seems to influence the slope of peripheral BDNF
levels along the treatment in patients diagnosed with bipolar disorder in an acute

affective episode.
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La veritat no és un fet que puguem descobrir, com no podem saber per endavant
quines observacions son rellevants i quines no, tots els descobriments, tot allo que
ens ajudi a comprendre millor, neix com a prediccié del que pot ser. Aquesta
imaginacié predictiva és un acte creatiu de la ment, és un treball mental, una

inspiracié interior, no la conseqliiencia d’una investigacié programada.

Peter Medawar, The Art of the Soluble

Es considera que l'obra d’art, literaria, musical o plastica, neix perfecte com
Minerva del cervell de Jupiter, sense revelar el llarg i pends procés de la seva
elaboracio. Una altra diferéncia essencial entre el descobriment cientific i I'obra
d’art és que aquesta Ultima és el resultat de I'activitat creativa d’un sol individu. Es
inconcebible modificar o ampliar una cantata de Bach, una pintura de Rafael o La
Divina Comedia de Dante. En canvi, el descobriment cientific, tot i tenir origen en la
feli¢ intuicié6 d’'una persona, es converteix de seguida en una obra col-lectiva que

profunditza i s’estén conforme es descobreixen i coneixen noves coses.

Gunter Stent, Paradoxes of progress
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Abreviatures

1. Abreviatures

BDNF (Brain-Derived Neurotrophic Factor): factor neurotrofic derivat del cervell
CA: carrega alostatica
CGlI (Clinical Global Impression): escala d’'impressio clinica global

ELISA (Enzyme-Linked ImmunoSorbent Assay): assaig per immunoabsorcio

lligat a enzimes

GAF (Global Assessment of Functioning): escala d’avaluacié de funcionament

global

HDRS (Hamilton Depression Rating Scale): escala de valoracié de Hamilton per

a l'avaluacio de la depressio
IL: interleucina
INF-" : interfer6 gamma
Met: metionina
PCC (Protein Carbonyl Content): contingut carbonil proteic
PFC (PreFrontal Cortex): cortex prefrontal

Polimorfisme BDNF Met66Val: polimorfisme que consisteix en la substitucié de la

valina (Val) per metionina (Met) en la pro-regi6 del gen huma BDNF
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Abreviatures

STEP-BD (Systematic Treatment Enhancement Program for Bipolar Disorder):

Programa sistematic per a la millora del tractament en Trastorn Bipolar

TB: trastorn bipolar

TBARS (ThioBarbituric Acid Reactive Substances): substancies reactives a
I'acid tiobarbituric

TNF-a (Tumor Necrosis Factor alfa ): factor de necrosi tumoral alfa

Val: Valina

YMRS (Young Mania Rating Scale): escala d’avaluacié de Young per a

'avaluacié de mania
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Justificacio de la tesi

2. Justificacio de la tesi

Malgrat els ingents esforgos realitzats en investigacié psiquiatrica per a la
descoberta de diferents biomarcadors i classificacions amb finalitat diagnodstica i
pronostica, els resultats obtinguts encara disten dels aconseguits en altres
especialitats médiques. Com exemples assentats en el mén medic, trobariem
'estudi de la troponina-l en el dolor toracic en I'ambit de la cardiologia o la

classificacio Child-Pugh en el camp de I'hepatologia.

Tres vies son les proposades en l'actualitat quant als mecanismes involucrats
en el desencadenament i evolucioé de la malaltia bipolar aixi com possibles dianes
terapéutiques’: a) els factors neurotrofics, com el factor neurotrofic derivat del
cervell (BDNF), vinculats als processos neuroplastics, de neurogénesi,
supervivéncia i maduracié neuronal® b) els marcadors d’inflamacid, vinculats a
processos neuroinflamatoris® i c) els marcadors d’estrés oxidatiu associats a

possibles alteracions en les funcions mitocondrials®.

Donat que existeix evidéncia sobre la possibilitat que s’afecti de forma
sistémica el nostre organisme al llarg de I'evolucio progressiva del trastorn bipolar
(TB) a partir dels mecanisme préviament esmentats® ¢, s’ha suggerit la possibilitat
de classificar el TB en el marc d'un model d’estadificacié. Aquest model, ja
ampliament integrat en el marc oncologic, és de referéncia per a classificar una

entitat tumoral.

En aqueta tesi doctoral s’aprofundeix en el camp dels biomarcadors sérics i de
les classificacions en el TB a partir d’'un compendi d’articles, segons la normativa

de la Universitat de Barcelona. El treball inclou, per aquest ordre: una introduccid;
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Justificacio de la tesi

una seccido amb les hipotesis i objectius a estudi; el segueix una explicacié del

métode emprat i un resum dels resultats dels tres treballs inclosos al mateix temps

que el corresponent article original; prosseguim amb un apartat de discussiod; les

conclusions d’aquest projecte de doctorat i; finalment, un llistat de la bibliografia

citada.

Els tres articles inclosos en aquesta tesi doctoral son producte d’'una linia

d’investigacio col-laborativa internacional amb I'equip del Prof. Flavio Kapczinski,

anomenat expert en el camp dels biomarcadors i la proposta d’estadificacio en el

TB a nivell mundial:

| Grande, F Kapczinksi, L Stertz, GD Colpo, M Kunz, KM Cereser, M Kauer-
SantAnna, B Frey, E Vieta, PVS Magalhaes, Peripheral brain-derived
neurotrophic factor changes along treatment with extended release quetiapine
during acute mood episodes: An open-label trial in drug-free patients with

bipolar disorder, Journal of Psychiatric Research 2012;46:1511-4.

| Grande, PVS Magalhaes, | Chendo, L Stertz, GR Fries, KM Cereser, ABM
Cunha, P Goi, M Kunz, M Udina, R Martin-Santos, BN Frey, E Vieta, F
Kapczinski, Val66Met polymorphism and serum brain-derived neurotrophic
factor in bipolar disorder: an open-label trial, Acta Psychiatrica Scandinavica

(on-line).

| Grande, PVS Magalhaes, | Chendo, L Stertz, B Panizutti, GD Colpo, AR
Rosa, CS Gama, F Kapczinski, E Vieta, Staging bipolar disorder: clinical,

biochemical, and functional correlates (en revisio).
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3. Introduccio

3.1. Trastorn bipolar: malaltia sistémica

El TB és una malaltia cronica i recurrent, caracteritzada per I'aparicié d’episodis de
mania/hipomania /o estats mixtos aixi com episodis de depressié que es troba
entre les 10 malalties més discapacitants a nivell mundial’. Aquesta carrega de
deficiéncies global no només ve deguda a la propia cronicitat d’'un trastorn afectiu
amb oscil-lacions de l'estat d’anim perd també a un reguitzell de condicions
comorbides médiques8 i psiquie‘atriques9 com també a un deteriorament cognitiu
associat'®. Donada I'extensa evidéncia d’afectacio en aquests diferents ambits, s’ha
proposat la hipotesi que el TB podria tenir un caracter sistéemic, al igual que altres

malalties neuropsiquiatriques com la malaltia de Parkinson (Figura 1)°.

Comorbilitat
psiquiatrica

:
3

Disfuncio Trastorn
bipolar

Comorbilitat
fisica

MALALTIA
SISTEMICA

Figura 1: Afectacié sistémica en el trastorn bipolars.
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3.1.1. Increment de les comorbilitats mediques, psiquiatriques i de I’'afectacio

coghnitiva en el trastorn bipolar

Com préviament s’ha comentat, els pacients amb TB pateixen una alta
prevalenca de comorbilitat, a més a més, de mortalitat médica. Com en la poblacio
general, els indexs de major comorbilitat médica son les malalties cardiovasculars”.
Es podria argumentar que aquesta prevalenga fos deguda al tractament prescrit, en
major part, als antipsicotics atipics. Tanmateix, la bibliografia recull que aquesta
relaci6 és independent i que existeix una estreta relacidé entre malalties
cardiovasculars i el TB'™. Aquestes malalties cardiovasculars com altres
metabodliques, infeccioses, neuroldgiques o respiratories, a més a més de ser més

13, 14. En

presents en els pacients amb TB també apareixen de forma més precog
canvi, recentment s’ha postulat sobre una possible comorbilitat inversa quant al
cancer en els pacients amb malalties del sistema nerviés central, com és el cas del

TB'™.

De manera paral-lela, la comorbilitat psiquiatrica també és frequient en el TB,
arribant a frequéncies entre el 50 i el 70%. Primen entre tots els diagnostics

16.17 | a seva

psiquiatrics, els trastorns per angoixa i de per abus de substancies
preséncia s’ha relacionat amb evolucions més torpides de la malaltia, menor taxa
de remissid, major conducta suicida, menor resposta al tractament i pitjor adaptacié

18, 19

a la vida quotidiana, a més a més, de pitjor qualitat de vida . En definitiva, un

pitjor pronostic tant a curt com a llarg termini.

Finalment, de forma similar, perd en menor grau que I'esquizofrenia, el TB
també comporta déficits neurocognitius tant en els episodis afectius com en I'estat

d’eutimia®®?%. Aquestes disfuncions estan relacionades amb la severitat de la
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malaltia, la presencia de simptomes psicotics, la major duracié de la malaltia i el
major numero d’episodis maniacs®. Els déficits cognitius persistents més descrits
en eutimia inclouen atencio, funcions executives i memoria verbal determinades
amb tests neuropsicologics com el California Verbal Learning Test, el Rey Verbal
Learning Task, el Trail Making Test, el Digit Spam i el Wisconsin Cart Sorting
Task®. Aquestes funcions ens guien en la descripcid dels patrons d’activitat
cerebral alterats en el TB implicant el cortex prefrontal i les vies cortico-subcortico-

limbiques.

3.1.2. Carrega alostatica: manegant els esdeveniments vitals

Els efectes sistémics en el TB mencionats préviament es poden entendre des del
punt de vista del concepte de la carrega alostatica®>’. Sterling i Eyer®® van utilitzar
per primer cop el terme d’alostasi i en els seglents anys, McEwen i Stellar®
'empraren per a descriure un concepte lligat a I'estrés i les seves consequéncies
definint alostasi com la capacitat d’obtenir una estabilitat a través del canvi a partir
de mecanismes adaptatius que ajuden a manegar les situacions de la vida
quotidiana. Les consequéncies sistémiques d’aquests mecanismes compensatoris
es trobarien englobades en el terme de carrega alostatica (CA). Aquest darrer
terme ha estat crucial en I'estudi de malalties neuropsiquiatriques com I'Alzheimer™®,
el trastorn depressiu major31 i el TB® ja que proporciona un enlla¢ entre dimensions
aparentment separades com la disfuncid cognitiva i el desgast corporal evidenciat
en els pacients amb malalties mentals croniques. Aquestes suposadament distants
arees estarien vinculades a través del cervell que és el director d’orquestra de la

resposta a I'estrés i determina alld que pot ser amenagador, i per tant, generador
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d’estres (Figura 2). Aixi mateix, el cervell també controla la conducta i la resposta
fisiologica a nivell global de [l'organisme en funcié de les singularitats i
caracteristiques de cada individu i experiéncies viscudes al llarg de la vida. A partir
del circuit hipocampo-amigdalo-prefrontal, s’activen els processos lligats a les
emocions generant cascades regulatories neuroendocrines, autondomiques i del
sistema immunitari que repercuteixen en tot I'organisme tant a nivell cognitiu com
induint malalties médiques i psiquiatriques (Figura 2). Els diferents biomarcadors

estudiats en el TB, estan relacionats amb aquestes reaccions en cascada.

cA .
(gens, desenvolupament, ADAPTACIKO

/ ) . .i
HPA—GCs " i Nivells elevats
/ i§ Cronicitat @
APARICIO PRocREssnof"H

—_—

DE MALALTIES!
SA TRASTORNS

. ‘.
- ENVELLIMENT /'II '%
\ TLY) “' ACCELERAT /
SAM—CTCs 50 .
- ”’ 1

ESDEVENIMENT )
PERCEBUT 2

CANVIS CEREBRALS

Figura 2: Resposta a l'estrés i alostasi: la percepcié d’'estrés es troba modulada per
diferéncies personals que en ultim punt, modulen la capacitat d’adaptacié de lindividu a
'estrés. Quan el cervell percep un esdeveniment com a generador d’estrés, respostes
fisiologiques es desencadenen alliberant, basicament, glucocorticoides (GCs) i
catecolamines (CTCs) a partir dels eixos hipotalamico-pituitari-adrenal (HPA) i simpatico-
adreno-medul.lar (SAM), respectivament en un procés adaptatiu d’alostasi. Si la carrega
alostatica (CA) incrementa de forma dramatica o és elevada d’'una forma continuada, la
capacitat adaptativa a I'estrés és insuficient i la CA esdevindra sobrecarrega alostatica (SA),
que no té cap finalitat per si mateixa i predisposa l'individu a un envelliment accelerat i a
malalties®’. AMG: amigdala, HTM: hipotalem, PFC: cortex prefrontal.
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3.1.3. Biomarcadors

Els estats d’alostasi es desencadenen a partir de l'alliberaciéo de diferents
factors com les catecolamines, els glucocorticoides, factors relacionats amb els
factors neurotrofics, els mediadors d’estrés oxidatiu i la inflamacié com les citocines.
Tots aquests factors interaccionen d’'una manera no lineal (Figura 3)33 intentant

assolir un nivell estable d’alostasi.

Catecolamines Corticoids

/ Carrega \
Estrés alostatica 4_:!7
ox|dat|u Inflamacié

Neurotrofines

Figura 3: Biomarcadors involucrats en la carrega alostatica del trastorn bipolar.

En el camp de les neurotrofines, el factor neurotrofic derivat del cervell (BDNF)
ha estat ampliament estudiat en Neurociéncies. Es un membre de la familia dels
factors de creixement i un agent clau en la promocié de ['eficiéncia sinaptica,
col-laborant en larboritzacié>. En el TB existeix una consistent evidéncia
d'alteracions dels nivells de BDNF a nivell periféric*. Durant els episodis afectius
aguts, els nivells s’han descrit amb una tendéncia a disminuir i a retornar a nivells
estables un cop assolida I'eutimia®. Aquests resultats s’han obtingut tant en

35, 36

pacients en episodi maniac com en episodi depressiu35. D’altra banda, els
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nivells baixos de BDNF també s’han vist relacionats amb la cronicitat del TB
presentant una correlacié negativa amb la duracié de la malaltia®’. La secrecio de
BDNF pot ser constitutiva tot i que majorment es troba regulada per estimuls®.
Determinats polimorfismes funcionals en el gen BDNF, junt a mecanismes de

%. 39 En concret, la

regulacié epigenétics, determinen la secreci6 de BDNF
substitucié de la valina (Val) per metionina (Met) en la pro-regié 5’ en el gen huma
BDNF s’ha vist relacionada amb la secrecié depenent d’estimuls®. Aixi mateix,

aquest polimorfisme es troba associat al diagnostic de TBY, al patré de ciclacio

rapida en el TB*' i a un inici preco¢ de la malaltia bipolar42.

En el TB s’han descrit alteracions en el metabolisme cerebral con delecions a
nivell del DNA i disfuncions en el complex | mitocondrial que indueixen un
increment de l'oxidacid proteica i lipidica®. Aixi mateix, també s’han descrit
alteracions en els enzims antioxidants com la superoxid dismutasa o la catalasa®.
Al llarg de la malaltia, al igual que la resta de biomarcadors, els nivells de
marcadors d’estrés oxidatiu varien*. S’ha mostrat un augment de la glutatid
reductasa i la glutatio-S-transferasa en estadis avancats de la malaltia comparat a
etapes més precoces‘”. A més a més, I'estrés oxidatiu s’ha trobat intimament lligat
a la neuroinflamacio, ja que aquest activa la microglia, afavorint la produccio de

citocines pro-inflamatories.

Pertanyent al camp de la neuroinflamacié, la resposta inflamatoria en el TB,
moderada perd cronica, ha conduit a un profund estudi de les diferents
interleucines (IL), tant les relacionades amb la resposta inflamatoria primaria com
amb la resposta inflamatoria secundaria. En el TB existiria una descompensacié en
el balang entre les IL pro-inflamatories i antiinflamatories, sobretot en els episodis

de descompensacio aguda45. En la mania, aquesta diferéncia seria més marcada
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que en la depressioé respecte a I'eutimia®. Les IL més descrites en la bibliografia
son la interleucina-6 (IL-6), la interleucina-4 (IL-4) i el factor de necrosi tumoral alfa

(TNF-a).

Donades les alteracions descrites en aquestes tres arees en el TB, Kapczinski
i col.*® van proposar un index de Toxicitat Sistémica en episodis aguts que
englobés els factors neurotrofics, I'estrés oxidatiu i la resposta inflamatoria. Es va
evidenciar una marcada diferéncia d’aquest index entre els episodis afectius i
l'estat d’eutimia. De fet, la toxicitat assolida en els episodis s’aproximava a un estat

de sépsia, paradigma de la inflamacio sistémica aguda.

3.2. La neuroprogressi6 de la malaltia bipolar

La noci6 del progressiu aveng de la malaltia bipolar ja fou evidenciada pel
mateix Kraepelin*’. Posteriorment, Post*® assenta els fonaments dels coneixements
actuals sobre la patofisiologia de I'evolucié del TB basant-se en la teoria del
kindling o sensibilitzacio. Sota aquest concepte s’entén que I'estimulacié repetida,
utilitzada en el model experimental de I'epilépsia, indueix canvis a nivell del sistema
nervidés central que provoquen estimulacions propies, en aquest cas, crisis
epiléptiques enddgenes. El mateix succeiria amb els episodis afectius bipolars que,
a I'inici de la malaltia es trobaven més vinculats a esdeveniments vitals mentre que,
a mesura que la malaltia avanga, serien cada cop més independents de factors
externs. La repercussio dels episodis a nivell organitzatiu cerebral podria explicar
fins a cert nivell, troballes a nivell més macroscopic com la diferéncia descrita per

49
l.

Strakowski i col.™ entre la major mida dels ventricles laterals en pacients amb TB
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que han patit episodis maniacs repetits comparat amb pacients després d’un primer

episodi o subjectes sans.

Aquest patr6 evolutiu del curs de la malaltia també és visible en altres ambits
més clinics de la malaltia, com la progressiva reduccié del temps interepisodic

entre les recurréncies*’ *°

. Aixi mateix, en el camp de les funcions cognitives, el
nombre d’episodis maniacs s’ha vist associat a un pitjor rendiment en les
avaluacions neuropsicoldgiques suggerint que la recurréncia de mania podria tenir
un efecte neuropsicologic a llarg terme. Quan a les estrategies farmacologiques, en

el classic estudi de Swann i col.”

, l'efecte antimaniac del liti en pacients que havien
sofert més de 10 episodis no presentava diferéncies respecte a placebo en contrast
amb aquells pacients que havien patit menys episodis i presentaven millor resposta
respecte placebo. Més recentment, Berk i col.*? van descriure resultats similars
amb un farmac amb diferent mecanisme d’accié com és l'olanzapina. Aquells
pacients amb menys episodis al llarg de la malaltia van presentar una resposta més
favorable a l'olanzapina com a tractament antimaniac amb un increment de
resposta de fins el doble comparat amb aquells pacients amb més de 10 episodis al
llarg de la seva malaltia. Quant al tractament de manteniment, la prevencié de
recaigudes maniaques era també més manifesta en pacients amb menor nimero
d’episodis. Considerant les terapies psicologiques, Scott i col.>® determinaren que
la técnica cognitivo-conductual era també comparativament més efectiva en aquells
pacients amb pocs episodis. Les diferéncies quant a I'efectivitat del tractament es
mantenien aixi mateix quan s’avaluava l'efectivitat de la terapia psicoeducativa a

cuidadors de familiars amb TB*. Els pacients en una etapa més primerenca

presentaven un periode més llarg d’estabilitat clinica fins a la recurréncia comparat
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amb el grup control. Aquest benefici no fou objectivat en aquells pacients en una

etapa més avangada de la malaltia.

Berk® va encunyar el terme de neuroprogressié per englobar tots aquests
canvis gradualment progressius que esdevenen en el TB al llarg dels successius
episodis afectius visibles tant a nivell clinic, funcional, terapéutic, bioquimic i
neuroestructural. Emprant termes afins descrits préviament, la CA podria explicar el
desgast en tot 'organisme. Aquest es mostraria a nivell cerebral en forma de
deteriorament cognitiu i resisténcia al tractament, mentre que en la resta de
'organisme, amb les malalties comorbides tant psiquiatriques com médiques

préviament descrites.

Donada aquesta neuroprogressié de la malaltia bipolar, es creu que el TB
seria tributari d’una classificacié basada en 'estadificacié on la situacié concreta del
malalt s’orienta atenent a un prondstic i un abordatge terapéutic adient a cada

etapa evolutiva del pacient amb TB.

3.3. El model d’estadificacio en el trastorn bipolar

La classificacié en estadis s’ha utilitzat de forma generalitzada en medicina,
perod sols s’ha plantejat recentment la seva aplicacio, des d’una vessant tedrica, en
el camp de la psiquiatria. Fa 30 anys Fava i Kellner®® van realitzar la primera
proposta en l'area de la psiquiatria i en concret, pel que fa als trastorns psic()tics57 i

els afectius s’han plantejat propostes en els darrers 5 anys58_6°.

Un cop conegut el curs deteriorant de la malaltia bipolar, no és gens

menyspreable considerar I'aplicabilitat de I'estadificacié en el TB. En les etapes
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inicials, el TB es pot presentar amb simptomes prodromics amb pronostic favorable
i requerir estratégies terapéutiques més simples a diferéncia d’etapes més
avancades on existeix un agreujament clinic, refractarietat al tractament al mateix
temps que deteriorament cognitiu i funcional®’. Donada aquesta evolucio,
s’argumenta que el TB podria classificar-se en un model d’estadificacié segons els
seglients raonaments: a) el primer és que la historia natural de trastorn es mou al
llarg d’'una progressié temporal; b) el segon, un tractament administrat en el
moment i estadi apropiat pot modificar el patr6é de la progressié de la malaltia; c) el
tercer, el pronostic és més favorable en diagnostics i tractaments més precogos
deixant de banda, que els tractaments utilitzats de forma més precog¢ tenen una
relacié risc-benefici més favorable que els utilitzats en etapes més avangades; d)
finalment, es creu que els efectes d’'una intervencié precog pot alterar la distribucio

dels estadis en la poblacié al llarg del temps®® %%,

Per classificar la gradacié del TB, s’han formulat diferents propostes
d’estadificacid en un marc teoric. Entre les suggerides, destaca la realitzada pel
grup de McGorry aplicada als trastorns psicotics i afectius, que ha servit per a quée

.5 (Taula 1) o Kapczinski col.?® (Taula 2) hagin formulat

altres autors com Berk i co
propostes adaptades al TB. Berk i col. proposen un model que dona una
rellevancia marcada als estats de risc i es centra en la recurréncia episodica. En
contraposicid, Kapczinksi i col. es fonamenten en el rendiment funcional del pacient
en linterval interepisddic de maxima estabilitat clinica. Ambdds models tenen les
seves fortaleses i limitacions. Referent al primer, s’ha de tenir present que el
deteriorament no sempre presenta una relacio lineal predictiva amb el nimero

d’episodis mentre que el segon pot caure en cert grau de circularitat tautologica a

I'hora de predir un estadi funcional.

34



Introduccié

Taula 1: Model d’estadificacio proposat per Berk i col®.

Estadi clinic Definicié

Risc incrementat de trastorn afectiu greu (historia familiar, consum de téxics...)
No simptomes especifics en I'actualitat

Simptomes lleus o no especifics de trastorn afectiu
Trets prodromics: pacients d'ultra elevat risc

Primer episodi afectiu

Recurréncia de simptomes afectius subsindromics
Primera recaiguda afectiva

Multiple recaigudes

Malaltia persistent no remitent

Taula 2: Model d’estadificacio proposat per Kapczinski i col®.

Definicié

En risc de desenvolpar TB (historia familiar positiva, simptomes afectius o
d'ansietat sense cumplir criteris de TB)

Episodis afectius amb periodes ben definits d’eutimia sense simptomes
psiquiatrics manifests

Simptomes en periodes interepisddics (relacionats amb comorbilitats)

Franc deteriorament en cognicio | funcionament
Incapacitat per viure de forma autdbnoma a causa de déficit cognitius i funcionals

L’aplicabilitat en la practica clinica dels models descrits encara no s’ha dut a
terme. D’aqui la importancia d'operacionalitzar i validar aquests models a partir de
variables cliniques, funcionals i bioquimiques per tal d’aixi, aproximar-nos a un
diagnostic i tractament, el més Optim possible en cada pacient, emfatitzant la
necessitat de la intervencio precog per frenar la progressié de la malaltia i poder

modificar el prondstic de la malaltia.
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4. Hipotesis

Les hipotesis en aquesta tesi doctoral son:

1.

3.

Donat el curs progressiu del TB, existirien variables cliniques i funcionals
que podrien ser d’ajuda a I'hora d’establir una classificacié segons un

model d’estadificacioé en el TB.

Un cop conegudes les vies de neuroprogressié vinculades al TB, la
determinacié de biomarcadors relacionats en aquestos processos, com les
neurotrofines, els reactants d’estrés oxidatiu i les citocines inflamatories,
podria reforgar la distincié entre aquells pacients en un estadi més avangat

de la malaltia respecte aquells pacients en etapes més primerenques.

Considerant el paper clau que juguen les neurotrofines i els seus
polimorfismes funcionals en la neuroplasticitat i la regeneracié neuronal,
aquells pacients amb TB en episodi agut tant, homozigots per Val en el
polimorfisme BDNF Val66Met com responedors al tractament, mostrarien
increment dels nivells de BDNF, afavorint, en conseqiiéncia, la remodelacio

sinaptica.
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5. Objectius

5.1. Objectius principals

5.1.1. Avaluar una proposta de model d’estadificacié en el TB basada en

variables cliniques i funcionals.

5.1.2. |dentificar un correlat bioldgic d'un model d’estadificacié a partir de la
determinacid de biomarcadors involucrats en les vies de

neuroprogressio.

5.1.3. Determinar de forma prospectiva els nivells del biomarcador
neurotrofic, BDNF, en una mostra de pacients amb TB en episodi

afectiu agut al llarg de 16 setmanes de tractament.

5.2. Objectius secundaris

5.2.1. Objectivar la possible interaccié del polimorfisme funcional BDNF
Val66Met amb els nivells de BDNF en una mostra de pacients amb

TB en episodi afectiu agut al llarg de 16 setmanes de tractament.

5.2.2. Determinar el pes que pot tenir la polaritat de I'episodi afectiu en els
nivells de BDNF en una mostra de pacients amb TB en episodi

afectiu agut al llarg de 16 setmanes de tractament.
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6. Metodes

Aquesta tesi doctoral esta formada per tres articles que s’han desenvolupat
al llarg de la formacié del Programa de Doctorat Medicina i sén fruit d’estudis
col-laboratius amb l'equip del Prof. Flavio Kapczinski. La metodologia emprada
quant a la descripci6é detallada de les caracteristiques de la mostra, de les escales
psicométriques emprades aixi com dels passos realitzats en les determinacions de
biomarcardors, de la resta de procediments i de I'analisi estadistica es troben en

cada un dels articles corresponents.

Els treballs que conformen aquesta tesi doctoral corresponen amb les

hipotesis d’estudi segons es detalla a continuacio:

Hipotesi 1:

“Donat el curs progressiu del TB, existirien variables cliniques i funcionals que
podrien ser d’ajuda a I'hora d’establir una classificaci6 segons un model

d’estadificacio en el TB.”

- Estudi 1: 1 Grande, PVS Magalhaes, | Chendo, L Stertz, B Panizutti, GD

Colpo, AR Rosa, CS Gama, F Kapczinski, E Vieta, Staging bipolar disorder:

clinical, biochemical, and functional correlates (en revisio).
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Hipotesi 2:

“Un cop conegudes les vies de neuroprogressié vinculades al TB, Ila
determinacié de biomarcadors relacionats en aquestos processos, com les
neurotrofines, els reactants d’estres oxidatiu i les citocines inflamatories, podria
reforgar la distincié entre aquells pacients en un estadi més avancgat de la

malaltia respecte aquells pacients en etapes més primerenques.”

- Estudi 1: |1 Grande, PVS Magalhaes, | Chendo, L Stertz, B Panizutti, GD
Colpo, AR Rosa, CS Gama, F Kapczinski, E Vieta, Staging bipolar disorder:

clinical, biochemical, and functional correlates (en revisio).

Hipotesi 3:

“Considerant el paper clau que juguen les neurotrofines i els seus
polimorfismes funcionals en la neuroplasticitat i la regeneracié neuronal,
aquells pacients amb TB en episodi agut tant, homozigots per Val en el
polimorfisme BDNF Val66Met com responedors al tractament, mostrarien
increment dels nivells de BDNF, afavorint, en conseqliiencia, la remodelacio

sinaptica.”

- Estudi 2: | Grande, PVS Magalhaes, | Chendo, L Stertz, GR Fries, KM

Cereser, ABM Cunha, P Goi, M Kunz, M Udina, R Martin-Santos, BN Frey,
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E Vieta, F Kapczinski, Val66Met polymorphism and serum brain-derived
neurotrophic factor in bipolar disorder: an open-label trial, Acta Psychiatrica

Scandinavica (on-line).

- Estudi 3: 1 Grande, F Kapczinksi, L Stertz, GD Colpo, M Kunz, KM
Cereser, M Kauer-Sant'’Anna, B Frey, E Vieta, PVS Magalhaes, Peripheral
brain-derived neurotrophic factor changes along treatment with extended
release quetiapine during acute mood episodes: An open-label trial in drug-
free patients with bipolar disorder, Journal of Psychiatric Research

2012;46:1511-4.

En l'estudi 1 es pretenen complir els objectius 5.7.1. 1 5.1.2, en 'estudi 2 els

objectius 5.1.3.i 5.2.1. i en I'estudi 3 els objectius 5.71.3.i 5.2.2.
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7. Resultats

Aquesta tesi doctoral esta conformada per tres articles, dos d’ells publicats
en revistes indexades i amb factor d’impacte en el primer quartil de la categoria de

psiquiatria i l'altre es troba, a dia d’avui, en revisio.

7.1. Estudi 1

I Grande, PVS Magalhaes, | Chendo, L Stertz, B Panizutti, GD Colpo, AR
Rosa, CS Gama, F Kapczinski, E Vieta, Staging bipolar disorder:

clinical, biochemical, and functional correlates (en revisio).

7.1.1. Resum de I’estudi 1

Introduccio: Existeixen diversos models d’estadificacié en el TB perd encara
cap ha estat validat. L'objectiu d’aquest estudi és investigar empiricament si hi ha
variables cliniques i funcionals que poguessin ser Utils a I'hora de classificar els
pacients en un model d’estadificacié i estudiar 'associacié d’aquesta proposta amb
biomarcadors relacionats amb els factors neurotrdfics, I'estrés oxidatiu i els

processos inflamatoris, que poguessin servir com a validadors biologics.

Metodes: Es va realitzar un estudi cas-control aparellat per edat i sexe.
S’inclogueren pacients diagnosticats de TB que no havien presentat cap episodi
afectiu agut en el darrer mes, segons Structured Clinical Interview for DSM-IV
(SCID-I). S’exclogueren aquells pacients amb altres malalties neuropsiquiatriques,
cancer, infeccid aguda o cronica i tractament amb glucocorticoides. Els controls
foren familiars de primer grau de pacients diagnosticats de TB que no havien rebut
mai cap diagnostic psiquiatric segons SCID-I/NP. Es van recollir dades

sociodemografiques, cliniques i funcionals i es determinaren els nivells sérics de
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BDNF, biomarcadors d’oxidacié lipidica (substancies reactives a 'acid tiobarbituric
(TBARS)) i proteica (contingut carbonil proteic (PCC)) i de citocines (IL-2, IL-4, IL-6,
IL-10, IL-17A, interferé6 gamma (INF-1J)). Una analisi de cluster es va dur a terme
per construir un model d’estadificacid i una regressio logistica per a estudiar les

associacions entre el model i els biomarcadors.

Resultats: L’analisi de cluster va dividir la mostra entre dos grups equitatius,
que denominarem “primerenc” i “tard@” a partir de talls quantitatius empirics en les
variables: a) funcionament avaluada segons Functioning Assessment Short Test
(FAST); b) numero d’episodis; c) edat a l'inici de la malaltia i d) temps d’evolucié de
la malaltia (Figura 4). En la regressio logistica, IL-6 es va associar a un estadi

tarda.

Conclusions: L'estudi aqui presentat dona suport a la distincié entre dos
clusters de pacients bipolars, denominats primerenc i tarda en termes de correlats

clinics, funcionals i bioquimics.

40
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Figura 4: Centre dels clusters de les variables que delimiten els dos estadis
(Primerenc i Tarda).
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ABSTRACT

Background: There are several models of staging in bipolar disorder (BD), but none has
been validated. The aims of this study were to investigate empirically if there are clinical
variable that may be useful to classify patients in different cluster according to stage and
study the association with biomarkers as biological validators. Methods: This was a case-
control study matched for age and gender performed in the Bipolar Disorders Program of
Hospital de Clinicas de Porto Alegre from April 2009 to September 201 1. Patients (n=115)
were diagnosed with BD and had not had an acute episode during the previous month.
Exclusion criteria included neuropsychiatric or medical disorders. Controls (n=25) were first
degree relatives of patients diagnosed with BD and never diagnosed with a psychiatric
disorder. Socio-demographic, clinical and functional data were collected. Serum cytokines,
brain-derived neurotrophic factor and biomarkers of lipid and protein oxidation were
assessed. Cluster analysis was carried out to build a model of staging and a logistic regression
was conducted to study any associations between the model and biomarkers. Results: Cluster
analysis divided the sample into two equitable groups, denominated early- and late-stage,
with empirical cut-offs for the Functioning Assessment Short Test score, number of episodes,
age at onset of the disorder and time elapsed since first episode. In the logistic regression, 1L-
6 was associated with late-stage (p=0.029). Conclusion: The present study supports the
distinction between two clusters in bipolar patients, namely early- and late-stage, in terms of

clinical, functional and biochemical correlates.

Keywords: staging; early-stage; late-stage; bipolar disorder; interleukin 6; functional

outcome.
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1. - INTRODUCTION

Despite the wide implementation of the staging model in general medicine, it is still a
heuristic concept in the field of psychiatry’. In 1993, Fava and Kellner” encouraged the
integration of the staging model in psychiatry and since then, a wide range of proposals have
come to light. Within the frame of psychosis, McGorry et al. developed a model focused on
the risk and prodromal phases of this entity’ and within the scope of depression, several
groups have attempted to systematize a treatment-resistant classification®. In the field of
bipolar disorder (BD), some models have been proposed each emphasizing the progressive
features of the disorder™®. Berk et al. mainly underscored symptomatic severity from the risk
to refractory stages of BD, while Reinares et al. highlighted the relationship between
functioning, clinical and, neuropsychological variables and finally, Kapczinski et al. studied
in depth the underpinning biological correlates’ .

There is increasing awareness of the limitations of the current diagnostic systems and
concern about future classifications of the Diagnostic and Statistical Manual of Mental
Disorders and the International Classification of Diseases since these customary clinical
taxonomies do not include characteristics that delimit major prognostic and therapeutic
differences among patients receiving the same diagnosis'’. The staging model regards these
special features of the patients and therefore draws a route to define the prognosis and
treatment as well as the neurobiological background of the disorder. The knowledge acquired
in the latter identifying pathways associated with inflammation, neurotrophin expression, and
oxidative stress may furthermore prove the validity and operability of this classification''. In
previous studies regarding the model of staging, the levels of brain-derived neurotrophic
factor, a neurotrophin, was decreased in the patients in the late stage of BD compared to
controls while the levels of interleukin 6 and 10 were increased in the early stages compared

R
to controls."”
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Although different theoretical proposals have been put forward in BD, there is still a lack of
an operative, valid staging model. In this line, the aim of this study was to investigate
empirically if clinical variables such as number of episodes, age at onset of the disorder, time
elapsed since first episode and functioning assessed by the Functional Assessment Short Test
(FAST) may be useful to classify patients in different cluster according to stage since the
complexity of a psychiatric disorder such as BD and its neuroprogression can be hardly
summed up in a single variable. We further investigated the association between biomarkers
related to inflammation (interleukin 2, 4, 6, 10, 17 A, interferon-gamma (INF-g)),
neurotrophins (brain-derived neurotrophic factor) and oxidative stress (thiobarbituric acid
reactive substances (TBARS) and protein carbonyl content (PCC), and the proposed clinical

staging as biological validators.
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2.-METHOD

2.1. - Study population and participants

Recruitment of patients was performed in the Bipolar Disorders Program of Hospital de
Clinicas de Porto Alegre and the recruitment of controls was carried out within the hospital
catchment area. Data were collected from April 2009 to September 2011. Inclusion criteria
were: age from 18 to 65 years old, BD diagnosis, according to DSM-IV-TR criteria'* and
absence of an acute episode during the previous month assessed by means of the Hamilton
Rating Scale score (HDRS) <17 or/and the Young Mania Rating Scale score (YMRS)
<20"'%, The confirmation of the diagnosis was established by board certified psychiatrists
based on the Structured Clinical Interview for DSM-IV Axis I Disorders ( SCID-I)”’A The
exclusion criteria were: history of neurodegenerative disorders, mental retardation, current
cancer, chronic or acute infection and glucocorticoid treatment.

Controls were 18 years of age or older first-degree relative of patients diagnosed with
BD. Absence of psychiatric morbidity was confirmed by the non-patient version of the SCID
(SCID/NP)". They were frequency-matched to the patient group for age and sex. Such
control group is a more realistic comparison to patients than healthy subjects, since it will be

less confounded by group differences.

2.2. - Procedure
A baseline assessment was carried out to obtain socio-demographic, clinical,
therapeutic and functional data using a semi-structured interview. Functioning was evaluated

with the Functional Assessment Short Test (FAST)'R 2,
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All participants provided written informed consent after receiving a complete
description of the study. Procedures were approved by the Ethical and Research Committee

of the Hospital de Clinicas de Porto Alegre.

2.3. - Biochemical assays

Five milliliters of blood were withdrawn from each subject by venipuncture and were
introduced into a free-anticoagulant vacuum tube for serum analysis. Serum samples were
separated and frozen in -80°C until analyses. BDNF levels in serum were determined by
sandwich-ELISA using monoclonal antibodies specific for BDNF as described previously
(R&D Systems, Minneapolis, MN, USA) *'. Briefly, microtiter plates (96-well flat-bottom)
were coated overnight at room temperature with the monoclonal anti-BDNF antibody at 4
pg/ml in phosphate buffer solution (PBS, Laborclin, Parana, Brazil). Then, plates were
washed three times with wash buffer [PBS, pH 7.4, with 0.05% Tween 20 (Nuclear, Sio
Paulo, Brazil)] and were blocked for 1 h at room temperature with PBS containing 5% nonfat
milk powder. After another washing, plates were coated for 2 h at room temperature with the
samples diluted 1:200 in sample diluents [PBS with 1% bovine serum albumin (BSA)
(Sigma-Aldrich, St. Louis, MO, USA)], and standard curve ranged from 7.8 to 500 pg/ml of
BDNF. Plates were washed again, 0.2 pg/ml of a biotinylated anti-BDNF antibody in PBS
was added, and new incubation was performed for 2 h at room temperature. After washing,
the incubation with streptavidin-peroxidase conjugate (diluted 1:200 in sample diluents) for
20 min at room temperature was performed. Plates were then washed and incubated with the
substrate for 20 min at room temperature. Finally, the stop solution [H2S04, 1 M (Nuclear,
Séo Paulo, Brazil)] was added, and the amount of BDNF was determined by absorbance at
450 nm with correction at 540 nm. The standard curve demonstrated a direct relationship

between optical density (OD) and BDNF concentration.
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Oxidative damage to proteins was measured by the determination of carbonyl groups by
the protein carbonyl content (PCC) method, as previously described®. Briefly, 2,4-
dinitrophenylhydrazine (DNPH) was added to the plasma samples followed by an incubation
at room temperature for 1 h, with subsequent addition of 20% trichloroacetic acid. After
centrifugation, the supernatant was subjected to two washings with ethanol: ethyl acetate
(1:1). Afterwards, urea was added to the samples. Incubation at 60 °C for 30 minutes was
follow by and overnight incubation at room temperature. For each sample, a respective
control tube was used. Absorbance was determined at 370 nm and results were expressed as
nmol/mg of protein.

The levels of lipid peroxidation were measured using the commercial TBARS kit
according to the manufacturer’s instructions (Cayman, USA)u23 In this method, the
quantification of lipid peroxidation products is performed by serum formation of substances
reacting to thiobarbituric acid, which is the analysis of the final products of lipid
peroxidation, like malondialdehyde (MDA) that react with 2-thiobarbituric acid (TBA) form
Schiff bases. These complexes exhibit color and its concentration can be determined
spectrophotometrically at 535 nm. The results are expressed in uM of MDA.

The concentration of serum cytokines was determined by flow cytometry using the
BD™ Cytometric Bead Array (CBA) Human Th1/Th2/Th17 (BD Biosciences, San Diego,
CA). The CBA kit employed allows the discrimination of the following cytokines: IL-2, IL-4,
IL-6, IL-10, INF-a and IL-17A. Sample processing and data analysis were performed
according to the manufacturer's instructions. Briefly, serum samples were incubated with the
six cytokine capture beads for 1.5 h, then washed and incubated for more 1.5 h with PE-
conjugated detection antibodies, both incubations at room temperature and protected from
light. Afterwards, samples were washed and sample data were acquired using a FACSCalibur

flow cytometer (BD Biosciences, San Diego, CA). Results were generated in graphical and
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tabular format using the BD CBA Analysis Software FCAP Array™ (BD Biosciences, San
Diego, CA).
The investigators who performed the laboratory assays were blinded to the clinical

status of the subjects.

2.4. - Data analysis

Categorical variables were analyzed using 3 analysis. We performed a cluster analysis
by 2-means” since previous bibliography and task force to this effect has put forward a
division between two groups, “early-stage” and “late-stage”, apart from latent-stage.'
Clinical variables such as number of episodes, age at onset of the disorder, time elapsed since
the first episode, and functioning assessed by FAST were regarded.*'** Data were
standardized so as to control the contributional effect of the variables to the model since
variables with high values contribute more to the model than those with low values.

After having determined a model of staging in BD we built a logistic regression model
to ascertain which biomarkers were associated with the stages defined. The election of
biomarkers was carried out according to the described pathways underlying neuroprogression
in BD in which inflammation, oxidative stress and neurotrophins play a main role''. The
model was created according to Hosmer and Lemeshow™. Regarding inflammatory,
neurotrophic and oxidative biomarkers, the values were Box-cox transformed for parametric
analysis and subsequently z-scores were generated”’.

Statistical analyses were conducted using the software Statistical Package for Social
Sciences version 18.0 (SPSS Inc., Chicago, IL, U.S.A.) for Windows (Microsoft Corporation,
Redmond, WA, USA). All statistical tests were two-tailed and were performed using a

significance level of alfa < 0.05.
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3.- RESULTS

3.1- Demographic and clinical characteristics of the sample

The group of patients and the control group did not differ in age, gender, marital status,
time of education or occupational status (table 1). There was a significant deterioration in the
functional outcome in patients with BD compared to positive controls. The clinical profile of

the patients is depicted in table 1.

3.2. —~Characterization of the stages

Empirical cut-offs for the variables elected to describe the model of staging were
determined for the early and late stages (figure 1). ANOVA analysis showed significant
differences between the values of the two clusters centers (F(1)= 7.32, p= 0.008 for the FAST
score; F(1)=7.34, p=0.008 for the number of episodes; F(1)= 62.38, p= 0.0001 for the age at
onset and; F(1)=127.98, p= 0.0001 for the time elapsed since first episode). The sample was

divided into two relatively equitable groups (61.6% and 38.4% of the sample).

3.3. -Biomarker analysis

In table 2, we present the comparison between levels of the mentioned biomarkers
related to inflammation, neurotrophins and oxidative stress between patients and controls.
Interleukin 6 (IL-6) levels were significantly higher in the group of patients compared to
controls. When we performed the logistic regression model, on assessing the association of
the inflammatory, neurotrophic and oxidative pathways in the proposed staging model, IL-6

showed significant differences between the early- and late-stages (table 3).
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4. - DISCUSSION

The present study supports the distinction between two clusters in bipolar patients,
namely early- and late-stage. Early-stage bipolar patients typically have better functioning,
fewer episodes, older age at onset of the disorder, as well as lower levels of IL-6. Conversely,
late-stage bipolar patients present a higher number of episodes and clinical correlates of a
more severe disorder in terms of ability to function as well as in terms of bodily changes such
as increased inflammatory states.

From our point of view, it seems an arduous task to encompass the complexity of a
psychiatric disorder such as BD and its neuroprogression in a single variable. Thus, we
selected several clinical items described in previous studies focused on staging dimensions
and quantified these items in order to more objectively define a model of staging compared to
pure clinical judgement. Reinares recently put forward a proposal of staging based on
functioning outcome assessed by the World Health Organization Dissability Assessment
Schedule®. We preferred to assess functioning according to a scale especially designed to

15,19

evaluate functioning in psychiatric disorders such as the FAST score Regarding the

number of episodes, this feature has repeatedly been used in the field of staging either for

1935 or treatment n::sponscz“. Considering the length of the disorder,

studying functioning
Kauer-Sant’ Anna et al.'? defined the period within the first 3 years of a first manic episode as
early-stage while the late-stage was defined as at least 10 vears after the diagnosis of BD. In
addition, age at onset was also taken into account regardless of the length of the disorder,
since in several studies, early onset per se has been suggested to be associated with greater
illness severity and poorer outcome>™’. In fact, early onset has been proposed as a valid
specifier for the recent DSM-5".

The shortening of the inter-episode interval within each recurrence and the reduced

probability of treatment response as the illness progresses results from neurobiological

64



Resultats

interrelated processes which take place in the brain of patients with BD''*2. Deeper
understanding of the neurobiology of BD may shed some light into the neuroprogression of
BD and new pharmacological targets®. No differences were found in the neurotrophins or in
the oxidative stress fields in our sample. In a recent study with participants from the general
population, only protein oxidative damage was demonstrated in young adults with BD
compared with the healthy controls™. Indeed, Kauer-Sant’Anna depicted differences in
peripheral BDNF levels between patients in late-stage compared to those in early-stage and
between patients in late-stage compared to controls'”. In our study, I1L-6 was considered to be
a feasible biomarker to characterize the progression of BD. Peripheral IL-6 levels increased
along the neuroprogression of BD from first degree relatives of patients diagnosed with BD
to patients categorized in the late-stage. In the staging model based on the length of the
disorder, Kauer-Sant’Anna'? also determined differences in IL-6 levels between early- and
late-stage as well as between early- and late-stage compared to controls. Considering the role
of IL-6 in the neuroprogression of BD, the therapeutic potential of IL-6 antagonism has been

previously suggested as well as the possible use of minocycline™.

Regarding
autoimmunity, data from animal models have shown a pivotal role of IL-6 in the induction of
chronic autoimmune inflammation as IL-6 appears to be crucial in driving the differentiation
of specific T helper (Th) lymphocytes as well as inhibiting the differentiation of T regulatory
]ymphocyles“f'.

In this study some limitations should be taken into account. A possible caveat is that
patients with subsyndromal symptoms were not excluded from the sample. Nevertheless,
along the neuroprogression of BD and in particular, in late-stages, clinical remission is barely

. 3
achieved®™*

. Therefore, excluding these patients would have not been representative of
patients in late-stage. Moreover, the biomarker assessment was carried out peripherally.

Despite evidence of a correlation between cortical biomarkers and serum biomarkers in basic
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neuroscience, the presumption that such findings might occur in the human brain needs to be
confirmed. In addition, the control group consisted in a control positive including first degree
relatives of patients diagnosed with BD without medical comorbidities. We preferred this
positive control group so as to better depict the longitudinal dimension of BD. Finally, it
could be argued that the findings related to IL-6 could be just the result of multiple
comparisons; however, the logistic regression analysis showed consistent results with the
comparison between early- and late-stage patients, and as discussed IL-6 was already pointed
out as primary candidate for biomarkers of inflamatory changes according to staging.
Advocating for a model of staging in bipolar disorder that can group the patients
according to quantitative cut-offs of common practice clinical variables as well as defining a
biochemical correlation is a further step towards establishing a model of staging in bipolar
disorder. The implementation of a valid staging classification in bipolar disorder may
facilitate the identification of rational therapeutic targets and the potential benefit from
providing the most effective and less toxic intervention in a time-sensitive manner. For
instance, patients who are identified as late-stage may not benefit from first line treatments
for bipolar disorders such as lithium, family psychoeducation or cognitive-behavioral therapy
which may be more suitable for early-stage to mitigate the course of the disorder.”*
Conversely, recent studies suggest that for a subset of bipolar patients, who would mostly
qualify for late stage illness, therapies focused on functional remediation may be indicated®.
Therefore, the staging model stresses specific intervention and its possibilities to modify the
course of the disorder by preventing the progression to a malignant and treatment-resistant
pattern. Longitudinal and clinical trials may help to clarify the potential use of staging

systems in bipolar disorder.
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TABLES

Table 1: Sociodemographic and clinical characteristics of patients diagnosed with bipolar

disorder and controls.

Patients with Controls Stats®  p-value
BD (n=115) (n=25)

Demographic variables
Age at enrolment (years) 44 (34-54) 41 (25.5-58.0)  0.499 0.622
Gender (female)® 81(70.4) 19 (76.0) 0312 0.635
Marital status ” 1287  0.732

Stable partner 57 (50.0) 13 (52.0)

Single 35(30.7) 6 (24.0)

Divorced 18 (15.7) 6 (24.0)

Widow 4(3.5) 2 (8.0)
Time of education (years) 9.95 (4.17) 9.88 (4.46) 0.8 0.937
Occupational status b 2.421 0.298

Student 8(7.8) 2(8.0)

Employed 36 (35.0) 12 (48.0)

Retired 59 (51.3) 11 (44.0)
FAST® 21.06 (17.0) 4(.50-7.50) 10.354  0.0001*
Clinical variables
Number of episodes * 13.17(16.49) - - -
Age at first episode (vears)®  27.34(12.12) - - -
Age at diagnosis ‘ 33.39(12.39) - - -
Time elapsed since first 16.4(13.13) - - -
episode (years)
Bipolar Disorder® - - -

Typel 79 (68.7)

Type 11 18 (15.7)

Unspecified 18 (15.7)
Psychiatric comorbidities " 31(0.27) - - -

*p<0.05
a Stats: statistical analysis: Student’s-t or 2, as appropriate.
b: values are indicated as n (%),

¢: values are indicated as mean (SD).
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Table 2: Serum inflammatory, neurotrophic and oxidative biomarkers according to patient
and control positive condition. IL-6 significantly discerned between groups.

Markers Patients with BD Controls Student’s-t  p-value
1L-2 0.007 (0.765) 0.032 (0.676) 0.14 0.888
1L-4 0.017 (0.847) 0.068 (0.596) 0.28 0.780
11-6 0.066 (0.860) -0.335(0.801) -2.13 0.035*
1I-10 0.003 (.817) -0.203 (0.543) -1.12 0.266
1I-17 A -0.065 (0.882) 0.230 (0.708) 1.47 0.145
INF-gamma -0.003 (0.908) -0.175 (0.940) -0.82 0.412
BDNF -0.046 (0.797) 0.151(0.727) 1.09 0.276
TBARS 0.024 (0.980) -0.232 (0.793) -1.22 0.224
PCC 0.021 (0.773) 0.057 (0.708) 0.20 0.846
*p<0.05
Values were first normalized following the Box-cox fi ion and then
BD: bipolar disorder, 1L-2: interleukin 2; IL-4: interleukin 4; IL-6: interleukin 6; 1L-10: interleukin 10; IL-17: interleukin 17; INF-gamma;

interferon gamma:, BDNF: brain-derived neurotrophic factor; TBARS: thiobarbituric acid reactive substances; PCC: protein carbonyl
content.
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Table 3: Logistic regression assessing the utility of inflammatory, neurotrophic and oxidative

biomarkers in a model of staging. IL-6 significantly discerned between patients in early and

late stages.
Beta OR 95% CI p-value
IL-6 0.710 2.033 1.076-3.843 0.029%
BDNF -0.177 0.838 0.432-1.624 0.600
TBARS -0.009 0.991 0.576-1.704 0.974
*p=0.05

OR: Odds ratio, CI: Confidence interval.

IL: interleukine, BDNF: brain-derived neurotrophic factor, TBARS: thiobarbituric acid reactive sub

Hosmer and Lemeshow s test (p=0.784).
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FIGURES

Figure 1: Cluster centers of the variables delimiting early- and late- stages. According to
these centers the sample of the study was homogeneously divided into two groups.

FAST: Functioning Assessment Short Test.
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7.2. Estudi 2

I Grande, PVS Magalhaes, | Chendo, L Stertz, GR Fries, KM Cereser,
ABM Cunha, P Goi, M Kunz, M Udina, R Martin-Santos, BN Frey, E Vieta,
F Kapczinski, Val66Met polymorphism and serum brain-derived
neurotrophic factor in bipolar disorder: an open-label trial, Acta

Psychiatrica Scandinavica (on-line).

7.2.1. Resum de I'estudi 2

Introduccio: Els nivells del BDNF es troben disminuits durant els episodis
afectius en el TB. Tanmateix aquesta associaci6 només s’ha evidenciat
practicament en exclusiva en estudis transversals. En aquest assaig clinic obert a
16 setmanes, preteniem valorar de forma longitudinal la relacié entre els nivells
sérics de BDNF i la resposta clinica aixi com el possible paper predictor del
polimorfisme BDNF Val66Met en pacients amb TB que presentaven un episodi

afectiu.

Metodes: Es van estudiar 64 pacients diagnosticats de TB lliures de
medicacié durant un episodi afectiu agut aparellats amb 64 controls sans segons
sexe, edat i étnia. Es va realitzar una avaluacio clinica (Hamilton Depresion Rating
Scale (HDRS), Young Mania Rating Scale (YMRS), Clinical Global Impression
scale (CGl), Global Assessment of Functioning scale (GAF)) i la determinacié de
nivells sérics de BDNF per ELISA (Millipore, Temecula, USA) a les setmanes 2, 4,
8, i 16. Aixi mateix, es determina el polimofisme BDNF Val66Met en el moment
basal (5’nucleasa TagMan Applied Biosystems 7500 Real-Time PCR Systems,

Carlsbad, USA). Les analisis es realitzaren a partir d’'un model d’efecte mixt.

75



Resultats

Resultats: No es trobaren diferéncies en els nivells sérics de BDNF ni en les
freqiéncies genotipiques del polimorfisme BDNF Val66Mel entre el grup de
pacients i controls. En el model multivariable es determina com a predictor de
nivells inferiors de BDNF, el fet de ser portador de l'al-lel Met en el polimorfisme
BDNF Val66Met comparat amb els pacients homozigots per Val. El fet de no assolir
la resposta completa o la remissio es va veure associat a nivells inferiors de BDNF

de forma prospectiva (Figura 5).

Conclusions: Aquest estudi és la primera evidéncia longitudinal de que tant
el polimorfisme BDNF Val66Met aixi com l'estat de resposta clinica estarien

relacionats amb nivells periféerics de BDNF.

1,70

1 ’60_ w e e

ValéBVal, remissio total
—_— Val66Met, remissio total

ValB6Val, sense remissio
Val66Met, sense remissio

Nivells logaritmics de BDNF sérics

1 > I ¥ I 4 1 i/ 1
0 4 8 12 16

Setmana de tractament

Figura 5: Nivells de BDNF al llarg del seguiment a 16 setmanes segons la resposta
clinica i el polimorfisme BDNF Val66Met.
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Val66Met polymorphism and serum
brain-derived neurotrophic factor in
bipolar disorder: an open-label trial

Grande 1, Magalhdes PVS, Chendo [, Stertz L, Fries GR, Cereser KM,
Cunha ABM, Géi P, Kunz M, Udina M, Marton-Santos R, Frey BN,
Vieta E, Kapczinski F. Val66Met polymorphism and serum brain-
derived neurotrophic factor in bipolar disorder: an open-label trial.

Objective: Brain-derived neurotrophic factor (BDNF) is consistently
associated with acute mood episodes in bipolar disorder, but there is a lack of
longitudinal data to support this hypothesis. In this 16-week open-label
clinical trial, we tested the predictive role of BDNF Val66Met polymorphism
on serum BDNF levels and the relationship of serum BDNF and clinical
response in people with bipolar disorder during an acute illness episode.
Method: Sixty-four people with bipolar disorder who were medication-
free at baseline and in an acute mood episode were recruited. They were
matched with 64 healthy controls. Clinical evaluation, serum BDNF,
and BDNF Val66Met polymorphism were determined at baseline, and
change in serum BDNF was assessed in patients at weeks 2, 4, 8 and 16.
Results: There were no differences between patients and controls in
serum BDNF or in frequencies of the BDNF Val66Met polymorphism
genotype at baseline. The multivariable model showed that Met carriers
had a significantly different change in BDNF levels compared with Val
homozygotes. Not achieving a complete remission was also associated
with lower prospectively assessed BDNF levels.

Conclusion: This study provides the first longitudinal evidence that both
the BDNF Val66Met polymorphism and remission status predict
change in circulating BDNF levels.
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* People with bipolar disorder had a differential change in peripheral levels of brain-derived neuro-
trophic factor along the treatment of mood episodes depending on their Val66Met genotype.
* Met carriers of Val66Met genotype had a significantly different trajectory and a tendency for a less

substantial increase in peripheral levels than Val homozygotes.

® Change in brain-derived neurotrophic factor levels was associated with treatment response.

Limitations

* There were no differences in brain-derived neurotrophic factor levels between patients and controls at

baseline; this is possibly due to a floor effect.

* Owing to the naturalistic design of the study, we could not control for the effect of each particular treatment.
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Introduction

Synaptic plasticity and resilience are increasingly
recognized as a dimension of vital importance in
mood disorders (1, 2). Neuronal survival and
apoptosis are regulated by key molecules, among
them the class of neurotrophins (3). A neuro-
trophic model of mood disorders has been actively
investigated in the last decade (4). Brain-derived
neurotrophic factor (BDNF) has enjoyed particu-
lar prominence, mediating neural processes
involved in synaptic efficacy and neuroplasticity
(5). Consistent study data indicate that BDNF is
associated with mood disorders and with the
mechanism of action of antidepressants, mood
stabilizers, and antipsychotics (6, 7).

Secretion of the BDNF protein can be constitu-
tive, but it is mainly regulated by stimuli (8). Cer-
tain functional polymorphisms on BDNF gene
and epigenetic regulation may determine BDNF
secretion (9, 10). Specifically, the valine (Val) to
methionine (Met) substitution in the §' proregion
of the human BDNF gene has been shown to
influence the activity-dependent BDNF secretion
and signaling (11). This same polymorphism has
been associated with the diagnosis of bipolar dis-
order (12), rapid cycling (13), and early age of
onset (14).

In bipolar disorder, available data largely indi-
cate an association between circulating BDNF lev-
els and acute mood episodes. There is consistent
cross-sectional evidence, including meta-analytic
data, that episodes of mania and depression are
associated with low peripheral BDNF levels
(15-17). Considering that serum BDNF levels are
decreased during manic and depressive episodes
and that the normalization of BDNF levels may be
associated with clinical stabilization. we have
argued that BDNF is a potentially relevant bio-
marker of illness activity in BD (18). Nevertheless.
these hypotheses have been largely based on case-
control studies. To date, only three longitudinal
studies to our knowledge have investigated longi-
tudinal BDNF levels in BD. In two studies (19,
20), BDNF levels of patients with BD were lower
than those of healthy controls, and the differences
in baseline BDNF levels vanished after successful
treatment. In the other study (21), the trajectory of
BDNF levels during treatment seemed to depend
on the polarity of the mood episode.

It is clear from the extant information that longi-
tudinal studies are needed to understand how
BDNF changes during treatment and what factors
influence this change. Such knowledge is relevant given
the effects of neurotrophins on neuroplasticity and ulti-
mately on cognition and functioning (18).

2
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Aims of the study

In this study, we prospectively investigated the
effects of treatment and Val66Met polymorphism
on serum brain-derived neurotrophic factor levels
in a sample of drug-free patients with BD during
an acute mood episode along 16 weeks.

Material and methods
Participants

This is an open-label, longitudinal trial with indi-
viduals diagnosed with BD and a group of healthy
control subjects matched for age, gender, and
ethnicity. Recruitment of patients was performed
in the Bipolar Disorders Program of Hospital de
Clinicas de Porto Alegre and the Hospital Univer-
sitario de Santa Maria in Brazil. The recruitment
of controls was carried out in the hospital catch-
ment area of Hospital de Clinicas de Porto
Alegre, The study was conducted from April 2009
to December 2011, Inclusion criteria were as fol-
lows: 18 years of age or older, BD diagnosis, and
current manic. mixed, or depressive episode
according to DSM-IV-TR criteria. The confirma-
tion of the diagnosis was established by board-
certified psychiatrists based on the Structured
Clinical Interview for DSM-1V Axis | Disorders
(SCID-I). Patients additionally had to be medica-
tion-free, except for benzodiazepines, for at least
2 weeks (6 weeks in the case of fluoxetine or
depot antipsychotics). The exclusion criteria were
as follows: any DSM-IV disorders not defined in
the inclusion criteria comprising drug abuse, his-
tory of neurodegenerative disorders and mental
retardation, as well as current cancer, chronic or
acute infection, unstable medical illness, glucocor-
ticoid treatment, pregnancy or lactation, and par-
ticipation in a drug trial within 4 weeks prior to
enrollment. Controls were 18 years of age or older
and were never diagnosed with a psychiatric dis-
order. Absence of psychiatric morbidity was con-
firmed by the non-patient version of SCID-I
(SCID/NP). Subjects on current pharmacological
treatment, smokers, or those with a family history
of psychiatric disorder in first-degree relatives
were ruled out as controls.

All participants provided written informed con-
sent after receiving a complete description of the
study and adequately understanding it. Procedures
were approved by the Institutional Review Board
of Hospital de Clinicas and were conducted in
accordance with the Declaration of Helsinki.

A total of 64 patients with BD diagnosis and 64
healthy controls were enrolled. Patients were
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recruited from two similar, but distinct treatment
protocols. Patients in an open-label treatment
group (n = 31) were medication-free at intake and
were medicated at the discretion of the therapist.
Patients recruited from a quetiapine extended-
release monotherapy open-label trial (n = 33) were
also medication-free at intake and received exclu-
sively 300 mg/day of quetiapine extended release.
In the event that patients developed severe adverse
effects or were clinically deemed to need other
treatment, they were withdrawn from the study
(ClinicalTrial.gov identifiers: NCT00879632 and
NCTO00879307).

Procedure and outcome

A baseline assessment was carried out to obtain
sociodemographic, clinical, therapeutic, and func-
tional data using semistructured interview. Symp-
tomatology was assessed with clinical rating scales:
the Young Mania Rating Scale (YMRS) for mania,
the Hamilton Depression Rating Scale 21-item ver-
sion (HDRS-21) for depression, and the Clinical
Global Impression (CGI) severity scale for overall
clinical judgment. Functioning was evaluated with
the Global Assessment of Functioning (GAF) scale
(22-25). A register of pharmacological treatment
was conducted as well.

Longitudinal assessments were performed at
weeks 2, 4. 8, and 16. We classified patients as
responders if they showed a >=50% reduction in
YMRS and/or HDRS scores from baseline to the
final assessment and as remitters those with YMRS
and/or HDRS scores <8 at the final assessment
(26).

Blood and genetic analysis

Ten milliliters of blood was collected from each
subject by venipuncture at baseline and weeks 2, 4,
8, and 16 of the treatment. Five milliliters was
introduced into a free-anticoagulant vacuum tube
for serum BDNF level analysis and immediately
centrifuged at 2000 x g for 10 min. Five milliliters
was placed into an ethylenediaminetetraacetic acid
(EDTA) vacuum tube for DNA analysis. Serum
and total blood were kept frozen at —80°C until
further procedures.

Serum BDNF levels were measured with sand-
wich ELISA, using a commercial kit according to
the manufacturer’s instructions (Millipore, Teme-
cula, CA, USA). Briefly. 96-well, flat-bottomed mi-
crotiter plates were coated for 24 h with the
samples diluted 1 : 100. Plates were then washed
four times with wash buffer, and monoclonal anti-
BDNF rabbit antibody was added (diluted 1 : 1000

BDNF change in bipolar disorder

with sample diluents) and incubated for 3 h at room
temperature. After washing, a second incubation
with peroxidase-conjugated anti-rabbit antibody
(diluted 1 : 1000) was carried out for 1 h at room
temperature, After addition of streptavidin enzyme,
substrate, and stop solution, the amount of BDNF
was determined (absorbance set at 450 nm). The
standard curve demonstrated a direct relationship
between optical density and BDNF concentrations.
The assay sensitivity for BDNF was 7.8 pg/ml.
BDNF values are presented as ng/ml.

Genomic DNA was extracted using standard
procedures (27). The genotyping of the BDNF
Val66Met polymorphism was performed using a 5°
nuclease TagMan allelic discrimination assay on
the Applied Biosystems 7500 Real-Time PCR Sys-
tems (Applied Biosystems, Carlsbad., CA, USA).
We grouped Met allele carriers (Val/Met and Met/
Met genotypes) together for analyses because the
rarity of the Met/Met genotype prevents meaning-
ful analysis.

The investigators who performed the laboratory
assays were blinded to the clinical status of the
subjects.

Statistical analysis

Twenty-seven patients failed to complete all assess-
ments. All but one had at least one postbaseline
BDNF level, with an average of 3.6 observations.
BDNF levels were log-transformed. Categorical
variables were analyzed using chi-square analysis.
The distribution of continuous variables was
examined using univariate procedures. We con-
structed random slope and random intercept
mixed effect models to investigate longitudinal
changes in BDNF levels and longitudinal clinical
variations (28). Residuals were investigated for
normality. Mixed models with BDNF polymor-
phism as a predictor of clinical change in depres-
sive and manic symptoms were used to test these
effects controlling for baseline episode. All P val-
ues reported were two-tailed. Statistical signifi-
cance was defined as P < 0.05.

Results
Demographic and clinical data

Sixty-four patients were included in this trial, of
which 48% were in the open-label treatment pro-
tocol and other 52% were in the quetiapine
extended-release monotherapy protocol. Thirty
per cent were in a manic episode, 45% in a
depressive episode. and 25% in a mixed episode.
Table 1 depicts the demographic profile of the
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participants at baseline. No differences were
found between patients and controls according to
age, gender, and ethnicity. Two patients were
dropped out immediately after baseline and were
excluded from posterior analyses. Mean body
mass index at endpoint was 27.88 with a standard
deviation of 4.76 kg/m”.

Treatment response

There was a significant clinical improvement from
baseline to endpoint according to the CGI; that was
seen in the whole sample (Z = 6.10, P < 0.001) and
divided according to the polarity of the index epi-
sode: mania (Z =378, P < 0.001), depression
(Z =336, P<0001), and mixed (Z = 3.30,
P = 0.001). Figure 1 shows symptom improvement
according to the polarity of the index episode. Sev-
enty-seven per cent of those on treatment and 53%
of those on quetiapine extended-release monothera-
py were responders. Seventy per cent of those on
treatment and 38% of those on quetiapine
extended-release monotherapy achieved clinical
remission.

The BDNF Val66Met genotype frequencies were
in Hardy—Weinberg equilibrium in the patient and
control groups (y° = 1.57, P =0.2109; ° = 0.33,
P = 0.565 respectively). No significant differences
were found in the frequencies of the BDNF Val66-
Met genotypes, in the allele distribution, or in the
serum BDNF levels between patients and controls
(Table 2). Considering the clinical response, serum
BDNF levels were significantly higher at baseline in
non-responders compared with controls (r = 2.11,
P = 0.044) and in non-responders compared with
responders (r = 2.76. P = 0.008).

Along the follow-up, no general changes were
detected in serum BDNF levels (£ = 0.67,
P = 0.501) (Fig. 2). BDNF levels were consistently
lower in patients under the naturalistic protocol
compared with the quetiapine extended-release pro-
tocol (Z = 4.32, P < 0.001) and in the Met carrier
patients compared with patients with the BDNF
Valo6Val genotype (Z = 2.35, P =0.019). These
were the baseline predictors found for BDNF levels.
We further tested whether treatment response and
remission were associated with changes in BDNF
levels. Interestingly, in addition to both being asso-
ciated with serum BDNF levels, remission was
more strongly associated, and the use of remission
as a predictor yielded a better model. with signifi-
cant effects for time and time vs. remission interac-
tion (Table 3). We built a final multivariate model
that included BDNF Val66Met polymorphism,
protocol followed, remission status, time on treat-
ment, time vs. remission status interaction, and

4
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Table 1, Baseline characteristics of patients

Variable Patients with BD (n = B4)
Sociodemographic features
Gender (woman)* 40 625
Age at enrolment lysarsit 2 15
Ethnicity (Caucasian)* 56 875
Marital Status”

Married/Stable partner kr 500

Single 19 7

Other situation 12 188
Educational level (years of studylt 18 43
Decupational status®

Working 32 50.0

Student 7 109

Unemployed 5 31
Body Mass Index (kg/m’[+ 265 50
Clinical features
Bipolar disorder®

Type | 46 na

Type Il or NOS 18 81
Any psychiatric comorbidity® 5 391
Family history® 3 594
First episode

Age [yearsit 34 05
Peychotic features® 18 8.1

Substance-induced mood episode® 4 63
Duration of disorder [yearsi 135 103
Total number of episodest 101 105

Depressive episodes 55 79

Manic episodes 46 52
Scale assessmentt

YMAS 139 130

HORS 163 104

CGI-BD general 45 15

GAF 488 189
Episode at study entry*

Depressive type pa!] 453

Manic type 19 4.7

Mixed type 16 250
Protocol followed®

Treatment as usual k|| 484

Quetiapine monatherapy i 516
Treatment®

Mood stabilizers

Lithium 0 N3

Valproate 10 156

Lamotrigine 1 16

Antipsychotics

(Quetiapine extended release 1 516

Antidepressants 4 63

Benzodiazepines 26 406

*Values are indicated as m (%)

1Values are indicated as mean [SD).

BO, Bipolar disorder; NOS, not otherwise specified; YMAS, Young Mania Rating
Scale; HORS, Hamilton Depression Rating Scale; CGI, Clinical Global Impression
scale; GAF, Global A of i scale; ECT, Isive therapy,

polarity of the index episode. This model revealed
significant effects for the BDNF Val66Met
genotype (Z = 2.35, P = 0.019), the protocol fol-
lowed (Z = 2.85, P = (0.004), the remission status
(Z= 285 P=0004), the time (Z=2.08,
P = (.038), as well as the remission vs. time interac-
tion (Z = —2.34, P = 0.019), but not for the polar-
ity of the index episode (Z = 0.30, P = 0.766).
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Fig. 1. Clinical evolution of the patients according to the polarity of the index episode. YMRS, Young Mania Rating Scale, HAMD,

Hamilton Depression Rating Scale.

Table 2. Baseline peripheral brain-derived newrotrophic factor (BDNF) levels and
BONF Val66Met polymarphism in patients with BD and control subjects

Patients with Controls
Variable BO {n = 62)° [n = 62)° Statt  Pvalue
BONF ValgsMer polymorphism
Genotype distribution 1.074 0584
ValBBval 45 126 43 6712 1.074 0.584
ValGGMet 17 74 18 8.1
MetBEMet - - 1 16
Allele distribution 0127 0722
Val allele 107 863 1M B39
Met allele 17 137 puil 6.1

Serum BONF levels§ 415 298 64 212 1243 0219

“Two patients and two controls have missing BONF genotype because of difficulties
in the technigue.

+Stats: statistical analysis: r4est or chi-square, as appropriate.

+Values are indicated as n (%)

§Values are indicated as mean (S0}

BO, Bipolar disorder, BONF, brain-derved neurotrophic factor; Val, valing; Met,
methioning

Finally, we tested the effect of the BDNF Val66-
Met polymorphism on clinical change. In the mul-
tivariate models, BDNF Val66Met polymorphism
was not associated with changes in depressive
(Z=081, P=0416) or manic symptoms
(Z= 0.51, P=0.613) or with significant time
interactions.

People with bipolar disorder had a differential
change in peripheral levels of BDNF along the
treatment of mood episodes depending on their
genotype. Met carriers had a significantly different
trajectory and a tendency for a less substantial
increase in peripheral levels than Val homozygotes.
This is the first clinical trial with frequent

170+
-..-..-..-..-....___-___"_
E 1804 & e
)
1:_; 1.50
Es
% 140
56
%ﬂ
130+
; — Vv al, full remission
1204 = VaisGmet, full remission
? = « Vv i, no remission
= = Vassmot, no remission
110 =— T T T

0 H 8 12 16
Fig. 2. Log-transformed serum  brain-derived neurotrophic

factor (BDNF) levels along the 16-week follow-up according
to clinical remission and BDNF Val66Met polymorphism.

assessments and a relatively large sample demon-
strating such effects in BD.

The BDNF Val66Met polymorphism plays a
critical role in the expression of BDNF and
prompts cerebral modifications. In a recent study,
Matsuo et al. (29) studied the differences between
patients with BD and healthy volunteers according
to memory function, diagnosis, and BDNF Val66-
Met polymorphism. Patients with BD showed
smaller regional brain volumes than healthy con-
trols, and Met carriers within the same population
were likely to have smaller regional brain volumes
as compared with Val homozygotes. In our study,
the Met carriers had lower serum BDNF levels at
baseline compared with Val homozygotes. This is
in line with a study of Rybakowski et al. (30) who
assessed the neurocognitive performance in
patients with BD compared with schizophrenic
and control subjects. Interestingly, the only
difference related to the BDNF  Val66Met
polymorphism in the performance of the Wiscon-
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Table 3. Fixed effects and interactions with time of selected predictors of change
in serum brain-derived neurotrophic factor (BONF] levels

Fixed effect Time: interaction
Treatment response Z=299,P=0003 Z=-200.P=0038
Full remission Z=38 FP<00001 Z=-219.F=0028
Treatment protocol £= 351, P= 000 Z= —017, P= 0862
Antideprassants® Z=023,FP=086 7=-058 P=0%563
Lithium® Z=030,P=0761 Z=032FP=0746
BONF Val6gMet polymorphism Z=21,F=003 Z=1028F=0776
Bipolar disorder type | Z= 087, P=0330 Z=-025PF=0800
Sex Z=021.P=0788 Z= 125 P=0210
Polarity of index episode £=08,FP=034 Z=-0NFP=0914

*Controlled for treatment protocol

sin Card Sorting Test was determined in patients
with BD, depicting a significantly better accom-
plishment in subjects with the BDNF Val66Val
genotype compared with the BDNF Val66Met
genotype. These results may be caused by the effect
of the BDNF Val66Met polymorphism on the
activity-dependent secretion of BDNF (11), which
might be particularly evident during acute affective
episodes rather than in euthymia. The dysregula-
tion of BDNF release may also help to explain the
evolution of the serum BDNF levels in our study.
They varied notably showing an initial slump in
the group of Met carriers. All in all, activity-depen-
dent secretion on BDNF might be crucial for clini-
cal response in BD unlike what has been described
in unipolar depression in a recent meta-analysis
(31).

Previous pilot longitudinal studies of BDNF lev-
els in BD reported an increase in BDNF levels after
the patients had received pharmacological treat-
ment. Tramontina et al. (20) assessed serum BDNF
levels in 10 manic in-patients before and after a
mean of 52 days of treatment. Palomino et al. (19)
studied plasma BDNF levels in 14 patients with BD
undergoing their first psychotic episode. Both stud-
ies reported lower baseline BDNF levels during
acute episode compared with controls, with no dif-
ferences in BDNF levels between patients and con-
trols after acute treatment and after treatment for
6 months respectively. These results are consistent
with the literature on major depression, in which an
icrease in serum BDNF is usually seen with antide-
pressant treatment (32). In our study, we did not
find initial differences in serum BDNF levels
between patients and controls as in the study of
Rybakowski et al. (33).

Despite the advances achieved in the field of bio-
markers in BD, their usefulness related to clinical
improvement and treatment response still remains
to be elucidated. In a recent open-label study,
Grande et al. (21) found a time per mood polarity
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interaction. Increasing BDNF levels were associ-
ated with clinical improvement from a depressive
episode, and decreasing BDNF levels were related
to clinical improvement from a manic/mixed epi-
sode. A dose effect could have influenced outcome
as patients were treated with quetiapine extended-
release 300 mg/day monotherapy. Higher quetia-
pine doses may need to be used for manic or mixed
episodes. In the present study, achieving both
treatment response and full remission determined
an increase in serum BDNF levels, regardless of
the polarity of the index episode. Similar results
have been described in individuals with major
depressive disorder. In a 12-week follow-up study.
Kurita et al. (34) found increased plasma BDNF
levels in patients with depressive syndrome who
underwent remission in contrast with non-respond-
ers, showing a decrease in plasma BDNF levels
during monitoring. Likewise, in a cross-sectional
study, Molendijk et al. (35) compared the close
link between clinical response and serum BDNF
levels in patients with major depressive disorder.
Serum BDNF levels were low in patients with a cur-
rent depressive episode regardless of receiving anti-
depressant  treatment compared with healthy
controls. Nevertheless, serum BDNF levels were
higher in patients in an acute depression with
antidepressants compared with those without.
Remarkably, the difference between patients in a
current depressive episode and controls became
imperceptible after 6 months of having attained
sustained full remission, which may indicate the
prolonged biological impact of affective symptom-
atology on BDNF.

Different variables that could have confounded
the presented results were inspected. As it has
been reported that BDNF decreases along the
neuroprogression of the disorder (36), chronicity
of the disorder was taken into account. Consider-
ing the systemic toxicity of the affective episodes.
the total number of episodes was evaluated (37,
38). The high affinity of quetiapine for the seroto-
nin-2A receptor and a subsequent increase in
BDNF levels could also be argued as an explana-
tion for the higher BDNF levels in this group (35.
39, 40). Considering the influence of other treat-
ments on the BDNF levels in our study, it is
worth mentioning that neither lithium nor antide-
pressants showed any direct repercussion on these
levels. The limited sample size is a plausible
cause.

In this study. some limitations should be taken
into account. A possible caveat is related to the
neuroprogression hypothesis. At this time, there
are data suggesting that the biology of BD may
vary according to illness stage (41, 42). This may
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signify that BDNF levels only drop significantly in
certain stages. This may have acted as a floor effect
in the current trial, as BDNF levels were not differ-
ent from healthy controls at baseline. Moreover,
assessment of BDNF levels was carried out in the
peripheral blood. Despite evidence of correlation
between cortical BDNF and serum BDNF and
that BDNF crosses the blood-brain barrier, the
presumption that such findings might occur in the
human brain needs to be confirmed (43). In this
regard, studies about postmortem brain tissue and
cortical integrity are providing more evidence in
this framework. As this is a naturalistic study.
diversity in treatment may have had an eflfect on
BDNF levels. Mood stabilizers, antidepressants,
and atypical antipsychotics are reported to interfere
with pathways related to BDNF. Despite having
assessed the treatment with quetiapine extended
release, lithium, and antidepressants, other phar-
macological strategies were difficult to evaluate due
to the reduced sample under these treatments. Nev-
ertheless, the fact that patients were medication-
free at baseline mitigates chronic treatment effects,
which strengthens the results presented here.

There is growing evidence linking circulating
BDNF and systemic toxicity, and perhaps as one
of the most relevant mediators of allostatic over-
load in BD (2, 18, 44). There are several interesting
competing hypotheses of how clinical improve-
ment and serum BDNF levels are linked and how
polymorphisms can influence these levels. This
study suggests that assessment of peripheral
BDNF levels may be useful as biomarkers of treat-
ment response. A deeper understanding of the
molecular determinants involved in BDNF-signal-
ing cascades may provide a means for monitoring
treatment response. Finally, the finding that Met
carriers have less pronounced increase in BDNF
levels is consistent with previous biological
hypotheses and may provide future pharmacoge-
netic opportunities.
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release quetiapine during acute mood episodes: An open-label trial in
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7.3.1. Resum de P’estudi 3

Introduccio: Les molécules involucrades en la comunicacié interneuronal i
I'adaptabilitat de les xarxes neuronals, com el BDNF, son objecte d’estudi en el TB.
La quetiapina s’ha demostrat com una efectiva estratégia terapéutica en aquest
trastorn tant en el tractament agut com el de manteniment. Donat aquests
coneixements, l'objectiu d’aquest estudi fou estudiar de forma prospectiva els
canvis en els nivells de BDNF en pacients lliures de mediacié que es troben en un
episodi afectiu agut i se’ls administra tractament amb quetiapina d’alliberacio

perllongada al llarg de 16 setmanes de seguiment.

Metodes: Es van estudiar 25 pacients diagnosticats de TB lliures de
medicacié durant un episodi afectiu agut i aparellats amb controls sans segons
sexe, edat i étnia. Es va realitzar una avaluacié clinica (HDRS, YMRS, CGl, GAF) i
la determinacié de nivells sérics de BDNF per ELISA (Millipore, Temecula, USA) a
les setmanes 2, 4, 8 i 16. Les analisis es realitzaren a partir d'un model d’efecte

mixt.
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Resultats: Dels 25 pacients, 17 presentaren a l'inici de I'estudi un episodi
agut depressiu i 8, un episodi agut maniac o mixt. Una millora clinica significativa
es va observar al llarg de I'estudi. En el model d’efecte mixt, es va determinar un
efecte de I'episodi al llarg del temps i una interaccioé temps per episodi evidenciant
que aquells pacients amb un episodi depressiu presentaven un increment dels
nivells de BDNF comparat amb els pacients amb un episodi maniac o mixt que

mostraven un decreixement (Figura 6).

Conclusions: Els nivells de BNDF poden ser un biomarcador amb resposta

diferencial en funcio de la polaritat de I'episodi afectiu.
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Figura 6: Nivells de BDNF al llarg del seguiment a 16
setmanes en pacients en episodi agut a) depressiu, b)
maniac o mixt.
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as brain-derived neurotrophic factor (BDNF), are targets of pathophysiclogical investigation in bipolar
disorder (BD). Quetiapine is an d t in this disorder, used in acute mood episodes. The aim
of this study was to report prospective changes in serum BDNF levels in drug-free patients in acute mood
epmdes of BD who received treatment with extended-release quetiapine along a 16 week follow-up.
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were performed at baseline and weeks 2, 4, 8 and 16 with the Young Mania Rating Scale,
the Hamilton Depression Rating Scale and the Clinical Global Impression severity scale. In these visits,
serum BDNF levels were measured. Mixed effect models were used to investigate longitudinal changes.
Twenty-five patients were included for this analysis, seventeen in a current depressive episode and eight
in a manic/mixed episode. A significant impr from baseline to endpoint was displayed. In the
mixed model, significant main effects for episode and time appeared, and a time versus episode inter-
action showing increasing BDNF levels with time in those with a depressive episode, but a decrease in
BDNF levels with time in those with a manic/mixed episode. BDNF may be a biomarker with differential
response according to the polarity of mood episodes.

Clinical trial: Brain Derived Neurotrophic Factor as a Predictor of Response to Treatment in Bipolar
Depression and Mania: 16-weeks Follow-up with Quetiapine XR NCTO0879307 http://clinicaltrials.gov/
ct2/show/NCTO0879307 Pterm=bdnf+ quetiapine&rank =1

@ 2012 Elsevier Ltd. All rights reserved.

1. Introduction

In the last decade, neuroplasticity has been put in the central
stage in mood disorder research (Duman, 2002; Post, 2007; Manji
et al., 2012). Molecules that are involved in neuronal intercom-
munication and adaptability of neural networks, such as the family
of neurotrophins, have become major targets of pathophysiological
biomarkers and possible future targets of treatment (Berk et al.,
2011a). Among these proteins, brain-derived neurotrophic factor
(BDNF) has had special prominence in the study of

* G ing author. L io de Psi ia Molecular, Hospital de Clinicas

de Porto Alegre (HCPA), Ramiro Barcelos, 2350, CEP 90035-903 Porto Alegre, RS,
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0022-3956/8 — see front matter © 2012 Elsevier Ltd, All rights reserved,
http:/{dx.doi.org/10.1016/j jpsychires.2012.08.017

neuropsychiatric disorders because it is the best characterized
member in terms of its role in synaptic plasticity (Grande et al.,
2010; Autry and Monteggia, 2012).

In bipolar disorder (BD), there is consistent evidence pointing to
impaired BDNF regulation. During acute mood episodes, BDNF
levels are low, with a trend to return to normal levels during
euthymia (Fernandes et al., 2011). Nevertheless, low BDNF levels
have also been associated with a chronic illness course. After
multiple episodes, cross-sectional data have revealed significantly
low BDNF levels even in the interepisode period (Kauer-Sant'Anna
et al., 2009), which is consistent with impaired functioning (Rosa
et al,, 2012). Preliminary data also indicate that young individuals
with bipolar disorder from the general population have normal
BDNF levels (Magalhaes et al., 2012).

Notwithstanding the extant evidence, one major caveat in the
literature is that most studies are cross-sectional in nature,
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Longitudinal data are needed to demonstrate individual change,
and in bipolar disorder this evidence is very limited (Palomino
et al,, 2006; Tramontina et al., 2009). In addition to that, little is
known about the role that pharmacological treatment may play.
Quetiapine is an antipsychotic widely used for acute mood
episodes in bipolar disorder because of convincing evidence of its
efficacy (Tamayo et al, 2010; Vieta et al, 2010). Most recent
guidelines recommend its use as first line treatment (Yatham
et al., 2009). Relevant to the issue here, quetiapine has been re-
ported, in pre-clinical investigations, to increase BDNF mRNA
levels in the gyrus dentatus and the hippocampus (Fumagalli et al.,
2004; Park et al, 2006) and to enhance hippocampal cell
proliferation in monotherapy and combination with antidepres-
sants, suggesting neuroprotective potential (Luo et al., 2005; Xu
et al, 2006). In patients with treatment-resistant depression,
increasing levels of peripheral BDNF have also been determined
after addition of a low dose of quetiapine to an antidepressant
(Yoshimura et al, 2010). Furthermore, quetiapine may be safer
than other antipsychotics as regards to its effects on neuro-
cognition (Torrent et al., 2011).

In this study, we report prospective changes in serum BDNF
levels in patients with acute mood episodes of bipolar disorder. All
patients were medication-free with the exception of as needed use
of L diazepines at baseli The standardized quetiapine
treatment allowed us to investigate the evolution of this important
neurotrophin’s levels over the course of 16 weeks.

2. Methods

This is an open-label longitudinal trial, conducted from April
2009 to September 2011. Recruitment of outpatients diagnosed
with BD was performed at a tertiary care facility, the Bipolar
Disorders Program (Hospital de Clinicas in Porto Alegre, Brasil).
Diagnosis was confirmed according to the Structured Clinical
Interview for DSM-IV-TR Axis | (SCID-1) (First et al., 2002) by board-
certified and trained psychiatrists. Patients had to be suffering from
an acute mood episode, also confirmed with the SCID. Exclusion
criteria were: history of neurodegenerative disorders, mental
retardation, current cancer, chronic or acute infection, glucocorti-
coid treatment and participation in another drug trial within 4
weeks prior to enrollment. Patients additionally had to be off
psychotropics (except for benzodiazepines) for at least 2 weeks (6
weeks for fluoxetine or depot antipsychotics). All participants
provided written informed consent after receiving a complete
description of the study. Procedures were approved by the Ethical
and Research Committee of Hospital de Clinicas. Current symptoms
were assessed with the Young Mania Rating Scale (YMRS) (Young
et al., 1978) for mania and the Hamilton Depression Rating Scale
(HDRS) (Williams, 1988) for depression and the Clinical Global
Impression (CGl) severity scale (Guy, 1976) for overall clinical
Jjudgment. Follow-up assessments were performed at weeks 2, 4, 8
and 16 after baseline. Patients were treated with quetiapine
extended-release 300 mg/day monotherapy. Pharmacological
treatment was revised and reassessed in each visit and modified
when required. If patients developed severe adverse effects or were
clinically deemed to need other treatments, they were withdrawn
from the study.

Patients were classified as responders if they showed a reduc-
tion from baseline in YMRS and/or HDRS score > 50% at the final
assessment (Tohen et al., 2009). Number of previous manic and
mixed episodes was assessed; an effect of multiple episodes was
tested as having less than 10 or ten or more episodes. Although
imperfect, this classification has demonstrated previous prognostic
validity in clinical studies as a marker of stage of illness in BD (Berk
et al., 2011b).
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Ten milliliters of blood were withdrawn from each subject by
venipuncture at baseline and weeks 2, 4, 8 and 16 of the treatment.
Serum BDNF levels were measured with sandwich-ELISA, using
a commercial kit according to the manufacturer's instructions
(Millipore, Temecula, USA). The standard curve d rated
a direct relationship between optical density and BDNF concen-
trations. The assay sensitivity for BDNF was 7.8 pg/ml. BDNF values
were presented as ng/ml. The investigators who performed the
analysis were blind to the clinical status of the subjects.

Eight patients failed to complete all assessments (two due to
significant sedation, five due to inefficacy and one due to poor
adherence). We use the nonparametric Wilcoxon signed-rank test
to test for baseline to endpoint differences in rating scale scores.
BDNF levels were normally distributed according to the Shapiro—
Wilk test (p = 0.99). To investigate longitudinal changes in BDNF
levels, rand lope and lom-i ept mixed effect models
were constructed (Willett et al., 1998). Because of the limited
sample size, only a few predictors were tested, one at a time. We
also report interactions with time for these same predictors.

3. Results

Twenty-five patients were included for this analysis, seventeen
in a current depressive episode and eight in a manic or mixed
episode (Table 1). Four patients, three in a depressive episode and
one in a mixed episode, were taking benzodiazepines in combi-
nation with quetiapine, Patients displayed significant improvement
from a median of 4 to a median of 2 on the CGI from baseline to
endpoint (£ = 2.92, p = 0.004}; for those with an index episode of
depression, CGI dropped from 4 to 2, and for those on manic or
mixed episodes from 4.5 to 3.5. Eight patients with an index
depressive episode and three patients with a manic or mixed
episode had a positive treatment response as defined above,

Mean baseline and endpoint BDNF levels were 49.33 (SE
2.81) ng/mL and 57.02 (SE 4.27) ng/mL, for those with an initial
depressive episode and 54.93 (SE 1.66) ng/mL and 4060 (SE
5.67) ng/mL for those with an initial manic or mixed episode. The
initial mixed model did not reveal a significant change in BDNF
levels related to week of treatment (B = 0.32, SE = 0.28, p = 0.256).
When the index episode was entered in the model, however,
significant main effects for episode (B = 9.50, SE = 3.55, p = 0.007)
and time appeared (B = 0.66, SE = 0.29, p = 0.024), as well as a time
versus episode interaction (B = —1.55, SE = 0.63, p = 0.015).
Graphical inspection of the data demonstrated the interaction
indicated: a significant increase of BDNF levels with time in those
with a depressive episode (r = 0.30, p = 0.019), but a significant
decrease in BDNF levels with time in those with a manic or mixed
episode (r = —047, p = 0.029) (Fig. 1). The other predictors
(treatment response, illness stage and sex) were not associated
with change in BDNF levels (Table 2).

Table 1
Demographic and clinical characteristics of the sample at baseline according to
index episode.

Depression Manic/
(n=17) mixed
(n=238)

Female sex 7% 50%
Age 36 (30-50) 42 (29-55)
Years of education 13 (12-17) 14 (10-16)
Bipolar | disorder 59% 100%
Baseline CGI 4(3-5) 45 (3-5)
Baseline HAM-D 22 (18-26) 22 (10-27)
Baseline YMRS 0(0-3) 16(13-20)
Number of previous episodes 15(6-20) 14 (5-22)

Shown as median (interquartile range).
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Fig- 1. Change in 1l brain-derived phic factor levels in patients with

depressive or manic/mixed index episode during the 16 week follow-up,

4. Discussion

As far as we know this is the first study to report prospective
changes in peripheral BDNF levels in individuals who were initially
drug-free in a manic, mixed or depressive episode and received
treatment. While we initially expected that treatment would be
associated with raising levels, the study revealed that mood
episode polarity was a significant effect modifier. BDNF levels
increased in patients with depression but decreased in patients in
manic or mixed episode.

Why polarity of the index episode would have an influence on
serum BDNF level variations after initial treatment is a question to
unravel. These differences could be due to a number of factors. One
possibility for explaining continuing low BDNF levels in mania is
the prominent toxicity of the manic episode. In our study, although
both groups presented with similar rates in the HAM-D score at
baseline, the manic symptomatology seem to prompt BDNF levels
variations. Albeit the biological evidence is limited, mania may be
associated with greater systemic dysfunction (Kapczinski et al.,
2011), including DNA damage (Andreazza et al., 2007) and

Table 2
Fixed effects and interactions with time of selected predictors of change in brain-
derived neurotrophic factor (BDNF) levels,

Fixed effect Time interaction
Index episode Z =268, p = 0,007 Z =244, p = 0015
Sex Z =045, p = 0656 Z=129 p=0197
llness stage Z =023, p- 00819 Z =096, p = 0338

Treatment response Z =087, p=0386 Z =030, p = 0.766

lilness stage defined as less than 10 or ten or more previous episodes.

oxidative stress (Andreazza et al., 2008). A clinical parallel to these
findings would be the protracted cognitive and functional deficits
often observed in patients who have undergone manic episodes
(Conus et al., 2006; Grande et al., 2012; Sole et al., 2012). The
number of manic episodes has been studied to be a predictor of
poor cognitive performance, suggesting that the recurrence of
mania may have a long-term neuropsychological impact (Lépez-
Jaramillo et al., 2010). Moreover, our findings in BD patients with
depression are in accordance with results in longitudinal follow-up
conducted in patients diagnosed with unipolar depressive disorder
in a depressive episode (Yoshimura et al., 2007).

This study evidences some shortcomings. Firstly, as a prelimi-
nary study, the sample size is limited. As such, interesting associ-
ations between predictors of BDNF change were restricted and we
employed rather simple models. Secondly, the open-label nature of
the trial means we cannot separate the effect of use of quetiapine
from the effect of illness course. Whether variations in peripheral
BDNF levels were directly related to clinical improvement or
treatment with quetiapine is difficult to discern. It is important to
remark that the response rate was lower than in large previous
clinical trials (Chiesa et al., 2012). In addition, a dose effect could
have influenced on the different outcome as well, since higher
quetiapine doses may be used for manic or mixed episodes (Vieta,
2005). Notwithstanding the fact that quetiapine has shown efficacy
in mania and depression, this study was not designed as an efficacy
trial. Thus, quetiapine was specifically selected as monotherapy
because of preclinical suggestions of an effect in BONF and neuro-
plasticity (Mcintyre et al., 2007). Lastly, the BDNF levels were
assessed peripherally. To what extent peripheral BDNF levels
represent effective central nervous system levels versus other
sources of the protein remains to be elucidated. However,
preclinical studies have reported positive correlations between
serum and cortical BDNF levels (Karege et al., 2002), as well as the
influence of peripheral BDNF on brain behavioral and cellular
functions (Schmidt and Duman, 2010). Moreover, serum BDNF
levels have been related to neuronal integrity in spectrophotometry
in healthy subjects (Lang et al,, 2007).

The current study offers a suggestion on how BDNF levels may
vary during pharmacological treatment. Our findings support the
notion that pathways related to BDNF and neuroplasticity are
associated with the pathophysiology of mood disorders. Larger
controlled studies are warranted to elucidate relationships
between peripheral biomarkers and bipolar disorder course,

Role of the funding sources

This study was sponsored by an unrestricted study grant from
AstraZeneca Brazil.

Contributors

Flivio Kapczinski, Keila Mendes Cereser, Marcia Kauer-San-
t'Anna, Benicio Frey designed the study and wrote the protocol. All
the authors managed the literature searches and analyses. Pedro VS
Magalhaes and Iria Grande undertook the statistical analysis, and
wrote the first draft of the manuscript. All authors contributed to
and have approved the final manuscript.

Author disclosures

Prof. F. Kapczinski has received grant/research support from
Astra-Zeneca, Eli Lilly, the Janssen-Cilag, Servier, CNPq, CAPES,
NARSAD and the Stanley Medical Research Institute; has been
amember of the speakers’ boards for Astra-Zeneca, Eli Lilly, Janssen
and Servier; and has served as a consultant for Servier.

89



Resultats

1514 I Grande et al / Jounal of Psychiatric Research 46 (2012) 15111514

Dr. Frey has received grant/research support from CIHR, Father
Sean O'Sullivan Research Centre, Stanley Medical Research Foun-
dation, Hamilton Health Sciences Foundation, Eli Lilly, Wyeth, and
Bristol-Myers Squibb; has received speaking fees from AstraZeneca
and Bristol-Myers Squibb; and has received travel support from
Pizer.

Prof Kauer-Sant'Anna has received research grants from CNPg-
INCT-TM, CNPq Universal, CAPES, SMRI, NARSAD, Astra-Zeneca, and
Eli Lilly.

Prof. E. Vieta has received research grants, and served as

early- vs. late-stage bipolar disorder. International journal of Meuro-

psychopharmacology 2000;12:447—58.

Lang UE, Hellweg R, Seifert F, Schubert F, Gallinat ). Correlation between serum
brain-derived neurotrophic factor level and an in vivo marker of cortical
integrity. Biological Psyma[rymsz 530-5.

S

pera-Visquez |, Gallo A, Ospina-Dugue ], Bell V., Torrent C, et al.
" Efects of on the cogn of patients with bipolar 1|
disorder: i for relapse ion and dh Bipolar
Disorders 2010;12:557-67.
Luo C, ¥u H, Li X-M. Queti, reverses the suppression of hippocampal neuro-
genesis caused by rrptamd restraint stress. Braln Research MS 1063:32-9.
Magalhdes PV, AA, Dy T. D, Dodd 5,

et al Hiness burden and medical rhidi

consultant, advisor or speaker for the following c
AstraZeneca, Bristol-Myers Squibb, Eli Lilly, Forest Research Insti-
tute, Gedeon Richter, GlaxoSmithKline, Janssen-Cilag, Jazz, Lund-
beck, Merck Sharp & Dohme, Novartis, Otsuka, Pfizer Inc, Sanofi-
Aventis, Servier, Takeda, and UBC and research funding from the
Spanish Ministry of Health, the Spanish Ministry of Science and
Education, the Stanley Medical Research Institute and the 7th
Framework Program of the European Union.

All other authors declare that they have no conflicts of interest.

Acknowledgments

Dr. I. Grande has received a research grant from Hospital Clinic
de Barcelona (HCB). Dr. Magalhdes is supported by a post-doctoral
scholarship from Conselho Nacional de Desenvolvimento Cientifico
e Tecnoldgico (Brazil).

References

Andreazza AC. Frey BN, Erdtmann B, Salvador M. Rombaldi F, Santin A, et al. DNA
damage in bipolar disorder. Psychiatry Research 2007;153:27-32,

Andreazza AC, Kaver-Sant'/Anna M, Frey BN, Bond DJ, Kapezinski F. Young LT, et al.
Owidative stress markers in bipolar disorder: a meta-analysis. Journal of
Affective Dlson:lcls 2008 I:II EZS 44.

Autry AE, ic factor and
disorders. I’harmamloglcal Rewews 2012;64:238-58.

Berk M, Brnabic A, Dodd S, Kelin K, Tohen M, Malhi GS. et al. Does stage of illness.
impact treatment response in bipolar disorder? Empirical treatment data and
their implication for the staging model and early intervention. Bipolar Disor-
ders 2011b;13:87-98,

Berk M, Kapezinski F. Andreazza AC, Dean OM, Giorlando F, Maes M. et al. Pathways

in

program for bipolar disorder. Acta M(hlallk‘-l Scandinavica
2012;125:303-8.

Manji H, Kato T, Di Prospero NA, Ness 5, Beal MF, Krams M, et al. Impaired mito-
chondrial function in psychiatric disorders. Nature Reviews. Neuroscience 2012
Apr. 18. hitp:[[dx.doi. u 101038 /nm 3229 ]Epub ahead ofpnn[|

Mclntyre RS, M, Konarski JZ.
A preclinical and clnn::al rationale for aueuannne in mood syndromes. Expert
Dplnlon on Phanmmmmw 2007:8:1211-9,

P A, A G I

Pinto A, Aldama A, Gonzilez-
Gdmez C, Mosquera F, et al. Decreased levels of plasma BDNF in first-episode
schizophrenia and bipolar disorder patients. Schizophrenia Research 2006;86:
321-2

Park 5-W, Lee 5-K, Kim J-M, Yoon J-5, Kim Y H. El'rms of quetiapine on the brain-
deri n the and of
rats, Neuroscience Letters 2006;402:25— 9

Post BM. Role of BONF in bipolar and unipolar disorder: clinical and theoretical
implications. Journal of Psychiatric Research 2007:41:979-90,

Rosa AR, Gonzilez-Ortega I, Gonzilez-Pinto A, Echeburda E, Comes M,
Martinez-Aran A, et al. One-year psychosocial functioning in patients in
the early vs. late stage of bipolar disorder. Acta Psychiatrica Scandinavica
2012:125:335-41.

Schmidt HD, Duman RS. Peripheral BONF Dtoduoes anmteﬁress.m: like effects in
cellular and behavioral models. 2010:35:2376-91,

Sole B, Bonnin CM, Torrent C, Marmwz Aran A, Popovic D, Tabarés-Seisdedos R,
et al. Neurocognitive impairment across the bipolar spectrum. CNS Neurosci-
ence & Therapeutics 2012;18:194-200.

'limij Zara[r]l CA, Vieta E, Vizquez G, Tohen M. Level of response and safety
of in the of acute bipolar | disorder
phases: a systematic review and meta- analysis. International Journal of Neu-
ropsychepharmacolegy 2010:13:813-32,

Tohen M, Frank E, Bowden CL, Colom F. Ghaemi SN, Yatham LN, et al. The Inter-
national Society for Bipolar Disorders (ISBD) Task Force report on the nomen-
clature of course and outcome in bipolar disorders. Bipolar Disorders 2009;11:
453-73.

Torrent C, Martinez-Arin A, Daban C, Amann B, Balanzi-Martinez V, del Mar
Bonnin C, et al. Effects of atypical antipsychotics on neurocognition in euthymic
b|p0|ar patients. Cumprtl\cniwr Psychiatry 2011;52:613-22.

JF, 5,

underlying neuroprogression in bipolar disorder: focus on
oxidative stress and neurotrophic factors. Meuwroscience & Biobehavioral
Reviews 2011a:35:804-17.

Chlesa A, Chll.'m F. De Ronchi D Scmm A Quetlapmc for bipolar depression:

rAnna M, Stertz L God ), Chiarani F, et al.
Brain-derived neumcropln: factor serum levels before and after treatment for

acute mania, Neuroscience Letters 2009:452:111-3,
Vieta E Mood stabilization in the treatment of bipelar disorder: focus on
Human Psychoph ology: Clinical & E: i | 2005:20:

review and met ly Clinical Psyc
mlo;y 2012:27:76-90.

Conus P, Cotton 5, Abdel-Baki A, Lambert M. Berk M, McGorry PD. Symptomatic and
functional outcome 12 months after a first episode of psychotic mania: barriers
to recovery in a catchment area sample. Bipolar Disorders 2006:8:221-3

Duman RS. Synaptic plasticity and mood disorders. Molecular Psychiatry 2002;7-
(Suppl. 1):529-34.

Fernandes BS, Gama CS, Ceresér KM, Yatham LN, Fries GR, Colpo G, et al. Brain-
derived phic factor as a stab rker of mood episodes in bipolar

a ic review and ion analysis. Journal of

¥ Research 1004,

First MB, Spitzer RL Gibbon M. Williams JBW. Structured clinical interview for
DSM-IV axis | disorders, research version, patient edition (SCID-1/P). New York:
Biometrics Research, Mew York State Psychiatric Institute; 2002,

Fumagalli F. Molteni R, Bedogni F. Genna M. Perez ], Racagni G, et al. Quetiapine
regulates FGF-2 and BDNF expression in the hippocampus of animals treated
with MK-B01. Neuroreport 2004:15:2109-12.

Grande I, Fries GR, Kunz M, Kapczinski F. The role of BDNF as a mediator of neu-
roplasticity in bipolar disorder. Psychiatry Investigation 2010;7:243-50,

Grande I, Magalhdes PV, Kunz M, Vieta E, Kapczinski F. Mediators of allostasis and
systemic toxicity in bipolar disorder. Physiology & Behavior 2012;106:46—50.

Guy W. ECDEU manual for psyc Rockvile, MD: US.
Department of Health, Education and Welfare; 1976,

Kapczinski F, Dal-Pizzol F, Teixeira AL Magalhaes PVS, Kauer-5ant'Anna M. Klamt F,
et al. Peripheral biomarkers and illness activity in bipolar disorder, Journal of
Psychiatric Research 2011:45:156-61,

225-36.
Vieta E, Locklear ), Giinther O, Ekman M Mllwnburgcr C (‘hmemn ML, et al.
Treatment options for bipolar iew of
controlled trials, Journal of Clinical Psytnaphannamm 2010:30:579-90,
wme:l J& Singer JD, Mamn NC. The design and analysis of Imuudml studies of

and hology in context: | models and meth-

delogical d. and Psycl hil 1998:10:
395-426.

‘Williams |B. A structured i guide for the i P Rating Scale.

Archives of General Psychiatry 1988:45:742-7.

Xu H, Chen Z He | Haimanot 5, Li X, Dyck L et al. Synergetic effects of quetiapine
and venlafaxine in preventing the chronic restraint stress-induced decrease in
cell proliferation and BDNF expression in rat hippocampus, Hippocampus 2006:
16:551-9,

Yatham LN, Kennedy SH, Schaffer A, Parikh 5V, Beaulieu S, O'Donovan C, et al.
Canadian Metwork for Mood and Anxiety Treatments (CANMAT) and Interna-
tional Society for Bipolar Disorders (15BD) collaborative update of CANMAT
guidelines for the management of patients with bipelar disorder: update 2009,
mpo]ar Dlsardtrs 2009 11:225-55.

Sugita A, Hori H, Umene-Nakano W, Katsuki A, Hayashi K,
et al. nddlng a low duse atyplcal antipsychotic drug to an antidepressant
induced a rapid increase of plasma brain-derived neurotrophic factor levels in
patients  with  treatment-resistant  depression. Progress  in  Neuro-
Psychopharmacology and Biological Psychiatry 2010;34:308-12.

Yoshimura R. Mlloma M, Sugita A, Hori H, Okamoto T Umcm: W, et al. Effects of

Karege F. Schwald M, Cisse M. Postnatal
neumtmphic factor in rat brain and platelets. Neuroscience Letters 2002;328:

614,
Kanm' Sant"Anna M, I(a'pn:llskl F. Andreazza AC, Bond DY, Lam RW, Young LT, et al.
Brain-derived factor and i v markers in patients with

profile of brain-derived or i on serum brain-d phi \‘acu:rm
depressed patients, Progress in Neur I and  Biologi
Psychiatry 2007:31:1034-7.
Young RC, Biggs JT. Ziegler VE, Meyer DAL A rating scale for mania: reliability, val-

idity and sensitivity. The British Journal of Psychiatry 1978;133:429-35,

90



8. Discussio



Discussio

92



Discussio

8. Discussio

8.1. Resultats més rellevants

En aquesta tesi doctoral per compendi d’articles hem aportat evidéncia sobre
un tema de vigent actualitat i altament debatut en el camp de la psiquiatria i, en

concret, en el TB, com és I'Us de I'estadificaci6 i la utilitat dels biomarcadors.

En lestudi 1, realitzem una proposta d’estadificaci6 amb uns barems, per
tant dades numeriques, que ens permeten diferenciar grups de pacients des d’una
perspectiva terapeutica i pronostica diferencial. Mentre que els pacients en I'estadi
definit com a “primerenc” presentaven menor nombre d’episodis, millor
funcionament en la vida diaria, major edat a l'inici del TB i major temps d’evolucio
de la malaltia, els pacients compresos en l'estadi “farda” mostraven resultats
diametralment oposats en aquestes variables. A més a més, aquesta classificacié

s’ha vist relacionada amb un biomarcador lligat a la inflamacio, la IL-6.

En el TB, no només la IL- 6 s’ha establert com un potencial objectiu en
I'estudi dels biomarcadors. EI BDNF, llargament estudiat en els mecanismes de
memoria a llarg termini a nivell hipotalamic, també sembla jugar un paper en les
malalties neuropsiquiatriques. En els estudis 2 i 3 d’aquesta tesi doctoral, el BDNF
ha estat avaluat de forma longitudinal en una mostra de pacients amb TB que
presentaren un episodi afectiu agut. S’ha vist que els nivells sérics de BDNF
variaven al llarg del tractament farmacoldgic en funcié de la resposta al tractament,
de ser portador de l'al-lel Met en el polimorfisme BDNF Met66Val, del tipus de

tractament farmacoldgic administrat i de la polaritat de I'episodi inicial.
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8.2. Estadificacio

Des del nostre punt de vista, abastar la complexitat d’un trastorn psiquiatric,
com el TB i el procés neuroprogressiu que comporta en tan sols una variable pot
arribar a no recollir tots els trets i particularitats de la malaltia. Les trajectories de la
malaltia varien enormement: existeixen pacients amb una Optima recuperacio tot i
un reguitzell de descompensacions cliniques a diferéncia de pacients que amb un
episodi ja mostren afectacio de per vida. El mateix s’evidencia amb la cronicitat, ja
que aquesta no és definitoria d’'una evolucié més torpida. Per aquest motiu, en
I'estudi 1 es va preferir recollir informacié sobre diversos items clinics analitzats en
la literatura sobre el model d’estadificacio en el TB com el funcionament en la vida
diaria, el numero d’episodis, I'edat a I'inici de la malaltia i el temps d’evolucié de la
malaltia per tal de definir millor una proposta d’estadificacid basada en criteris
clinics.

En base al funcionament, recentment Reinares i col %

han proposat una
classificacio d’estadificacié diferenciant els pacients amb alt rendiment dels de baix
rendiment. A partir d’'una analisi latent de classe que delimita aquests dos grups de
funcionament, es definiren com a predictors de funcionament a) variables
relacionades amb la gravetat clinica com el nivell de simptomes depressius
residuals i la densitat d’episodis, és a dir, la quantitat d’episodis en un any i, b)
variables neuropsicologiques com la intel-ligéncia verbal estimada i el control
inhibidor. Durant la recent elaboraci6 de les recomanacions del grup de treball de la
Societat Internacional de Trastorns Bipolars sobre un model d’estadificacié en el TB

s’ha debatut sobre el perill de caure en circularitats tautoldgiques en I'is de

variables com un baix rendiment cognitiu aixi com I'evolucié torpida de la malaltia.
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L’equip australia dirigit per Michael Berk ha treballat for¢a al voltant del model
d’estadificacié basant-se en una classificacié segons el numero d’episodis. A partir
de les dades de 12 assajos clinics controlats, randomitzats finangats per Eli
Lilly&Co. per avaluar I'efectivitat d’'olanzapina en episodis maniacs, depressius i en
tractament de manteniment®, Berk i col. dividiren la mostra en aquells pacients que
havien presentat entre 1-5 episodis, entre 6-10 i més de 10. Les taxes de milloria
en la majoria de mesures de resposta en mania eren majors en el grup entre 1-5
episodis podent arribar al doble comparat amb la resta de grups. Quant als estudis
de depressio, les taxes de resposta eren significativament majors en el mateix grup,
tanmateix només per a dues mesures d’avaluacié. Pel que fa al tractament de
manteniment, la probabilitat de recaiguda a mania o depressio es va reduir en un
40-60% en aquells pacients que presentaren 1-5 episodis o0 6-10 episodis comparat
amb aquell grup de pacients que havien patit més de 10 episodis, mostrant una
diferéncia significativa només en les recaigudes maniaques en el grup de 1-5
episodis comparat amb el que havien patit més de 10 episodis. Seguint el mateix
patré, Magalhaes i col.?’® van analitzar les dades obtingudes en [l'estudi obert,
prospectiu, multicentric Systematic Treatment Enhancement Program for Bipolar
Disorder (STEP-BD) seleccionant aquells pacients en un episodi agut depressiu
que participaven en un assaig clinic amb tractament antidepressiu adjuvantﬁe. Els
pacients amb multiples episodis presentaven, de forma consistent, pitjors resultats
tant transversalment en forma de major discapacitat i menors dies d’estabilitat
clinica, com prospectivament, en l'avaluacié de simptomes depressius, maniacs,
de qualitat de vida i de funcionament. Tanmateix, no s’evidenciava que la resposta
antidepressiva variés en funcié del nombre d’episodis afectius soferts. Per contra,

en l'estudi classic de Swann, si s’evidencia diferéncia en la resposta al liti en funcié
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del nimero d’episodis®'. Rosa i col.” també van avaluar la funcionalitat a partir del
numero d’episodis evidenciant una major recuperacio al llarg d’'un any en termes
generals en aquells pacients que havien presentat un unic episodi comparat amb

aquells pacients amb un minim de dos episodis afectius en la seva historia clinica.

L’edat precog a I'inici de la malaltia és una variable que s’ha associat per se a
una major gravetat i pitjor funcionament diferenciant—la de les repercussions que té,
de forma independent, la cronicitat de la malaltia®® ®°. Per aquest fet, s’ha proposat
ledat preco¢ d’inici de la malaltia bipolar com un especificador de curs’®. En
I'estudi de Perlis i col.%, els 1000 primers pacients consecutius de 'estudi STEP-
BD foren classificats en inici molt precog, abans dels 13 anys; precog, entre els 13 i
els 18; i inici a l'edat adulta, a partir dels 18. L’inici preco¢ es va associar a una
major taxa de trastorns comorbids d’ansietat i de substancies toxiques, major
nombre de recurréncies, periodes més curts d’eutimia, major probabilitat d’'intents
suicides, de violencia i major probabilitat de trobar-se en episodi afectiu agut a
l'inici de I'estudi.

Considerant el temps de malaltia, Kauer-Sant'/Anna i col.*” van utilitzar aquest
criteri per indagar en les bases bioldogiques del TB determinant nivells sérics de
factors inflamatoris i de BDNF en pacients que es trobaven en els primers tres anys
després del primer episodi maniac comparat amb aquells pacients en qué havien
transcorregut, com a minim, 10 anys des del diagnostic de la malaltia. En aquest
estudi es va observar que la cronicitat de la malaltia involucrava una menor
capacitat neuroplastica i una menor proteccid vers la inflamacié. La mateixa
classificacio de pacients en funcié del temps d’evolucié de la malaltia va ser
utilitzada per Andreazza i col.** descrivint un disbalang prooxidant-antioxidant al

llarg dels anys.
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8.3. Biomarcadors

En les diferents branques de la medicina, els biomarcadors han esdevingut
de gran utilitat tant pel diagndstic com pel pronostic de les malalties. En els darrers
anys s’estan realitzant avencos en aquesta vessant de la psiquiatria, i en concret
del TB. El coneixement actual de la neurobiologia del TB s’ha desplacat des del
focus inicial del déficit monoaminérgic a la vigent evidéncia de canvis intracel-lulars
que comporten repercussions sistémiques a nivell neuroplastic, oxidatiu i
inflamatori. Aquest model, comprensible, és al mateix temps, capag¢ d’explicar
particularitats cliniques del TB com el progressiu escurgament de [linterval
interepisodic entre cada recurréncia i la reduccié en la probabilitat de resposta al
tractament al llarg de la progressié de la malaltia. Dades emergents en aquest
terreny mostren que els biomarcadors varien al llarg de la malaltia en paral-lel a
canvis neuroestructurals i neurocognitius. La comprensié dels mecanismes a nivell
cel-lular faciliten aixi un fonament sobre possibles dianes terapéutiques i el

desenvolupament de nous grups farmacologics.

L’IL-6 es va identificar en l'estudi 1 com un biomarcador viable en la
caracteritzaci6 de la progressid6 de la malaltia. Els nivells periféerics d’IL-6
incrementaven al llarg de I'espectre del TB des dels familiars de primer grau de
pacients diagnosticats de TB passant pels pacients en un estadi primerenc fins als
pacients en un estadi més avancat. En el model d’estadificacid basat en la
cronicitat de la malaltia, Kauer-SantAnna i col.*” també van determinar diferéncies
en la IL-6 entre els estadis primerenc i tarda al igual que entre els estadi primerenc
i tarda comparat amb el grup control. Considerant el paper de llL-6 en la

neuroprogressio del TB, s’ha suggerit el potencial terapéutic de I'antagonisme de
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I'IL-6"". Considerant 'autoimmunitat, estudis a nivell basic han mostrat el paper
crucial de IL-6 en la induccié de la inflamacié autoimmune cronica induint la

diferenciacio dels limfocits T d’ajuda especifics 1",

Pel que fa a I'estrés oxidatiu, no vam trobar diferéncies al llarg del model
d’estadificacié proposat. Andreazza i col., utilitzant la variable del temps de la
malaltia, van trobar alteracions en les reaccions d’oxidacié-reduccioé de I'dxid nitric i
la nitracio de la tirosina**. En els pacients amb TB, tant en un estadi primerenc com
tarda, es determina un increment dels nivells de nitrotirosina-3 comparat amb el
grup control. En el cas de lactivitat de la glutati6 reductasa i la glutatié S-
transferasa, aquestes es van trobar incrementades en aquells pacients en I'estadi
tarda de la malaltia. D’altra banda, en un estudi recent basat en poblaci6é general,
només es va determinar dany oxidatiu proteic en aquells adults diagnosticats de TB

comparat amb controls sans’>.

Quant a la darrera via suggerida en la neuroprogressié en el TB', no vam
trobar canvis en els factors neurotrofics al llarg dels diferents estadis en I'estudi 1.
Al contrari, Kauer-Sant’Anna i col. van descriure diferéncies en els nivells periféerics
de BDNF entre aquells pacients en I'estadi tarda comparat amb aquells en I'estadi
primerenc i el grup control’’. Tanmateix en I'estudi 2 i 3 si que van evidenciar el
possible potencial del biomarcador BDNF en la situacié d’estat, en aquest cas
d’episodi afectiu. En 'estudi 2, tot i no evidenciar-se canvis en els nivells periférics
de BDNF al llarg del seguiment a 16 setmanes, es va demostrar que tant el
polimorfisme BDNF Val66Met com presentar resposta clinica al tractament influien
en la trajectoria dels nivells de BDNF. En concret, els portadors de Met
presentaven nivells sérics de BDNF menors al homozigots per Val a [linici de

I'estudi.
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El polimorfisme BDNF Val66Met juga un paper fonamental en I'expressio del
BDNF i, en consequéncia, en la neuroplasticitat cerebral. En un estudi recent,
Matsuo i col.” estudiaren les funcions neurocognitives i el polimorfisme BDNF
Val66Met en pacients amb TB comparat amb voluntaris sans. Els pacients amb TB
mostraren regions cerebrals de menor volum que els controls sans. A més a més,
aquells portadors de l'al-lel Met en ambdds grups presentaren volums cerebrals
menors comparat amb els homozigots per Val. En la mateixa linea, Rybakowski i

col.”™

avaluaren I'execucié neurocognitiva en pacients amb TB comparada amb
pacients diagnosticats d’esquizofrénia i subjectes sans. El polimorfisme BDNF
Val66Met determina que, només en els pacients amb TB, el genotip BDNF
Val66Val s’associava a una millor execucidé en les tasques neuropsicologiques
comparat amb els pacients amb TB amb el genotip BDNF Val66Met. Aquests
resultats es poden explicar pel possible efecte del polimorfisme BDNF Val66Met en
la secrecio dependent d’activitat de BDNF que podria tenir pes, particularment, en
un episodi afectiu més que en I'eutimia’®. La disregulacio en la secrecié de BDNF
per part del polimorfisme BDNF Val66Met pot explicar també la davallada inicial
dels nivells serics de BDNF en el grup de portadors de I'al-lel Met en I'estudi 2. En
definitiva, la secrecioé dependent d’activitat sembla ser crucial en la resposta clinica

dels pacients amb TB a diferéncia dels resultats obtinguts en una recent meta-

analisi en depressié unipolar76.

Estudis pilots longitudinals previs sobre els nivells de BDNF en el TB
descriuen un increment dels nivells de BDNF després que els pacients hagin rebut
tractament farmacologic. Tramontina i col.”” valoraren els nivells sérics de BDNF en
10 pacients maniacs ingressats abans de I'admissié i un cop transcorregut una

mitjana de 52 dies del tractament. En 'estudi dut a terme per Palomino i col.”’
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s’estimaren els nivells plasmatics de BDNF en 14 pacients amb TB amb un primer
episodi psicotic. En ambdds estudis, es detectaren nivells de BDNF més baixos
comparat amb els dels controls a I'inici de I'estudi, és a dir, durant I'episodi agut,
sense mostrar diferencies en els nivells de BDNF entre pacients i controls després
del tractament agut i després de 6 mesos, respectivament. Aquests resultats sén
congruents amb els descrits en la literatura sobre depressié unipolar on, un
increment dels nivells sérics de BDNF segueix, de forma habitual, al tractament
antidepressiu’®. En els nostres estudi 2 i 3, no vam trobar diferéncies inicials en els
nivells sérics de BDNF entre pacients i controls, com s’ha descrit en I'estudi de

Rybakoswki i col.”.

Tot i els avengos aconseguits en el camp dels biomarcadors en el TB, la
seva possible utilitat com a predictor de milloria clinica i de resposta al tractament
encara roman sense aclarir. En I'estudi 3, es va trobar una interaccié entre temps i
polaritat de I'episodi. La millora clinica des de la depressio es va associar a nivells
incrementals de BDNF mentre que la millora clinica des de la mania o episodi mixt
es va relacionar amb nivells decrementals de BDNF. Una possible explicacio dels
nivells baixos de BDNF en la mania és I'elevada toxicitat determinada en aquests
episodis. Tot i que 'evidéncia a nivell bioldgic és limitada, la mania esta associada
a major afectacio sistémica®, dany del DNA®' i dany secundari a I'estrés oxidatiu®%.
El paral-lelisme clinic en aquestes troballes son els extensos déficits, tant cognitius
com funcionals, observats en pacients que han patit episodis maniacs® %, El
nombre d’episodis maniacs s’ha considerat com un predictor de baix rendiment
cognitiu, suggerint que els episodis recurrents de mania repercuteixen a nivell

neuropsicolc‘)gicss. D’altra banda, els resultants obtinguts en la polaritat depressiva

es troben en concordanga amb els resultats descrits en el seguiment longitudinal
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de pacients diagnosticats de trastorn depressiu unipolar durant un episodi
depressiu agutgs. En lestudi 2, el fet d’assolir, tant resposta al tractament com
remissio clinica, determinaren un increment en els nivells sérics de BDNF, de forma
independent a la polaritat de I'episodi index. Resultats similars en funcié de la
resposta clinica s’han obtingut en mostres de pacients amb el diagnostic de
trastorn depressiu major. En el seguiment a 12 setmanes realitzat per Kurita i col.”’
es determina un increment dels nivells plasmatics de BDNF en aquells pacients
amb un sindrome depressiu que assolien remissioé a diferéncia d’aquells pacients
no responedors que mostraren una disminucid dels nivells plasmatics de BDNF
durant el monitoratge. Aixi mateix, en I'estudi transversal de Molendijk i col.®® es
compara l'estreta relacié entre resposta clinica i nivells sérics de BDNF en pacients
amb trastorn depressiu major. Els nivells sérics de BDNF van ser menors en
aquells pacients amb un episodi depressiu agut, amb independéncia de rebre
tractament antidepressiu, comparat amb els controls sans. Tanmateix, els nivells
van ser majors en aquells pacients en episodi depressiu que rebien tractament
comparat amb aquells que no en rebien. Convé ressaltar que, la diferéncia en els
nivells de BDNF trobada entre els pacients en episodi depressiu agut i els controls
esdevenia imperceptible després de 6 mesos d’haver assolit la remissié sostinguda
completa. Aquesta troballa pot indicar un efecte bioldgic perllongat de la

simptomatologia afectiva sobre els nivells de BDNF.

8.4. Limitacions i punts forts de I'estudi

Els estudis que conformen aquesta tesi doctoral tenen una série de

limitacions que cal esmentar.
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En lestudi 1 no es van excloure els pacients amb simptomatologia
subsindromica. Tanmateix s’ha de tenir en compte que al llarg de la
neuroprogressio de la malaltia i, sobretot, en els estadis tardans, la remissié clinica

és dificiiment assolible®" %

. Per tant, excloure aquests pacients hauria alterat la
representativitat de la mostra en els estadis més tardans. En el mateix estudi, es va
escollir un grup control positiu, incloent familiars de primer grau de pacients
diagnosticats de TB sense malalties comorbides. Vam preferir escollir aquest grup
per tenir 'oportunitat de fer una millor descripcié de les dimensions espectrals del
TB. Aixi mateix, es podria argumentar que els resultats sobre la IL-6 s6n el resultat
de la comparacié multiple. Tanmateix I'analisi de regressid logistica mostra
resultats consistents en la comparacio entre pacients i controls. A més a més, la IL-

6 es va seleccionar préviament com un biomarcador candidat essencial dels canvis

inflamatoris en el model d’estadificacio.

Pel que fa a I'estudi 2 i 3, un primer inconvenient podria estar relacionat
amb la hipotesi de la neuroprogressio, ja que hi ha dades que suggereixen canvis a
nivell biologic en funcié de cada estadi de la malaltia. Per tant, els nivells de BDNF

podrien variar de forma significativa en determinats estadis®”

. Aquesta situacio
pot haver donat lloc a un efecte sostre en aquests assajos clinics, veient que els
nivells de BDNF no eren diferents entre els controls sans i els pacients a nivell
basal. En segon punt, la naturalesa oberta de I'estudi fa dificil separar el possible
efecte de I'Gs de la quetiapina amb el curs de la propia malaltia. Es a dir, és dificil
de discernir si les variacions en els nivells de BDNF periféric es troben directament
relacionades amb la millora clinica o el tractament. Tanmateix, I'alta afinitat de la
quetiapina pels receptors de serotonina 2A i el subseqtient increment de BDNF pot

ser una possible explicacié dels nivells més elevats de BDNF d’aquest grups& o
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Altres estrategies terapéutiques com els estabilitzadors de [I'anim, els
antidepressius i els antipsicotics atipics s’han vist vinculades amb els vies on el
BDNF juga un paper. Tot i que en els estudis es va avaluar el tractament amb
quetiapina d’alliberacié perllongada, amb liti i amb antidepressius, les altres
estratégies farmacologiques van ser dificils d’avaluar a causa de la reduida mostra
sota aquests tractaments. Amb tot i aix0, el fet que els pacients es trobessin lliure
de medicacié a l'inici pal-lia 'efecte cronic de medicacio prévia, fet que reforga els

resultats descrits.

Respecte a I'estudi 3, tot i haver seleccionat el tractament amb quetiapina,
ja que es té evidéncia preclinica de I'efecte d’aquest farmac sobre els nivells de
BDNF i la neuroplasticitatgz, un efecte de dosi pot possiblement haver influit en el
resultat diferencial entre polaritat de I'episodi inicial ja que dosis majors a 300

mg/dia de quetiapina solen ser requerides en episodis maniacs o mixtos®.

Finalment, en tots els fres estudis les determinacions dels biomarcadors
es van realitzar periféricament, en sérum sanguini. Malgrat existir en estudis
preclinics evidéncia de la correlacioé entre certs biomarcadors, com el BDNF, entre
els nivells corticals i els seérics i I'evidéncia que el BDNF travessa la barrera
hemato-encefalica®, la presumpcioé d’aquestes troballes a I'escala humana s’ha de
confirmar. Lang i col. van trobar relacid entre els nivells de BDNF i la integritat

neuronal en 'espectrofotometria en controls sans®.

Malgrat les limitacions metodoldgiques dels tres estudis, cal destacar que els
tres estudis d’aquest compendi tracten temes de vigent actualitat en el camp del TB.
Referent al desenvolupament d'una classificacié en el TB, un constructe com
I'estadificacié permetra millorar la comprensio del debut, progressié i evolucio de

les malalties psiquiatriques identificant possible fases amb particularitats
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especifiques. D’aquesta forma, es facilitara la prediccié del pronostic de forma
individual i la confecci6 d’intervencions, tant farmacoldgiques com
psicoterapéutiques, especifiques per a la situacio individual de cada pacient. Per
exemple, els pacients en un estadi més tarda potser no es beneficiaran tant de
tractaments de primera linia com poden ser el liti, la psicoeducacié familiar o la
terapia cognitivo-conductual comparat amb aquells pacients en un estadi

primeren051’ 53,54, 96

En sentit contrari, en estudis recents se suggereix que per a
un grup de pacients amb TB en un estadi més tarda, terapies enfocades en la
rehabilitacio funcional poden estar més indicades®’. Aquesta classificacio permetra,
aixi mateix, seleccionar grups més homogenis amb finalitat investigadora i poder
determinar, segons el métode cientific, les intervencions eficaces en funcié de
l'edat i de I'estadi de la malaltia aconseguint minimitzar els efectes de la propia
malaltia i de les estratégies terapéutiques sobre la trajectoria vivencial de cada
individu. Per altra banda, els coneixements sobre els mecanismes bioldogics
vinculats a la patofisiologia del TB i la seva evolucié pot marcar un abans i un
després en la farmacopea. En aquesta tesi doctoral hem mostrat resultats en
aquest camp d’'una banda, relacionant una proposta de classificacio d’'estadificacioé
amb un biomarcador inflamatori i, de laltra, aprofundint en els mecanismes
bioldgics vinculats amb la resposta clinica. Les vies associades al BDNF i la
neuroplasticitat estan relacionades amb la patofisiologia del trastorns afectius.

Trobar un biomarcador periféric que pugui predir la resposta al tractament permetra,

encara més, una personalitzacié del tractament.
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8.5. Linies de futura recerca

Els resultats obtinguts en aquesta tesi doctoral suggereixen nous reptes
d’investigacié de cara al futur. L’estudi descrit sobre models d’estadificacié en el TB
és de caire transversal. Per tant, considerant la complexitat de la patofiosiologia del
TB, seria captivador confirmar els resultats amb estudis de cohorts al llarg del
temps avaluant la reproductibilitat i el valor prondstic d’aquesta classificacio. A més
a més, valorar la integraci6 de nous biomarcadors de les vies neurotrofiques,
d’estrés oxidatiu, i inflamatories aixi com, possibles interaccions donades per
polimorfismes d’aquestes molécules seria profitdés. En aquesta mateixa linea, la
possibilitat d’incorporar aspectes sobre neuroimatge per obtenir correlats
neuroanatomics tant de la neuroprogressié de la malaltia com de la resposta clinica
al tractament aportaria evidéncia encara més consistent sobre les hipotesis
contemplades en aquest treball de tesi doctoral. Tot plegat, permetra conéixer i
comprendre millor les bases bioldgiques del TB i orientar futures investigacions

relacionades amb nous tractaments tant farmacoldgics com psicologics.
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9. Conclusions

1. Les variables cliniques i funcionals que poden ser d’ajuda a I'hora de
determinar un model d’estadificacié basat en un estadi primerenc i un altre
tarda en el TB sén:

a. La gravetat de discapacitat funcional avaluada a partir de I'escala
FAST

b. El ndmero d’episodis

c. L’edat a l'inici de la malaltia bipolar

d. Eltemps d’evolucié del TB

2. El biomarcador inflamatori IL-6 s’ha determinat estar relacionat amb un
model d’estadificacid en el TB mostrant un progressiu increment al llarg
dels diferents estadis de la classificacié des de familiars de primer grau de
pacients amb TB no afectes de cap trastorn psiquiatric, pacients que es
troben en fases primerenques de la malaltia fins a pacients en fases

tardanes.

3. Les neurotrofines i els reactants d’estrés oxidatiu semblen no assenyalar
diferéncies remarcables entre els diferents estadis proposats en el model

d’estadificacié del TB.
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4.

6.

110

Els nivells sérics de BDNF varien al llarg del tractament farmacologic en
funcié de la preséncia de resposta al tractament en pacients amb TB que

es troben en un episodi afectiu agut.

El polimorfisme BDNF Val66Met pot predir variacions dels nivells de BDNF
durant el tractament en pacients amb TB que es troben en un episodi

afectiu agut.

La polaritat de I'episodi sembla influir en la trajectoria dels nivells sérics de
BDNF al llarg del tractament en pacients amb TB que es troben en un

episodi afectiu agut.
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