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Esquizofrenia

Avancos nos Tratamentos Biologicos

Paulo Belmonte de Abreu
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              Paulo Belmonte de Abreu


RESOLUCAO CFM n? 1.595/2.000
Conselho Federal de Medicina

No uso das atribuicdes conferidas pela Lei n2 3.268, de 30 de setembro de 1957,
regulamentada pelo Decreto n2 44.045, de 19 de julho de 1958,

RESOLVE:

Art. 22 - Determinar que os médicos, ao proferir palestras ou escrever artigos
divulgando ou promovendo produtos farmacéuticos ou equipamentos para uso na
medicina, declarem os agentes financeiros que patrocinam suas pesquisas e/ou
apresentacoes, cabendoﬁhes ainda indicar a metodologia empregada em suas
esquisas — quando for o caso — ou referir a literatura e %ibliografla que serviram de
ase a apresentag¢ao, quando essa tiver por natureza atransmissao de
conhecimento proveniente de fontes alheias.

Brasilia-DF, 18 de maio de 2.000.
EDSON DE OLIVEIRA ANDRADE RUBENS DOS SANTOS SILVA
Presidente Secretario-Geral
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- Agentes financeiros que patrocinam
« Pesquisas: CNPq, CAPES, FIPE HCPA
« Apresentacao: Nenhum

- Metodologia empregada:

« Pubmed meta-analises e ECR 2 anos
« Evidéncias M-A:
 Experiéncia HCPA
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[ ] Peripheral biomarkers of treatment-resistant schizophrenia: Genetic,
1 inflammation and stress perspectives.

Cite Jiao 5, Cao T, Cai H.
Front Pharmacol. 2022 Oct 12;13:1005702. doi: 10.3389/fphar.2022.1005702. eCollection 2022.

PMID: 36313375 Free PMC article. Review.

Treatment-resistant schizophrenia (TRS) often results in severe disability and functional impairment.

Share

.Although mounting studies have identified certain clinical factors and neurocimaging characteristics
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Number of APs Approved

25

20

15

10

Number of APs Approved

Brexpiprazole 2015

Carlprazine 2015

Ziprasidone Pimavanserin 201
Lurasidone
Paliperidone 201
v loperidone 2006
Olanzapine 199
Amisulpride 1990s
Pimozide 1984
Quetiapine
Mesoridazine 1970 s e
Molindone 1974 Avipipsancis 1908
Thioridazine 1962
Chiorpromazine 1950 | Thiothixene 1967
Perphenazine 1957 Loxapine 1960s
Haloperidol 1958
Clozapine 1558
Fluphenazine 1959
Trifluoperazine 1959
1950 1960 1970 1980 1990 2000 2010

‘ First-generation APs

Figure 1. Timeline of antipsychotics (APs) approved by the Food and Drug Administration (FDA) [19].

TIME (CALENDAR YEAR)

‘ Second-generation APs

. Third-generation APs




Avancos em Esquizofrenia

* Medicamentos:
* Dopaminérgicos
e Muscarinicos
 GABA
e Antiinflamatorios
* Imunomoduladores

* Intervencoes — Estimulacao Cerebral
* tDCS
e TMS/EMT
* CART
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Novel approaches in schizophrenia-from risk factors and
hypotheses to novel drug targets

Matej Luptak, Danica Michalickova, Zdenék FiSar, Eva Kitzlerova, Jana Hroudova

Table 1 Possible diagnostic/theranostic immunologic biomarkers in schizophrenia

Parameter

Serum/plasmalperipheral blood

CSF

Pro-inflammatory cytokines
Anti-inflammatory cytokines
Acute phase proteins
Antibodies

Immune cells

Other biomolecules/metabolites

1 IL-6, IFN-y, IL-1RA, IL-1B, IL-6, IL-8, IL-12, sIL-2R, TGF-B, and TNF-a
}IL-10 and IL-4

1 CRP, haptoglobin, a-1 antitrypsin, and a-2 macroglobulin

1 Anti-cardiolipin IgG and anti-NMDA receptor titers

1 CD4+, CD3+ and CD56+

| Creatine kinase m/B, MMP3, ACE, cortisol, TBG, -2 macroblobulin,
thrombopoietin, TSH, and ICAM-1, P-selectin

1 IL-1B, IL-6 and IL-8




Luptak M et al. Novel approaches in schizophrenia
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Avancos no tratamento medicamentoso

* Monitoracao por nivel sérico

* Novas apresentacoes:
* IM LA/AP: 1 més, 3 meses, 6 meses

* SL sublingual
e Oral LA

* Novos agentes dopaminérgicos
* Agentes nao-dopaminérgicos
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. ~ /7 V4 [ . [ V4 .
rohophermasolooy (033 2353377 _s33 Monitoracao por Nivel sérico de antipsicoticos
REVIEW _™D  Fig.4 Target ranges for ARI

updates [ng/ml] (N= 3,778, Combined
Therapeutic Reference Range for Aripiprazole in Schizophrenia range mean -+ SD: 71-358,

Revised: a Systematic Review and Metaanalysis combined interquartile range:
120-273, mean concentration

214 (191, 238] (Q=52.12,

Xenia M. Hart?- '3 . Christoph Hiemke? '3 . Luzie Eichentopf! - Xenija M. Lense” - Hans Willi Clement313 .

- 2
Andreas Conca?®'?® . Frank Faltraco®"? . Vincenzo Florio? - Jessica Gruner® - Ursula Havemann-ReineckeS '3 . dizz 7. p<.0001, I"'=93.2,
Espen Molden? - Michael Paulzen®'? . Georgios Schoretsanitis® 1271713 . Thomas G. Riemer'? - Gerhard Griinder™-'3 T==932.1))(Mean =+ SD ranges
of studies depicted as red lines,
25"_75™ interquartile ranges of
studies depicted as blue lines.)
Author, Year Weight [26] Mean [95% CI] Concentration range [ng/mlL]
Bachmann et al., 2008 10.34 142.00 [100.14, 183.86] . e——
Jukic et al., 2021 15.15 189.10 [181.43, 196.77] 1 F -
Lin et al., 2011 10.69 20760 [167.92, 247 .28) - = 1
J&nsson et al., 2019 15.18 214.26 [207.08, 221.44) . J - i
Kirschbaum et al., 2008  13.56 219.16 [197.17, 241.15) b — i
Griinder et al., 2008 13.17 228.00 [203.40, 252.60]) I
Egberts et al., 2020 11.32 24290 [206.97, 278.83) . " -
Castberg et al., 2007 10.60 274.00 [233.77, 314.23] |
Pooled Data 100.00 214.32 [190.84, 237.79] —~ |
0 100 200 300 400
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Psychopharmacology (2022) 239:3377—-3391
https://doi.org/10.1007/s00213-022-06233-2

REVIEW '?3)

Therapeutic Reference Range for Aripiprazole in Schizophrenia
Revised: a Systematic Review and Metaanalysis

Xenia M. Hart'''3 . Christoph Hiemke? '3 . Luzie Eichentopf' - Xenija M. Lense’ - Hans Willi Clement3'3.
Andreas Conca?'3 - Frank Faltraco®'? - Vincenzo Florio? - Jessica Griuner? - Ursula Havemann-Reinecke® '3 .
Espen Molden? - Michael Paulzen® '3 . Georgios Schoretsanitis® %2773 . Thomas G. Riemer'? - Gerhard Grunder'-'3

* Uso de monitoracao no sangue: Clozapina e Aripiprazol

* Faixa de referéncia terapéutica para Aripiprazol

e Al: 120-273 ng/ml:
* 120 ng/ml: 9 mg 1 X dia.
e 270 ng/ml: 20 mg 1 X dia

e LA, AM e AL: 300 mg e 463 mg /intervalo proposto.
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Novas apresentacoes

Longa-Longa Acao
Agentes sublinguais
Filme
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Neuropsychiatric Disease and Treatment Dove

5] ORIGINAL RESEARCH

. . . analise do mundo real: tratamento adequado com PP1M antes da transicdo para
Comparlng Relapse Rates in Real-World Patients PP3M associado a taxas de recaida mais baixas e maior tempo antes de recaida em
with Schizophrenia Who Were Adequately versus esquizofrenia. tratamento inicial adequado com PP1M da melhor resultado no

tratamento subsequente com PP3M.

Not Adequately Treated with Paliperidone
Palmitate Once-Monthly Injections Before
Transitioning to Once-Every-3-Months Injections

Ibrahim Turkez ', Mehmet Daskiran ', H Lynn Starr 2, Dean Najarian 2, Oliver Lopenaz,

Camile Obandoz, Alexander Keenana, Carmela Bensona, Srihari Gopal i

FF3I8 Groups

AT
— MAT

0.&

% of Patients with Relapse Suicide stiemptes Hnflicted
harmfinjury (undsterminad intent)
26.8 B Incarcaration HR [95% CI)
FHam cidal ideation ;lggw_sﬁi'm:' 065 (0.51-0.810
wialenl behaicr Lag-rank B ealug: 0.0002

Propartion of Patients Without Relapse

B [iental heslth hospitalzation

I I ! I
0 200 400 [=ea]

Days Since Index Date

Number of Patients at Risk, n  £57 &18 LT 445
Mumber of Patienls at Risk, n 657 Sk 521 a7
CENTRO DE ! Figure 2 Time to first relapse and reasons for relapse® among eligible 1BM MDCD patients.
PSICANALISE E Mote: *Cne patient in the AT cohort had a relapse described as “incarceration; homicidal ideation™ this patient is included in both the “homicidal ideation, aggressivefviolent behavior”
CYRO ) and “incarceration” bars.
MARTINS Abbreviations: AT, adequately treated; CL, confidence interval; HR, hazard ratio; MAT, not adequately treated; PP3M, paliperidone palmitate once-avery-3-months.



Schéttle D, Clerzius G,Janetzky W, Oluboka O, Roy M-A, Therrien
FWiedemann K (2022). Real-world effectivenessof aripiprazole once-
monthly REACT study:Pooled analysis of two noninterventional studies.
European Psychiatry,65(1),
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Novas formulacoes

Patch transdérmico

Blonanserina
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Prediction of Corresponding Dose of Transdermal Blonanserin
to Oral Dose Based on Dopamine D, Receptor Occupancy

Unique Characteristics of Blonanserin Transdermal Patch

Yoshiko Tomita, PhD," Takeshi Takagaki, MS,’ Atsushi Kitamura, MS," Erika Wada, MS,’
Hironori Nishibe, MS,> Amane Tateno, MD, PhD,” and Yoshiro Okubo, MD, PhD*

Blonanserin (Lonasen; Sumitomo) Japdo VO e transdérmico; alta afinidade D2R, D3R e 5-HT2AR

Baixa afinidade D1,4.2,5R, 5-HT1A,2B,2C,3-7R, M1R e a1,2-/B-AdrR

10 -
s 1 ‘ . Correlation between in vitro Ki and in vivo C50,free values for
5; D2 occupancy of various drugs for schizophrenia.
o
- .
O 0.1- mE O Asenapine
2 : O O Clozapine
Z 1 A A A Haloperidol
= 0.01; v v v Olanzapine
E ¢ { Ziprasidone
7 % Blonanserin patch
0.001 4 w Blonanserin oral
o { 0.01 0.1 1 10 100 AL
RTINS

In vitro Ki (nM)



Leslie Citrome, et ali Sublingual Dexmedetomidine for the Treatment of Acute
Agitation in AdultsWith Schizophrenia or Schizoaffective Disorder:A Randomized
Placebo-Controlled Trial J Clin Psychiatry 83:6, November/December 2022

Dexmedetomidina filme sublingual (IGALMI, BioXcel Therapeutics, Inc., New Haven, CT)

Aprovado pelo FDA em 5 de abril de 2022 (1999: EV sedacdo pacientes intubados/
ventilados mecanicamente UTI/ sedacao nao intubados procedimentos cirurgicos )

Tratamento agudo agitacao adultos associada a esquizofrenia ou transtorno bipolar | ou Il.
Agonista Receptor a2-adrenérgico

Reformulacdo da dexmedetomidina filme sublingual: uso mais amplo em ambientes
psiquiatricos

Controle de Agitacdo sem uso de medicacado intramuscular de antipsicoticose/BZD

Formulacdo ndo invasiva: coopera¢do dos pacientes/potencial de melhorar a experiéncia
geral do paciente/cooperacao futura entre os pacientes e prestadores de cuidados.

Filme sublingual absorvido evita metabolismo hepatico de primeira passagem
Maior biodisponibilidade de dexmedetomidina do que formulacdes ingeridas
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Dexmetomedina

Figure 2. Primary and Secondary Efficacy Endpoints: Least Squares Mean (SE) Change From Baseline in

the PEC Total Score®

=5- Dexmedetomidine 180 pug (n=125) ==~ Dexmedetomidine 120 pug (n = 129)

Onset of
treatment
effect

Least Squares Mean (SE) Change From Baseline®
1
o
1

=10 H

~11 4

-12 T T T T T

Placebo (n = 126)

0 10 20 30 45 60

Minutes postdose

90

P values were calculated from a restricted maximum likelihood repeated measures mixed model on change from baseline values.
Cowvariates were baseline PEC score (composed of 5 items with a range of 5 [absence of agitation] to 35 [extremely severe]), age
stratum, study site, timepoint (including all 7 timepoints from 10 minutes to 2 hours postdose), treatment group, baseline PEC

?;ﬁfg}}fﬁ = i *P=.003 vs placebo.
PSICANALISE tP=.008 vs placebo.
CYRO )

MARTINS §P < .001 vs placebo.

score—by-timepoint interaction term, and treatment group-by-timepoint interaction term.

Abbreviations: PEC = Positive and Negative Syndrome Scale-Excited Component, SE =standard error.




Agentes sobre sistemas além de DA

* Agentes sobre Acetilcolina
* Receptores Muscarinicos
* Receptor TAAR1
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Ativacdo dupla R Mu de acetilcolina M1/M4 (mAChR) estimulo seletivo N DA A10 (VTA), 'circuito cldssico da psicose sem ativar A9 DA (SN, 'circuito motor classico'. .
centros DA do mesencéfalo (azul) controlados via centros colinérgicos do rombencéfalo (cinza) (nucleo tegmental Iatero-dorsal (LDT) e nucleo pedunculopontino (PPN))
AP atuais atividade D2R (-) ambas as vias DA: desligam circuito motor + circuito de psicose. Ativador M4R desliga seletivamente N A10 DA sem afetar via motora (N A9)
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Xanomeline (dual M,/M,, receptor-preferring NCT03697252  NCT04820309
agonist) and trospium (peripherally restricted Thenapeuhcas Alzhemer's NCTO4650174
mAChR antagonist) combination disease
NCTO5304767
MNCTO4659161 NCTD5145413
NCT04738123
MNCT03244228
HTLOO168V8  Selective M, receptor agonist Meurocrine Schizophrania, Phase 2 MNCTO5227703
Biosdences Alzheimer's
disease
Emraclidine Selective M, receptor positive allosteric Cerevel Schizophrenia Phase 2 NCTO4136873  NCT05245539
(CVL-231) modulator Therapeutics NCTO5227690
ML-007' Dual My/M; receptor-preferring agonist Maplight Schizophrenia,  Phase 1

Therapeutics  dyskinesia

M. receptor orthosteric agonist Not disclosed Schizophrenia Sosei Heptares
Not disclosed Not disclosed Sumitomo Dainippon
Phamma
Dual M, and M, receptor orthosteric agonist Not disclosed Schizophrenia, Alzheimer’s disease psychosis Neurocrine Biosdiences
M receptor positive allosteric modulator Not disclosed Schizophrenia, other neuropsychiatric disorders Addex Therapeutics
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The NEW ENGLAND
JOURNAL o MEDICINE

ESTABLISHED IN 1812 APRIL 16, 2020 VOL. 382 NO. 16

A Non-D2-Receptor-Binding Drug for the Treatment
of Schizophrenia

Kenneth S. Koblan, Ph.D., Justine Kent, M.D., Seth C. Hopkins, Ph.D., John H. Krystal, M.D., Hailong Cheng, Ph.D.,
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* Agentes Glutamatérgicos

Pharmascolosy, Biocheamistry and Behavior 2019 (2022) 173446

Contents lizts available ar Sciencellirect

Pharmacology, Biochemistry and Behavior

FIl SEVITER Journal homeapage: wwnw elsewvier. comdfocata/pharmbiocochembab

Clinical investigations of compounds targeting metabotropic
glutamate receptors

Jeffrey M. Witkin "% , Kamal P. Pandey ", Jodi L. Smith *
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Table &

Clinical studies that have been disclosed to the public on the effects of mGlu2 and mGlu2/3 recepror agonists or potentiarors in chronological order of publication.

Compound Receptors Study Findings Reference
LY354740 Both Panic disorder patients No separation from placebao. Bergink and Westenberg
100 and 200 mg Paroxetine (60 mg) showed a trend. (2005)
Pomaglumetad Both Phase 2 Schizophrenia Decreases in positive and negative symptoms as with Patil et al. (2007)
methionil Double blind olanzapine at 4 weeks.
(LYZ2140023 Olanzapine and placebo
hydrate}
LY544344 Both FPhase 2 GAD Improvements in HA and CGIL.
Double blind Response and remission > placebo.
Two doses b.i.d. and placebo Well tolerated.
Pomaglumetad Both Phase 2 schizophrenia Neither drug separated from placebo at 8 weeks on PANNS
methionil Double blind total scores.
540 mg, b.i.d. v= olanzapine and High placebo effect.
placebo Seizures reported in pomaglumetad group.
Pomaglumetad Both Phase 2 schizophrenia with predominant  Comparable improvement in PANNS scores at 6-8 weeks.
methionil negative symptoms S0C > Pomaglumetad at 24 weeks.
Open label Pomagluglumetad — SOC on
One dosze b.i.d. vs S0C negative symptoms.
Differential adwverse events. NH2
Pomaglumetad Both Phase 2 schizophrenia Drug combination did not significant separate from
methionil 20 mg b.i.d. in conjunction with S0OC Pomaglumetad + S0C on NSA-16 or cognition at 16 weeks
(aripiprazole, olanzapine, risperidone, or
quetiapine) S
Pomaglumetad Both Phase 3 schizophrenia Aripiprazole > Pomaglumetad at 24wk \
methionil Double blind Pomaglumated produced less weight gain. CH3
40 mg b.i.d. vz aripiprazole
Pomaglumetad Both FPhase 1b schizophrenia Withdrawal from pomaglumetad did not produce e
methionil Randomized, double-blind withdrawal symptoms on the DSC-MR scale after 2 weeks POlnaglun]etad methionil
40 or 80 mg, b.id. or placebo of daily treatment. (LYZ 140023 hydl’ate)
Pomaglumetad Both Phase 2 schizophrenia No owverall significant effect on PANNS scores for _ ]
methionil Subpopulation which excluded non- pomaglumetad at either dose in either the general or
Hispanic white patients with the A/A subpopulation.
genotype at the HTR2A SNP r=7330461. Rizperidone was effective at 6 weeks,
40 and 80 mg b.i.d. vs. risperidone
Pomaglumetad Both Phase 2 schizophrenia The specific patient population of those that were early-in-  Kinon et al. (2015)
methionil Betrospective data analysis disease or previously treated with D2R antipsychotic drugs

40 and 80 mg b.i.d. ve risperidone

showed greater improvement compared to placebo when
treated with pomaglumetad, at 40 mg, but not 80 mg.
Risperidone effects were not dependent on subgroup.



Agentes reguladores de Canais de Calcio

Table 1
Common and rare variant associations of LTCC and other VGCC genes with psychiatric disorders.

Subunit type Channel type® Channel name® Subumit name Gene symbol Common variants"* Rare variants™’
Alphal (al) L-type Cayl.1 alS CACNAILS Scz, XD Scz
Cayl.2 alC CACNAIC BD, Scz, ASD, XD ASD, BD, Scz
Cay1.3 alD CACNAID Scz, XD ASD, BD
Cayl.4 alF CACNAIF
P/Q-type Cay2.1 ald CACNAIA
M-type Cay2.2 alB CACNAIE ED ED, Scz
B-type Cay2.3 alE CACNAIE MDD, XD
T-type Cay3.1 alG CACNAIG Sez
Cay3.2 alH CACNAIH ASD, Scz
Cay3.3 all CACNAILI Scz, ASD
Beta () il CACNE!
p2 CACNE2 Scz, BD, XD ASD
p3 CACNEZ
[+ CACNE4 Sez
AlphaZ2delta («25) o251 CACNAZDI MDD Sez
262 CACNAZD2 Scz, XD Scz
w263 CACNA2D3 ASD
w2654 CACNAZ2D4 XD Scz

* Channel type and name are defined by the al subunit.

P ADHD: attention-deficity hyperactivity disorder; ASD: autistic spectrum disorder. BD: bipolar disorder. MDD: major depression. Scz: schizophrenia. XD: cross-
disorder (scz/BD/MDD/ADHD/ASD).

® Common variant locus associations reported in one or more GWAS. Results in boldface are genome-wide significant in the latest Psychiatric Genomics Consortium
analyses of schizophrenia (Trubetskoy et al., 2022) and bipolar disorder (Mullins et al., 2021).

9 Boldface denotes significant findings in the SCHEMA whole exome study of schizophrenia (Singh et al., 2022).



Agentes sobre sistema CB

Schizophrenia Research 164 (2015) 155-163

Contents lists available at ScienceDirect

Schizophrenia Research

journal homepage: www.elsevier.com/locate/schres

Decreased glial reactivity could be involved in the antipsychotic-like @MM
effect of cannabidiol

Felipe V. Gomes ***, Ricardo Llorente ¢, Elaine A. Del Bel ®¢, Maria-Paz Viveros ©,
Meritxell Lopez-Gallardo ¢, Francisco S. Guimardes ***
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Tratamento CBD ou clozapina atenua ou reverte alteracdo comportamental semelhante a esquizofrenia
(modelo de antagonista do receptor NMDA MK-801): CBD efeitos semelhantes aos antipsicoticos
Propriedades anti-inflamatdrias e neuroprotetoras do CBD: Inibicao da ativacdao de microglia pode
melhorar os sintomas da esquizofrenia.

Mecanismos destes efeitos precisam ser mais investigados.
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Review

The Nitric Oxide (NO) Donor Sodium Nitroprusside (SNP) and
Its Potential for the Schizophrenia Therapy: Lights
and Shadows

Elli Zoupa and Nikolaos Pitsikas * . .

* resultados emocionantes do primeiro conjunto de estudos [58,59] nao
reproduzidos subsequentemente. diferencas de protocolos:
 efeitos antipsicoticos jovens, ndao fumantes, sintomas negativos graves e curso curto [58,59].

* Sem perfil antipsicético em pacientes mais velhos, fumantes, menos sintomas negativos e
maior tempo de doenca

* eficacia clinica de outros moduladores de NO em esquizofrenia: resultados
contraditorios

e precursor de NO: L-arginina
* Doador NO gliceril trinitrato (GTN) primeiro episédio ndao melhorou sintomas

* Mononitrato de isossorbida doador de NO (ISMN) efeito sintomas positivos e
funcionamento.
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Original Investigation

Rapid Improvement of Acute Schizophrenia Symptoms Figure 2. Mean Total 18-Item Brief Psychiatric Rating Scale Scores
After Intravenous Sodium Nitroprusside

A Randomized, Double-blind, Placebo-Controlled Trial W Sodium nitroprusside
Jaime E. C. Hallak, MD, PhiD; Joao Paulo Maia-de-Oliveira, MD; Joso Abrao, MD, PhD; Paulo R. Evora, MD, PhD; E . PlaEEhD

Antonio W. Zuardi, MD. PhD; Jose A_S. Crippa, MD, PhD; Paulo Belmonte-de-Abreu, MD; 30 -

Glen B. Baker, PhD, DSc; Serdar M. Dursun, MD, PhD, FRCPC
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A, 5cores during the first 12 hours; B, scores at 4 weeks. Asterisks indicate
statistically significant P values as given in the text; error bars, SEMs.
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Redirecionamento de
medicamentos:

Charting the proteome landscape in major
SZ’ B D e I\/l D D psychiatric disorders: From biomarkers to &=
biological pathways towards drug discovery
Brisa S. Fernandes®, Yulin Dai?®, Peilin Jia“,
[] . Zh 3 Zh a,b,c,d,»
A:SZ, BD e MDD: onaming Zhag

1. sistema imunoinflamatorio:

anti TNF: infliximab e etanercept, inib HMG-COA redutase: macrolideos,
cefalosporinas e tetraciclinas.

2. inibidores da acetilcolinesterase.

3. inibidor da quinase dos receptores VEGF e EGFR (Vandetanibe )
4. inibidor do EGFR (gefitinibe )

B: SZ e MDD:

1. inibidor de C1 esterase (Conestat alfa)
2. curcumina, rosiglitazona e estradiol.

C: Exclusivamente SZ:
liraglutida, memantina, danazol e acido micofendlico
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* Agentes Imunolégicos em Esquizofrenia

Psychiatry Research 317 (2022) 114866

Contents lists available at ScienceDirect

Psychiatry Research
ELSEVIER

journal homepage: www.elsevier.com/locate/psychres

From co-morbidity to transdiagnostic potential and novel immunotherapies
for psychosis

Rachel Upthegrove
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Commonly Studied Cytokines, Vascular Markers

nd Related Measures of Inflammation in Psychosis

Pratein e Categaory Drescription and function®
designation
CRP C-reactve prolein General marker of Acute-phase protein and peripheral marker of acute inflammatson
inflammation Produced in response o pro-indlammatory cyiokines (IL-1 and IL-&)
and laipopalysaccharides
FLT1 fascular endathelial sl Cell-suface mosptor for vascular endothelial groawth faciors
growwth factor recepior-1 Inwalved in the development of embryonsc vase ulature,
anglogeness regulation, cell sundval, cell migration, macrophage
functson, and chemaotaxis
IF M Iritesriesronm garminmia Pro-inflamnmabony Prosdusced by Iyimgphocytes and s a potent activator of macnophages
cylokine
IL-1p Iriteerlesukim 1 beeta Pro-inflamimabon Induces prostaglandin synthess, newtrophil mflux and activation,
cylokine l-cell activation and cylokine production, B-cell acthatbon and
antibody production, and fibroblast prodiferation
L6 Initerleukin & Pro-inflamnmatony Activation leads o the regullation of the immiine response,
L'-_-'Il.aklrll.' AL IJ||."|.II1|'I.‘\|'E' reaC i ions
Plays an essential robe in differeniiating B cells
IL-8 Interleukn B Pro-inflammatosy Chermotactic factor that attracts neutrophils, basophils, and Toells
cylokine inwalved in neutrophl acthvation
It is released irom several cell pypes in response 1o infllammatony
stirmuli
IL-10 Interlewkin 10 Apii-inflarmratony Regulatory oyiokine that has profound anti-inflarmmatony funciions,
cylokine limiting excessive tissue disrupiion caused by inflammation
Lamiits macngphage and monocyte release of pro-inflarmmatony
Cylokines
IL-18 Interleukin 18 Pro-inflamimabon Pro-inflarnmatony cytokime that promobes the productaon of PRy
cylokine from T and MK cells
Enhances cytotome activity and proliferation of COE+ T and NE
celk and strmulates the prodection of IL13 and other cybokines
TMFa Turmor nechosis factor alpha Pro-inflamnmatony Pro-inflammatony and apoplosis-inducing cytokine secneted by
cylokine macrophages
TrFR Turnor necrosis factor bela Pro-inflammatosy Pro-inilammatosy and cytotoxic cytokine produced by lymphocytes
cylokine
VEGFA ‘ascullar endothelial ‘ascular Carowih factor that induces endothelsal call proliferation, promoies
grovaihy factor & cell migratson, inhibis apopiosis and indeces. permealil lzaton of
hlood vessels
VEGFD ‘ascullar endothelial ‘ascular Coroawih factor active in amgiogenesis, lymphamgiogenesis and
grovwth factor D endothelial cell gronth, stimulating their proliferation and mgration
and also has efiects on the perrmeability of blood vessels
“Adapted from information accessed at hitpsySsssnwuniprotorg™  and reproduced here under Creative Commons Attribation (CC BY 4.0 License, bt
creabvescomimaons. onglhcenses w400,
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Risperidone combination therapy with adalimumab for treatment of chronic schizophrenia: a
randomized, double-blind, placebo-controlled clinical trial Motamed, Mahsa?® International
Clinical Psychopharmacology: May 2022 - Volume 37 - Issue 3 - p 92-101 doi:
10.1097/YIC.0000000000000339

antifator de necrose tumoral alfa (TNF-a) adalimumabe esquizofrenia cronica.
ECR DC CP Hospital Roozbeh (Teer3, Ira)
adalimumabe + risperidona e
placebo + risperidona.
adalimumabe (40 mg) SC semanas 0 e 4.
PANSS semanas0,4e820020p

PANSS total (t = 4,43, df =38, P <0,001), negativo (t = 2,88, df = 38, P = 0,006) e psicopatologia geral (t = 4,06,
df =38, P < 0,001)

Efeito superior de adalimumab em comparacao com o grupo placebo
PANSS + sem diferenca significativa

N&do houve diferenca significativa entre os grupos em relagdo aos niveis de proteina C-reativa, interleucina (IL)-
1B, TNF-a, IL-6 e IL-8 na linha de base e também na visita da semana 8 (P > 0,05 para todos ).

terapia adjuvante adalimumabe eficaz sintomas de psicopatologia negativa e geral, sem efeitos colaterais.
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Drug Mechanism

Results

References

Nomn-steroidal anti-inflammatory drugs

Significant reduction in PANSS positive

TRS symptom scores and overall

PAINSS score, but no significant change

[133,134]

Celecoxib Selective inhibition of COX-2. in negative TRS symptoms.
Improvement in conceptual
disorganization and abstract thinking
by PANSS in patients with TRS.
Acetylsalicylic acid Inhibition of COX-1 and ¢ COX-2. Improvement in PANSS symptoms. [135,136]
Statins
Inhibition of HMG-CoA reductase, Decrease in negative symptom scores
Simvastatin anti-inflammatory effect, reduction of on the PAINSS scale in patients with [137]
vas pro-inflammatory cytokines (IL-13, TRS, decrease in the total score on the
IL-6, TNF-x) and CRFP. PAINSS scale.
Inhibition of HMG-CoA reductase,
Pravastatin anti-inflammatory effect, reduction of Marked decrease in scores [138]
pro-inflammatory cytokines (IL-13, positive symptoms on the PANSS scale. -
IL-6, TNF-o) and CRI.
Corticosteroids
Influence on carbohydrate and
electrolyte metabolism,
Cortisone anti-inflammatory (inhibition of Most patients with Sch did not show [139]
phospholipase A2), desensitizing significant changes in Sch symptoms.
and anti-allergic,
immunosuppressive effects.
Suppression of the function of
leukocytes and tissue macrophages.
Limitation of migration of leukocytes to
the area of inflammation, impairment There was no significant difference in
Prednisolone of the ability of macrophages to improvement in the severity of Sch [140]

phagocytosis, as well as to the
formation of IL-1, inhibition of the
activity of phospholipase A2,
suppression of the release of
COX-1 and COX-2, etc.

symptoms with the placebo group in
patients with Sch.

CENTRO DE
ESTUDOS DE
LITERATURA E =
PSICANALISE
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Drug Mechanism Results References
Monoclonal antibody
Selective binding and suppression of No significant change in scores for
Tocilizumab expression and functional activity of positive and negative TRS symptoms, [141,142]
IL-6 receptors. but improvement in BACS cognition.
Cytokines
Activation of macrophages and
induction of expression of the class II :
- IFN-y-1b major histocompatibility complex it prooticed decregns fithe fotdl [143]
W PANSS score in patients with TRS.
molecule, inhibition of
virus replication.
Intravenous immunoglobulins
Increasing the content of antibodies in A pronounc.ed deFrease n the t'otal
I R PANSS score in patients with antibody
-1gG the blood to a physiological level, 2 ; 2 [144,145]
creating passive immunity. positive psychosis. Most patients gave
' a clinical response to therapy.
Other groups of drugs
A decrease in scores on all three PANSS
;s ; x5 scales, an improvement on the CGI-S,
Mucolytics/ antioxidants:lj,recurso.r of the b.lc')loglcal antioxidant CGIH-I scales in patients with TRS. The ,
% glutathione, anti-inflammatory and S ; [146,147]
- N-acetylcysteine oo reduction in negative symptom scores
antioxidant effect.
on the PANSS scale was more
significant in patients with TRS.
Bacteriostatic action due to the Decrease in scores on all three PANSS
Antibiotics: suppression of protein synthesis by scales, improvement in BPRS scores, no [148]
- Minocycline reversible binding to the 30S ribosomal changes in cognitive function in
subunit of sensitive microorganisms. patients with TRS.
Significant improvement on the three
POIf); uns::;z'ted Antioxidant, anti-inflammatory and PANSS scales, as well as improvement [149,150]
tty : neuroprotective effect. in cognitive functions, 56

- Omega-3 fatty acids

was not revealed.
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Chaudhry et al. Transiational Psychiatry (2020010:415

hittps://doiorg/10.1038/541398-020-01095-8 Tral"\Slat‘ICInﬂl PﬁyChiatry
ARTICLE Open Access

A randomised clinical trial of methotrexate points
to possible efficacy and adaptive immune
dysfunction in psychosis

L B Chaudhry'**, M. O. Husain®%, A B. Khoso®, M. | Husain@"*, M. H. Buch™, T. Kiran®, B. Fu®, P. Bassett®",
L Qurashi'’, R ur Rahman”, S. Baig'*, A Kazmi'®, F. Corsi-Zueli®'”, P. M. Haddad'”, B. Deakin®' and N. Husain'’

l: Sub-Total of General Ply'ﬁhﬁr D Climical Gh:!hdlmpl'mlnn
pathology Subscale (PANSS) (GGl
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a randomised, double blind, placebocontrolled exploratory trial of methotrexate 10 mg once a week added
to TAU for patients with schizophrenia, schizoaffective disorder, psychosis not otherwise specified and
schizophreniform disorder. Clinicaltrial.gov (NCT02074319) o



Antiinflamatorios em Psicose e Esquizofrenia

Brain, Behavior, and Immunity 90 (2020) 364-380

g g 0 0 L 3 1
Contents lists available at ScienceDirect m_nﬁﬁ-ﬂlﬂ'

and IMMUNITY

Brain, Behavior, and Immunity

journal homepage: www.elsevier.com/locate/ybrbi

Efficacy and safety of anti-inflammatory agents in treatment of psychotic )
disorders — A comprehensive systematic review and meta-analysis e

Rose Jeppesen®, Rune H.B. Christensen”, Emilie M.J. Pedersen”, Merete Nordentoft™",
Carsten Hjorthgj"", Ole Kohler-Forsberg™"*, Michael E. Benros™"
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R. Jeppesen, et al. Brain, Behavior, and Immunity 90 (2020) 364-380

Experimental Control
Study Total Mean SD Total Mean sSD Mean Difference MD 95%~-Cl1 Weight

Primarily anti-inflammatory drugs

COX-inhibitors :
Rapaport 2005 18 80.10 12.10 17 75.80 13.20 e 4.30 [-4.10; 12.70] 1.6%

Akhondzadeh 2007 30 -43.70 15.90 30 -29.20 14.80 - -14 .50 [-22.27; -6.73) 1.8%
Laan 2010 33 -9.30 9.10 37 -5.50 11.20 —aaT -3.80 [-8.56; 0.96] 2.8%
Muller 2010 17 652.40 13.70 20 63.60 22.10 ety -11.20 [-22.87; 0.47) 1.0%
Attari 2017 40 106.00 29.57 20 98.30 24.90 : - 7.70 [-6.55; 21.95) 0.8%
Subtotal 138 124 ——— -4.09 [-11.43; 3.25] 8.0%
Antibiotics (Minocycline)

Chaudhry 2012 46 48.90 16.00 48 60.20 25.10 —_——— <11.30 [-19.,77. -2.83) 1.6%
Khodaie-Ardakani 2014 20 61.10 4.70 20 70.60 6.90 i -9.50 [-13.16; -5.84) 3.2%
Liu 2014 39 5250 9.30 40 60.00 10.00 — -7.50 [-11.76; -3.24) 3.0%
Deakin 2018 62 59.00 17.30 65 57.10 17.30 3 1.90 [-4.12; 7.92) 2.3%
Weiser 2018 83 77.70 15.10 88 77.40 18.90 ? 0.30 [-4.81;, 541) 2.6%
Zhang 2018 50 61.88 8.03 25 63.12 8.00 : -1.24 |[-5.09; 2.61) 3.2%
Subtotal 300 286 —— -4.40 [-8.56; -0.23] 15.9%
Monoclonal anti-bodies (Tocilizumab) :

Girgis 2017 16 70.80 15.40 12 65.80 14.30 e aa e 500 [-6.06; 16.06) 1.1%

Subtotal 16 12 | ——— 5.00 [-6.06; 16.06] 1.1%

S1P receptor modulator (Fingolimod)

NCTO1779700 2019 18 49.06 1465 22 5494 11.53 ——t -5.88 [-14.19; 2.43) 1.6%
Subtotal is8 22 e i ~-5.88 [-14.19; 2.43] 1.6%
Total 472 aaa R -3.00 [~7.19; -0.80] 26.7%

Jeppesen et ali 2020
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Potentially anti-inflammatory drugs

Neurosteroids

Ritsner 2006 29 8420 20.70 26 89.90 21.90 - 5,70 [-17.00; 560] 1.1%
Strous 2007 20 52,10 13.30 20 53.80 15.90 il -1.70 [-10.78;, 7.38] 1.5%
Marx 2009 9 6260 6.20 9 6740 6.00 —— -4.80 [-1044; 084] 24%
Ritsner 2014 29 -16.20 6.80 31 -12.30 8.20 =5 -3.90 [-7.70; -0.10] 3.2%
Kashani 2017 41 -33.80 2590 41 -24.30 23.30 e -9.50 [-20.16; 1.16] 1.2%
Subtotal 128 127 o -4.40 [-7.18; -1.62] 9.4%
N-Acetyl Cysteine :

Berk 2008 69 57.00 16,10 71 59.20 19.30 i -2.20 [-8.08, 3.68] 24%
Farokhnia 2013 21 57.30 1050 21 70.20 12.50 —— -12.90 [-19.88; -5.92] 2.0%
Davis 2014 8 54.10 15.20 7 67.30 20.00 - -13.20 [-31.38, 4.98] 0.5%
Breier 2018 30 46.80 1230 30 56.40 12.70 —— -9.60 [-15.93; -3.27) 2.2%
Sepehrmanesh 2018 40 90.20 24.70 39 89.80 24.90 e 0.40 [-10.54; 11.34] 1.1%
Subtotal 168 168 - -7.11 [-12.38; -1.84] 8.2%
Statins 3

Ghanizadeh 2014 21 -43.00 13.80 22 -40.60 13.80 S s -2.40 [-10.65;, 585 1.7%
Vincenzi 2014 24 6550 18.70 25 7240 16.90 I 6.90 [-16.89; 3.09] 1.3%
Tajik-Esmaeeli 2017 36 -280 260 36 -090 1.30 - -1.90 [-2.85; -0.95] 4.1%
Subtotal 81 83 K ~1.95 [-2.89;-1.01] 7.1%

Jeppesen et ali 2020
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PUFAs
Fenton 2001
Peet 2001
Peet 2001b
Emsley 2002
Berger 2007
Bentsen 2013
Emsley 2014
Jamilian 2014
Boskovic 2016
Pawalczyk 2016
Qiao 2017
Subtotal

Total

43
31
14
20
35
27
21
30
12
36
17
286

1220

All drugs combined 1692

69.00 16.00 44
80.56 16.80 14
4460 870 12
-12.60 14.00 20
54.40 1490 34
58.80 18.40 22
31.20 1440 12
4910 5.10 30
54,30 18.80 12
-19.30 8.30 35
61.70 18.50 8

244

1076

1520

70.00
65.90
57.10
-3.10
52.70
60.60
21.90
22.40
51.50

-14.40

63.00

18.00
14.90
156.50
13.30
13.90
13.00
11.50

3.30
14.20

8.30
17.00

.....

*

|
-30

|
-20

|
-10 0

| | |
10 20 30

-1.00 [-8.15; 6.15]
-5.34 [-15.13; 4.45]
-12.50 [-22.38; -2.62]
-9.50 [-17.96; -1.04)
1.70 [-5.10; 8.50]
-1.80 [-10.61; 7.01]
9.30 [ 0.34; 18.26]
-3.30 [-5.47, -1.13]
2.80 [-10.53; 16.13]
-4.90 [-8.76; -1.04]
-1.30 [-15.47; 12.87]
=2.73 [-5.46; 0.00]

2.0%
1.3%
1.3%
1.6%
2.1%
1.5%
1.5%
3.8%
0.8%
3.1%
0.8%
19.8%

-4,71 [-6.26; -3.17] 73.3%

-4.57 [-5.93; -3.20] 100.0%

Fig. 2. Mean difference in PANSS total psychopathology score for anti-inflammatory add-on RCTS.
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Glitazones :
Henderson 2009 8 58.00 1200 10 62.70 16.10 #
Smith 2013 29 5810 1220 20 59.50 15.90 —H—
Iranpour 2016 20 50.80 11.10 20 567.90 11.30 o
Subtotal 57 50 -
Melatonin :
Modabbernia 2014 18 82.00 1850 18 84.90 19.40 o
Romo-Nava 2014 10 6490 21.10 14 70.90 25.30 -
Subtotal 28 32 | —eEm—
Estrogens '
Kulkarni 2001 24 61,20 1594 12 64.62 13.20 -
Akhondzadeh 2003 16 -57.70 1290 16 -36.50 11.40 —®— !
Kulkarni 2008 54 66,96 1538 38 72.92 16.61 ——t
Kulkarni 2010 22 6854 1356 13 73.77 14.07 *
Kulkarni 2011 26 6540 1220 27 64.30 8.90 ——
Usall 2011 16 -6.90 760 17 0.60 18.20 -t
Kianimehr 2014 23 6830 21.00 23 82.00 26.10 -
Kulkarni 2014 118 63.47 1712 62 66.30 17.10 —-r-
Khodaie-Ardakani 2015 23 -49.30 840 23 -33.50 11.90 e i
Kulkarni 2016 26 -10.18 9.89 30 -3.82 10.19 -
Usall 2016 38 -10.20 1319 32 -0.10 17.42 ——-
Weiser 2017 86 86.10 19.00 79 81.30 17.50 $ T
Subtotal 472 372 -

Jeppesen et ali 2020
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-4.70 [-17.69; 8.29)
-1.40 [-9.66; 6.86)
-7.10 [-14.04; -0.16)
-4.74 [-9.65; 0.18]

-2.90 [-15.28; 9.48]
-6.00 [-24.62; 12.62)
-3.85 [-14.16; 6.46]

3.42 [-13.24; 6.40)
-21.20 [-29.64; -12.76]
-5.96 [-12.65; 0.73)
-5.23 [-14.74; 4.29]
1.10 [-4.67; 6.87]
7.50 [-16.92; 1.92)
-13.70 [-27.39; -0.01)
-2.83 [-8.09; 243]
-15.80 [-21.75; -9.85)
-6.36 [-11.63; -1.09]
-10.10 [-17.45; -2.75]
4.80 [-0.77; 10.37)
-6.76 [-11.01; -2.50]

0.9%
1.7%
2.0%
4.5%

0.9%
0.5%
1.4%

1.3%
1.6%
2.1%
1.4%
2.4%
1.4%
0.8%
2.6%
2.3%
2.6%
1.9%
2.5%
22.9%



Limitacoes

* Pouco efeito sobre sintomas negativos e cognicao

* numero limitado de pacientes ou critério de selecao.

* Apenas um subgrupo de pacientes apresenta elevacao da inflamacao
* Marcadores variam de acordo com o estado da doenca.

* |L-1 e IL-6 baixos durante a doenca crbnica estavel
e Aumentam em fase aguda,

* todos os pacientes selecionados estavam estaveis durante as trés tentativas.
e Tocilizumab e Canakinumab mais indicados para psicose aguda.

* MAbs devem ser testados de acordo com o estado da doenga, considerando
pacientes agudamente doentes ou clinicamente estaveis como dois grupos
separados em termos de perfil inflamatorio

Jeppesen et ali 2020
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Microbioma

Dash S, Syed YA, Khan MR. Understanding the Role of the Gut Microbiome in Brain Development and Its
Association With Neurodevelopmental Psychiatric Disorders. Front Cell Dev Biol. 2022 Apr

In- utero
0-9 months <3 years 3-5 years
@
a (=2 o Pl
e = - T BN )T e BN
Early colonization Succession Maturation and
Proteobacterio and establishment
Firmicutes development Proteobacteria
Fusobacterio Proteobacteria Actinobacterio
Tenericutes Actinobacterio Firmicutes
Bocteroidetes

=
=3
(53

Maternal risk factors in pregnancy Postnatal risk factors
(Diet, inflammation, Stress, Infection, Immune (Mode of birth, Early life infection, inflammation,
S e i dysregulation, Gut-microbiota, microbial metabolites, stress, Antibiotic overdose, Diet, Heredity and
ESTUDOSDER. . metabolic disease) genetics, Social environment)
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’\C/I Xll???l T ‘ Significant risk factors within human developmental window



Microbioma

Dash S, Syed YA, Khan MR. Understanding the Role of the Gut Microbiome in Brain Developmentand Its
Association With Neurodevelopmental Psychiatric Disorders. Front Cell Dev Biol. 2022 Apr

Development and regulation of Development and maintenance of Regulation of Myelination ‘
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Dash S, Syed YA, Khan MR. Understanding the Role of the Gut Microbiome in Brain Developmentand Its
Association With Neurodevelopmental Psychiatric Disorders. Front Cell Dev Biol. 2022 Apr

Neurodevelopmental disorders Schizophrenia (SCZ)

Increased abundance Decreased abundance

Gut microbiota Phylum: Protesbacteria Genera: Succinivibrio, Megasphaera, Collinsella, Clostridium, Coprococcus, Roseburia, Bloutia Shen et al, (2018
Klebsiella, and Methanobrevibacter Shen et al. (2018

Phylum: Protecbacteria, Family: Rumimococcacens, Genus: Hoemophilus, Sutterella,
Clostridium Nguyen et al. (2018

Angerococcus, Bacteroids Nguyen et al. (2018)

Veillonello atypica, Veillonella dispar, Bifidobacterium dentium, Dialister invisus, Lactobacillus - Bifidobacterium, E. coli, and Lactobacllus Cuomo ef al. (2018)
aris, Streptococcus salivarius, Lactobocllus fermentum, Enterococcus faecium, Alkaliphilus Bifidobacterium longum Katz-Barber et al. (2020)

aremlandii, and Cronobacter sakazakii furicensis Zhu et al, [20204) . o .
Rhodocyclales, Enterococcacens, Rikenellaceas, Alcaligenaceae, Rhodocyclacene,

Leuconostocaceas, Enterococcus Xu et al, (2019)

Taxa: Lactobacilloceae, Lachnospiraceae, Veillonellaceae Schwarz et al. (2018); Zhengetal.  Family: Erysipelotrichoceae, genus: Allobaculum Gubert et al. (2020
[2019)

Clostridiales, Lactobacillales, Bacterofdales de Angelis et al, (2013); Shen et al. [2018)

Akhermansia muciniphila, Bocteroides plebeius, Veillonella parvula, Clostridium symbiasum,
Eubacterium sirasum, Cronobacter sakazakii/turicensis, S vestibularis, Alkaliphilus
aremlandii, Enterococcus faecium, Bifidobacterium longum, Bifidobacterium adolescentis
(Zhu et al., 2020a)

Deltaprotesbacteria, Actinobacteria, Sphingomonadales, Actinomycetales,
Sphingomonadacene, Megasphaera, Eggerthella and, Megasphaera elsdeniis, Closbridium
perfringens, Akkermansio, muciniphile, Lactobacillus gasseri, and Bifidobacterium
adolescentis Xu et al. (2019]

Acidaminacoceus, Akkermansia, Alistipes, Citrobacter, Dialister, Veillonella Zheng et al, (2019

Cytokines levels C44 Stevens et al. [2007); Schafer et al. (2012); S;; Hong et al. [2016); Comer et al. (2020)  IL-1B, IL-10 Delaney et al. (2019); Park and Miller [2020]; Perkins et al, (2015]

C-reactive protein (CRP) Prins et al. (2016); Ligthart et al. (2018) IL-17 Zeni-Graiff et al. (2016)




General Psychiatry Glucorafanina = Sulforafane 8
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l Sulforaphane

Improve mental disorders

Figure 1 Biological mechanisms of sulforaphane. ARE, antioxidant response element; ERK, extracellular signal-regulated
kinase; GCL, glutamate cysteine ligase; HO1, haem oxygenase 1; IxB, inhibitor of NF-xB; JNK, c-Jun N-terminal kinase; Keap1,
Kelch-like ECH-associated protein 1; MAPK, mitogen-activated protein kinase; NF-xB, nuclear factor-«B; NQO1, NAD(P)H
quinone dehydrogenase 1; Nrf2, nuclear factor erythroid 2-related factor 2.

Zheng W, Li X, Zhang T, et al. Biological mechanisms and clinical efficacy of sulforaphane for
IN'S mental disorders. General Psychiatry2022;35:e100700. doi:10.1136/gpsych-2021-10070
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* Schizophrenia, Shiina(2015)0pen-label study, 20—-65years.SFN (n=7)
30mg/day.8weeks.

» After SFN treatment, the mean scores in the OCLT showed a significant increase from
0.88 to 0.95 (p=0.043).

* Schizophrenia, Dickerson (2021) RCT, 18—65years.SFN (n=29), placebo
(n=29)
e 100pmol/day.18weeks
* No significant difference in psychiatric symptoms or cognitive function

* OCLT, One Card Learning Task; RCT, randomised clinical trials; SFN, sulforaphane; SRS,
Social Responsiveness Scale
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ALVOS ATUAIS E FUTUROS DE ANTIPSICOTICOS
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Present and future antipsychotic drugs: A systematic review of the putative
mechanisms of action for efficacy and a critical appraisal under a
translational perspective

1

Andrea de Bartolomeis ™ , Annarita Barone °, Veronica Begni ", Marco Andrea Riva ™"
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Receptor APs action Putative target sympioms

D1 dgonism negative symptoms

D2 antagonism/partial agonism positive sympioms

D3 antagonism/partial agonism cognitive and negative symptoms

D4 Antagonism cognitive and negative symptoms

2-HT1A agonism cognitive, anxiety and depressive
Symploms

a-HT2A aAntagonism negative symptoms

>=HT7 antagonism cognitive, anxiety and depressive
5:."I.'l'lp|:'ﬂ-]'.|'.|5

a7nACh Agonism cognitive symptoms

AchMR1 /S agonism positive and negative symptoms

4

HI antagonism agitation, anxiety symptoms

al antagonism positive symptoms

T2 antagonism cognitive, negative and depressive
SV IMPLOINS

miluR2/3 agonism and allosteric cognitive symptoms

modulation
Op antagonism negative symploms
TAAR] Agonism positive, negative and cognitive

SYMpPLoms

de Bartolomeis, 2022

XVI JORNADA CELPCYRO & VII SIMPOSIO CCYM SOBRE SAUDE MENTAL



GLUTAMATES

Novos alvos potenciais de antipsicoticos
GlyT1 remove glicina da fenda sinaptica e transportando-a dentro
das células.
hipofuncdo NMDAR -2 + glicina inibindo GlyT1 ++NMDAR
inibicdo da enzima DAO (responsavel pela degradacao da
D-serina). DAO inativada: D-serina aumenta na fenda sinaptica
aumento Funcionamento NMDAR.

GlyT1: de Receptor de Glicina 1; NMDAR: NTransportador-
receptores de metil-D-aspartato; DAO: D-aminoacido oxidase.

\ -—--—‘-:ﬂ b N "AK";'L‘:"‘

de Bartolomeis, 2022
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 Sistema Complemento em Esquizofrenia

rCompIement In neurological disorders
and emerging complement-targeted
therapeutics

Marinos C. Dalakas(»'-?=, Harry Alexopoulos® and Peter J. Spaeth(®?

Nature Reviews | Neurology volume 16 | November 2020 | 601
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Cerebrospinal fluid concentration of
complement component 4A is increased
in first episode schizophrenia
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Therapeutic targets
1

-

C1 subcomponents

Drugs
= ANXOOS
e Sutimlimab

C3 cleavage
@ Drugs
* IVig
*» Compstatins
@
C3a

C5 cleavage

Drugs
Eculizumab

Ravulizumab
Zilucoplan

* O = Tesidolumab
C5a = SKY59

Nature Reviews | Neurology volume 16 | November 2020 | 601
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Electroconvulsive Therapy in Psychiatric Disorders:
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& frontiers
in Neurology

Potential Locations for Non-Invasive
Brain Stimulation in Treating
Schizophrenia: A Resting-State
Functional Connectivity Analysis

Yanzhe Ning =", Sisi Zheng "', Sitong Feng '*, Bi Zhang™ and i =

SMA

O
Pipeline 2
(Negative)

02
y Pipeline 2 Pipeline 3 Pipeline 3
Bl Pieine 1 [T 00 B e B oo

FIGURE 2 | Results of three pipelnes. Brain surface regons identified from the three pipelines were presented on the top. Scalp locations corresponding to the brain
surface regions were presentad on the bottom. Results from pipeling 1, pipsline 2 [positive comrelation), pipelne 2 (negative comelation), pipdine 3 (positive cormelation),

Seananse RS pipdine 2 (negative comelation) were presented as green, yeliow, blue, red, and cyan, respectively. L left; R, nght; IPL, Inferior Panetal Lobde; AG, angular gynus;
CYRO i SMG, supramaming gyrus SMA, supplementary motor area; diFFC, dorsolateral prefrontal cortex; IFG, inferior frontal gyrus; mPFC, medid prefrontal cortesx; MTG,
MARTINS middie temporal gyrus: STG, superior temporal gyrus: MTG, middie temporal gyrus: TPO, temporal pole; SCG, superior occipital gyrus; MCG, middie occipial gyrus.



Estimulacao Transcraniana - tdcs

. . . REVIEW
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Transcranial Direct Current
Stimulation of the Dorsolateral
Prefrontal Cortex for Treatment of
Neuropsychiatric Disorders

Qing Li*<, Yu Fu', Chang Liu3+*" and Zhigiang Meng=+="
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JAMA Psychiatry | Original Investigation

Assessment of Noninvasive Brain Stimulation Interventions
for Negative Symptoms of Schizophrenia
A Systematic Review and Network Meta-analysis

Ping-Tao Tseng, MD, PhD; Bing-Syuan Zeng, MD; Chao-Ming Hung, MD, PhD; Chih-Sung Liang, MD; Brendon Stubbs, MD, PhD;
E Negative symptoms ] . .
|i Network structure of primary outcome: negative symptoms

Treatment effect SMD (95% CI) Greater improvement Worse improvement
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NIBS excitatdria (Randon Noise-estimulacdo de ruido transcraniano aleatodrio, iTBS (theta-burst intermitente), tdcs (estimulacdo
transcraniana por corrente continua, EMT/TMS (estimulacdo magnética repetitiva transcraniana) coértex pré-frontal
dorsolateral Esquerdo com/sem estimulacdo regiGes cerebrais contralaterais: reducdo de sintomas negativos X sham (placebo).
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O Futuro

Caminhos para descoberta de novas drogas em Esquizofrenia
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European Meuropsychopharmacology 61 (2022) 43-59

Protedmi
el I l S< Z Charting the proteome landscape in major )

psychiatric disorders: From biomarkers to e
biological pathways towards drug discovery

Brisa S. Fernandes®, Yulin Dai®, Peilin Jia“®,
Zhongming Zhao#-P.-<.-d.=

European Neuropsychopharmacology 61 (2022) 43-59
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Desafios no ¢

esenvolvimento e uso de

antinflamatorios e anticitocinas para psicose

* aumentar evidéncia de impacto direto da inflamacao na estrutura e
funcao do cérebro em abordagem transdiagnostica em estagios
iniciais de disturbios

e Krynicki et al.,2021; Williams et al., 2022
* Entender quem se beneficiaria de um anti-inflamatério

» fenotipo da psicose imunoativa ativa
 estratificar a psicose com indicacao de imunoterapia:

e Sintomas, biomar

cadores

* Desfecho primario: sintomas negativos, anedonia ou funcionamento geral

* Psychosis Immune

Mechanism Stratified Medicine Study (PIMS)
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Pesquisas em Organoides

Culturas de células células-tronco tridimensionais auto-organizadas.
» diferenciacao de tipos de células para modelar a organogénese in vitro.
* recapitulam estagios de desenvolvimento e a estrutura organizacional do 6rgao

Cérebro: organoides especificos da regiao e organoides cerebrais nao especificos

* Estudo de diferencas de expressdo de genes ao longo do desenvolvimento em comparagao com
organoides neurotipicos

Resultados principais:
» defeitos na excitabilidade neuronal
 sinalizacao de calcio prejudicada
* Ex perda heterozigética de DGCR8/22q11.2: defeitos dos neurbénios 22g11.2DS.

* Aumento da expressdao de DGCR8 recuperou a sinalizagdo de calcio nos neurénios (semelhante a tratamento
com antipsicéticos)

Potencial de organoides derivados do paciente: descoberta de alvos e triagem de
abordagens terapéuticas in vitro.
* Chen & Geshwind 2022
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Balanco Pro-Anti inflamatorio e Fase de doenca

Note: APs—antipsychotics; DNA—deoxyribonucleic acid; Sch—schizophrenia.
Antipsychotics

Transport
hypothesis

Metabolic
hypothesis

Hypothesis
oxidative
stress

Inflammatory
hypothesis

Genetic
hypothesis

Neurobiological

hypothesis s
Nutritional
hypothesis

Neurotransmitter
hypothesis

Microbiome
hypothesis
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Equilibrio entre citocinas pré-inflamatorias e anti-inflamatorias determina o
efeito de resposta neuroinflamatoria em SZ.

Perturbagbes do equilibrio podem direcionar a resposta imune de defesa do
paciente para cronicidade/resisténcia com neuroinflamagao (pré-inflamatéria) ou
para a cicatrizagao (anti-inflamataoria).

Desequilibrio inicial de citocinas pode ser benéfico para o paciente com Scz,
iniciando a resposta neuroinflamatoria

Neuroinflamagdo crénica =>desequilibrio citocinas inflamatdrias e anti-
inflamatdrias = alteracdo de neurotransmissores dopaminérgicos.

A superproducao ou subproducdo de medidadores pro-inflamatorios ou anti-
inflamatarios (citocinas) podem ser deletérios para o paciente com Scz “nao
dopaminérgica”
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Limitacdes de terapias imunoreguladoras

* Terapia anti citocinas pro-inflamatorias, paradoxalmente, pode levar a aumento
da inflamacao quando:

(1) Mutacao de genes de citocinas

(2) Mutacdes somaticas e inflamacao

(3) Citocinas pro-inflamatoérias reduzidas devido a SNVs

Citocinas e reguladores pro-inflamatoérios interconectados ao longo da evolucao

Terapias isoladas de blogqueio de citocinas podem resultar em regulagcao Ipositiva
S|gn|f|cat|va de uma longa lista de genes e vias de sinalizacao, presumivelmente a
“segunda onda de inflamacao”

Segunda onda de inflamagao pode ser o principal mecanismo das RA observadas
em pacientes recebendo terapia Mab que bloqueia citocinas pro-inflamatorias
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Bishop JR, Zhang L, Lizano P. Inflammation Subtypes and Translating Inflammation-
Related Genetic Findings in Schizophrenia and Related Psychoses: A Perspective on
Pathways for Treatment Stratification and Novel Therapies. Harv Rev Psychiatry. 2022
Jan-Feb 01;30(1):59-70.

ETIOLOGY PATHOGENESIS PATHOPHYSIOLOGY SYMPTOMS

Genetics Non-inflammation processes Brain ™
+ Immune system genes
(e.g., MHC locus, C4, structure
others)
+ Non-immune genes

» Developmental
deviation

+ GABA/Glutamate
imbalance

\ ¢ Bra

function Positive
/ Inflammation processes W, S

5% —{—>» Negative
&

: »  T-cellimbalance @t
Enwarlotn ment « Chronically activated A
. raumassiress T-cells & age
* Infection: macrophages N Cogmtwe
megalovirus R AL ST euro-
cytomeg: , «  Microglia activation
herpes virus,
toxoplasmosis, bacteria
Increased BBB 5 SRt
permeability R
Impaired A Oxidative oL -
angiogenesis stress
CENTRO DE
tirerarura £ s
aIRANALISS E Figure 1. Conceptual model of immune dysregulation in psychosis. Converging evidence suggests that genetic and environmental factors increase peripheral
EA YAI??(T)l N S inflammation that adversely affects the brain and clinical outcomes. BBB, blood-brain barrier; MHC, major histocompatibility complex.
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Membrane depolarization during AV node cell
action potential

Membrane depolarization during atrial cardiac
muscle cell action potential

Regulation of membrane potential

__ | Positive regulation of interleukin-10 production
IC2| Regulation of interleukin-10 production
Interleukin-10 production

Cellular response to starvation
(@] Response to starvation
‘Histone acetylation

|Regulation of vesicle-mediated transport
=D liImmune effector process

Generation of neurons
Neurogenesis

Figure 3. CNS-specific functional modules for druggable schizophrenia risk genes. The network is comprised of 42 outof 103 druggable genes assigned to one
of five clusters (C1-C5) with significant membership. The network clustering was performed based on shared k-nearest-neighbors and community-finding
algorithm.* Functional enrichment with genes annotated to Gene Ontology Biological Process (GO:BP) terms was examined across five clusters, with the top
overrepresented GO:BP terms within each cluster listed on the right (the mapped gene list and full results of pathway enrichment are available in
supplemental materials). C2 and C4 containing a total of 17 genes (with polka dots in figure} and 50 enriched terms had strong immune/inflammation
implications associated with central nervous system function.
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ISRCTN23256704  https://doi.org/10.1186/ISRCTN23256704
A trial to understand how immune function affects symptoms of psychosis

Submission date Recruitment status Prospectively registered

28/06/2022 Recruiting _
n Protocol not yet available

Registration date Overall trial status

13/07/2022 Ongoing n SAP not yet available

Last edited Condition category - Results not yet expected

23/08/2022 Mental and Behavioural

Dicorders - Raw data not yet expected
Record updated in last year
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Resumo

e Drogas DA: 32 geracao, novas rotas, duracao estendida 1-3-6 meses
* Associacao com Antinflamatérios/Imunoreguladores/MAB

e Estudos fase II: ACH M1R, Complemento, Cca,

* Neuromodulacao: ECT antinflamatorio, tdcs, EMT CPFDLE

e Desafios: Fase de Doenca — progressao — estabilizacao

* Potencial de prevenir dano - cura

ES U_ CCCC
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