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FACTEURS DE RESISTANCE AUX TRAITEMENTS DANS LA DEPRESSION ET LA SCHIZOPHRÉNIE

is derived from non-specific effects, which may be larger earlier in
the course of illness [27].
The distinction between primary and secondary treatment

resistance is only referred to in one of the consensus statements
or guidelines recorded in Table 1 [22]. In this context, it would be
helpful for future studies to investigate if there are differences
between patients with primary versus secondary treatment
resistance in treatment outcomes or neurobiology. Where this is
not possible or warranted, clear reporting of the relative
proportion of patients with primary versus secondary treatment
resistance would help enable comparisons with other studies.

Pseudo-resistance: diagnostic and treatment-related factors
Pseudo-resistance describes the circumstance where a patient’s
condition does not respond to treatment, but the criteria for
treatment resistance have not been fulfilled; for example,
because the diagnosis was incorrect or the exposure to treatment
was not adequate. Diagnostic instability, especially early in
the course of a mental illness, is well described [28]. For
example, bipolar affective disorder may initially present with a
major depressive episode and be treated as unipolar depression. If
such a patient has a poor outcome because of a treatment
emergent mixed state or worsening of selected symptoms (e.g.,
insomnia or agitation), the patient may be deemed to have
treatment resistant depression, when in actuality the wrong
treatment had been selected [29]. This scenario highlights the
need to ensure careful history and assessment of patients and
cautions against concluding treatment resistance after only a short
presentation.

Another common cause of pseudo-resistance is an inadequate
therapeutic trial of treatment. Psychiatric drugs need to cross the
blood-brain barrier and bind to their target in the brain. Several
factors can lead to insufficient drug reaching the target in the
brain. These are summarised in Table 2 and Fig. 3 (see eTable 1 for
additional evidence). They include non-concordance with treat-
ment, poor absorption of oral medication at the level of the gut
endothelia, fast metabolism of medication by the liver, and poor
blood-brain-barrier penetrance of medication. Some treatments
may also be associated with a bell-shaped dose-response curve,
where increasing dose leads to increasing efficacy only up to a
point, whereupon further dose increases lead to decreasing
efficacy [30]; in this scenario, high doses of treatment may be
responsible for pseudo-resistance.

The clinical assessment of treatment resistance
The clinical assessment of potential treatment resistance is
summarised in Fig. 4. A key step is to rule out pseudo-resistance
as far as possible (Table 2 and Fig. 3). As such, clinical assessment
should rule out alternate psychiatric diagnoses, e.g., features of
autism spectrum disorder or OCD which may be mistaken for
schizophrenia [31, 32] or bipolar-type depression which may be
mistaken for unipolar depression [33, 34]. Where possible,
duration and severity of symptoms, associated distress, and level
of functioning should be quantified using validated clinical rating
scales, which facilitates objective and accurate longitudinal
assessment of treatment response. A comprehensive medication
history should be taken to ensure that previous psychiatric
medication trials were adequate, documenting dose and duration,

Table 2. Potential contributors to pseudo-resistance in schizophrenia and depression.

Schizophrenia Depression

Drug plasma levels and
adherence

Over one third of patients identified as ‘treatment
resistant’ show evidence of poor adherence [23]

A cross-sectional study observed that 15% of patients
with MDD presenting with poor clinical response to
tricyclic antidepressant therapy had ‘unusually low
plasma concentrations relative to dose’ [119]. Poor
adherence is reported in 10–60% of patients with
depression [24]

Genetic variants affecting
trans-membrane
transporters

P-glycoprotein transporter polymorphisms influence
antipsychotic response in schizophrenia [120]

P-glycoprotein transporter polymorphisms predict
treatment response in depression [121]

Genetic variants affecting
liver drug metabolism

Both first-generation and second-generation
antipsychotics plasma levels and/or efficacy reduced by
some CYP1A2, 2D6 and 3A4 polymorphisms [122]

Ultra-rapid metabolizer capacity recognised with
polymorphisms of certain CYP450 enzymes (e.g., CYP2D6
and CYP2C19) result in reduced plasma levels for several
antidepressants, including TCAs, SSRIs and SNRIs, and
influence clinical response [123]

Liver drug metabolism:
influence of co-prescribed
psychiatric medication

Co-prescription of psychiatric medications that act as
CYP450 inducers (e.g., lamotrigine and carbamazepine)
can reduce plasma levels of some antipsychotics [124]

Co-prescription of psychiatric medications that act as
CYP450 inducers (e.g., lamotrigine, carbamazepine) can
reduce plasma levels of some antidepressants, including
TCAs, SSRIs and bupropion [125]

Liver drug metabolism:
influence of co-prescribed
physical health medication

Co-prescription of medications that act as CYP450
inducers (e.g., omeprazole, phenytoin, St John’s wort,
rifampicin) can reduce plasma levels of some
antipsychotics [122]

Co-prescription of medications that act as CYP450
inducers (e.g., St John’s wort, phenytoin) may reduce
plasma levels of some antidepressants [126]

Tobacco smoking Smoking reduces plasma levels of those antipsychotics
metabolised via CYP1A2 (e.g., olanzapine, clozapine)
[127]

Smoking reduces plasma concentrations of various
antidepressants [128]

Sex Male gender predicts lower plasma levels of some
antipsychotics [129]

Male gender predicts lower plasma levels of some
antidepressants [130]

Alternative Diagnosis Symptoms of other disorders, such as bipolar affective
disorder, obsessive compulsive disorder or autism
spectrum disorder, may be mistaken for schizophrenia
[31, 32]

A minority of apparently resistant unipolar depression
may in fact be depression associated with bipolar
disorder [33, 34]

Further evidence is provided in eTable 1.
TCA tricyclic anti-depressant, SSRI selective serotonin reuptake inhibitor, SNRI serotonin and norepinephrine reuptake inhibitor.
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and associated response. Finally, current treatment should be
defined, and plasma levels measured where possible. This process
should allow the assessment of key factors requisite for
determining treatment resistance summarised in Fig. 4.

Epidemiology and impact of treatment resistance
Prevalence estimates of TRS, TRD and treatment resistant OCD
vary from 20 to 60% of the population with the condition [26, 35–
40]. We were unable to identify prevalence data for treatment
resistant bipolar affective disorder (whether depression or mania)
or PTSD. Differences in the definitions of resistance between
studies, as discussed above, are certain to substantially determine
this variation. Another important factor is the population from
which prevalence estimates are calculated, which can lead to
ascertainment biases. For example, studies examining hospital
populations with chronic illness are likely to record higher rates of
treatment resistance compared with studies examining outpatient
samples made of patients at the onset of illness.
In the USA, annual direct medical costs associated with TRS are

conservatively estimated at over $34 billion [41]. It has been
estimated that hospitalisation costs and total health resource
utilisations for TRS are 10-fold higher than those for non-TRS, and
that up to 80% of the total yearly health costs associated with
schizophrenia in the USA are attributed to TRS [41]. Direct medical
costs associated with TRD are estimated to be 2–6 times higher
compared with other patients with MDD [42, 43], with costs
increasing with chronicity and severity of TRD [44]. Patients with
TRD are twice as likely to be hospitalised compared with non-TRD
patients, and require increased numbers of psychiatric outpatient
visits [43]. Patients with TRS have more functional impairment in
the community compared with other serious mental illnesses [45],
and the mean quality of life is estimated to be 20% lower in TRS
compared with non-TRS [41]. Mean quality of life is approximately
25–40% lower in patients with TRD compared with patients who

respond to treatment or who are in remission [46], and 30% of
TRD patients attempt suicide in their lifetime [47].

The neurobiology of treatment resistance
There are three broad disease models proposed by the literature
to explain treatment resistance, summarised in Fig. 5 (see
eAppendix 3 for search details) [48–51]. The first possibility
(Fig. 5A) is that the treatment resistant form of a given psychiatric
illness has the same underlying neurobiology as the treatment
responsive illness, but the pathophysiological alterations are more
severe such that standard treatment is inadequate. This is partly
supported by evidence that resistant symptoms of depression and
schizophrenia may improve with higher doses of treatment in
some patients [52–54]. Furthermore, as discussed above, second-
ary treatment resistance may be a consequence of either
progressive neurobiological changes (pathoplasty) or iatrogenic
effects. For example, in schizophrenia, an upregulation in
dopamine D2/3 receptor levels with treatment could mean that
a given antipsychotic dose is no longer enough to block
dopaminergic neurotransmission adequately, leading to break-
through resistant symptoms and necessitating higher doses [48].
Alternatively, treatment resistance could be neurobiologically

distinct from treatment responsive illness (Fig. 5B). Supporting
this, in some individuals, their illness shows little or no benefit
from adequate treatment from illness onset despite evidence of
high target engagement [55, 56], and there is some evidence of
neurobiological differences between patients with TRS or TRD
[57–59]. For example, studies using proton magnetic resonance
spectroscopy have observed that levels of glutamatergic meta-
bolites are particularly elevated in the anterior cingulate cortex in
TRS compared to levels in patients, who respond to antipsychotic
treatment and healthy controls and genetic and post-mortem
studies also implicate glutamatergic pathways in TRS [60–62]. It
should also be recognised that secondary treatment resistance
may theoretically be a consequence of iatrogenic-change in
neurotransmitter systems other than those primarily targeted by
drugs, owing to off-target receptor actions.
The third possibility (Fig. 5C) is a hybrid model where patients

show a combination of both the same pathophysiology as
responsive illness and additional neurobiological alterations
meaning that standard treatment is inadequate. One example is
that of immune dysregulation. Converging lines of genetic, post-
mortem, and pre-clinical evidence suggest immune dysregulation
may play a role in the pathogenesis of both schizophrenia [63–67]
and depression [68, 69], and it is hypothesised that immune
alterations are seen only in a proportion of these patients
(immune/inflammatory subgroups) and are linked to poor
treatment response [67, 70–72]. For example, in depression, levels
of C-reactive protein (CRP) are higher in TRD compared with those
who respond to antidepressant treatment [73]. Furthermore, some
[74], but not all [75], clinical trials examining immunotherapy in
depression have observed efficacy only in patients with peripheral
inflammation. Immune dysregulation has been implicated in
dysregulation of multiple neurotransmitter systems [76–78] that
some antipsychotic and antidepressant agents may not therapeu-
tically target. Thus, without specifically targeting immune
dysregulation alongside conventional therapy, symptoms will
persist. This highlights the need to better understand the
neurobiology of treatment resistance to help guide treatment
design. Furthermore, it introduces the possibility that drugs
previously deemed ineffective on a group-level may yet provide
benefit to subgroups of patients.

Therapeutic approaches to treatment resistance
For a drug to be considered in the management of treatment
resistant psychiatric illness, its efficacy and specificity for use in
treatment resistance must be demonstrated. Although studies
that test drugs against placebo (or with no treatment) control for

Fig. 3 Pseudo-resistance to treatment in psychiatry: treatment
related factors. A Poor concordance with medication or forgetful-
ness may result in insufficient drug being taken to achieve a
therapeutic response, B Polymorphisms in P-glycoproteins in the
gut endothelia may result in poor absorption of drugs and
insufficient drug exposure. C Smoking tobacco induces expression
of CYP450 enzymes, particularly CYP1A2, in the liver (D) resulting in
enhanced break down of psychiatric medication metabolised by
these enzymes. Polymorphisms in CYP450 enzymes that enhance
their activity or co-administration of other psychiatric/non-psychia-
tric medications that act as enzyme inducers will have a similar
effect. E Poor brain accumulation of drug owing to poor blood brain
barrier permeability and/or polymorphisms in P-glycoprotein may
result in insufficient central nervous system drug levels to achieve a
therapeutic response.
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the scenario where symptoms improve with time, they do not
control for the fact that longer treatment duration with an existing
medication may lead to response. Thus, to demonstrate efficacy,
the agent should demonstrate superiority over active compara-
tors. Pharmacotherapy strategies for treatment resistance can be
divided into two groups: monotherapies and adjunctive strategies.
To date, the only drug that has been licensed as monotherapy

for a treatment resistant condition in psychiatry is clozapine for
TRS, which gained regulatory approval on the basis of two studies
[12, 79]. Although clozapine is a dopamine antagonist, relative to
other antipsychotics it exhibits low D2 dopamine receptor
occupancy [80], suggesting that disease model 1 is unlikely and
modulation of other neurotransmitter systems may play a
therapeutic role [81]. This is most in keeping with disease model
2 of treatment resistance described above (Fig. 5B), although it
should be recognised that this needs testing and the mode of
action of clozapine for TRS remains unclear.
Two adjunctive strategies for treatment resistance have been

approved, both for TRD. Esketamine in combination with anti-
depressant therapy has recently received approval in both the US
and Europe [82]. Esketamine blocks the NMDA receptor channel,
and there is evidence that it induces plastic changes at glutamate
synapses to improve connectivity [83], and may also affect other
neurotransmitters [84]. The novel mechanism of action and efficacy
of esketamine as an adjunct to conventional antidepressants
(serotonin/norepinephrine reuptake inhibitors) are in keeping with
disease model 3 (Fig. 5C). In the US, olanzapine combined with
fluoxetine is a licensed therapy for TRD. FDA approval was based on
data from studies that examined the olanzapine/fluoxetine
combination compared with olanzapine or fluoxetine monotherapy
[85–87]. These studies were 8-weeks in duration, and defined TRD
as depression meeting DSM-IV criteria with persistence of
symptoms despite at least two different antidepressant trials,
including a prospective course of fluoxetine monotherapy. In all
trials, depressive symptoms of patients who met criteria for
treatment resistance improved significantly more when treated
with the olanzapine/fluoxetine combination versus olanzapine or
fluoxetine monotherapy. There is also evidence that adjunctive
aripiprazole alongside antidepressant therapy is effective in people
with MDD and inadequate response to antidepressant monother-
apy [88]; furthermore, the magnitude of symptomatic improvement
with adjunctive therapy was observed to be greater in those with
only minimal response to antidepressant monotherapy compared
to those with partial response [88]. The superior efficacy of
combination therapy points towards patients with TRD presenting
with a combination of the same neurochemical abnormality seen in
first-line treatment responders with an additional neurochemical
dysfunction, which is most in keeping with disease model 3 of
treatment resistance detailed above (Fig. 5C).
As mentioned above, there is also some evidence that high

doses of certain antidepressants (e.g., venlafaxine) [53, 89] or
antipsychotics (e.g., olanzapine) [52] can be effective strategies in

the management of treatment resistant depression and schizo-
phrenia respectively. In the case of venlafaxine, there is evidence
that increasing the dose beyond 150 mg/day results in a greater
effect on noradrenergic neurotransmission [90]. This approach is
most in keeping with disease model 1 of treatment resistance
detailed above (Fig. 5A), although it should be recognised that, at
higher doses, drug actions at other receptors may become more
important.
In terms of neuro-stimulatory treatments, the FDA has approved

use of transcranial magnetic stimulation in the treatment of MDD
in patients who have failed to achieve ‘satisfactory improvement
from one prior antidepressant medication’ [91]. However, it is
unclear if such a definition reliably describes true treatment
resistance (see ‘Current definitions of treatment resistance across
disorders’ section above), and the FDA warns that efficacy of
transcranial magnetic stimulation has not been established in
patients with ‘varying degrees of medication resistance’. Electro-
convulsive therapy (ECT) has widespread regulatory approval for
treatment resistant depression and mania. The mechanism by
which ECT effects response where medication has been unsuc-
cessful remains poorly defined, but may stem from alterations in
cerebral blood flow and regional metabolism [92]. This novel
mechanism of action is in keeping with disease model 2 of
treatment resistance detailed above (Fig. 5B).

New treatment directions
To identify new treatments in the pipeline, we searched
clinicaltrials.gov for phase 2 and 3 studies examining novel agents
and interventions specifically for treatment resistant depression,
schizophrenia, bipolar affective disorder, OCD, panic disorder,
post-traumatic stress disorder, and substance dependence (see
eAppendix 4 for search details). We identified 15 studies currently
recruiting, covering treatments for schizophrenia, depression,
bipolar affective disorder, and OCD. These are summarised in
Table 3 (see eTable 2 for further details). They all have estimated
completion dates within the next 2 years. Where stated, all the
pharmacological interventions are adjunctive strategies, other
than a clinical trial of LuAF35700 (an antagonist at dopaminergic,
serotonergic and α-adrenergic receptors) as monotherapy for TRS
that has just been completed. The headline results of this study
indicate that it failed to demonstrate superiority over risperidone
or olanzapine (clinical trials identifier: NCT02717195), although the
full trial results remain to be published. In terms of non-
pharmacological interventions, we identified studies examining
transcranial magnetic stimulation in schizophrenia, vagus nerve
stimulation in depression, deep brain stimulation in MDD and
OCD, and radio-surgical (gamma capsulotomy) interventions in
OCD.

Outstanding issues and future directions
There are several outstanding issues in the field of psychiatric
treatment resistance (Table 4). As discussed in the overview of

Fig. 4 Algorithm for approaching non-response to treatment in psychiatric illness. Persistent symptoms despite treatment could be due to
treatment resistance or due to other factors that give the impression of treatment resistance when in fact adequate treatment has not been
received (pseudo-resistance). Pseudo-resistance may be secondary to an incorrect primary diagnosis/psychiatric comorbidity/substance
abuse, or be treatment related, including poor treatment adherence, malabsorption of drug, poor blood brain barrier penetrance of drug or
fast metabolism of drug (see Table 2 and Fig. 3).
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Les facteurs de risque environnementaux associés à BP/SZ

Prénatale/Périnatale: 
• Grippe pendant la grossesse 
(Parboosing et al., 2013) 
• Stress Maternel 
(Kleinhaus et al., 2013, Malaspina et al, 2008) 
• Malnutrition Maternelle 
(McGrath et al, 2011) 
• Excès de naissances hiver/printemps 
(Torrey et al., 1997)

Enfance: 
• Stress très précoce 

pendant l’enfance 
 (Mortensen et al., 2003) 
• Traumatisme pendant 

l’enfance (négligence et 
abus) 

(Etain et al., 2013)

Jeunes 
adultes: 
• Stress Psychosocial 
• Manque de sommeil 
• Alimentation 
• Vitamine D basse 
(Berk et al,  2013)



Toxoplasmose et schizophrénie



ARE CATS RESPONSIBLE FOR BIPOLAR DISORDER?  

Monteiro de Baros et al., 2017,  JAD

Publications consacrées au trouble bipolaire et à la schizophrénie 

Del Grande et al., 2017, pathogens
OR = 1.52, p=0.02 



Toxoplasmose et trouble unipolaire



Epidémiologie de la toxoplasmose



Choisir un thymorégulateur ou un antipsychotique en fonction de ses propriétés anti-parasitaires 

*R. Doukhan,… N. Hamdani. Hypothèses immuno-inflammatoires dans le trouble bipolaire. Ouvrage collectif « Troubles bipolaires ». Editions Lavoisier (Médecine-Sciences), Paris 
2014, pages : 325-335.                                                                                                                                                                                           Hamdani N et al., Immunity, 
inflammation, and bipolar disorder: diagnostic and therapeutic implications. Current Psy Reports,  2013, Sep;15(9):387 
Hamdani N et al., Immuno-inflammatory markers of bipolar disorder: a review of evidence. Frontiers in Biosc, 2012, Jan 1;4:2170-8

*Lithium : diminue les infections bactériennes et virales 
notamment herpétiques (HSV1&2) 

AP : activités anti-bactériennes et anti-toxo  

Valproate et sels de valproate : activités anti-toxoplasma+++

152 BP,  114 SZ



Recherche d’une infection expliquant la résistance aux traitements

Accès maniaque résistant aux traitements avec isolement et contentions.

Intérêt de la NFS : hyperéosinophilie (Filariose).

Amélioration spectaculaire après adjonction d’antihelmintiques.



Les facteurs de risque environnementaux associés à BP/SZ sont également des facteurs 
pro- inflammatoires

Prénatale/Périnatale: 
• Grippe pendant la grossesse 
(Parboosing et al., 2013) 
• Stress Maternel 
(Kleinhaus et al., 2013, Malaspina et al, 2008) 
• Malnutrition Maternelle 
(McGrath et al, 2011) 
• Excès de naissances hiver/printemps 
(Torrey et al., 1997)

Enfance: 
• Stress très précoce 

pendant l’enfance 
 (Mortensen et al., 2003) 
• Traumatisme pendant 

l’enfance (négligence et 
abus) 

(Etain et al., 2013)

Jeunes 
adultes: 
• Stress Psychosocial 
• Manque de sommeil 
• Alimentation 
• Vitamine D basse 
(Berk et al,  2013)



Les infections peuvent provoquer une inflammation : exemple du trouble bipolaire 

Reviews 
Hamdani N et al., Immunity, inflammation, and bipolar disorder: diagnostic and therapeutic implications. Current Psy 
Reports,  2013, Sep;15(9):387 
Hamdani N et al., Immuno-inflammatory markers of bipolar disorder: a review of evidence. Frontiers in Biosc, 2012, 
Jan 1;4:2170-82

Pathologies 
Cardiovasculaire

s 

Pathologies 
Auto-immunes 

Diabètes 

Obésité

HTATrouble 
Bipolaire 

Schizophrénie  

CRP 
Phase aiguë et stable 

(Wadee et al., 2002; Huang, 2007 
DeBerardis et al., 2008; Tsai et al., 
2012, Dickerson et al., 2007; 
Cunha et al.,2008)

Cytokines 
déséquilibre pro-inflammatoire 

        TNF, IL-2, IL-4, IL-6 
        chemokines 

(O’brien et al.,2006, Tsai et al., 
1999; Knijff et al., 2007)

 Immuno-génétique 

HLA, TLR, NOD, CRP… 

Oliveira et al., 2014, Clerici et 
al., 2009; Czerski et al., 2008)

Immunité humorale 
  

déficits IgG, A, M 

Inflammation de bas grade



Marqueurs d’une inflammation de bas niveau dans le trouble bipolaire
Marqueurs d’une inflammation péripherique Marqueurs  centraux d’ inflammation

Reviews :
Hamdani N et al., Current Psy Reports,  2013 
Hamdani N et al., Frontiers in Biosc, 2012

Modifications des taux de Cytokines (Modabbernia et 
al. Biol Psychiatry, 2013) 
 
↑  IL-6, TNF-α , IL-10, IL-4, soluble IL-2 
Receptor, sIL-6R, sTNFR1 
Independent de la prise de traitement   
 
↑ acute-phase proteins 
 C-reactive protein, haptoglobin, fibrinogen, α1-
antitrypsin and hemopexin 
 (Dargél et al. J Clin Psychiatry, 2015; Maes et al. 
Psychiatry Res, 1997) 
 
Activation pro-inflammatoire  du système T-cell  
et macrophage-monocyte 
 (Breunis et al., 2003; Drexhage et al., 2011) 

▪ ↑ IL-1β (liquide cérébro-spinal) (Söderlund et 

al. J Psychiatry Neurosci, 2011)  
▪ ↑ taux de protéine et mRNA IL-1β, IL-1 

recepteur, MyD88 and NF-κB (prefrontal cortex 
en post-mortem ) (Rao et al. Mol Psychiatry, 

2010)  
▪ Activation microgliale (Stertz et al. Curr Opin 

Psychiatry, 2013



Impact cognitif de la toxoplasmose et/ou des virus de l’herpès sur la cognition dans le 
trouble bipolaire et la schizophrénie. 

(Hamdani et al., J Clin Psy, 2017) 
 

• Troubles cognitifs 

• Fréquents  

• sévères 

• avant la maladie et après 
stabilisation 

• mémoire de travail, fcts 
executives, attention, 
cognition sociale, v de 
traitement… 

(Keefe et al., Bourne et al., 
2013; Hellvin et al., 2012)

Trouble Bipolaire 

Schizophrénie  

• Agents infectieux   

• T. gondii 

(baisse de QI, tr. mémoire et 
attention, Yolken et al., 2009; Flegr    
et al., 2017, 2014, 2013) 

• CMV 

(fcts exécutives, mémoire verbale, 
Shirts et al., 2008; Houenou et al., 
2014) 

• HSV1  

(déclin cognitif, mémoire, attention,   
v de traitement, Atello et al., 2006, 
Dickerson et al., 2006, 2008, 2012)

Mesure de l’effet individuel de chaque agent infectieux (HSV1, HSV2, CMV, T. gondii) sur 
la cognition.  
Mesure de l’effet combiné des agents infectieux sur la cognition 
comparaison de 3 populations : bipolaires, schizophrènes et contrôles 



Détérioration cognitive ?

T. gondii, trouble bipolaire et détérioration cognitive : rôle de l’IL-6 

Détérioration cognitive

T. gondii

IL-6 : activation immédiate dans le cerveau
Voie Th2 stimulée avec production périphérique 
Effets neurolotoxique microglie 

Frydecka et al., Eur Arch Psy Clin Neurosc, 2014



INTÉRÊT DES ANTI-INFLAMMATOIRES DANS LA SCHIZOPHRÉNIE 

12 J.H. Hong and M.J. Bang

Fig. 1. The role of inflammation and the immune system in schizophrenia and potential targets for the treatment of schizophrenia. Currently used 
anti-inflammatory drugs, such as aspirin and celecoxib, inhibit the cyclooxygenase pathway of inflammation at the systemic level. Several drugs, 
originally indicated for the treatment of medical diseases, appear promising for the treatment of schizophrenia owing to their anti-inflammatory 
property (e.g., minocycline, statins). In addition, omega-3 fatty acids and neurosteroids can reduce oxidative stress and enhance neuronal repair. 
Davunetide, derived from the activity-dependent neuroprotective protein, promotes neuronal stability and repair. Biological agents, including 
monoclonal antibodies, target specific pro-inflammatory cytokines and modulate the inflammatory process. Recently, the immune modulatory 
property of mesenchymal stem cells has received much attention for potential therapeutic application in psychiatry. Mesenchymal stem cells have 
an ability to change the functional phenotype of microglia from an activated to an anti-inflammatory state. Although future investigation will be 
required to establish effective and safe treatment strategies, these anti-inflammatory agents may be applied before the onset of schizophrenia.

PRECLINICAL STUDIES OF THE 
THERAPEUTIC EFFECTS OF 

ANTI-INFLAMMATORY AGENTS 
ON SCHIZOPHRENIA

Preclinical studies have provided evidence for a poten-
tial therapeutic role of anti-inflammatory agents in the 
treatment of schizophrenia; however, the reliability of be-
havioral alterations induced by psychomimetic drugs in 
animal models is limited compared with psychotic symp-
toms manifested in humans. El-Sayed El-Sisi et al. [64] 
showed a significant therapeutic effect of celecoxib, a 
well-known anti-inflammatory agent that selectively in-
hibits cyclooxygenase (COX)-2, using the amphet-
amine-induced model in rats [64]. Combined admin-
istration of celecoxib with risperidone reversed behav-
ioral impairments induced by amphetamine and reduced 

TNF-D levels in the rat brain. Brenhouse and Andersen 
[65] revealed that prophylactic COX-2 inhibition pre-
vented the loss of parvalbumin (PV), a calcium-binding 
protein expressed in a specific type of J-aminobutyric 
acid (GABA)-ergic cells [66], in male rats with early-life 
stress exposure. Given that impaired functioning of 
PV-expressing GABAergic neurons is closely associated 
with the pathogenesis of schizophrenia [67,68], previous 
results may imply that the suppression of neuro-
inflammation has the potential to restore neuronal alter-
ations relevant to schizophrenia.

LITERATURE SELECTION CRITERIA 
FOR CLINICAL TRIALS

We selected eligible articles according to the Preferred 
Reporting Items for Systematic Reviews and Meta-Analyses 

Intérêt clinique en association, 
si troubles cognitifs et début de la maladie.  
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more stable and reliable markers of the TNF- α  
system activity than TNF- α  itself (Gu et   al. 2009). 
There is evidence that TNF receptors are increased 
in SCZ, when compared to healthy controls (Coelho 
et   al. 2008; Hope et   al. 2009). Interestingly, two 
studies showed that sTNF-R1 was indeed elevated, 
but also related to characteristics of a more severe 
disorder, such as poorer global functioning, depres-
sive symptoms, and treatment-resistant (Hope et   al. 
2013; Noto et   al. 2013). Curiously, in our study, 
both receptors were elevated but TNF- α  was reduced. 
We also found decreased levels of IL-4, an anti-
infl ammatory cytokine, which attenuates the activa-
tion of Th-1 cells, macrophages, and IFN- γ . Thus, 
our fi ndings that CCL11, MIP-1 α , sTNF-R1 and 
sTNF-R2 are increased and IL-4 is decreased in 
SCZ are in accordance with previous reports on 
activated monocytes, Th1 and Th2 pathways in SCZ 
(Smith and Maes 1995; Schwarz et   al. 2001; Miller 
et   al. 2011). Our fi ndings that TNF α , IP-10 and IL-2 
are lower in SCZ patients do not fi t with the 
consensus that SCZ is associated with M1, Th1 and 
Th2 activation. 

 Previous studies have shown a potential immuno-
modulatory activity of antipsychotic agents (Drzyzga 
et   al. 2006; Tourjman et   al. 2013), although the role 
of antipsychotics modulating the cytokine-chemokine 
system is far from clear (Tourjman et   al. 2013). For 
example, the lowered levels of IL-4 in our SCZ 
patients may be caused by treatment with anti-
psychotic agents. Indeed, we demonstrated that 
treatment with risperidone decreases IL-4 in drug 
na ï ve fi rst episode psychosis patients (Noto et   al. 

SCZ with a sensitivity of 70.0% and a specifi city of 
89.4%. 

 CCL11 acts as a potent and selective recruiter of 
eosinophils and has been implicated in several 
eosinophil-associated diseases, such as asthma 
(Rankin et   al. 2000). CCL11 and the chemokine 
receptor 3 (CCR3) are also highly expressed on 
other cells including Th2 lymphocytes (Rankin et   al. 
2000). It has been previously demonstrated that 
CCL11 is signifi cantly increased in individuals with 
SCZ (Teixeira et   al. 2008), however, the mechanism 
through which it may be elevated is not clear. MIP-
1 α  plays an important role in immune response, by 
recruiting mononuclear cells and modulating 
cytokine production, such as IL-1, IL-6 and TNF- α  
from fi broblasts and macrophages (O’Grady et   al. 
1999). There is limited evidence on its role in SCZ 
(Stuart and Baune 2014). IP-10 is a chemokine 
secreted from several cell types, including mono-
cytes, endothelial cells and fi broblasts, in response 
to IFN- γ . It is highly expressed in many Th1-type 
infl ammatory diseases, indicating an important role 
in recruiting activated T cells (Dufour et   al. 2002). 
In SCZ, one study reported on IP-10 and found that 
this molecule was not signifi cantly altered (Teixeira 
et   al. 2008). 

 Increased levels of TNF- α  is one of the most 
consistently fi ndings in SCZ (Potvin et   al. 2008; 
Miller et   al. 2011). Its soluble receptors, i.e., 
sTNF-R1 and sTNF-R2, are induced by TNF- α , 
and their concentration indicates its overall produc-
tion (Alaaeddine et   al. 1997). Therefore, TNF 
receptors concentrations, especially sTNF-R1, are 

  Table IV. Results of multivariate general linear model (GLM) analysis in schizophrenia patients with 
the 15 biomarkers as dependent variables.  

Dependent variable Explanatory variable  F df  P -value

13 biomarkers 
  (all except CCL24 
and MIP-1 α )

Duration of Illness 0.75 13/34 0.702
PANSS Positive 0.95 13/33 0.156
PANSS Negative 2.34 13/33 0.024
PANSS Gen Psychopathology 1.36 13/33 0.229
PANSS Total 1.54 13/33 0.156
Remission 0.97 13/33 0.503
Treatment resistance 2.10 13/33 0.043
Clozapine Use 1.75 13/34 0.095

    PANSS, Positive and Negative Syndrome Scale.   

  Table V. Differences in biomarkers in healthy controls (HC) and schizophrenia (SCZ) patients divided 
into those with or without treatment-resistance (TR).  

Biomarker HC A SCZ-TR B SCZ !    TR C  F df  P -value

sTNF-R1 791.1 (527,5) B,C 1081.4 (312.7) A,C 1384.7 (480.7) A,B 16.95 2/161  "    0.001
sTNF-R2 5793.3 (1321.9) C 5894.3 (1225.5) C 7628.6 (2033.3) A,B 16.31 2/161  "    0.001
MCP-1 334.1 (215.2) C 296.9 (144.9) C 454.0 (321.5) A,B 3.23 2/161 0.042

    All results are shown as mean (SD).  A,B,C Protected LSD tests.   
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                        ORIGINAL INVESTIGATION    

 High predictive value of immune-infl ammatory biomarkers for 
schizophrenia diagnosis and association with treatment resistance      

    CRISTIANO     NOTO  1,2,3 ,       MICHAEL     MAES  4,5  ,       VANESSA KIYOMI     OTA  1  ,  
     ANT Ô NIO L Ú CIO     TEIXEIRA  6  ,       RODRIGO AFFONSECA     BRESSAN  1,3  , 
      ARY     GADELHA  1,3     &         ELISA     BRIETZKE  1    

  1 LiNC-Interdisciplinary Laboratory of Clinical Neuroscience, Universidade Federal de S ã o Paulo (UNIFESP), Brazil, 
 2 First Episode Psychosis Program, Faculdade de Ci ê ncias M é dicas da Santa Casa de S ã o Paulo (FCMSCSP), S ã o Paulo, 
Brazil,  3 Programa de Esquizofrenia (PROESQ), Universidade Federal de S ã o Paulo (UNIFESP), Brazil,  4 Department of 
Psychiatry, Chulalongkorn University, Bangkok, Thailand,  5 Health Sciences Graduate Program, Health Sciences Center, 
State University of Londrina (UEL), Brazil,  6  Translational Psychoneuroimmunology Group, Universidade Federal de 
Minas Gerais, Belo Horizonte, Brazil                             

  Abstract 
  Objectives.  Recent schizophrenia (SCZ) research aims to establish biomarkers with high predictive value for the diagnosis, 
severity of illness or treatment resistance. SCZ is accompanied by activated immune-infl ammatory pathways, including 
increased levels of cytokines and chemokines, but few studies tried to identify predictive properties of such measures. 
 Methods.  We included 54 medicated SCZ patients and 118 healthy controls and examined 15 cytokines and chemokines. 
Possible associations between these immune-infl ammatory biomarkers and the diagnosis of SCZ, severity of illness and 
treatment resistance were investigated.  Results.  SCZ is associated with a specifi c cytokine  –  chemokine profi le, i.e., increased 
CCL11, MIP-1 α , sTNF-R1 and sTNF-R2 levels, and decreased levels of IP-10, TNF- α , IL-2 and IL-4. The combination 
of fi ve biomarkers (sTNF-R1, sTNF-R2, CCL11, IP-10, IL-4) may predict the diagnosis of SCZ with a sensitivity of 
70.0% and a specifi city of 89.4%. There was a weak association between the negative symptoms and biomarkers, i.e., IL-2 
(inversely) and CCL11 (positively). Patients with treatment resistance showed increased levels of sTNF-R1, sTNF-R2 and 
MCP-1.  Conclusions.  The fi ndings of this study reinforce that SCZ is associated with a pro-infl ammatory profi le and sug-
gest that some immune mediators may be used as reliable biomarkers for the diagnosis of SCZ and treatment resistance.  

  Key words:   schizophrenia  , cytokines, neuroinfl ammation, chemokines, treatment resistance   

  Introduction 

 A growing body of evidence has indicated the pres-
ence of immune-infl ammatory abnormalities in 
schizophrenia (SCZ; Anderson et   al. 2013). Increases 
in infl ammatory mediators, such as pro-infl ammatory 
cytokines were extensively shown in SCZ (Potvin 
et   al. 2008). Miller et   al. (2011), in a recent meta-
analysis, indicated that some cytokines, i.e., interleu-
kin (IL)-1 β , IL-6 and transforming growth factor 
(TGF)- β , are state markers of SCZ because they are 
increased during the acute phase of psychosis and 
normalize with treatment. In contrast, increased 
levels of IL-12, interferon (IFN)- γ , tumor necrosis 

factor (TNF)- α  and the soluble IL-2 receptor (sIL-2R) 
are trait markers. 

 Chemokines, which are cytokines with chemoat-
tractive properties, have been relatively neglected 
with regard to their role in SCZ. Recently, studies 
have implicated chemokines in several neurobiologi-
cal processes, including neurotransmitter modula-
tion and regulation of neurogenesis (Rostene et   al. 
2007; Reaux-Le Goazigo et   al. 2013). Alterations in 
these infl ammatory mediators have been described 
in neuropsychiatric disorders, such as multiple 
sclerosis (Moreira et   al. 2006), Alzheimer ’ s disease 
(Galimberti et   al. 2006), depression (Grassi-Oliveira 

  Correspondence: Dr. E. Brietzke, Rua Pedro de Toledo, 669, 3 o  andar, CEP 04039-032, S ã o Paulo/SP, Brasil. Tel:  !    55 11 5576-4845. 
E-mail: elisabrietzke@hotmail.com  
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Schizophrénie résistante, équilibre cytokinique et anti-COX-2

Avant traitement  
Hyperpolarisation Th2

           Après traitement 

Baisse hyperpolarisation Th2 
Repolarisation vers un profil Th1 
Baisse de l’inflammation 
Amélioration spectaculaire des 
symptômes :  
Sortie de l’hôpital après 2 ans!

Hamdani et al., in prep

PANSS=122

PANSS=60

PANSS=45

T0=avant, T1=J15, T2=J90



DÉPRESSION RESISTANTE ET ANTI-INFLAMMATOIRES

➤ Profil inflammatoire des déprimés :  

➤ TNF, IL-6, CRP 

➤ Non répondeurs : TNF, TNFR2, IL6, CRP 

➤ Action sur recapture 5-HT, enzymes de dégradation des 
monoamines, métabolisme du glutamate. 



MICROBIOTE INTESTINALE ET RESISTANCE AUX TRAITEMENTS DANS LA SCHIZOPHRÉNIE

500 espèces différentes de bactéries intestinales  

Absorption intestinale majeure gros intestin, reste dégradé dans le colon,  

Action des enzymes bactériennes dans 70% de la dégradation des médicaments  

Métabolisation des antipsychotiques pour grande partie par la microbiote intestinale, 

 



Un accès maniaque traité avec succès par charbon actif

Hamdani et al., Resolution of a, inaugural manic episode following a gastrectomy for obesity treated with activated charcoal: 
evidence for a brain-gut axis in bipolar disorder.ANZJP,  2015

Une déferlante pro-inflammatoire d’origine digestive

Charbon actif : 1g/j : adsorbant inflammation intestinale

Baisse de l’inflammation parallèle à la résolution de l’épisode

Place des traitements innovants : l’axe intestin-cerveau



ALLERGIES ALIMENTAIRES, RESISTANCE AUX TRAITEMENTS 

Hypersensibilité dédiée par le système immunitaire : IL-4, IgE, 

Allergies alimentaires associées moins bonne qualité de vie, dysphorie, IS, troubles mémoire et de la concentration, 

Comorbidités psychiatriques, 

ATCD d’allergies alimentaires augmente le risque de suicide 

Maladies intestinales associées à d’autres pathologies auto-I  

Certains aliments plus à risque de dépression.  

BP avec cycles ultra-rapides, 

Asperger et comorbidité cycles ultra-rapides = régime alimentaire. 



Maladie Coeliaque, troubles psychotiques 

« La schizophrénie est rare si le grain est rare », Dohan, 1984



Marqueurs coeliaques, schizophrénie

Samaroo et al., 2009 Dickerson et al., 2010





Résistance 
Patients Toxo+ 
choisir un AP anti-parasitaire 

Naissances hivernales 
dépression associées  
Luminothérapie  

Épisode récent,  
symptômes négatifs  
Minocycline 

Infections virales : HSV, CMV 
Valacyclovir  

Inflammation 
périphérique 
Anti-Cox2 
Aspirine 
Omega 3

Inflammation digestive 
Charbon 
Régime 

Inflammation 
centrale  
D- cycloserine 
Immunosuppresseurs 

Stratégies thérapeutiques  

Faire un bilan inflammatoire et +/-infectieux si troubles cognitifs 

Tester les antigènes alimentaires 


