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I.

Beyond “Stress”: specificity of the affective-neuro-immune relationships

Beyond the concept of Stress:

Specificity of the inflammatory response
• Specific emotions (with no obvious
environmental stimulus) elicit differential
inflammatory responses
• if chronic negative affect is linked to
chronically elevated inflammatory activity
but every specific state negative emotion has
a unique inflammatory signature
• Anxiety not Anger induces inflammatory
activity (IL-1 b and IFN g)
• Anxiety induces activation of NK-KB
• Differential activations of BA corresponds to
different immune activity
Nummenma et al, PNAS 2013
Moons et al, Emotion 2015
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Beyond “Stress”: specificity of the affective-neuro-immune relationships

Bidirectional relationship between
inflammatory activity and affective states
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affective
Shame
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Anxiety
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Beyond “Stress”: specificity of the affective-neuro-immune relationships

Specific Immunologic Profile in Drug-näive GAD
Non-depressed Patients vs. MDD
FLORENCE Study
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α-MSH: α-melanocyte-stimulating hormone. GAD: Generalized anxiety disorder. MDD: Major depressive disorder.
25 drug-näive subjects: 14 GAD, 9 with MDD patients without comorbidity and 10 healthy controls
Tofani T, Pallanti S et al. ECNP 2015. Poster presetned at European Neuropsychopharmacology 2015;25(Suppl 2):S226
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BDNF and ARTN: Difference between
Depression and GAD
250
Controls
203,86

200

MDD

180,86

%

GAD

150
100

100

100

64,73

69,68

50
0

BDNF
BDNF: brain-derived neurotrophic factor. ARTN: Artemin
Int J Psychiatry Clin Pract. 2014 ;18(4):255-60
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Beyond “Stress”: specificity of the affective-neuro-immune relationships

Specific link among neurocircuits activation, proinflammatory cytokines and major CV events
• resting metabolic activity
within the amygdala
significantly predicts the
development of
cardiovascular disease
independently of
established CV risk factors
• Amygdalar activity is
upregulated in PTSD,
anxiety, depression
• Pathways involved:
sympathetic system, HPA,
activation of bone marrow
Tawakol et al, 20178

II. DEPRESSION AND THE ROLE OF
INFLAMMATION: A NEW FRAMEWORK
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II.

Depression and the role of inflammation: a new framework

Mood Disorders: Evolving concepts &
change of paradigms
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II.

Depression and the role of inflammation: a new framework

Inflammation & Depression
1. Inflammation and somatic diseases increase
the risk of depression Autoimmune
diseases

Infections

-diabetes type I,
rheumatoid
arthritis-

-hepatitis, sepsi

2. Elevated pro-inflammatory markers
have
2.35 times
incresed
been found among depressed individuals
risk of
CRP, IL6, TNF a, ILR1A

depression

1. Pro-inflammatory agents can induce
depressive symptoms
Dahl et al, 2014
Khandaker et al, 2014
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Depression and the role of inflammation: a new framework

Inflammation and brain circuits: from
evolutionary imperative to depression
Pathogen Host defence hypothesis of depression

Sickness behavior
Increased inflammatory bias
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Depression and the role of inflammation: a new framework

From the macrophage theory of depression to the role
of neuroinflammation in psychiatric disorders
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Depression and the role of inflammation: a new framework

Early Life Stress and Microglial Priming
“Two-hit’ Hypothesis
Early-life stress primes microglia, leading to a potentiated response to subsequent stress

Calcia et al,. 2016
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Depression and the role of inflammation: a new framework

Cytokine Targets in the Brain:
Neurotransmitters and Neurocircuits
 Monoamines (5Ht, DA, NE)

Anhedonia

 Glutamate,
 excitotoxicity and  BDNF

Anxiety

Depression

Macrophages and
Microglia activation
Inflammatory cytokines
(IFNs, IL-1, IL-6 and TNF)
Miller and Raison. Nature Reviews Immunology. 2016 16, 22–34

 Neural plasticity
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Depression and the role of inflammation: a new framework

Resting State Connectivity in depression Correlates
with Inflammation
Connectivity between
left iVS and vmPFC

Increasing CRP predicts
decreasing connectivity

Fisher’s Z score

Resting-state functional magnetic resonance imaging in 48 unmedicated outpatients with major depression.
CRP: C-reactive Protien
Felger et al Molecular Psychiatry . 2015:1–8
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A phase-specific neuro-immune model
of depression

Eyre et al, 2014
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THERAPY, A CHANGE OF PARADIGM:
PSYCHOTROPICS AS IMMUNOMODULATORS AND
POTENTIAL ROLE OF ANTI-INFLAMMATORY AGENTS
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III.

Therapy, a change of paradigm:

SSRI as immunomodulators
SSRI induce antiproliferative and
apoptotic effects on
lymphocytes and
normalization of cytokine
profiles
SSRI have been proposed
as immunosuppressant
in autoimmune
pathologies and graft
versus host disease
Gobin et al, 2014
Nazimek et al, 2016
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Antidepressants and cytokines in vivo
• One meta-analysis showed that, overall, there was no
effect of pharmacological antidepressant treatment on
serum levels of TNFa, while there was an effect on IL-1b
levels and possibly on IL-6 levels. Stratified analysis
suggests a possible decreasing effect of SSRIs on levels of
IL-6 and TNFa . On the other hand, it appears that the SNRIs
venlafaxine and duloxetine are associated with an increase
in levels of, respectively, TNFa (Piletz et al, 2009) and IL-6
(Fornaro et al, 2011). This difference between SSRIs and
SNRIs is consistent with the known pro-inflammatory
effects of norepinephrine on innate immune cells (Thayer
and Sternberg, 2010). (Hannestad et al, 2011)
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III.

Therapy, a change of paradigm:

Effect of SSRI on inflammation:
is there a mediator ?

• contradictory results concerning
SSRI effects on inflammation
were reported
• The interplay between SSRis and
environment may explain this
incongruence
• Fluoxetine administered in an
enriched condition increased the
expression of pro-inflammatory
markers compared to vehicle,
while treatment in a stressful
condition produced antiinflammatory effects
• the effects of fluoxetine on
inflammation may be
dependent on the environment

Alboni et al 2016

Inflammatory
response

envirnoment

SSRI
treatment
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Therapy, a change of paradigm:

Potential of Mood Stabilizers:
Beyond mood stabilization

GSK-3: Glycogen Synthase Kinase 3
HDACs: Histone deacetylases
Chiu et al. Pharmacol Rev. 2013
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Therapy, a change of paradigm:

Neuromodulation reduce TNF and promotes a
plastic brain environment
TDCS: significant decrease in hippocampal TNFα levels
rTMS Synaptic Mechanisms

<1 Hz
>5 Hz
cTBS
iTBS

inhibition LTD-like
facilitation LTP-like
Inhibition LTD-like
Facilitation LTP-like

Nonsynaptic mechanisms
Genetic and protein alterations
BDNF:
up regulation in serum samples following high intensity rTMS
In rodents this up regulation occurs in the brain itself
Levels of BDNF in rats following rTMS depend on the conscious state

Neurogenesis
In rats, chronic daily administration of 25 Hz rTMS has been shown to
increase neurogenesis in the dentate gyrus (Ueyema,2011)

Spezia Adachi et al.. 2012
Hoogendam et al.. 2010;
Hamada et al.. 2013
Tang et al. 2015
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III.

Therapy, a change of paradigm:

Side effects profile similarities shared between
antidepressants and immune-modulators

Compounds targeting doppaminergic pathways may
provide new choices for the subset of patients with an
inflammatory diathesis .

Sun Y et al, 2016
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Therapy, a change of paradigm:

Effect of NSAIDs and cytokine inhibitors on Depression,
A Systematic Review and Meta-analysis of RCT
• 14 trials were included:10 trials evaluated the use of nonsteroidal
anti-inflammatory drugs (NSAIDs) (n = 4258) and 4 investigated
cytokine inhibitors (n = 2004)
• No CRT on non-selective COX inhibitors
• the pooled effect estimate suggested that anti-inflammatory
treatment reduced depressive symptoms compared with placebo
• subanalyses emphasized the antidepressant properties of the
selective cyclooxygenase 2 inhibitor celecoxib as add-on therapy
• Cytokine inhibitors (4 RCT) found borderline significance as add-on,
but suggestion of CRP level as predictor of response
• no evidence of an increased number of gastrointestinal or
cardiovascular events after 6 weeks or infections after 12 weeks of
anti-inflammatory treatment compared with placebo
• a high risk of bias and high heterogeneity made the mean estimate
uncertain
Kohler et al, 2014 and 2016
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Other drugs with anti-inflammatory properties
in the pharmacological management of
depressive symptoms
• Statins < 1 CRT; better then placebo as add on to
fluoxetine
• PUFA< metanalysis suggested antidepressant effects
using >60% EPA
• Pioglitazone < 2 CRT as add on to SSRI: superior to
placebo but advers effects
• Corticosteroids < 2 CRT as monotheraphy: good
response but adverse effects
• Minocycline < promising
• Modafinil < 2CTR good response as add on in both
unipolar and bipolar depression but adverse effects
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IV.

Subtyping depression: A proposed inflammatory depressive subtype

The role of lipid biomarkers in major depression and
response to omega 3 PUFA supplementation
• Recent research has highlighted the potential role of monitoring
peripheral PUFAs and cholesterol in the prediction, stratification and
management of MDD
• decreased total serum cholesterol and an increase in LDL/HDL ratio is
commonly observed in depressed patients suffering from MDD when
compared to healthy controls
– < role for statins, ECT and exercise

• the majority of studies support the idea that a higher omega-6:omega-3
PUFA ratio is associated with depression (Lin et al, 2012)
– omega-3 PUFA supplementation have yielded promising but mixed results
– Findigs support implementation of routine screening for and treatment of n-3
PUFA deficiency in patients with mood disorders.

• there is the advantage that omega-3 supplementation confers no known
side effects, is safe and cost-effective.

Parek et al, 2017
Messamore e tal, 2017

27

SUBTYPING DEPRESSION:
A PROPOSED INFLAMMATORY DEPRESSIVE SUBTYPE
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IV.

Subtyping depression: A proposed inflammatory depressive subtype

The association between immune and brain
function relevant in depression is not linear…
• Not all depressed patients have consistently elevated
inflammatory cytokine profiles (Liu et al, 2017)
• exogenous administration of IFN-α did not precipitate a major
depressive episode in the majority of patients (Lotrich et al,
2007)
• Many depressed individuals may benefit from acute
stimulation of certain aspects of the inflammatory response
(Raison et al, 2017)
• Melancholic depressed patients demonstrated a peripheral
increase in IL-6 and reduction in TGF-β, which did not
normalize despite clinical response to ECT. These findings may
be consistent with emerging hypotheses of the role of
inflammation in mediating neurotropin expression (Rush et
al, 2016)
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IV.

Subtyping depression: A proposed inflammatory depressive subtype

Biochemical markers proposed to subtype
major depressive disorder

 The dopamine system:
– a dopamine agonist responsive subtype
– CSF-HVA as a marker

 The hypothalamic-pituitary-adrenal axis:
– hyper and hypocortisolism subtypes, detectable by
– hormonal challenge tests

 Chronic inflammatory condition:
– chronic neuroinflammatory markers, reduced triptophan
due to increased activation of the tryptophan-kynurenine
pathway
– CSF cytokines and plasma tryptophan are possible
biomarker
Kunugi et al, 2015
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IV.

Subtyping depression: A proposed inflammatory depressive subtype

TNFa and CRP as predictor of treatment
resistance and severity

• significant decrease in TNFa seen only in
treatment responders, whereas treatment
resistance was associated with persistently
elevated TNF (Strawbridge et al, 2015)
• Depression with inflammation (CRP>3 mg/L)
associated with resistance to conventional
therapy (Gallangher, 2016)
• Higher CRP levels significantly associated with
greater overall MADRAS symptom severity which
was significant among women but not among
men (Forsberg et al, 2017)
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IV.

Subtyping depression: A proposed inflammatory depressive subtype

Cytokines as markers of a specific clinical
subtype

• a recent study found that patients with atypical
depression had higher serum CRP, IL-6, and TNFα concentrations compared to those with
melancholic depression (Lamers et al, 2016)
• Depression with inflammation (CRP>3 mg/L)
associated with more amotivation, less sadness,
higher BMI, greater medical comorbidity
(Gallangher, 2016) and with anhedonia and
psychomotor slowing (Folger et al, 2015)
• Among women higher CRP was associated with
increased severity on observed mood, cognitive
symptoms, interest activity, suicidality (Forsberg
et al, 2017)
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IV.

Subtyping depression: A proposed inflammatory depressive subtype

Baseline Cytokines as clinical predictor of
treatment outcome to ATDs
• High baseline levels of pro-inflammatory and oxidative stress markers
(TNFa e IL-6 and F2 isoprostanes ) are associated with resistance to
conventional treatment (Lindgvist et al, 2016)
– pro-inflammatory Cytokines Predict Nonresponse to Fluoxetine in
Depression and Anxiety Disorders (Amitai et al, 2016)
– compared to early responders taking duloxetine, non-responders exhibited
elevated inflammatory cytokine concentrations (Fornero et al, 2013)

• Individuals with CRP<1mg/L responded better to escitalopram whereas
individuals with CRP>3 mg/L responded better to nortriptyline (Uher et al,
2014)
• Low CRP levels are associated with greater reductions in depression
severity with SSRI monotherapy, while, those with higher levels (≥1 mg/L)
had a better response with bupropion-SSRI combination (Manish et al,
2017)
• The response to compounds that act on the glutamate system such as
ketamine is predicted by increased inflammatory cytokines (Haroon et 33
Miller, 2016)

IV.

Subtyping depression: A proposed inflammatory depressive subtype

Baseline Cytokines as predictor of response to
other treatment strategies
• High baseline levels of TNFa e IL-6 are associated with but
beneficial clinical outcome of ECT, DBS and physical activity
•

High TNF-α may differentially predict better outcomes with exercise
treatment as opposed to antidepressant medications for which high TNF-α
is linked to poor response (Rethorst et al, 2013)

• MDD coupled to a history of childhood trauma may be a
subgroup for ILb targeted therapies (Ellup et al, 2016)
• Individual with depression and inflammation (CRP>3 mg/L)
may benefit from interventions targeting BMI, co-morbidity
and inflammation (Forsberg et al, 2016)
• Psychotherapy has demonstrated a concomitant reduction
in inflammatory cytokine concentrations and depressive
symptoms (Thornton et al,2014 )
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IV.

Subtyping depression: A proposed inflammatory depressive subtype

Cytokines as predictor of better treatment
response to anti-inflammatory agents
• IL-6 levels have been associated with
higher remission rates and better response
among depressed individuals treated with
celecoxib add-on (Abbasi et al, 2016)
• CRP level greater than 5mg/L may predict
good response toTNFa antagonist Infliximab
in patients with treatment resistant
depression (Raison et al, 2013)
• To date, only a few trials have
investigated this possible association
(Kholer et al, 2016)
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Subtyping depression: A proposed inflammatory depressive subtype

Anti-inflammatory treatment against
specific depressive symptoms

• In a rat model of depression, infliximab prevented cognitive
decline, i.e. spatial and emotional memory impairments,
which was accompanied by prevention of reduction of
hippocampal brain-derived neurotrophic factor (BDNF)
(Sahin et al, 2015)
• In multiple sclerosis (MS) patients, NSAID treatment
lowered fatigue [78], potentially through their antipyretic
effects (Wingerchuk et al, 2005)
• antidepressant effects of inflammatory agents on specific
symptoms, such as fatigue or cognition, and body
temperature as a potential marker, still need to be
explored in individuals with depression (Kohler et al, 2016)
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Subtyping depression: A proposed inflammatory depressive subtype

Right Timing and duration of
antinflammatory treatment

• acutely developed depressive episodes may be associated with a
more pronounced inflammatory response
• Response to anti-inflammatory agents should be predicited by
baseline citokynes levels and early stages of disorders
• Clinical trials have shown adjunctive antidepressant effects of
celecoxib and statin treatment among acute depressed patients
already after 4-6 weeks without increased risk for cardiovascular or
gastrointestinal adverse events
• monotherapy with cytokine-inhibitors has shown better
antidepressant treatment effects compared to placebo after 12 and
24 weeks without increased risks for infections
• intervention only lasting few weeks may be beneficial in the acute
treatment of depressive episodes, while also minimizing the risk
for adverse event

Kohler et al, 2016
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TOWARDS A PERSONALIZED BIOBEHAVIORAL BASED TREATMENT
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V.

Towards a Personalized bio-behavioral-based treatment

Clinical tips:
clinical correlates of inflammation in Depressed
patients
 Anhedonia, motor slowness, lack of motivation more associated
with inflammation
 Higher serum level of pro-inflammatory markers: IL6, CRP
 Higher LDL cholesterol level and ω-6/ω-3 PUFA ratio
 Acute development, Severity, Resistance to conventional
antidepressant treatment
 medical comorbidity
CONSIDER
 SSRI–Buproprion combination
 dopaminergic agents, neuromodulation, exercise, ECT
 supplementation with ω-3 PUFA
 Potential use of celecoxib, statins, infliximab
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V.

Towards a Personalized bio-behavioral-based treatment

overview
• There are specific relationships between affective
states, neurocircuits activations and immune pattern
responses
• Depression is a multisystemic, neurodevelopmental
disorder and Inflammation plays a central role
particularly in a subset of patients
• Psychotropics agents can be used as
immunomodulators and anti inflammatory agents can
be used to change the trajectory of the disorder
• A personalized treatment would consider
phenomenology and biomarkers as clinical predictors
40

V.

Towards a Personalized bio-behavioral-based treatment

Towards Precision Psychiatry
Combining panel of biomarkers –inflammatory,
neurogenesis, endocrine- with
gender specific psychopathology
Considering time-dependent nature of disorders
and
Biomarkers
biography
Clinical staging

Phenomenology

Gender
Biography

Phase-specific personalized bio-behavioral based treatment
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