E Original Research

Higher Baseline Proinflammatory Cytokines Mark’Poor
Antidepressant Response in Bipolar Disorder
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ABSTRACT

Background: The clinical relevance of raised levels of
circulating cytokines in bipolar disorder is still unclear.
Cytokines influence neurotransmitters, neuroplasticity,
and white matter integrity. An inconsistent literature
suggests that higher cytokine levels could hamper
antidepressant response. Total sleep deprivation (TSD)
and light therapy (LT) prompt a rapid antidepressant
response and can provide a model treatment to study
predictors of response.

Methods: We studied at baseline 15 immune-regulating
compounds in 37 consecutively admitted inpatients
with a major depressive episode in the course of bipolar
disorder (DSM-5 criteria) and in 24 controls. Thirty-one
patients (84%) had a lifetime history of drug resistance.
Patients were administered 3 TSD +LT cycles in 1T week
(study period: 2010-2012). Data were analyzed with age-
and false-discovery-rate—corrected analysis of variance
and were tested as predictors in a regressive model.

Results: Twenty-three patients (62%) responded to
treatment (Inventory of Depressive Symptomatology
IDS-C score < 12). Five highly intercorrelated compounds
(IL-8, MCP-1, IFN-y, IL-6, TNF-a) showed higher levels

in nonresponder patients as compared to responders,
corrected for multiple comparisons (respectively
F=6.138, Prpr=.0134; F=6.197, Prpg=.0134; F=4.785,
Prpr=.0255; F=3.782, Prpr=.0441; F=3.764, Prpr=.0441).
A principal component analysis identified a single
component that explained 84% of variance of these
cytokines (Q*=0.15), and a high factor score significantly
predicted worse response (b=-0.692; W=4.34, P=.037).
A higher body mass index correlated with higher
cytokines (r=0.430, P=.010), indirectly hampering
response (b=-0.0192, P=.013).

Conclusions: Proinflammatory compounds reflecting
an M1-like proinflammatory state of monocytes/
macrophages are associated with a poor response to
antidepressant TSD + LT treatment in bipolar depression.
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Evidence supports an increased production of proinflammatory
cytokines, in the absence of active somatic immune diseases,
in patients affected by mood disorders. The interpretation of this
finding is still under debate, and several different mechanisms have
been proposed, including an inborn dysregulation of the immune
system leading to auto-inflammatory reactivity, stress, and exposure
to infectious agents.!

Not all patients show the same immune dysregulation pattern, and
the clinical relevance and consequences of having altered immune
reactivity and inflammation are still unclear. A sparse literature in
patients affected by major depressive disorder (MDD) suggests that a
proinflammatory profile can influence the outcome of mood episodes.
A pivotal study® suggested that unstimulated pretreatment production
of interleukin 6 (IL-6) may be a predictor of response to antidepressant
drug treatment with amitriptyline: in comparison with control
subjects, basal IL-6 values were found to be lower in responders and
higher in nonresponders. Similarly, basal plasma concentrations of
acute-phase proteins (C-reactive protein, a;-acid glycoprotein, and
a,-antichimotripsin) suggested a higher inflammatory activation
in nonresponders to lithium potentiation of antidepressants, with
lower inflammatory patterns in responders.” Increased serum IL-6
and interleukin 1 (IL-1) receptor antagonist concentrations marked
resistance to antidepressant treatment.® Plasma IL-6, but not plasma
tumor necrosis factors o (TNF-a), was higher in selective serotonin
reuptake inhibitor (SSRI)- and serotonin and norepinephrine reuptake
inhibitor (SNRI)-refractory depressed patients than in responders to
treatment.” Higher levels of TNF-a, but not of other proinflammatory
cytokines, associated with poor response to escitalopram in 1 study,'°
but with better response to combined exercise and antidepressants in
another.!! Higher serum levels of interleukin 2 (IL-2) receptor, but not
of other cytokines, were reported in nonresponders to monoaminergic
antidepressants.'? Inconsistent and negative results have also been
reported across different studies'® thus, a clear and consistent picture
of the prediction capability of raised inflammation regulating factors
in the serum of MDD patients is still lacking. Also, the possible clinical
relevance of these markers in respect to treatment with conventional
antidepressant drugs seems mainly limited to response prediction,
because a meta-analysis'* of 22 studies comprising 603 subjects did
not find a clear relationship between changes of immunologic indices
after treatment and antidepressant response.

Our group performed the only predictive studies available of patients
affected by bipolar disorder and showed (1) an inverse relationship
between baseline serum IL-6 and subsequent antidepressant response
to sleep deprivation and sleep phase-advance,'® and (2) a treatment-
induced increase of stem cell factor, which is both a hematopoietic
growth factor and a neurotrophic factor, involved in neuron-
microglia interactions and in fostering an antiinflammatory milieu,
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B A consistent literature reported higher levels of immune-
regulating cytokines in patients affected by mood
disorders, but the clinical relevance of these findings is
still unclear, with very few clinical studies available for
bipolar disorder.

B Higher levels of 5 cytokines associated with a detrimental
M1-like proinflammatory state (IL-8, MCP-1, IFN-y, IL-6,
and TNF-a) can predict poor response to antidepressant
chronotherapy of bipolar depression. Body mass
index correlated with higher cytokines, also indirectly
hampering response.

B Evidence is sparse that antiinflammatory drugs can
potentiate antidepressant response. This study suggests
that stratification of patients with bipolar depression
on the basis of immune signatures could help to select
a specific treatment-resistant subgroup that could
benefit from the therapeutic targeting of the activated
inflammatory response system in everyday clinical
practice.

positively correlating with response to treatment.'® Altered
cytokine levels are expected in bipolar disorder during both
symptomatic and euthymic intervals.!”!® Raised peripheral
cytokine levels are currently considered as part of a more
general perturbation of the immune system, including
higher macrophage/monocyte inflammatory activation
patterns (which leads to high levels of proinflammatory
and antiinflammatory monocyte/macrophage-derived
cytokines) and paralleled by reduced T cell activity.?

The depressive phase of bipolar illness is also associated
with marked disturbances of the sleep-wake cycle and can be
treated with somatic therapies that target sleep and circadian
rhythms (chronotherapeutics) to cause marked and rapid
clinical improvements, such as total sleep deprivation
(TSD), alone or combined with light therapy (LT).'*?* The
need for the rapid resolution of depression,?! and for the
prevention of both treatment-emergent mania’»** and
relapse after treatment discontinuation,?* can lead to highly
complex medication regimens in bipolar disorder.® When
combined with lithium, chronotherapeutics skips the long
latencies of traditional antidepressant treatments while
providing a comparable efficacy with lower risk of inducing
manic switches,?*26-28 causing a stable remission of bipolar
depression in more than half of the treated patients**~*! and
the rapid resolution of the worse depressive symptoms, such
as suicide.’? The rapidity of effects of chronotherapeutics
enables the study of the biological correlates of response at
close time points, thus providing a good model to disentangle
the contribution of single biological factors affecting
antidepressant response in the absence of the confounding
factors linked with antidepressant drugs.>-*

The biological bases of the phenomenon of nonresponse
to antidepressant treatments are largely unknown, hence the
interest in the immune state as a determinant of therapy
outcome. Insight in such processes could speed up the
investigation of new treatments promoting the identification
of new drug targets.** The paucity of literature studies about

the possible predictive value of inflammation and immune
regulation markers in bipolar disorder warrants interest
for further investigations in the field. With an exploratory
approach, we studied the relationship between a panel of
inflammation-related and immune-activation-related
cytokines with the antidepressant response to TSD + LT
in bipolar depression to test the hypothesis that higher
inflammation and immune activation markers could
associate with worse antidepressant response.

METHODS

Participants

We studied 37 consecutively admitted inpatients (study
period: 2010-2012) affected by a major depressive episode,
without psychotic features, in the course of bipolar disorder
type I (DSM-5 criteria). Twenty-four healthy participants,
recruited by advertisement in the university, served as
controls. Inclusion criteria were to be willing to participate;
absence of other diagnoses on Axis I, pregnancy, history
of epilepsy, major medical and neurologic disorders; no
treatment with long-acting neuroleptic drugs in the previous
3 months before admission; and absence of a history of
drug or alcohol dependency or abuse within the previous
6 months. The study was performed within the frame of
the MOODINFLAME project (http://moodinflame.eu/), a
large-scale, European, medical scientific project aiming to
advance early diagnosis, treatment, and prevention of mood
disorders targeting the activated inflammatory response
system. Additional MOODINFLAME exclusion criteria
were inflammation-related symptoms, including fever and
infectious or inflammatory disease; uncontrolled systemic
disease; uncontrolled metabolic disease or other significant
uncontrolled somatic disorder known to affect mood;
somatic medications known to affect mood or the immune
system, such as corticosteroids, nonsteroid antiinflammatory
drugs, and statins. Physical examinations, laboratory tests,
and electrocardiograms were performed at admission. After
presenting a complete description of the study to the subjects,
a written informed consent was obtained. All the research
activities were approved by the local ethics committee.

Treatment

Thirty-one patients (84%) had a positive lifetime history
of drug resistance according to Thase and Rush criteria“’: 10
(27%) were resistant to 1 class of drugs, 14 (38%) to 2 classes,
and 7 (19%) had higher stages of resistance. All patients were
administered 3 consecutive TSD cycles (days 0-7); each cycle
was composed of a period of 36 hours awake. On days 1, 3,
and 5 patients were totally sleep deprived from 7 am until 7 pm
of the following day. They were then allowed to sleep during
the nights of days 1, 3, and 5. Patients were administered
LT (exposure for 30 minutes to a 10,000-lux bright white
light, color temperature 4,600 K) at 3 am during the TSD
night and in the morning after recovery sleep, half an hour
after awakening, between 8 AM and 9 am. Light therapy in
the morning was administered for 2 weeks. Patients were
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Table 1. Clinical and Demographic Characteristics of the Patients Divided
According to Final Response to Treatment®®

Responders®  Nonresponders

Characteristic (n=23) (n=14) Fory? P
Age,y 44,09+15.12 48.86+13.44 15.37 34
Sex (male/female) 6/17 4/10 0.03 .87
Age at onset of illness, y 31.04+12.82 33.00+12.41 0.21 .65
Duration of iliness, y 12.74+7.46 15.86+11.22 1.04 32
Duration of current episode, wk 25.52+24.71 36.57+42.19 0.96 34
Number of previous episodes

Depressive episodes 6.00+6.76 8.62+7.32 1.17 29

Manic episodes 34316.21 423+6.52 0.13 72
Body mass index, based on kg/m? 24.20+4.20 27.05+5.43 3.14 .085
Childhood Trauma Questionnaire, score 36.35+8.24 40.08+12.41 0.95 34
IDS-C score

At baseline 33.30+10.00 33.57+£12.12 0.005 94

After treatment 543+3.82 2543+11.11 63.25 <.00001

2All values are mean +SD unless otherwise noted.

PHealthy controls (n=24) were significantly younger than patients (27.50+9.96 vs 45.89+ 14.51
years; t=5.42, P<.001), but had the same sex distribution (male/female=9/15; x>=0.74, P=38)

“Responders were those who had an IDS-C score < 12.

Abbreviation: IDS-C=clinician-rated Inventory of Depressive Symptomatology.

either taking lithium at admission, and continued it (n=38),
or started lithium together with the chronotherapeutic
procedure to enhance its effect and prevent relapse.*>*! No
other antidepressant was administered.

Blood sampling for cytokine assessment was performed in
the morning of the day before the start of treatment (day 0).
Severity of depression was rated (day 0 and 7) on the clinician-
rated Inventory of Depressive Symptomatology (IDS-C).*2
Response to treatment was categorically defined according
to the strict remission criterion of a final IDS-C score < 12.43
Twenty-nine patients rated early traumatic experiences on
the Childhood Trauma Questionnaire (CTQ).*

Laboratory Determinations

We selected a panel of 15 compounds that have been linked
to mood disorders' and that could reliably be measured
with our current assays (results were well within the range
of the standard curves and above the detection limits of
the assays used). They included (1) proinflammatory or
antiinflammatory activation factors linked to innate immune
cells: TNF-a, IL-6, interleukin 8 (IL-8), interleukin 10 (IL-
10), pentraxin-related protein 3 (PTX3), and interleukin
1 receptor antagonist (IL-1Ra); (2) factors linked to
proinflammatory and antiinflammatory T cell activation:
interferon y (IFN-y) and interleukin 5 (IL-5); (3) compounds
reflecting the chemotactic activity of immune cells: monocyte
chemotactic protein 1 (MCP1) and C-X-C motif chemokine
10 (CXCL10); (4) compounds reflecting the differentiation
capacity of immune cells: interleukin 7 (IL-7), interleukin
2 receptor a (IL-2RA), and granulocyte-colony stimulating
factor (G-CSF); and (5) compounds reflecting the adhesion
activity of immune cells: vascular cell adhesion molecule 1
(VCAM-1) and intercellular adhesion molecule 1 (ICAM-1).

Serum concentrations of TNF-a, IL-6, IL-8,IL-10, IL-1Ra,
IFN-y, IL-5, IL-7, MCP1, and CXCL10 were measured using
a bead-based Luminex system. These multiplexed sandwich
immunoassays were developed from commercially available
capture and detection antibodies and standard proteins,

validated and approved at EDI GmbH, Karlsruhe (Pfinztal),
Germany, according to methods described previously.*
Assays were measured on either the Luminex FlexMap-3D or
Luminex 200 system. PTX3, G-CSF, VCAM-1, ICAM-1, and
IL-2RA levels were analyzed using a commercially available
ELISA kit (BDNF Quantikine ELISA, R&D Systems,
Abingdon, United Kingdom). Samples were analyzed in
duplicates according to manufacturer’s instructions. The
intraassay coefficient of variation was 3.8%-6.2%, and the
interassay coefficient of variation was 7.6%-11.3%.

Data Analysis

Levels of each circulating cytokine were compared
between the 3 groups of (1) patients responding to treatment,
(2) patients not responding to treatment, and (3) healthy
controls by means of analyses of variance with Newman-
Keuls post hoc tests. Analyses were performed in the context
of the general linear model (GLM).**” The significance
of the effect of the single independent factor on each
dependent variable was estimated (least squares method)
by parametric estimates of predictor variables and following
standard computational procedures.*® Levels of significance
of the observed differences were corrected for multiple
comparisons with the method of the adaptive linear step-up
procedures that control the false discovery rate (FDR).* Age
was always included as nuisance covariate.

The possible predictive effect of the cytokines on
antidepressant response was then tested by using the levels
of circulating cytokines that significantly differed according
to response as independent factors. Given that a high
intercorrelation of predictors was expected, multicollinearity
was diagnosed by calculating the variance inflation factor
(VIFE). In the presence of a mean VIF substantially > 1, which
indicates that predictors have linear relationships among
themselves that might bias regression,”® multicollinearity
was corrected by principal component analysis (PCA).>!?
PCA was performed to identify orthogonal directions of
maximum variance in the original data and to project the
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Table 2. Levels of Circulating Cytokines and Direction and Levels of Significance of the Observed Differences®

Responders (R) Nonresponders (NR)  Healthy Controls (HC) FDR-Adjusted Direction of
Cytokine (n=23) (n=14) (n=23) F P Values® Significant Effects®
IL-10 (pg/mL) 49.13+£60.97 75.01+64.09 247+2.04 9.177 .0038 Rand NR>HC
IL-8 (pg/mL) 106.86 £ 126.68 471.98+597.83 81.15+69.56 6.138 0134 NR>R and HC
MCP-1 (pg/mL) 60.02+£40.47 147.89+113.70 37.19+25.96 6.197 0134 NR>R and HC
ICAM-1 (ng/mL) 192.44+154.67 185.62+70.17 59.13+23.50 5.806 0134 Rand NR>HC
IFN-y (pg/mL) 37.32+40.25 119.82+133.83 43.81+£52.21 4.785 .0255 NR>Rand HC
IL-6 (pg/mL) 4.14+3.00 7.62+5.56 496+2.53 3.782 .0441 NR>Rand HC
TNF-a (pg/mL) 10.52+5.15 17.14+£10.48 10.42+6.51 3.764 .0441 NR>R and HC
PTX3 (pg/mL) 3,412.17+£2,656.23 4,944.05+3,455.20 2,687.35+1,603.83 2.543 1151
CXCL10 (pg/mL) 44.58+20.90 55.66+41.98 28.12+£9.23 2.165 1450
IL-1Ra (pg/mL) 466.70+564.78 157.25+121.65 346.31+381.18 1.908 1679
IL-2RA (pg/mL) 6,82.57+305.29 840.19+238.83 631.53+237.54 1.111 3212
IL-5 (pg/mL) 0.33+0.29 0.20+£0.12 0.40+0.47 0.787 4035
IL-7 (pg/mL) 251+2.28 3.71£2.15 3.17+£2.53 0.621 4388
G-CSF (pg/mL) 18.08+£19.06 20.05+19.51 16.63+6.72 0.108 6376
VCAM-1 (ng/mL)  1,128.66+535.40 1,076.41+£449.40 1,056.55+312.86 0.093 6376

3All values are mean +SD unless otherwise noted. Ellipses (...) represent nonsignificant effects.
bP values are false discovery rate (FDR)-corrected for multiple comparisons. Fold changes are shown in Figure 1.

“Post hoc Newman-Keuls test.

Abbreviations: CXCL10=C-X-C motif chemokine 10, G-CSF =granulocyte-colony sti
molecule 1, IFN-y=interferon y, IL-TRa=interleukin-1 receptor antagonist, IL-2RA
5, IL-6 =interleukin 6, IL-7 =interleukin 7, IL-8 =interleukin 8, IL-10 =interleukin 10

mulating factor, ICAM-1 =intercellular adhesion
=interleukin 2 receptor q, IL-5=interleukin

, MCP1=monocyte chemotactic protein 1,

PTX3 =pentraxin-related protein 3, TNF-a=tumor necrosis factor a, VCAM-1 =vascular cell adhesion molecule 1.

Figure 1. Differences in the Peripheral Levels of the Cytokines,
Which Significantly Differed in Nonresponders Compared With
Antidepressant Treatment?
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2For visualization purposes, data are shown as fold changes, with the line aty=1
marking the level of the corresponding cytokine in healthy controls (see Table 2 for
raw data in the studied groups). Levels of significance of the observed differences refer
to post hoc Newman-Keuls critical ranges test.

Abbreviations: HC=healthy controls, NR=nonresponders, R=responders,
IFN-y =interferon y, IL-6 =interleukin 6, IL-8 =interleukin 8, MCP1=monocyte
chemotactic protein 1, TNF-a=tumor necrosis factor a.

data into a lower-dimensionality space formed of a subset of the
highest-variance component(s), detected according to the least squares
criterion. In the presence of significant effects and eigenvalues for the
component(s) > 1, the score of the component was then extracted
and used as an independent factor to test the combined effect of the
original collinear predictors on response.> Given that the distribution
of response is binomial, this analysis was performed in the context
of the generalized linear model (GLZM) with a logit link function.>*

Furthermore, given that obesity associates
with a state of chronic low-grade inflammation,*
we investigated the effect of body mass index
(BMI) both on cytokine levels and on observed
and predicted response to treatment. To test
the hypothesis that cytokines may mediate the
possible effects of BMI on response to treatment,
we performed a multiple regression mediation
analysis with the PROCESS macro for SPSS (IBM
Corporation) and SAS (SAS Institute), version
2.16,°® using k? estimate of effect size,”” and a
partial posterior method to test the significance of
the indirect effect.”®

RESULTS

Confirming expectations based on available
literature, 23 patients (62.2%) responded to
treatment and did not significantly differ from
nonresponders on any clinical and demographic
characteristic (Table 1).3%-32

Inspection of data (Table 2) shows that
nonresponders had higher mean values of most of the
studied analytes, with high within-group variability
for all measures. Age-corrected analyses of variance
showed that 7 of 15 cytokines significantly differed
among groups, surviving the statistical threshold
of P<.05 FDR-corrected for multiple comparisons.
Two cytokines (IL-10 and ICAM-1) showed an
effect of diagnosis, with higher values in patients,
both responders and nonresponders, compared to
controls. Five cytokines (IL-8, MCP-1, IFN-y, IL-6,
TNF-a) showed higher values in nonresponder
patients only, with patients responding to treatment
and controls not significantly differing among
themselves (Figure 1).
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Figure 2. Predicted Probability of Responding to Antidepressant
Treatment, as a Function of the Principal Component Scores for the 5
Cytokines (IL-8, MCP1, IFN-y, IL-6, and TNF-a) That Significantly Differed

Between Responders and Nonresponders

These cytokines significantly correlated among
themselves, and all showed a VIF >1 (IL-8 =23.75,
MCP-1=3.22, IFN-y=46.42, IL-6=2.05,
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PCA was then performed on the 5 factors and
significantly identified a single component that
explained 84.32% of variance (eigenvalue =3.36,
Q?=0.15), and individual component scores
were then extracted. A GLZM regression showed
a significant negative effect of the factor scores
on response to treatment (higher scores, worse
response; parameter estimate=-0.692; Wald
W=4.34, P=.037) (Figure 2).

Body mass index correlated with current
IDS-C ratings of depression (higher BMI, lower
IDS-C score: r=-0.412, P=.013), and marginally
associated with the observed response (Wald
W=2.73, P=.098). Body mass index significantly
correlated with IFN-y (r=0.431, P=.01), IL-8

-
(r=0.462, P=.005), TNF-a (r=0.373, P=.027),

-1 0 1 2 3 4 5
Principal Component Analysis Scores for Cytokines

5 and consequently with the PCA composite score
for cytokines (r=0.430, P=.010) and with the

Abbreviations: IFN-y =interferon y, IL-6 =interleukin 6, IL-8 =interleukin 8,
MCP1 =monocyte chemotactic protein 1, TNF-a=tumor necrosis factor a.

predicted probability to respond to treatment,
as estimated by considering cytokine effects

Figure 3. Mediation Model for the Effects of BMI

on the Probability to Respond to Antidepressant
Chronotherapeutics, as Estimated When Considering the
Effects of the PCA Composite Scores for Cytokines? (see
Figure 2)

Cytokines

b=-0.203,t=2.822,
P=.008

Predicted

BMI
Response

Cytokines

Direct Effect:
b=-0.011,t=0.627,
P=.35
BMI  F—— === — = — = — — 1
Indirect Effect:
b=-0.019,
posterior P=.011

Predicted
Response

@When considered alone, BMI shows a positive effect on cytokines and a
negative effect on the probability to respond to treatment. This latter
effect is fully mediated by cytokines and vanishes when the highly
significant effect of cytokines (PCA component score for the 5 cytokines
discriminating responders from nonresponders) is introduced into the
model.

Abbreviations: b =regression coefficient, BMI=body mass index,

PCA = principal component analysis.

(r=-0.441, P=.008; Figure 2). The mediation
analysis showed that this latter effect was indirect
and fully mediated by cytokines (Figure 3):
when both BMI and the cytokine composite score were
considered together, the direct effect of BMI on predicted
response disappeared, and the indirect effect was significant
(b=-0.0192 with SE=0.0084; 95% confidence limits, —0.0327
and —0.0001; partial posterior P=.011; effect size k*=0.69).

Levels of cytokines did not significantly correlate with
lithium levels in plasma and in erythrocytes, did not differ
according to sex and ongoing lithium treatment, and did not
correlate with CTQ scores.

During the following month, 8 of 23 responders showed
signs of relapse, were treated with combined LT and
antidepressant drugs upon clinical need in order to maintain
the benefits from chronotherapeutics, and were discharged
with a combined lithium and antidepressant drug treatment.
The other 15 responders stayed well on lithium alone.
Baseline cytokines did not influence this early relapse rate.

DISCUSSION

This study is the first to investigate the predictive
effect of a panel of immune regulatory compounds on the
antidepressant response of TSD + LT treatment in bipolar
depression. We observed that higher levels of a set of 5 highly
intercorrelating compounds associated with worse response
to antidepressant TSD + LT treatment. The 5 compounds—
IL-8, MCP-1, IFN-y, IL-6, and TNF-a—showed higher
baseline values in nonresponders than in responders and
significantly predicted response. These results replicate and
extend our previous findings of the predictive power of IL-6
in bipolar disorder (see Introduction).
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Our study does not allow us to draw™ conclusive
inferences about the pathological process that sustained
the proinflammatory state. A principal component
analysis identified a single factor explaining >80% of the
mathematical variance of the 5 compounds, thus suggesting
that the enhanced levels of these cytokines could be part
of the same process. Interestingly, 3 of the compounds are
reflecting the M1-like proinflammatory state of monocytes/
macrophages (IL-8, IL-6, and TNF-a), 1 is a T cell factor
driving the M1-like proinflammatory state of macrophages
(IFN-y), and 1 is strongly produced when monocytes
diapedese transendothelially to the tissues (MCP-1 or CCL2
[chemokine ligand 2]). It can thus be hypothesized that the
process involved in nonresponsiveness to TSD + LT could
be the tissue infiltration of monocytes and their conversion
to M1 proinflammatory macrophages. In particular, MCP-1
is one of the key chemokines that regulate migration and
infiltration of monocytes/macrophages into peripheral
tissues, including the brain.*® This finding is consistent
with current hypotheses about neuroinflammation in
bipolar disorder, which propose a major role for the
activation of brain mononuclear phagocytes (microglia and
macrophages) and local invasion of circulating immune
cells,® with an aberrant expression of M1-like inflammatory
genes consistently reported in monocytes of patients with
bipolar disorder®®? and with in vivo detection of activated
microglia at PET scans.®?

Peripheral cytokines can enter the brain by volume
diffusion or via active cytokine transporters at the blood-
brain barrier,** and the M1-like cytokines that discriminated
nonresponders could also exert their detrimental action
by directly acting on neurotransmitters involved in
the antidepressant response. Acting through the signal
transducer and activator of transcription 3 (STAT3) canonical
inflammatory signaling pathway, IL-6 down-regulates
messenger RNA and protein levels of the serotonin (5-HT)
transporter (SERT),® a phenotype that has been consistently
associated with poor response to several antidepressant
treatments® including TSD + LT.>>®” Interleukin 6 also
attenuates the receptor signaling from 5-HT,,,%® which
is involved in antidepressant response.®® Acting on p38
mitogen-activated protein kinase (MAPK), TNF-a stimulates
5-HT uptake by decreasing 5-HT Km and increasing SERT
Vinaw an effect which goes in the opposite direction to the
antidepressant mechanisms of the selective 5-HT reuptake
inhibitor drugs® and that can trigger despair-like behavior
in mice.”! Interleukin 8 and MCP-1 modulate the electrical
activity of several neuronal populations, thus playing a role as
neurotransmitters and neuromodulators, and influence the
activity of neurotransmitters involved in bipolar depression,
such as dopamine.”> MCP-1 hyperpolarizes 5-HT raphe
neurons in mouse midbrain slices, thus probably reducing
the 5-HT tone in projection areas.”

A brain proinflammatory state can also perturb the
neuroimmune mechanisms that influence neuronal activity,
as well as cortical synaptic plasticity,”* which is a key
correlate of antidepressant response to several treatments,

including TSD+LT7° Tt can also exert detrimental effect on
glial functions: in a previous study, we showed that levels
of circulating IL-8, IFN-y, and TNF-a are associated with
signs of disrupted white matter microstructure in patients
with bipolar disorder,”® a phenotype associated with poor
response to antidepressants including TSD.””

Signs of inflammation have been observed both in vivo®®
and postmortem’® in the brain of patients with bipolar
disorder, but peripheral factors can also contribute to raise the
levels of circulating cytokines. In the obese adipose tissue, M1-
polarized macrophages can secrete inflammatory cytokines,”
which could contribute to metabolic dysregulation and
insulin resistance,””" thus hampering treatment response
in bipolar disorder.®! Here we showed, for the first time,
that BMI can indirectly hamper antidepressant response
by increasing the levels of proinflammatory cytokines that
discriminate responders from nonresponders. The effect of
BMI revealed only when considering cytokines. The weak,
nonsignificant direct effects of BMI are in agreement with
previous negative literature reports.>#* The association of
BMI with increased cytokines has also been observed in
other psychiatric conditions, such as schizophrenia.®*

All these mechanisms could then concur to hamper
response in patients with high M1-like proinflammatory
cytokine levels.

Here we must limit inferences about differences between
bipolar disorder and healthy controls, because of the age
difference between the 2 groups. However, our observation
of higher peripheral levels of ICAM-1 associated with the
bipolar disorder diagnosis confirms 2 previous reports.3>36
Moreover, ICAM-1, playing key roles in leukocyte-endothelial
cell adhesion and transmigration from microvessels, has been
found to be higher in postmortem brain tissue of patients
affected both by bipolar disorder % and MDD,¥ thus
suggesting the presence of brain inflammation associated
with these conditions. Future studies, also taking into
account other inflammatory markers associated with mood
disorders,® will clarify the relative role of single factors as
state and trait biomarkers of illness.

Limitations, however, do not impact the main finding of
a worse M1-like proinflammatory state in nonresponders
versus responders. Bipolar depression is a difficult-
to-treat condition, with extremely low success rates of
antidepressants,® and represents the predominant abnormal
mood state in bipolar disorder.”® About 20% of patients with
bipolar disorder die by suicide,”! and preliminary data suggest
that an aberrant activation of the monocyte/macrophage
system could influence this behavior.” Still preliminary, but
consistent, evidence suggests that Cox-2 inhibitors potentiate
antidepressants in MDD,”® and in 1 trial®* they showed
antidepressant effects in bipolar disorder patients during
depressive or mixed episodes. Our study raises the possibility
that stratification of patients with bipolar depression on the
basis of immune signatures could help to select a specific
treatment-resistant subgroup that could benefit from the
therapeutic targeting of the activated inflammatory response
system.
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