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Abstract

Purpose of Review To provide an updated summary on the field of immunopsychiatry as
it pertains to clinical and therapeutic translation in mood disorders (major depressive
disorder [MDD] and bipolar disorder [BD]).

Recent Findings An updated scoping review of a previous publication by Jones et al. identi-
fied five recently published RCTs that continue to explore the anti-depressive efficacy of
established immunomodulating agents (minocycline, celecoxib, and aspirin). Consistent
with our earlier scoping review, study results remain conflicting, and there is still insuf-
ficient support for the clinical utility of any anti-inflammatory agent for the treatment of
mood disorders.


https://doi.org/10.1007/s40501-022-00267-1
http://crossmark.crossref.org/dialog/?doi=10.1007/s40501-022-00267-1&domain=pdf

Repurposing Anti-inflammatory Agents for Mood Disorders: an Updated Review of Current Evidence Kittur et al. 347

Summary Despite extensive evidence supporting a pathophysiological association between
inflammatory activation and depressive symptoms, the repurposing of anti-inflammatory
agents as novel antidepressant treatments is still an unrealized goal. As highlighted
across scoping reviews, published clinical trials remain insensitive to the inherent hetero-
geneity of patients with mood disorders. We suggest that more nuanced methodological
approaches, such as stratification of participants by inflammatory tone or clinical presen-
tation, are required before real translational advances can be made.

Introduction

Major depressive disorder (MDD) is the single most
prevalent mental illness worldwide, affecting 4.4% of
the global population and remaining the leading cause
of non-fatal disease burden [1, 2]. The consequences
of depression are significant, manifesting as a global
strain on healthcare systems, workplace productivity,
and mortality rates [3, 4]. Though standard treatments
have lessened the burden, the clinical heterogeneity
across mood disorders is often underemphasized, with
key implications for treatment efficacy. Contemporary
diagnostic tools such as the ICD-10 and DSM-5 neces-
sitate only one of low mood or anhedonia to diagnose
a depressive episode. The remaining seven symptoms,
spanning disparate emotional, somatic, and cognitive
domains, may be present in any combination, pro-
vided there is a minimum of five symptoms overall |5,
6]. Conventional antidepressant treatments for MDD
and bipolar disorder (BD) tend to be non-sensitive
to this spectrum of clinical presentation, targeting the
core symptoms and frequently leaving patients with
clinically significant residual symptoms [7]. Large-
scale studies demonstrate that, while standard anti-
depressant treatments are effective for the majority, a
substantial subset of patients with so-called treatment-
resistant depression (TRD) are unlikely to respond
to conventional treatments, embodying a profound
clinical need [8, 9]. Pharmacological treatments for
depression have remained largely unchanged since the
serendipitous discovery of the antidepressant effect of
action on the monoamine neurotransmitters in the
mid-1990s [10°]. In recent years, researchers have
focused on developing and repurposing agents that
target alternative pathophysiological mechanisms of
depression for those with TRD. One of these patho-
physiological mechanisms targeted by novel treatment

approaches includes the inflammatory response sys-
tem [10°].

Inflammation represents the immune system’s defen-
sive response to internal or external injury, elicited
by the damage-recognition affinities of host immune
cells [11]. With respect to depression, an endemic
inflammatory response is thought to arise in part
from psychosocial stress, whereby stress-induced
monocytes are released from the bone marrow into
the bloodstream, where they become quickly acti-
vated via their pre-programmed affinity for general
microbial- or danger-associated molecular patterns
(MAMPs and DAMPs) [12-14]. This initially periph-
eral inflammatory response is relayed to the central
immune system via parallel neural, humoral, and cel-
lular pathways (entailing blood-brain-barrier conduc-
tion, leukocyte migration, and vagal nerve transmis-
sion, respectively) [15-18]. An association between
heightened inflammation and depressive symptoms
was first hypothesized in Smith’s 1990 ‘macrophage
theory’ of depression, positing that the macrophageal
secretion of pro-inflammatory cytokines may cause
or worsen a mood episode [19]. This hypothesis has
since been strengthened by extensive evidence sup-
porting an epidemiological link between depressive
and immune-related disorders, such that diagnosis
of conditions including arthritis, multiple sclerosis,
and certain cancers infers an increased likelihood of
concomitant depression, with the reciprocal risk of
comorbid inflammatory disorders in patients with
depression similarly demonstrated [20-23]. Approxi-
mated by elevations in peripheral inflammatory
markers, most notably C-reactive protein (CRP) and
pro-inflammatory cytokines IL-1f, IL-6, and TNF- a,
large-scale meta-analyses have consolidated in vivo
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and post-mortem evidence for inflammatory elevation
in depressed patients [24-27]. Treatment with certain
antidepressants both successfully alleviated and pre-
emptively inhibited induction of depressive symptoms
in complementary trials [28-30]. Furthermore, several
standard antidepressant medications have demon-
strated contingent anti-inflammatory effects in MDD
patients, suggesting that these compounds’ antidepres-
sant effects may in part arise from their effects on the
immune response [31]. Accordingly, this has led to
the exploration of the inflammatory system as a novel
treatment target in depression.

In pursuit of effective therapeutic translation, there
has also been a significant focus on the biological
mechanisms by which inflammation induces depres-
sive symptomatology. Converging evidence from pre-
clinical, in vivo, and post-mortem studies points to
the role of microglial activation, and the resultant
profusion of central pro-inflammatory cytokines, in
dysregulating neurotransmitter systems [32ee, 33,
34, 35¢, 36]. In particular, the inflammation-induced
enzyme indoleamine-2, 3-dioxygenase (IDO) disrupts
tryptophan catabolism, such that instead of serotonin,
it breaks down into kyneurine and thus the NMDA
agonist quinolinic acid, resulting in both serotonin
depletion and glutamate surplus [37, 38]. Altered

Methods and Analysis

glutamate metabolism reduces synaptic plasticity and
neurogenesis via downregulation of growth factors
[39]. Pro-inflammatory cytokines have additionally
demonstrated inhibitory effects on dopamine, disrupt-
ing reward circuits and manifesting as key symptoms
of depression such as anhedonia and motor retarda-
tion [40]. Understanding exactly how inflammatory
elevations mediate depressive pathophysiology is key
to the successful adaptation of anti-inflammatory
agents as a targeted treatment for mood disorders.

In the last two decades, there have been an increasing
number of randomized clinical trials (RCTs) investi-
gating the antidepressant efficacy of immunomodula-
tory agents [10°]. Despite the extensive evidence dem-
onstrating the clinical relevance of inflammation in
depression, the utility of anti-inflammatory agents has
yet to translate to therapeutic practice. In this review,
we will build upon an earlier scoping review in which
we synthesized evidence from published RCTs, which
investigated the efficacy of anti-inflammatory agents
in the treatment of mood disorders. Our aim is to
provide an update on the evidence in the field as it
applies to clinical and therapeutic translation. In addi-
tion, we will highlight studies where researchers have
attempted to explore mechanisms of action as it per-
tains to anti-inflammatory drugs and mood disorders.

The following is an updated scoping review of a previously published
review synthesizing the evidence of immunomodulatory agents for the
treatment of mood disorders [10¢]. The literature was reviewed by searching
Medline for clinical trials of immunomodulating agents as monotherapy
or as adjunctive treatments for depressive symptoms in both MDD and BD,
published from December 2019 to March 2022. Included trials were ran-
domized controlled studies or cross-over trials of an immunomodulating
agent which had a placebo or an active comparator arm. Included investi-
gational immunomodulating agents were consistent with those included
in the previous review [10¢]. Participants in the included trials had to have
a diagnosis of MDD or BD as defined by the current DSM or ICD version at
the time of publication (i.e. DSM-IV or DSM-V, ICD-10), and only studies
reporting depression-rating scales in each treatment arm were included. All
studies collected from the searches were independently evaluated against
inclusion criteria by two of the review authors (MEK and BDM]J). Data was
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Results

extracted independently by the two review authors and included a descrip-
tion of participants, intervention and control groups, psychometric data,
and outcomes.

Minocycline

The search strategy results yielded five additional clinical trials of anti-inflam-
matory agents for the treatment of depressive symptoms in MDD and BD.
These RCTs are described in detail in Table 1. The trials investigated the util-
ity of the following medications: minocycline, celecoxib (CXB), and aspirin
(acetylsalicylic acid; ASA). A summary table of 16 previously reviewed studies,
some of which included these agents, is included as supplementary material
(see Supplementary Table 1).

Minocycline is a tetracycline antibiotic with known anti-inflammatory
properties [41]. At the time of our previous review, there were four pub-
lished RCTs of minocycline for the treatment of MDD and BD [10°].
Since 2019, there have been an additional three published RCTs inves-
tigating the effectiveness of minocycline: two in MDD and one in BD.

A recent 8-week RCT (n=21) incorporated positron emission tomography
(PET) into their investigation of the effects of adjunctive minocycline on
depressive symptoms [42]. In addition to their primary outcome measure,
reduction of depressive symptoms as measured by the 17-item Hamilton
Depression Rating Scale (HDRS-17), the authors concurrently assessed the
reduction of translocator protein distribution volume (TSPO V), a reliable
index of microglial activation, in three regions of interest: the prefrontal cor-
tex (PCC), anterior cingulate cortex (ACC), and insula [42]. After the treat-
ment period, there was no significant difference in depressive symptom reduc-
tion between the minocycline and placebo groups, and no significant effect
of minocycline on TSPO V; in the three regions of interest [42].

Another RCT-randomized 39 MDD patients with biochemical evidence
of low-grade inflammation (baseline CRP>1 mg/L) to standard antidepres-
sant treatment augmented with either minocycline (200 mg/day) or placebo
[43¢¢]. The primary outcome (reduction in HDRS-17) did not show a signifi-
cant difference between the minocycline and placebo groups. However, after
stratification of patients into high-grade or low-grade inflammation (CRP
levels<3 mg/L or>3 mg/L), there was a significant difference in HDRS-17
reduction in patients with high-grade baseline inflammation (CRP>3 mg/L)
who received minocycline compared with all other groups [43°¢].

Husain et al. (2020) conducted a 4 x 4 factorial design RCT in adult BD
patients with a current major depressive episode. Participants were rand-
omized to one of four arms: minocycline and CXB; minocycline and placebo;
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Celecoxib

CXB and placebo; or placebo and placebo [44]. Assessed on the HDRS-17,
there was no significant difference in depressive symptom reduction between
the four groups, nor was there a significant treatment effect of either agent
alone, or in combination [44]. The study did not recruit based upon inflam-
matory status but did assess for changes in inflammatory markers throughout
the treatment period; post hoc analyses showed that the sample had high
rates of inflammation overall (median CRP =4 mg/L). No treatment arm had
a significant effect on CRP or white blood cell level [45].

Aspirin

Celecoxib (CXB) is a nonsteroidal anti-inflammatory drug that has been
extensively investigated for the treatment of mood disorders [10°®]. In our
previous review, we synthesized four studies of CXB in MDD and none in
BD (Supplemental Table 1). In the present updated search, we identified
one additional published RCT of CXB in BD. This 10-week trial randomized
47 adults with BD I or II to treatment with either escitalopram and CXB or
escitalopram and placebo [46]. Results demonstrated significantly higher
treatment response rates (defined as a 50% reduction in HDRS-17 score
from baseline) and significantly higher remission rates (final HDRS-17
score<7) in the CXB group compared to placebo. HDRS-17 scores were
significantly lower in the CXB group compared to those in the placebo as
early as 1 week into the 10-week trial [46]. Edberg et al. (2020) conducted
a secondary analysis of the same RCT, assessing levels of the inflammatory
mediator monocyte chemoattractant protein-1 (MCP-1) throughout the
treatment period, and found that baseline inflammatory status did not
predict response to CXB in this sample [47]. There were no significant dif-
ferences in MCP-1 levels between the CXB and placebo groups at baseline
or at week 8 (p=0.209, p=0.054). However, the authors did find some
evidence for a negative correlation between MCP-1 elevation and depres-
sion, as week 8 MCP-1 was significantly lower in treatment non-responders
across the entire sample (p=0.014) [47].

Aspirin, commonly known as acetylsalicylic acid (ASA), is frequently
used to treat inflammatory physical health conditions [48]. In our
previous review, we identified two RCTs that investigated the efficacy
of ASA in BD (Supplemental Table 1). Since our group’s 2020 review,
there has been one additional published RCT investigating ASA for
depression. This moderate-size trial (n=130) randomized 15-25-year-
olds with MDD to receive either ASA, the anti-inflammatory rosu-
vastatin, or placebo, in addition to their treatment as usual (TAU)
[49, 50]. As measured by the Montgomery Asberg Depression Rat-
ing Scale (MADRS), there was no significant difference in response
and remission rates, nor in depressive symptom reduction, in either



356 Novel Therapeutics in Mood Disorders (R Mansur, Section Editor)

treatment arm compared to placebo [50]. There was some evidence
for the superiority of rosuvastatin vs. ASA, with a significantly greater
MADRS reduction observed at both week 12 (p=0.017) and 26-week
follow-up (p=0.035). Compared to the ASA group, participants in the
rosuvastatin group also demonstrated better outcomes on secondary
scales at week 12 (Clinical Global Impressions scale; CGI-S, Negative
problems Orientation Questionnaire; NPOQ).

Discussion

During the last decade, there has been increasing interest in repurposing
immunomodulatory agents for the treatment of mood disorders. We previ-
ously synthesized evidence from RCTs of these agents in adults with MDD
and BD [10¢]. The current scoping review provides an update on evidence
from published RCTs and identified five additional RCTs of anti-inflammatory
agents that met our predefined inclusion criteria. The findings from these
studies were conflicting, highlighting the heterogeneity of mood disorders,
and the need for more nuanced approaches in clinical trial design.

It is unlikely that immunomodulatory agents have antidepressant effects
for all individuals with depressive symptoms. Though the literature indicates
that depressive symptoms may be associated with low-grade inflammation,
evidence suggests this might only be applicable to a subgroup of clinically
depressed patients. Trials demonstrate that depressed patients with higher
inflammatory responses may experience increased symptom severity and
chronicity, as well as non-response to standard antidepressant agents [51¢,
52-57,58¢, 59°¢, 60, 61]. Pertinent to therapeutic translation, studies indi-
cate that peripheral biomarkers such as CRP, interleukin (IL)-6, and tumour
necrosis factor (TNF) may be elevated in treatment-resistant subgroups and
that antidepressant effects of anti-inflammatory agents are more likely in
individuals exhibiting elevated inflammation pre-treatment [43°°, 62-64].
This data suggests a distinct pathophysiological basis underlying standard
treatment non-response in a subgroup of patients. Interestingly, a significant
proportion of this treatment-resistant subgroup of patients exhibit atypi-
cal, neurovegetative depressive symptoms such as fatigue, appetite increase,
increased pain response, and anhedonia; a phenotypic cluster coined ‘sickness
behavior’ due to its high incidence during inflammatory activation [65, 66°¢,
67]. A recent study found significantly elevated inflammatory markers in a
neurovegetative subtype of patients compared to five alternate depressive sub-
types (mean CRP 4.2 mg/L), with neurovegetative symptoms mediating the
association between CRP and other symptoms of depression such as cogni-
tive or emotional features [68¢¢]. Given the clinical heterogeneity previously
referenced, the clustering of inflammation-linked depressive symptoms in
a distinct treatment-resistant subgroup suggests the unique utility of anti-
inflammatory agents for patients with these specific symptom subsets.
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A reliable biomarker for the identification of an ‘inflamed’ subgroup of
mood disorder patients remains elusive. For example, in the study by Edberg
et al., adjunctive response to CXB in bipolar depression was associated with
changes in MCP-1, while Husain et al. found that CXB was not associated
with change in CRP or treatment response [44, 47]. The discrepancy may
be related to differential associations of inflammatory markers and clinical
characteristics in the patient population as previously postulated [45, 61].
Though minocycline has a purported antidepressant and established anti-
inflammatory effect, the present review found one study indicating elevated
CRP was associated with a favorable antidepressant response while another
two failed to show a reduction in sophisticated markers of neuroinflamma-
tion [42, 43°¢, 44, 69]. This evinces a major methodological challenge in
stratifying participants to an anti-inflammatory agent on the basis of pre-
treatment inflammatory status in future clinical trials. While studies have
attempted to recruit and conduct post hoc analyses on patients with biochem-
ical evidence of a reactive immune system, there is currently no reliable way
to do so. As previously described, authors have attempted to utilize peripheral
inflammatory biomarkers as well as phenotypic indicators of inflammation
with mixed success. An approach to mitigate the heterogeneity of inflamma-
tory markers may be to utilize composite scores of inflammatory markers to
create an ‘index’ of an inflammatory profile, relying on multiple markers of
inflammation, rather than a single measure [70, 71]. Utilization of central
biomarkers of inflammation such as positron emission tomography (PET)
imaging and cerebrospinal fluid (CSF) markers; or upstream regulators (e.g.
regulatory T cells; Tregs) of inflammation may also be more reliable markers
of inflammation related to mood disorders [72, 73]. We encourage future
research in pursuit of reliable and pragmatic biomarkers that may be used
to identify patients who might best respond to immunomodulatory agents.

A further explanation for the conflicting findings from RCTs of anti-inflam-
matory agents is the prevalent and large placebo response observed in trials
recruiting mood disorder patients [74]. Several of the trials reviewed above
have clinically significant effect sizes but fail to separate from placebo. While
the exact mechanism of the placebo response is unclear, recent evidence sug-
gests associations with the immune system. For example, a recent PET study
found that analgesic placebo led to a reduction in pro-inflammatory cytokine
IL-18, which was correlated with pain reduction [75]. If the suspected mecha-
nism of antidepressant action of repurposed anti-inflammatories is the atten-
uation of an activated inflammatory response, a comparison with placebo,
which may have its own anti-inflammatory effects, may negate otherwise
positive trials.

The specific anti-inflammatory drug and dosage utilized is another fac-
tor that may explain conflicting findings from current RCTs. It is unclear
whether dosages used in currently published trials are sufficient to reduce
neuroinflammation. A recent study investigating the efficacy of minocycline
100 mg BID for adults with MDD found that despite being clinically effective
in other inflammatory physical health conditions, the 200 mg daily dos-
age did not reduce central markers of neuroinflammation nor did it reduce
depressive symptoms [42]. Minocycline, like several other repurposed
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anti-inflammatories trialed in mood disorders, has non-specific anti-inflam-
matory effects, which may or may not lead to a reduction in inflammatory
processes related to depression. Future work should investigate agents that
have more direct and specific actions on the immune system. We are aware
of at least one clinical trial investigating a novel agent that blocks the P2X7
receptor, which plays a key role in the release of inflammatory cytokines
(NCT04116606). Results of this and other trials of direct cytokine inhibitors
will be important contributions to the current evidence on the safety and
efficacy of targeting the inflammatory response system to treat depression.

Conclusions

The growing field of immunopsychiatry suggests that immunomodulatory
agents may one day play a role in the treatment of a subset of depressed indi-
viduals. However, studies highlighted in this updated review continue to dis-
play conflicting results, likely due to the continued inclusion of heterogene-
ous patients in contemporary clinical trials. To accelerate clinical translation
of these repurposed agents, future studies need to move towards a stratified
design while assessing agents with specific anti-inflammatory actions. Future
immunomodulatory RCT designs should specifically target individuals with
biochemical or phenotypical evidence of an aberrant inflammatory response,
integrated with specific depressive symptom subsets that are suggested as epi-
phenomenon of an activated immune response. Without these more nuanced
approaches, there will be limited advances in immunopsychiatry, and repur-
posed anti-inflammatory agents are unlikely to translate to efficacious treat-
ment algorithms for mood disorders.
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