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Highlights

• Controlling inflammation and Treg dysfunction in bipolar

depression could improve disease outcomes.

• This randomized controlled trial of low-dose IL-2 in bipolar

depression shows significant improvements in Treg fitness & clinical

parameters of depression.

• These results are compatible with a causal relationship between

inflammation and depression.

• Treg stimulation represents a novel therapeutic target for bipolar

depression.
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Abstract

Immune abnormalities including an insufficiency of regulatory T cells (Treg) and

increased blood-based inflammatory markers have been observed in bipolar disorders

(BD), particularly during depression. As Tregs are pivotal to control inflammation, Treg

stimulation by low-dose IL-2 (IL-2 ) could have a therapeutic impact on bipolar

depression. We performed a randomized, double-blind, placebo-controlled (2 active: 1

placebo) proof-of-concept trial of add-on IL-2  in patients with bipolar depression.

Patients received a placebo or IL-2  (1MIU) once a day for 5 days, and then once a week

for 4 weeks starting on week 2. The primary objective was to demonstrate a biological

Treg response to IL-2  assessed by fold increase in Treg percentage of CD4 + cells from

baseline to day 5. Secondary objectives included safety assessment and mood

improvement throughout the study period. This trial is registered with ClinicalTrials.gov

, number NCT04133233. Fourteen patients with bipolar depression were included, with

4 receiving placebo and 10 IL-2 . Baseline clinical and biological characteristics were

balanced between groups. The primary evaluation criterion was met, with IL-2

expanding 1.17 [95 % CI 1.01–1.34] vs 1.01 [95 % CI 0.90–1.12] (p = 0.0421) and activating

Tregs. Secondary evaluation criteria were also met with significant improvements of

depressive symptoms and global functioning from day-15 onwards in the IL-2  treated

patients. The treatment was well-tolerated, with no serious adverse events related to

treatment. This proof-of-concept trial shows that stimulating Tregs in patients with

bipolar depression is safe and associated with clinical improvements. This supports a

pathophysiological role of inflammation in BD and warrants pursuing the evaluation of

IL-2  as an adjunct treatment of major mood disorders.

Introduction

Psychiatric disorders are the largest cause of disability in working-age individuals in

Europe, defining a major medical, public health and economic need. In particular, bipolar

disorders (BD), characterized by recurrent manic or hypomanic episodes alternating with

depressive episodes, are among the top 10 causes of disability. Depressive episodes of BD

manifest as decreased energy, loss of pleasure, fatigue, sadness, suicidal thoughts, and

cognitive impairments.

BD-caused disability is largely driven by such depressive episodes (Grande et al., 2016)

with high suicidal rates and frequent somatic comorbid disorders (Godin et al., 2014).

Despite this elevated burden, only a few monotherapies have been approved by

regulatory agencies for treating acute depression of BD (Yatham et al., 2018).

Antidepressant monotherapy is actually not recommended to treat bipolar depression

(Yatham et al., 2018), and even contraindicated due to concerns about inducing manic

LD

LD

LD

LD

LD

LD

LD

LD

02.01.2025, 15:11 Low-dose interleukin-2 in patients with bipolar depression: A phase 2 randomised double-blind placebo-controlled trial - Scien…

https://www.sciencedirect.com/science/article/abs/pii/S0889159124005993?via%3Dihub 2/8

https://clinicaltrials.gov/
https://clinicaltrials.gov/
https://clinicaltrials.gov/


episodes (Goldberg and Nassir Ghaemi, 2005), reinforcing the need to better understand

its specific underlying pathophysiology towards the development of mechanisms-based

treatment.

There are converging observations linking decreased fitness of regulatory T cells (Tregs)

and increased peripheral pro-inflammatory processes − such as high-sensitivity C-

reactive protein (hsCRP)/IL-6, brain-derived neurotrophic factor (BDNF)/TNF-α and

soluble TNF-α receptor 1 (sTNFR1) − with the pathogeny of BD (Dowlati et al., 2010,

Gibney and Drexhage, 2013, Pariante, 2017, Pape et al., 2019). Multiple observations

indicate that a Treg insufficiency may contribute to the pathogenesis of BD (do Prado et

al., 2013) and of major depressive disorder (MDD) (Ellul et al., 2018) in both mice and

humans. In mouse models of depression, Tregs have a protective role against depressive-

like behaviour, as exemplified by the association between the decrease of Tregs and

onset of depressive-like behaviour (Hong et al., 2013). In humans, adolescents at high

risk for mood disorder have a reduced number of Tregs, negatively correlated with their

inflammatory state (Snijders et al., 2016). Similarly, several studies have found a decrease

in Tregs associated with pro-inflammatory phenotypes (Grosse et al., 2016) in adults

with major depressive episodes, including in patients with bipolar depression (Bennabi

et al., 2019, Foiselle et al., 2023, Tarantino et al., 2021). Recently, deficits in Tregs have

been associated with the severity of depression in patients with MDD (Rachayon et al.,

2024). In the same line, epidemiological data, including those from large nation-wide

studies (Benros et al., 2013), indicated that patients with BD have a raised prevalence of

autoimmune diseases (Vonk et al., 2007).

The concomitant increase in inflammation and decrease in Tregs fitness in MMD is

consistent with the fact that one main role of Tregs is to control inflammation. A Treg

insufficiency fuelling an inflammation that contributes to MMD pathophysiology

suggests that boosting Tregs could be beneficial in MDD. This could be achieved by

treatment with low dose IL-2 (IL-2 ) (Klatzmann and Abbas, 2015). Indeed, IL-2 is the

main cytokine driving Treg development, activation, and proliferation. At low dose, IL-2

is a specific and safe Treg activator, as demonstrated in numerous clinical trials (Saadoun

et al., 2011, Koreth et al., 2011, Hartemann et al., 2013, Rosenzwajg et al., 2015,

Rosenzwajg et al., 2015, He et al., 2016, Rosenzwajg et al., 2019, Rosenzwajg et al., 2020,

Camu et al., 2020, Humrich et al., 2022, Nigel Leigh et al., 2023, Lorenzon et al., 2024,

Barde et al., 2024). These effects are due to the exquisite sensitivity of Tregs to IL-2 that

are explained by (i) the constitutive expression of the IL-2 high affinity receptor; (ii) the

20–40 fold higher sensitivity to IL-2 for STAT5 phosphorylation between Tregs and other

T cells; (iii) the > 100 fold higher sensitivity of Tregs for the gene activation program

downstream phosphorylated STAT5 (Rosenzwajg et al., 2015, Yu et al., 2015) .
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In mice, IL-2  has shown efficacy in the treatment of numerous experimental brain

disorders underpinned by neuroinflammation, including in models of multiple sclerosis

(MS) (McIntyre et al., 2020), Alzheimer disease (AD) (Alves et al., 2017), ALS (Camu et al.,

2020, Nigel Leigh et al., 2023), and brain trauma (Liston et al., 2023). In a murine chronic

stress-induced model of depression, IL-2  corrected the Th17/Treg balance and

peripheral tags of low-grade inflammation, and attenuated depression-like behaviours

(Liston et al., 2023). These positive effects of boosting Tregs in neuroinflammatory

settings could arise from the control of inflammation as well as from an improved tissue

regeneration. Indeed, another major role of Tregs is to favour tissue regeneration, as

documented in the lung, the muscle and the brain, for example (Mock et al., 2014, Villalta

et al., 2014, Becker et al., 2023, Liston et al., 2023).

In humans, there is considerable evidence that Treg stimulation by IL-2  improves

systemic inflammation, including neuroinflammation. Actually, in the first worldwide

trial of IL-2  in an autoimmune disease, we already documented a global anti-

inflammatory effect of Treg stimulation (Saadoun et al., 2011). Numerous trials in more

than 30 different diseases have demonstrated the excellent safety of IL-2 , including in

neuropathological settings such as multiple sclerosis (MS) (Louapre et al., 2023) or

amyotrophic lateral sclerosis (ALS) (Camu et al., 2020). Recently, it was further reported

that IL-2  led to significant clinical improvement of patients with ALS (Bensimon et al.,

2022, Nigel Leigh et al., 2023), which indicates a positive effect on neuro-inflammation.

These data provide a strong rationale for investigating the stimulation of Treg fitness by

IL-2  in bipolar depression. We thus performed a proof of concept, randomized,

placebo-controlled trial to test if IL-2  could stimulate Treg while improving depressive

symptoms in bipolar depression.

Section snippets

Study design, participants and treatments

We conceived (ML and DK) the research program on the effects of IL-2  in depression in

2017 in the context of the H2020 MoodStratification project (Drexhage, 2018). It was

then articulated in two parallel trials, one to be conducted in bipolar disorders at the

Assistance Publique − Hôpitaux de Paris (DEPIL-2, ClinicalTrials.gov : NCT04133233) and
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one in both major depressive disorder (MDD) and BD at the Ospedale San Raffaele (IL-

2REG; EudraCT N.: 2019–001696-36). IL-2REG was recently reported ( …

Study design and patient characteristics

Between June 2020 and May 2022, 20 patients with ongoing bipolar depressive episode

disorder were assessed for eligibility, of which 17 were included and 14 randomized (Fig.

1). The study design provided for two patients to be treated with IL2  for one patient

receiving a placebo. Altogether, four patients received the placebo and 10 received IL-2 .

One patient dropped out on day-15 for a biological hypothyroidism without clinical

symptoms.

Patients’ characteristics are reported in Table 1. …

Discussion

We performed a proof of concept, randomized, placebo-controlled trial to test if IL-2

could stimulate Treg while improving depressive symptoms in bipolar depression. The

primary evaluation criterion was met, with IL-2  expanding and activating Tregs.

Secondary evaluation criteria were also met with significant improvements of depressive

symptoms and global functioning from day-15 onwards in the IL-2  treated patients.

The treatment was well-tolerated, with no serious adverse events related …

Role of the funding source
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the study design. …
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