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SMOKING MAY IMPACT IL-33/ST2 SIGNALING FOR
BETTER COGNITIVE FUNCTIONING IN SCHIZOPHRENIA
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ABSTRACT
Corresponding author: We found a positive correlation between serum levels of interleu-
kin-33 (IL-33) and the Montreal Cognitive Assessment (MoCA)
Milica M. Borovcanin score in patients with stable schizophrenia, as well as with specific

sub-scores. Smoking appears to decrease serum levels of soluble
1L-33 receptor, a suppressor of tumorigenicity (sST2), possibly
resulting in IL-33 s indirect preservation of cognitive functioning.
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INTRODUCTION

The interleukin-33/suppressor of tumorigenicity (IL-
33/ST2) signaling pathway is involved in the regulation of T
lymphocyte activity and differentiation, dendritic cell differ-
entiation and activation, macrophage and mast cell activa-
tion, and cytokine production (1). IL-33 has a dual function
and may exert pro-inflammatory or anti-inflammatory effects
in the central nervous system (CNS). Its function may depend
on the primary target cells, the level of IL-33/ST2 expression,
the cellular context, and the cytokine milieu (2, 3, 4). IL-33
plays a neuroprotective and reparative role in the CNS by
regulating the polarization of microglia and macrophages, as
well as phagocytosis (5). By binding to the ST2 receptor, IL-
33 promotes the activation and proliferation of microglia, the
production of various cytokines, and leads to an acute inflam-
matory response (6). Astrocyte and oligodendrocyte precur-
sors express IL-33 during the first postnatal week, which co-
incides with crucial stages of brain development (7). These
findings indicate a role for IL-33 even in the absence of in-
flammation. IL-33 may promote neuroinflammation and
cause cognitive decline in later life (8). In recent years, there
has been increasing evidence for an important immunomod-
ulatory role of IL-33 in neurodegenerative diseases (9).

Studies in animal models suggest that IL-33 improves
cognition by inhibiting the inflammatory response in the hip-
pocampus and regulating the number of excitatory synapses
(10). We have also previously published results indicating
that serum IL-33 levels are elevated in exacerbation and nor-
malized in stabilization of schizophrenia (11). Additional
analysis as part of a doctoral dissertation revealed that, in pa-
tients in remission, there is a positive correlation between se-
rum IL-33 levels and the Montreal Cognitive Assessment
(MoCA) score (r = 0.401; p = 0.038), as well as the sub-
scores for visuospatial/executive functions (r = 0.437; p =
0.023), serial subtraction (r = 0.428; p = 0.026), and fluency
(r=0.392; p=0.043) (12).

Furthermore, these patients are often nicotine dependent.
This dual diagnosis of addiction contributes to an already
compromised somatic state and poorer overall outcomes in
schizophrenia (11). Extensive research links tobacco smok-
ing to vascular damage, which contributes to the develop-
ment of hypertension and atherosclerosis and increases the
risk of neurodegeneration (13).

However, for the first time, we want to emphasize the un-
derlying immunological mechanisms that could explain the
short-term benefits of smoking. There is a statistically signif-
icant, moderately negative correlation between scores on the
Fagerstrom scale, which assesses nicotine dependence, and
serum sST2 concentrations (r = - 0.476; p =0.012) (12). Tak-
ing this into account, we propose a new cascade, suggesting
that smoking may cause IL-33 to circulate more freely by de-
creasing sST2 levels, thereby preserving cognitive function-
ing (Figure 1). When circulation is oversaturated with IL-33,
it may induce its downregulation. In line with our findings, a
recent study provided strong evidence that cigarette smoke

leads to an overall reduction in IL-33 expression at both the
transcriptomic and protein levels (14). The increase in sys-
temic IL-33 concentration suggests its movement from the
cytosol into the circulation, indicating that higher circulation
levels correspond with reduced presence in cells and tissues,
and vice versa. The proposed mechanism may not apply to
patients in the acute stages of illness, those with treatment-
resistant schizophrenia, or non-smoking groups.
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Figure 1. Hypothesis-based model of potential smoking ef-
fects on cognition via 1L-33/ST2 signaling. Proposed new
cascade: with increasing cigarette consumption, there may be
a decrease in serum levels of soluble suppressor of tumor-
igenicity (sST2) and, consequently, an increase in the level
of free IL-33, which may affect the preservation of cognitive
potential.

CONCLUSIONS

It can be concluded that IL-33 could potentially be effec-
tive in delayed neurocognitive recovery, which is of great im-
portance for patients' daily functioning and resocialization.
Data regarding cognition in patients with stabilized schizo-
phrenia revealed that IL-33 correlated with cognitive func-
tioning, and this pattern could be further investigated in
schizophrenia. It is possible that smoking could lower sST2
levels and thus impact cognition, making circulating IL-33
more available. However, observed associations should not
be considered causal and may also be bidirectional. Potential
confounding factors must be taken into consideration, such
as duration of illness, antipsychotic treatment, and cardi-
ometabolic comorbidities, which may affect both cytokine
profiles and cognitive functioning. In this case, the effect of
smoking could be rather indirect. The currently available data
should not be interpreted as a clinical recommendation, and
the presented hypothesis should be thoroughly tested in the
future.

LIST OF ABBREVIATIONS
IL-33/ST2: Interleukin-33/Suppressor of Tumorigenicity
CNS: Central Nervous System
sST2: soluble Suppressor of Tumorigenicity

MoCA: Montreal Cognitive Assessment
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