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Varying levels of interleukin 1 receptor antagonist (Il1rn) gene expression affect
circulating leptin concentrations and fat distribution
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T he relationship between leptin and
interleukin 1 receptor antagonist (IL1RA)

is critical to the understanding of obesity’s
low-grade chronic inflammatory state. IL1RA
antagonizes the proinflammatory effects of
IL1, dampens systemic inflammation
markers, and in clinical trials improved
glycemic control in type 2 diabetes. We show
that leptin levels decreased relative to the
number of Il1rn copies in mice
overexpressing IL1RA; these mice have
altered white fat distribution with decreased
epididymal and retroperitoneal fat tissue
masses. They also have increased IL1RA
plasma levels and insulin sensitivity.
Recombinant IL1RA may be a novel treatment
strategy for metabolic syndrome by
improving resistance to leptin and insulin.

Low-grade chronic metabolic inflammation is
as a pivotal shared pathophysiological feature
of neurodegenerative diseases and cognitive
deficits as well as obesity, insulin resistance,
and progression toward type 2 diabetes (T2D)
(1). Increased levels of proinflammatory cy-
tokines, such as interleukin 1B (IL1B), can con-
tribute to pancreatic ß-cell destruction lead-
ing to T1D and to insulin resistance (2, 3). IL1
receptor antagonist (IL1RA), a naturally occur-
ring endogenous antagonist for the proinflam-
matory effects of IL1A and IL1B, is increased
severalfold in obesity with concentrations that
are correlated with leptin levels (4). IL1RA ap-
pears to regulate adipogenesis, energy expen-
diture, and intake. Its elevated levels in obe-
sity may contribute to obesity-associated out-
comes, including leptin resistance (5). The com-
plex interplay between IL1RA and leptin sug-
gests that these molecules engage in bidirec-
tional communication affecting inflammatory
and metabolic pathways. Despite the use of re-
combinant human IL1RA in the treatment of
rheumatoid arthritis and in trials for treating
T2D, where it improved glycemic control, ß-cell
function, and systemic inflammation (6), the
net long-term IL1RA effects on metabolism are
not well understood.

Using a unique approach of varying expo-
sure to IL1RA levels based on transgenic mouse
models with different copy numbers of the se-
creted form of the Il1rn (7), we investigated the
effects of IL1RA on adipose tissue function. All
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Figure 1. IL1RA overexpression alters fat depot weight and function. Comparing to wild-type (WT) mice, mice expressing
a total of 10 (RA10) and 14 (RA14) copies of the Il1rn had: (A) higher plasma IL1RA levels and (B) significantly increased
Il1rn gene expression in the EF (epididymal fat pad); and (C) decreased plasma leptin levels. (D) Dual-energy X-ray ab-
sorptiometry (DXA) scan showed decreased body fat percentage in RA14 mice. (E) RA14 mice showed decreased fat tissue
mass in the EF and retroperitoneal fat (RF), unchanged subcutaneous fat (SC), and decreased brown fat (BF). (F) IL1RA-
overexpressing mice had increased Adipoq expression and unchanged Pparg expression in the EF. Ppargc1a and Casp1
mRNA expression were increased in the EF of mice overexpressing IL1RA. (G) Prdm16 expression was increased in BF and
SC of IL1RA-overexpressing mice. Columns and error bars = means ± sem; n > 8/group; one-way ANOVA or Kruskal–Wallis
test and post hoc test (A, B, C, F, G, and BF data in H); Student t-test or Mann–Whitney test (D, E, and SC data in G); asterisks
depict significant differences compared to WT mice; ∗P < 0.05; ∗∗P < 0.01; ∗∗∗P < 0.001; ∗∗∗∗∗P < 0.0001.

experiments used male mice aged 10–14 weeks,
acknowledging the sexual dimorphism in fat
distribution and leptin biology. As an initial
exploratory study, we focused on males, though
future studies should examine sex-specific re-

sponses to IL1RA overexpression. This trans-
genic approach allows for investigation of
dose-dependent effects that would be difficult
to achieve with pharmacological administra-
tion, where IL1RA levels fluctuate rapidly after
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dosing. The sustained and genetically regulated
elevation of IL1RA provides a model that more
closely mimics constitutive overexpression than
intermittent therapy. Compared to wild-type
(WT) mice, these mice have very high levels of
circulating IL1RA (Figure 1A) and significantly
increased Il1rn gene expression (Figure 1B).
Their leptin levels were decreased relative to
the copy number of Il1rn (Figure 1C), possibly
through IL1RA-mediated suppression of NFκB
signaling in adipocytes. IL1RA-overexpressing
mice had decreased percentage of body fat
(Figure 1D) and a decrement in percentage of
body fat with decreased epididymal fat (EF) pad
and retroperitoneal fat (RF) masses, and in-
creased brown fat (BF) weight (Figure 1E). Their
EF adipose tissue showed increased Adipoq
(adiponectin) gene expression, which is con-
sistent with enhanced insulin sensitivity and
glucose uptake (Figure 1F). However, the adi-
pogenic transcription factor Pparg expression
was unchanged. Adipose tissue Ppargc1a [per-
oxisome proliferator-activated receptor gamma
(PPARG) coactivator 1 alpha] expression was
also increased, implying increased mitochon-
drial activity (8). Caspase 1 (Casp1) mRNA
was increased in the adipose tissue, suggest-
ing adipocyte differentiation (Figure 1F). IL1RA-
overexpressing mice also had increased Pdrm16
(PR domain containing 16) expression in BF and
subcutaneous fat (SC) (Figure 1G). PRDM16 is
an essential regulator of thermogenesis and in-
duces BF formation (9). Congruent with pub-
lished work and compared to WT mice, IL1RA-
overexpressing mice have normal weight (7),
increased insulin sensitivity, reflected in de-
creased glucose level in the intraperitoneal in-
sulin sensitivity test, and decreased circulat-
ing insulin and C-peptide levels. Additionally
insulin content in pancreatic ß-cell islets was
decreased (Supplemental Figure).

Our findings support the hypothesis that
obesity and metabolic syndrome may be au-
toinflammatory conditions in which endoge-
nous IL1RA levels, though present, are insuffi-
ciently high to restore insulin and leptin sen-
sitivity. Administration of human recombinant
IL1RA is an approved treatment for autoinflam-
matory disorders, such as rheumatoid arthritis.
Previous studies with these transgenic mouse
lines demonstrated that elevated IL1RA ex-
pression reduces systemic inflammation mark-
ers, including circulating IL1A and IL1B, and
dampens IL1 signaling. While we did not mea-
sure serum adiponectin levels, the enhanced
adiponectin gene expression suggests a poten-
tial mechanism for improved metabolic profiles
via enhanced glucose uptake and fatty acid oxi-
dation. The inverse relationship between IL1RA
copy number and leptin levels observed in our
study indicates a dose-dependent effect that
could be leveraged therapeutically. The effects
on fat depot distribution, with decreased white
fat and increased thermogenic capacity in BF,
suggest that IL1RA influences not only total adi-

posity but also the qualitative aspects of fat
metabolism. We suggest that pharmacological
doses of recombinant IL1RA may be beneficial
for treating metabolic syndrome by decreasing
leptin and insulin resistances; its administra-
tion should take in consideration the nocturnal
peak of endogenous leptin (10).

Neuro-immune interactions, including
IL1RA-leptin signaling, offer therapeutic
targets beyond weight regulation. The neuro-
immune axis (11, 12) modulates brain pathways
relevant to metabolic and neurodegenerative
disorders, suggesting potential applications
for treating cognitive decline and depression
alongside obesity and diabetes.

Data Availability
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