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Atherosclerosis is a chronic inflammatory disease of the
arteries where cholesterol accumulation together with en-
dothelial dysfunction triggers recruitment of immune cell
within the vasculature and their local and systemic activa-
tion.1,2 Here, we investigated the role of interleukin (IL) 1
receptor 8 (Il-1r8), amember of the superfamilyof IL and toll-
like receptors3 in atherosclerosis. Il-1r8 is expressed by
several immune subsets, but at higher levels in natural killer
(NK) cells, where it modulates cell activation and negatively
regulates the response activated by IL-18.4–7 We have
reported previously that Il-1r8 acts as a regulator of NK
maturation and its deficiency results in increased frequency
of mature NK type 2 cells in the circulation, spleen, and liver,
as well as in their hyper-responsiveness, improving the
resistance to hepatic tumor, metastasis, and cytomegalovi-
rus infection.7

In the context of atherosclerosis, the role of NK cells
still remains elusive. NK depletion by transplantation
in atheroprone Ldlr�/� mice of bone marrow cells from
Ncr1iCreR26Rlsl-DTA mice—where the expression of the Cre
recombinase is under the Ncr1 promoter which removes the
floxed STOP codon knocked-in with the diphtheria toxin A
(DTA) fragment in the Rosa26 locus, promoting selective NK
cell death—did not affect atherogenesis,8 while NK trans-
plantation in lymphocyte-deficient ApoE�/� Rag2�/� Il2rg
�/� mice increased atherosclerotic plaque size.9 Similarly,
the modulation of NK activity has been associated either

with anti- or proatherosclerotic effects. NK inhibition, ob-
served in Lyst-beige mice which present an impaired lyso-
somal function, exacerbates atherosclerosis, thus suggesting
a protective role for these cells10; however, since the Lyst
mutation is systemic and not NK-restricted, it is possible that
other cells could be affected and explain the phenotype
observed. When the bone marrow of mice overexpressing
the inhibitory receptor Ly49A under the promoter of the
granzyme A (thus presenting a dampened NK activation11)
was transplanted in Ldlr�/�mice, a reduced atherosclerotic
plaque development was observed hinting for a proathero-
genic role of NKs. Intriguingly, as also the presence of splenic
Ly49AþCD3þ T cells potentially releasing granzyme A was
previously reported,12 one would speculate that the acquisi-
tion of an inhibitory phenotype by other lymphocytes might
contribute to explain the results. Interestingly, when the
impact of NK direct cytotoxic function versus cytokine
release in atherosclerosis was investigated, only NKs with
cytotoxic activity were associated with a proatherogenic
effect.9

NKs are commonly classified based on the expression of
CD11b and CD27 in immature NK (iNK: CD11blo CD27hi), a
mature NK type 1 (mNK1: CD11bhi CD27hi), and amature NK
type 2 (mNK2: CD11bhi CD27lo). While immature NKs are a
subset at a lower developmental stage of differentiation and
are mainly present in bone marrow and lymphoid tissues,
mature NK cells present cytotoxic activity that increases in
parallel to theirmaturation.13 These observations, coupled to
the contrasting findings described above, cast for a deeper� Co-last authors.
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understanding of the role of specific NK subsets in the
context of atherosclerosis.

To this aim, we first profiled circulating NKs in athero-
prone Ldlr�/�mice fed on standard diet (ChowD) or fedwith
a cholesterol rich diet (Western-type diet [WTD]) for 12
weeks (►Supplementary Fig. S1, available in the online
version). While the absolute count of total circulating NK

cells tended to increase (►Fig. 1A), only mNK2 counts were
significantly higher in hypercholesterolemic Ldlr�/� mice
compared with mice fed standard diet (►Fig. 1B, C; gating
strategy in ►Supplementary Fig. S2A–G, available in the
online version). Next, we asked whether the increase in
circulating levels of mNK2 cells could simply reflect the
increase in the immune-inflammatory response occurring

Fig. 1 Mature natural killer (NK) type 2 cell distribution in experimental atherosclerosis. (A) Circulating NK cell levels, (B) NK subset distribution,
and (C) representative cytofluorimetric plots in Ldlr�/� male animals on standard (ChowD) and high cholesterol diet (WTD) for 12 weeks. (D)
Circulating NK cells levels, (E) NK subset distribution, and (F) representative plots in Ldlr�/� or Il-1r8�/� Ldlr-/- male mice fed with WTD for
12 weeks. In the same groups, circulating levels of T cells (G), B cells (H), neutrophils (I), monocytes (J), and monocyte subsets (K). Results are
expressed as mean� SEM; n¼ 5–10 mice per group. �p< 0,05. SEM, standard error of the mean.
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during atherosclerosis or, conversely, supports a role for this
NK cell subset in atherogenesis.

To address this aspect, we generated an experimental
model presenting increased frequency of mature NK2 cells
on an atheroprone background by crossing Il-1r8�/� mice
with Ldlr�/� mice (DKO).

On standard diet, circulating NK counts and subsets
were not different between Ldlr�/� and DKO mice, and
the same was true for other myeloid and lymphoid
subsets, while NKs and dendritic cell levels decreased in
mediastinal lymph nodes, and splenic macrophages’ count
increased (►Supplementary Fig. S4; gating strategy in
►Supplementary Figs. S2H–M and S3A–G [available in the
online version]). Intriguingly, in mice fed with WTD for 12
weeks, the deletion of Il-1r8was associated with a significant
increase of total circulating NKs, and more specifically of
mature NK2 (►Fig. 1E, F). Other immune cell types in blood,
including T and B cells, and neutrophils, were not different in
DKO compared with Ldlr�/� mice (►Fig. 1G–I), while a
minimal increase inmonocytes and specifically in the Ly6Clow

subset14 was observed (►Fig. 1J,K). These data indicated that
Il-1r8 deficiency mainly reflects in increased counts of mNK2
cells in a hypercholesterolemic atheroprone background, but
also slightly impacts monocyte levels.

We next investigated the implication of Il-1r8 deficiency
on atherosclerosis progression. Ldlr�/� and DKO male
mice presented a similar total plaque area at the aortic
root (►Fig. 2A,B), plaque progression (►Supplementary

Fig. S6A,B, available in the online version), necrotic area
(►Fig. 2A,C), collagen content (►Fig. 2A,D) as well as macro-
phage infiltration (►Fig. 2A, E) and immune phenotype of the
thoracicaorta (►Supplementary Fig. S6D, E; gating strategy in
►Supplementary Fig. S3A–G, available in the online version).
Also, the plasma lipid profile (triglycerides and cholesterol
plasma levels)was similar inDKO and Ldlr�/�mice (►Fig. 2F,

G). Thus, thesefindings exclude an effect of Il-1r8deficiencyon
both atherogenesis and lipidmetabolism, a conclusion further
supported by the detection of similar frequency of NK and
mNK2 in the atherosclerotic plaque (►Fig. 2H, I) pointing
against a causal role of this subset in atherogenesis. A similar
phenotypewas observed also in femalemice,which presented
a similar immune profile (data not shown), circulating lipids,
and atherosclerotic plaque area (►Supplementary Fig. S7,
available in the online version).

Of note, our results were in line with similar reports in
other models of atherosclerosis where depleted or hyper-
responsive NK did not alter the systemic lipid profile.8

Therefore, although hypercholesterolemia-driven athero-
sclerosis results in increased frequency of mNK2 cells, these
do not appear to play a crucial role in atherosclerosis, but
rather mark the immuno-inflammatory response occurring
during atherosclerosis. We should acknowledge some limi-
tations of our study, first we did not perform histological
analysis of a second arterial site; however, a similar immune
infiltrate in the thoracic aorta and in mediastinal lymph
nodes (those closer to the aortic arch and draining immune
cells from this site) suggests that the atherogenic process
does not differ between DKO and Ldlr�/� mice

(►Supplementary Figs. S6D and S5A, available in the online
version). Second, although Il-1r8 is expressed also in B, T
lymphocytes and dendritic cells, Il-1r8 deficiency in WTD-
fed mice resulted only in increased monocyte levels in the
circulation and in the spleen beyond that inmNK2; still these
changes did not affect atherosclerosis development.

In conclusion, these data strongly indicate that Il-1r8
deficiency—although mainly increasing monocytes and ma-
ture NK 2 cells under hypercholesterolemic and atheroprone
conditions—does not translate into increased atherosclerosis
development, thus suggesting that the Il-1r8 pathway is
redundant in experimental atherogenesis.

Fig. 2 Impact of increased circulating mature natural killer (NK) type
2 cell levels on atherosclerotic plaque development. Representative
images of aortic sections of Ldlr�/� (left column) and Ldlr�/� Il-
1r8�/�male mice on WTD for 12 weeks (right column) are presented
(A): 5x images of hematoxylin and eosin-stained sections (first row),
10� magnification presenting necrotic core areas (indicated with
arrows) (second row), 5� images of Masson’s trichrome-stained
sections (third row), representative images of immunofluorescence
staining with MAC-2 (fourth row). Quantification of total lesion area
(B), necrotic area (C), fibrosis (D), and Mac-2þ area (E) in the
atherosclerotic plaque at the aortic sinus of both experimental
groups. Plasma cholesterol (F) and plasma triglyceride (G) levels. NK
cells (H) and NK subset distribution (I) in the aorta. Results are
expressed as mean� SEM; n¼ 5–7 mice per group. SEM, standard
error of the mean.
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Details on material and methods are presented as the
Supplementary Material (available in the online version).
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