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Abstract

Clonal haematopoiesis, which is highly prevalent in older individuals, arises from somatic
mutations that endow a proliferative advantage to haematopoietic cells. Clonal haematopoiesis
increases the risk of myocardial infarction and stroke independently of traditional risk factors?.
Among the common genetic variants that give rise to clonal haematopoiesis, the JAK2V617F
(JAKZ2VF) mutation, which increases JAK-STAT signalling, occurs at a younger age and imparts
the strongest risk of premature coronary heart diseasel-2. Here we show increased proliferation of
macrophages and prominent formation of necrotic cores in atherosclerotic lesions in mice that
express Jak2VF selectively in macrophages, and in chimeric mice that model clonal
haematopoiesis. Deletion of the essential inflammasome components caspase 1 and 11, or of the
pyroptosis executioner gasdermin D, reversed these adverse changes. Jak2V* lesions showed
increased expression of AIM2, oxidative DNA damage and DNA replication stress, and Aim2
deficiency reduced atherosclerosis. Single-cell RNA sequencing analysis of Jak2V* lesions
revealed a landscape that was enriched for inflammatory myeloid cells, which were suppressed by
deletion of Gsdmad. Inhibition of the inflammasome product interleukin-1p reduced macrophage
proliferation and necrotic formation while increasing the thickness of fibrous caps, indicating that
it stabilized plaques. Our findings suggest that increased proliferation and glycolytic metabolism
in Jak2F macrophages lead to DNA replication stress and activation of the AIM2 inflammasome,
thereby aggravating atherosclerosis. Precise application of therapies that target interleukin-1p or
specific inflammasomes according to clonal haematopoiesis status could substantially reduce
cardiovascular risk.

Atherosclerotic cardiovascular disease (ACVD) is the major cause of death and disability in
the developed world3. A large burden of residual ACVD risk remains despite current
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therapies, including intensive lowering of low-density lipoprotein levels3, which highlights
the need for new treatments. In the Canakinumab Antiinflammatory Thrombosis Outcomes
Study (CANTOS), inhibition of IL-1p reduced cardiovascular events, thereby validating the
contribution of inflammation to ACVD?. However, canakinumab therapy was associated
with a small risk of infections and has not been approved for cardiovascular conditions.
Thus, a more precise way to identify patients who may benefit most from anti-inflammatory
therapy is required. Clonal haematopoiesis usually arises from somatic mutations in
haematopoietic stem and progenitor cells (HSPCs) in one of four genes (7TE72, ASXL1,
DNMT3A or JAK2), which lead to clonal expansion of haematopoietic cells. The prevalence
of clonal haematopoiesis increases with age, and it affects more than 10% of people who are
over 70 years old!. Although clonal haematopoiesis conferred an increased risk of
haematological malignancies of 0.5-1% per year, this modest increase was not nearly
enough to account for the 40% increase in mortality, which was mainly due to ACVD?.,
Although studies in mouse models of 7et27/~ clonal haematopoiesis have shown an increase
in atherosclerosis and increased macrophage inflammation, insights into the underlying
mechanisms remain limited!->. It is unclear whether different variants of clonal
haematopoiesis increase atherosclerosis through a common mechanism, and the potential for
using clinically relevant anti-I1L-1 therapies to treat clonal haematopoiesis has not been
assessed.

JAK2VF is a gain-of-function mutation that is associated with myeloproliferative neoplasms
(MPNSs) and an increased risk of atherothrombotic disease®. Although JAK2V*-associated
MPNs are uncommon, the JAK2VF mutation was found in 3.1% of a general European
population, most of whom did not have features of MPNs’. Hyperlipidaemic mice in which
all haematopoietic cells contain heterozygousJak2Y* mutations, thus modelling MPN, have
increased atherosclerosis, abnormalities in multiple cell lineages and inflammasome
activation in splenocytes8. However, the mechanisms that link these changes to
atherosclerosis, the specific role of the macrophage inflammasome, and the relevance of
these findings to the much more prevalent milder form of clonal haematopoiesis and its
therapeutic targeting are unclear.

Atherosclerosis in Jak2VF mice

To gain insights into these mechanisms, we used an Mx1-driven Cre recombinase to
generate mice expressing Jak2VF (ref. 9); this recombinase induces expression of the
transgene in HSPCs, thereby modelling the acquisition of mutations in human clonal
haematopoiesis. We performed RNA sequencing (RNA-seq) on CD11b* splenic myeloid
cells from wild-type or La/r’~ mice following transplantation of wild-type or MxI-cre
Jak2VF bone marrow. Gene ontology analysis showed that expression of Jak2V* was
associated with enrichment for genes involved in cellular proliferation, DNA damage repair,
and metabolic pathways (Extended Data Fig. 1a, b). A hallmark of the early stage of
atherosclerosis is the accumulation of macrophages derived from blood monocytes. Local
proliferation of macrophages may sustain the macrophage population in advanced
atherosclerotic lesions!0. To determine whether macrophage proliferation was increased in
atherosclerotic lesions, we generated transgenic mice in which the expression of Jak2"* was
controlled by tamoxifen-inducible, macrophage-specific Cx3cr1-Cre (Cx3cri-cre Jak2VF).
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After 15 weeks on a Western-type diet, tamoxifen-treated Ld//~/~ mice transplanted with
Cx3cri-cre Jak2VF bone marrow displayed increased lesion areas, proliferation of
macrophages and formation of necrotic cores (Fig. 1a-d, Extended Data Fig. 2a). The
Jak2VF allele burden increased in blood monocytes without any change in blood cell counts
or plasma cholesterol (Extended Data Fig. 2b, c). By contrast, SI00A8-cre Jak2VF mice, in
which Jak2VF expression is increased specifically in neutrophils (Extended Data Fig. 2d, €),
showed no changes in plasma cholesterol, plaque area or morphology (Extended Data Fig.
2f-k). These findings indicate that expression of Jak2"* specifically in macrophages drives
their proliferation and fosters the formation of necrotic cores.

To study the link between CVD risk and Jak2"*-clonal haematopoiesis, we generated
chimeric La/r'~ mice with a mixture of bone marrow from MxI-cre Jak2V* mice
(CD45.2+, 20%) and wild-type mice (CD45.1, 80%) or from CD45.2 wild-type mice (20%)
and CD45.1 wild-type mice (80%) (Extended Data Fig. 3a). The Jak2V* burden in blood
cells, blood cell counts, and plasma cholesterol did not change substantially during the study
(Extended Data Fig. 3b-1). Jak2V* chimeric mice displayed a twofold increase in lesion area
(Fig. 1e, ). Although Jak2"* monocytes made up only about 30% of the circulating
population, Jak2VF macrophages comprised about 60% of aortic root macrophages (Fig. 1g,
h). In part this may reflect increased expression of integrins in Jak2V* blood leukocytes!
leading to increased binding to endothelium over plaques®; indeed, bead trapping studies
demonstrated increased entry of Jak2V* monocytes into lesions (Extended Data Fig. 4a, b).
However, Jak2VF (CD45.2*) macrophages exhibited increased markers of proliferation,
indicating that macrophage replication in plaques also contributes to the enrichment of
Jak2VF macrophages (Fig. 1i, Extended Data Fig. 4c). Notably, CD45.1 macrophages within
the same lesions, which encountered a similar milieu to CD45.2* (Jak2VF) cells, showed no
increase in proliferation. Flow cytometry of plague leucocytes also showed both increased
incorporation of 5-ethynyl-2"-deoxyuridine (EdU) and an increased fraction of CD45.2 cells
in the G2M phase of the cell cycle (Extended Data Fig. 4d, e). Consistently, mice with
Jak2VF Confetti bone marrow2 (in which haematopoietic cells express one of several
fluorescent proteins in a stochastic manner) showed increased expansion of haematopoietic
cell clones in lesions compared to controls (Extended Data Fig. 4f, g, Supplementary Videos
1, 2). Thus, the increased proliferation of Jak2V* macrophages has a critical cell-intrinsic
component that leads to clonal expansion.

Inflammasomes and plaque stability

Atherosclerotic lesions in mice with Jak2V* clonal haematopoiesis showed increased
macrophage staining for IL-1p (Extended Data Fig. 4h, i), suggesting that inflammasome
activation was enhanced. To evaluate the role of inflammasomes in plaque development, we
generated Jak2VF mice with concurrent deletion of the downstream inflammasome
components caspase 1 and 11 (Jak2V* Casp1/117!7). Jak2VF mice exhibited an increase in
serum levels of the inflammasome product IL-18, and a decrease in cholesterol levels
(Extended Data Fig. 5a, b), similar to humans?13 These changes were partly reversed by
Caspl1/11 deficiency, without changes in spleen weight or circulating leukocyte counts
(Supplementary Table 1). Deletion of Casp1/11in Jak2VF mice abrogated increased
proliferation of macrophages in lesions (Fig. 2a, b). Moreover, features of plaque stability,
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including macrophage accumulation, cap thickness, and necrotic core area, improved
markedly in mice with Jak2V* Casp1/117'~ bone marrow (Fig. 2c-e). Changes in lesion size
were not significant (Fig. 2f), possibly because Jak2V* mice show a decrease in cholesterol
of more than 50% that is partially reversed by Casp1/11 deficiency. These results show that
activation of the inflammasome contributes to increased macrophage proliferation within
atheromas and to the promotion of plaque characteristics that are linked to destabilization—a
key trigger of the thrombotic complications of atherosclerosis, including myocardial
infarction4,

To understand the mechanisms that link activation of inflammasomes to macrophage
proliferation and plaque destabilization, we treated cultured bone marrow-derived
macrophages (BMDMs) with M-CSF, a major promoter of macrophage burden in
atherosclerotic plaques®18. Jak2"¥ BMDMs showed increased M-CSF-mediated
proliferation, which was completely dependent on IL-1 as it was abolished by the IL-1
antagonist anakinra (Extended Data Fig. 5¢). In parallel, the effects of Jak2V* and IL-1p
signalling converged to increase activity in ERK and AKT signalling pathways, which
increase macrophage differentiation and proliferationl” (Extended Data Fig. 5d-f).
Treatment with ERK and AKT inhibitors reversed the increase in proliferation (Extended
Data Fig. 59). Jak2V* BMDM s also showed increased CASP1/11-dependent release of
lactate dehydrogenase (LDH), which suggests that they were undergoing pyroptotic cell
death (Extended Data Fig. 5h). These data suggest that inflammasome activation in Jak2V*
macrophages increases secretion of IL-1pB, which acts onJak2V* macrophages to increase
AKT and ERK signalling and thereby leads to both increased proliferation and pyroptotic
cell death.

Paralleling their increased proliferative capacity, Jak2V* macrophages displayed increased
glycolysis and mitochondrial respiration (Extended Data Fig. 5i-k), as well as increased
mitochondrial reactive oxygen species (ROS) and oxidized DNA (Extended Data Fig. 51, m).
Even though increased mitochondrial ROS could be secondary to inflammasome activation,
rather than causative, BMDMSs expressing Jak2V" and lacking Casp1/1.1 showed markedly
enhanced cellular accumulation of ROS (Extended Data Fig. 5n, 0) thereby situating ROS-
dependence upstream of inflammasome activation. Increased mitochondrial ROS can lead to
oxidation of DNA and activation of NLRP3 inflammasomes8 but can also promote damage
to nuclear DNA, formation of double-stranded DNA breaks and activation of AIM2
inflammasomes®. Indeed, immunofluorescence staining of lesions from mice with Jak2V*
clonal haematopoiesis showed accumulation of oxidized DNA and pyH2AX-positive
macrophages (Fig. 2g-j), which suggest the presence of ROS-mediated oxidative DNA
damage and replication stress. Jak2Y# BMDMs showed increases in both polydAdT-
mediated AIM2 activation and ATP-mediated NLRP3 inflammasome activation (Extended
Data Fig. 6a, b). We also found increased AIM2 and NLRP3 inflammasome activation in
human JAK2YF macrophages derived from induced pluripotent stem cells (iPS cells)
compared to isogenic controls (Extended Data Fig. 6c, d). However, in cultured Jak2V*
BMDMs, AIM2 protein was increased, whereas NLRP3 was decreased (Extended Data Fig.
6e-g). As Aim2is regulated by IFNy, which is induced by JAK-STAT signalling29-21, we
administered IFN-y-neutralizing antibodies to BMDMSs. This reversed the increase in Aim2

Nature. Author manuscript; available in PMC 2022 April 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Fidler et al.

Page 6

expression in Jak2VF BMDMs, indicating a direct link between JAK2 gain of function,
IFN-y signalling and AimZ2expression (Extended Data Fig. 6h).

Experiments in mice have established the role of the NLRP3 inflammasome in accelerated
atherosclerosis?2, However, the above observations implicated the AIM2 inflammasome in
aggravated atherogenesis resulting from the Jak2V* mutation. To assess the respective roles
of the NLRP3 and AIM2 inflammasomes23 in atherosclerosis, we transplanted
Jak2VFNIrp3™'= or Jak2VFAim2™~ bone marrow into La//'~ mice and fed them a Western-
type diet for 12 weeks. Both interventions moderately reduced cholesterol levels (Extended
Data Fig. 6i-k). Whereas N/rp3deficiency had no significant effect on the areas of lesions or
necrotic cores (Fig. 2k-m), Aim2 deficiency markedly reduced both (Fig. 2n-p). In
multivariable analyses adjusted for plasma cholesterol levels, the effect of AimZ2on lesion
area remained significant. Consistent with cell culture studies, AIM2 expression was
increased in Jak2V¥ lesions (Extended Data Fig. 61, m).

Activation of AIM2 or NLRP3 inflammasomes leads to pyroptotic cell death as a result of
CASP1-dependent proteolytic cleavage of gasdermin D (GSMDM). GSDMD N-terminal
fragments form pores in the plasma membrane that allow the release of mature IL-1p and
LLDH?4, To assess the role of GSDMD in Jak2V* clonal haematopoiesis, we transplanted
bone marrow (either 80% wild-type and 20% Jak2V* or 80% wild-type and 20%

Jak2VF Gsdma™'™) into Ldlr’™ mice. Gsdmd deficiency markedly enhanced the Jak2V* allele
burden in blood, potentially owing to suppression of pyroptosis (Extended Data Fig. 7a-h),
with no alteration in cholesterol (Extended Data Fig. 7i). Although there was no change in
overall lesion area, there was a decrease in necrotic core formation and a reciprocal increase
in cap thickness in Gsdma™'~ mice (Fig. 3a-d). In a parallel experiment, we transplanted
Gsdmad™~ or littermate control bone marrow into Za/r’~ control mice and found no change
in lesion area or necrotic core formation (Extended Data Fig. 7j-1). Mice with
haematopoietic expression of Jak2V* demonstrated a further increase in pyH2ax staining as
a result of Gsdmd deficiency (Fig. 3e, ), consistent with increased ROS-mediated formation
of double-stranded DNA breaks acting upstream of AIM2 inflammasome activation and
pyroptosis.

Single-cell RNA-seq

Single-cell RNA-seq studies have uncovered complex changes in immune cell profiles in
atherosclerotic lesions in mice, with prominent accumulation of several distinct macrophage
populations?®. To gain further insights into immune cell populations in atherosclerotic
lesions, we carried out single-cell RNA-seq in cells dissociated from the aortae of La/r!~
mice with haematopoietic expression of Jak2V¥ or Jak2VF Gsdma™'~. Clustering visualized
on uniform manifold approximation and projection (UMAP) showed 19 distinct cell
populations, with a predominance of monocyte and macrophage subsets, but also
neutrophils, dendritic cells, T cells and B cells (Fig. 3g, h, Extended Data Fig. 8a, b).
Clusters 2 (inflammatory macrophages) and 3 (resident macrophages) were increased in
Jak2VF mice, whereas cluster 1 was reduced in both Jak2V* and Jak2VF Gsdmad™'~ mice
(Extended Data Table 1). Cluster 1 had characteristics of 7rem2"9h, foamy non-
inflammatory macrophages, consistent with the reduction in LDL cholesterol in Jak2V*
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mice. A population of inflammatory macrophages (cluster 2) rose in Jak2"* mice and fell
with Gsamd deficiency. These cells appeared to be highly inflammatory, with increased
expression of multiple chemokines and //Zrcompared to other clusters (Extended Data Fig.
8a, b, Supplementary Table 2). A formal assessment of cell cycle genes by Seurat analysis
revealed a significant excess of expression of G2M-associated genes in Jak2V* cells that
appeared especially prominent in clusters 2 and 4 (Extended Data Fig. 8c). Gsdmd
deficiency reduced all major macrophage populations but increased monocytes in lesional
cells (clusters 6-8) (Extended Data Table 1). The clustering analysis also revealed a rare
population of macrophages in control mice that were slightly increased in Jak2V* mice and
greatly increased in Jak2VF Gsdma'~ mice (cluster 13). These macrophages had high
expression of Alox15and Saa3, as well as pro-thrombotic and inflammasome genes (F5,
Serpinb2, and Pycard). This cluster could represent a distinct population of inflammatory
macrophages that cannot complete pyroptosis owing to Gsamad deficiency (‘zombie’
macrophages). We confirmed the existence of a potentially similar intimal macrophage
population by ALOX15 staining of Gsdmad™'~ lesions (Extended Data Fig. 8d-f). Overall,
these studies confirmed an increase in inflammatory, proliferative myeloid populations in
Jak2VF lesions that are reduced by Gsamd deficiency, but also revealed complex changes,
with a reduced population of non-inflammatory 7rem21i9" macrophages and a potentially
adverse increase in monocytes and ‘zombie’ macrophages in Gsdma™~ mice.

Potential therapeutic interventions

To assess the potential of available therapies that could be repurposed for JAK2V*-driven
ACVD, we first evaluated the JAK inhibitor ruxolitinib (Rux), which has been approved for
treatment of JAK2Y -associated haematological malignancies. Treatment with Rux lowered
IL-18 levels but also increased cholesterol levels in patients with MPNs (Extended Data Fig.
9a, b), consistent with earlier findings?26. Rux treatment similarly reduced IL-18 and
increased cholesterol levels in La/r'~ mice with haematopoietic Jak2V* expression
(Extended Data Fig. 9c, d). As found in humans and mouse models of MPN, Rux
administration increased mouse body weight and markedly suppressed blood cell counts
without altering Jak2V* burden (Extended Data Fig. 9e-1). These changes were associated
with the development of slightly smaller atheroscleratic lesions with markedly increased
necrotic cores and thinner caps (Extended Data Fig. 9m-q), indicating that Rux therapy
promoted lesional necrosis. Rux inhibits both JAK1 and JAK2 and thus could have broad
effects on signalling pathways that are required for cell survival. Rux also reduces oxidative
metabolism of glucose in Jak2V¥ cells, leading to depletion of NADPH and glutathione with
the potential to promote oxidative cell death?’.

To assess the effects of inhibition of the inflalmmasome product IL-1, we administered the
IL-1 receptor antagonist anakinra to La/7~ mice with haematopoietic expression of Jak2V¥.
Anakinra had no effect on circulating cell counts or cholesterol, but completely normalized
macrophage proliferation and density in early plaques (Extended Data Fig. 10a-f),
confirming that IL-1 promotes macrophage proliferation in lesions. Moreover, in mice with
Jak2VF bone marrow and more advanced atherosclerosis, anakinra reduced the areas of
necrotic cores and increased cap thickness in lesions (Fig. 4a-d, Extended Data Fig. 10g).
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Thus, while not changing overall lesion size, IL-1 antagonism reduced features that have
been implicated in instability of human atherosclerotic plaques.

Anakinra inhibits both IL-1f and IL-1a; to inhibit IL-1p specifically, we administered an
antibody that selectively targets mouse IL-1p to La/r/~ mice transplanted with 80% wild-
type (GFP*) and 20% control (GFP™) or 80% wild-type (GFP*) and 20% Jak2V* (GFP")
bone marrow (Extended Data Fig. 10h). The anti-IL-1p antibodies normalized macrophage
proliferation in lesions (white Ki67 staining), specifically in Jak2V* macrophages (GFP™,
red staining), and restored Jak2"* macrophage burden to levels similar to controls (Fig. 4e-
g). Mice with Jak2V* clonal haematopoiesis showed no change in plasma cholesterol and
modestly increased neutrophil and red cell counts that were not affected by IL-1p antibody
treatment (Extended Data Fig. 10i, Supplementary Table 1). Treatment with antibodies
against IL-1p did not alter Jak2"* blood monocyte proliferation (Extended Data Fig. 10j).
Jak2VF chimeric mice treated with antibodies against 1L-1f showed enhanced features of
plaque stability, including decreased macrophage density, decreased necrotic cores and
increased fibrous cap thickness (Fig. 4h-j, Extended Data Fig. 10k, I) These reciprocal
changes did not result in an overall change in plaque size. Even though mice do not reliably
rupture atherosclerotic plaques, changes in macrophage density, necrotic core size, and
fibrous cap thickness reflect features that have been implicated in plaque stability in
humans!4. These findings parallel the beneficial clinical effects of 1L-1p antibody therapy in
CANTOS; in an imaging study, these were not associated with changes in lesion volume28.

Discussion

Our studies suggest that the Jak2V* mutation causes cellular metabolic and proliferative
changes that lead to DNA oxidative damage, replication stress, AIM2 inflammasome
activation and IL-1p production, which further drives cell proliferation. Increased
macrophage proliferation depends on both intrinsic JAK2(VF) function and IL-1p, which
suggests that inflammasome activation creates a feedforward loop to promote proliferation
but also leads to pyroptotic cell death. These events lead to an overall increase in the burden
of inflammatory macrophages within atherosclerotic lesions but also to increased necrotic
core formation (Extended Data Fig. 10m). This is consistent with emerging evidence that
inflammasome-dependent GSDMD-mediated formation of membrane pores initially allows
secretion of active IL-1p but eventually leads to pyroptotic cell death?. Even though both
NLRP3 and AIM2 inflammasomes could be activated in cultured Jak2Y* macrophages, the
AIM2 inflammasome predominated in promoting lesion formation in vivo, probably
reflecting increased expression of AIM2 downstream of JAK/STAT signalling. In
atherosclerosis-prone mice with 7et2deficiency, increased lesion formation was not
associated within macrophage proliferation within plaques and was reversed using an
inhibitor of the NLRP3 inflammasome?®, indicating that distinct mechanisms promote
atherosclerosis in clonal haematopoiesis caused by different mutations. Inhibition of IL-1p
or its downstream mediators such as 1L-63 could be particularly effective and potentially
broadly beneficial in ACVD associated with clonal haematopoiesis, while targeting of
upstream inflammasome components such as AIM2 or NLRP3 may need to be tailored to
the specific genetic factors responsible for clonal haematopoiesis.
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All mice used for these studies were female and on a C57BL/6J background. Mice were
housed in a specific pathogen-free facility under standard conditions of temperature (about
23 °C) with a 12-h light—dark cycle and food available ad lib (humidity was not noted).
Cages and water were changed every 14-21 days. All mouse experiments were conducted in
accordance with the Institutional Animal Care and Use Committee of Columbia University
guidelines. Mice containing the Jak2V617F conditional knockin allele were generated as
previously described®. For transgene expression, Jak2V?17F mice were then crossed to either
MxI-Cre (The Jackson Laboratory, B6.Cg-Tg(MxI-Cre)1Cgnld (003556)), B6.Cg-
Tg(S100A8 Cre-EGFP) (21614), or Cx3cri-Cre (The Jackson Laboratory, B6.129P2(C)
Cx3crltm?2.1 (Cre/ ERT2)Jungld (020940)) mice to generate Mx1-creJak2VF, Cx3cri-
creJak2VF, and S100A8-cre Jak2VF, respectively. For the generation of Jak2VFCasp1/117~
mice, Mx1-cre Jak2VF mice were crossed to Casp1/117~ mice (The Jackson Laboratory,
B6N.129S2-Casp1tm1FIv/] (016621)). Jak2VF Confetti mice were generated by crossing
Mx-Cre Jak2VF mice with Confetti mice (The Jackson Laboratory, B6.129P2-
G(ROSA)26Sortm1 (CAG-Brainbow?2.1) Clel) mice (17492)). Jak2VFAim2™'~ and

Jak2VF NiIrp3™'~ mice were generated by crossing MxI-Jak2V* mice to Aim2™'~ (The
Jackson Laboratory, B6.129P2- Aim2Gt(CSG445)ByglJ) (13144)) or Nlrp3~ (The Jackson
Laboratory, (B6.129S6- N/rpm1Bhk/J) (21302)) mice, respectively. Other animal colonies
were purchased from The Jackson Laboratory: wild-type C57BL/6J (000664)), Ldlr'~
(B6.129S7-LdItm1Her/J (002207)), CD45.1 (B6.SJL-Ptprca Pepch/BoyJ (002014)), and
GFP ((C57BL/6-Tg(CAGEGFP)1310sb/LeySopJ (06567)). Gsdmd knockout mice were
obtained from Genentech. Littermate control mice contained either an allele with Cre or the
Jak2VF transgene, but not both.

Bone marrow transplantation

Bone marrow transplantations (BMT) were conducted as previously described3! except that
female recipient mice aged 8-12 weeks (C57BL/6J (wild-type) or Ldlr'~) were lethally
irradiated once with 10.5 Gy from a caesium gamma source. Within 24 h of irradiation, bone
marrow was collected from female donor mice aged 6-15 weeks old with the indicated
genotypes and the total bone marrow cell number was quantified. Irradiated mice were
randomized to treatment groups and then anaesthetized with isoflurane before receiving 4 x
108 total bone marrow cells each through intravenous (i.v.) injection (100 pl final volume).
Three weeks after BMT, cohorts involving MxZ-Cre mice were injected intraperitonially
(i.p.) with 200 pg/mouse/day polyinosinic:polycytidylic acid (plpC) twice, with a one-day
rest between treatments.

Atherosclerosis studies

For atherosclerosis studies, sample sizes were power based on the assumption of a
coefficient of variation of about 25-30% that will enable an 80% chance of detecting a
>33% difference in atherosclerosis lesion size, necrotic core formation, and macrophage
proliferation with 2 < 0.05. Four weeks after BMT, Ld/r'~ recipient mice were fed with a
Western-type diet (WTD) (ENVIGO, cat. no. TD.88137) for the indicated time. Isoflurane-
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anaesthetized mice were repeatedly bled though cheek puncture for serum, complete blood
counts, and flow cytometric analysis at the indicated time points. Following diet, aortic roots
were collected and fixed with 4% paraformaldehyde for 24 h at 4 °C, then embedded in
paraffin (except when CD45.1/2 chimeric mice were used, and for bead recruitment studies,
in which case aortic roots were frozen in optimal cutting temperature (OCT) compound).

Histological analysis

Lesion area and necrotic core area.—Lesion area was quantified as previously
reported3L. Researchers blinded to genotype processed paraffinized tissue and sectioned
lesions at similar points (mouse to mouse) in the aortic root over a 150-um span for a total of
six sections (spaced 30 um apart). Slides were then stained with H&E and imaged with a
Nikon Labophot 2 and Image Pro Plus software (Media Cybernetics version 7.0.0.591).
Lesion area was then quantified in a blinded manner and the average of six slides was used
to determine lesion area. Similarly, necrotic core area was quantified in a blinded manner
using the same six H&E sections. When presented as percentage necrotic core area, total
lesion area was used as the denominator.

Cap thickness.—Auortic root sections (one per mouse) removed from similar regions
(mouse to mouse) were stained with picrosirius red. Cap thickness was measured in the
largest lesion on each section at even intervals 2 pm apart. Then the average thickness of
lesion was reported in length units. All lesion analysis was conducted with FIJI software32,

Immunohistochemistry and immunofluorescence

Slides of aortic roots from similar regions (mouse to mouse) were deparaffinized and
suspended in a citric acid-based antigen retrieval solution (Vector Laboratories, H3300) and
heated under pressure for 20 min. Slides were then cooled, washed 4 times with PBS
containing 0.1% Tween 20 (PBST), blocked with 10% goat serum, and incubated with
primary antibodies overnight at 4 °C: Ki67 (KI-67 Vector Laboratories VP-K451 1:1,500;
KI-67 Abcam ab15580 1:100), IL-1B (Novus NB600-633 1:250), GFP (Abcam ab13970
1:1,000), MAC2 (Cedarlane CL8942AP 1:10,000), ACTA2 (Millipore Sigma C6198 1:500),
CD45.2 (Biolegend 109804 1:100), CD45.1 (Biolegend 110750 1:100), DNA/RNA damage
(clone 15A3, Abcam ab62623 1:250), pyH2AX (Cell Signaling 9718S 1:500), AIM2
(Abcam ab119791 1:1,000) and/or ALOX15 (Abcam ab244205 1:1,000). Slides were then
washed 4 times with PBST, incubated with secondary antibodies (Invitrogen) for 1 h at room
temperature, washed 4 times with PBST, and mounted in Prolong Gold antifade reagent with
DAPI (Thermo Fisher Scientific). Slides were imaged on a Leica Fluorescent DMI 6000B
wide-field microscope. Image analysis was conducted in a blinded manner in Fiji software.
For immunohistochemical analysis, slides were incubated with secondary antibodies
conjugated to HRP following overnight primary antibody incubation, exposed (Vector
Laboratories, SK-4600), and counterstained with haematoxylin. All immunofluorescence
analysis was done in a blinded manner using F1JI software.

Ki67.—To determine the percentage of Ki67* macrophages in lesions, one slide per mouse
was stained and imaged as indicated above. Then Ki67*DAPI*MAC2* events were recorded
as well as all MAC2*DAPI* events and the percentage of Ki67* events was calculated.
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When indicated, CD45.1/2 or GFP were also used in staining to stratify for genotype in the
clonal haematopoiesis model. For CD45.1/2 staining, MAC?2 staining was not present.

Macrophage density.—Macrophage density was determined from one aortic root slide
per mouse (from similar regions mouse to mouse) stained for MAC2, DAPI, and ACTA2.
Total DAPI*MAC2* nuclei were determined per lesion unit area.

Clonal expansions of Confetti cells

To assess clonal expansion of bone marrow-derived macrophages within atherosclerotic
lesions, lethally irradiated (2 x 650 rad with an interval of 4 h) La/r’~ mice were
transplanted with bone marrow cells expressing Mx1-cre Jak2VF Confetti (B6.129P2-
GI(ROSA)26Sortm 1(CAG-Brainbow?2.1)Clel) (17492) or Mx1-cre Confetti (5 x 108 cells
per mouse i.v.). Three weeks after transplantation, expression of Cre recombinase was
induced by two intraperitoneal injections of plpC (200 pg/mouse/day) followed by feeding
with a high-fat diet (ENVIGO, cat. no. TD.88137) for 16 weeks. Immediately after death,
the heart and aorta were perfused with 4% methanol-free PFA for 10 min, washed with PBS
and embedded in OCT and frozen at —80 °C for 30 min. Frozen samples were cut with a
cryotome (CryoStar NX70, ThermoFisher Scientific) into 50-um sections at aortic valve
level, mounted with DAKO mounting medium and imaged within 24 h.

Imaging was performed using a Leica SP8 WLL DIVE FALCON (fast lifetime contrast)
system with one- and two-photon excitation, pulsed two-photon excitation from 700 to 1,300
nm. The objective was a HC IRAPO L 25%/1.00 W motCORR (WD 2.6 mm). Fluorescence
lifetime imaging (FLIM) was used to identify fluorescent macrophages from the highly
autofluorescent environment (nuclear GFP (the fourth colour in the confetti model) was not
unequivocally identified within lesions due to autofluorescence, and therefore not
quantified) in atherosclerotic lesions, and images were analysed using Leica Application
Suite X (LAS X) and FIJI (ImageJ) software. Clones were defined as at least two cells of the
same colour (of four possible colours of the confetti construct) in close proximity within
lesions.

Bead recruitment studies

After 11 weeks WTD feeding, 1-um latex fluoresbrite green fluorescent microspheres
(Polysciences) in PBS were administered i.v. to mice. Twenty-four hours later, mice were
bled and bead incorporation into monocytes was determined. Four days later, aortic roots
were removed into OCT, frozen and sectioned. Bead accumulation was quantified
histologically.

Clonal haematopoiesis model

Chimeric mice were generated by mixing bone marrow from Jak2V* or control mice
expressing CD45.2 with bone marrow expressing CD45.1 or GFP; 8 x 10° (Jak2"* or
control): 3.2 x 10% (CD45.1 or GFP) total cells. Bone marrow mixtures were then
transplanted into lethally irradiated La/r'~ mice. WTD feeding was commenced four weeks
after BMT for a duration of 7.5 weeks. For IL-1p antibody experiments, GFP bone marrow
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instead of CD45.1 bone marrow was used and IL-1p antibodies or an IgG control (provided
by Novartis) were administered subcutaneously weekly as previously described33.

Flow cytometry analysis of blood cells for fraction CD45.1/2 or GFP positive/negative was
conducted throughout the course of study. Cell populations were determined through flow
cytometry staining with antibodies to total CD45 (clone 30-F11), CD45.1 (clone A20),
CD45.2 (clone 104), GR1 (clone RB6-8C5), CD115 (clone AFS98), CD3 (clone 17A), CD4
(clone GK1.5), CD45R (clone RA3-6B2), and/or CD11b (clone M1/72). At termination of
the IL-1p antibody study, blood monocytes were fixed, permeabilized, stained with 500 nM
propidium iodide (Thermo Fisher Scientific, P3566), and analysed by flow cytometry.

Cx3cl-cre Jak2VF atherosclerosis study

Mice containing the Jak2V* conditional knockin were crossed with mice expressing a
tamoxifen-inducible Cx3cri-Cre recombinase (The Jackson Laboratory). Bone marrow from
these mice and littermate controls was transplanted into lethally irradiated Lad/r/~ mice.
Four weeks later, all mice were subjected to a high-cholesterol diet equivalent to ENVIGO
(TD.88137) with the addition of 250 mg/kg tamoxifen for 15 weeks. At terminal isolation,
blood was collected and pooled from four mice per sample for monocyte and neutrophil
isolation with CD115 beads (Miltenyi Biotec, 130-096-354) as well as Ly6G beads
(Miltenyi Biotec, 130-120-337), and mRNA was isolated for Jak2V617F burden
quantification as previously described34. In addition, blood was pooled from two mice and
stained for pSTATS (Y694) and analysed via flow cytometry. Each spleen was weighed
following terminal isolation.

Ruxolitinib atherosclerosis study

Chimeric Lalr'~ mice with 20% Mx1-Jak2VF and 80% GFP bone marrow were
administered WTD ENVIGO (TD.88137) supplemented with ruxolitinib (2 g/kg)3°:36 for 12
weeks.

Plasma from patients with MPN treated with ruxolitinib

Plasma was collected from patients with diagnosed with MPN before and at least 3 months
after initiation of ruxolitinib therapy at Memorial Sloan Kettering. Samples were obtained
with informed consent in accordance with all ethical regulations and were approved by the
Institutional Review Board at memorial Sloan Kettering Cancer Center. IL-18 concentrations
were determined via ELISA (MBL 7620). Total plasma cholesterol was determined via
Cholesterol E assay (Wako, cat. no. 999-02601).

Anakinra atherosclerosis study

Mx1-creJak2"VF and littermate control bone marrow was transplanted into Lad///~ mice. Four
weeks later, WTD was initiated and 10 mg/kg anakinra or saline vehicle was administered
intraperitoneally on 6 days per week for 7 weeks (short term) or 12 weeks (long term) to
assess features of plaque stability.
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CD11b" splenocyte isolation

Freshly collected spleens were filtered through 60-um cell filters with pressure in red blood
cell lysis buffer (Biolegend). Filtered cells were then centrifuged at 800g for 10 min,
suspended in MACs buffer (0.5% BSA, 2 mM EDTA, PBS, pH 7.4), filtered once more and
centrifuged again. Cells were incubated with CD11b conjugated beads (Miltenyi Biotec,
130-049-601) for 20 min at 4 °C, washed with MACs buffer (PBS, 0.1% BSA, 2 mM
EDTA), and filtered through 60-um cell filters. Cells were then used for the indicated assays.

Bone marrow derived macrophage cultures—Bone marrow was flushed from
hindlimbs with Hanks balanced salt solution (HBSS) and filtered in 60-pum cell filters on ice.
Cells were centrifuged at 800g for 10 min at 4°C and suspended in DMEM with 10% FBS
and 20% L-cell medium (LCM). Bone marrow cells were then incubated in non-tissue
culture treated flasks for 5 days, quantified, and plated into new dishes overnight for the
indicated assays.

Bulk cell RNA-seq

CD11b™* splenocytes were isolated from wild-type recipient mice 11 weeks after BMT. For
hypercholesteraemia experiments, BMT was conducted in L/~ mice, four weeks after
which a WTD was administered and sustained for seven weeks. Following WTD, mice were
killed and CD11b™* splenocytes were collected and isolated into TRIzol reagent (Thermo
Fisher Scientific). Aortic roots were also removed. RNA was isolated with RNeasy Kits
(Qiagen) and RNA-seq experiments were conducted as previously described3” on a NexSeq
500 (illumina). Genes were considered differentially expressed if they were significant at 5%
false discovery rate (FDR) by DESeq2 and were at least twofold different in average reads
per kilobase of transcript per million mapped reads (RPKM). Gene ontology analysis was
conducted using the PANTHER database38. Extended Data Fig. 1 displays RNA-seq data.
All data have been deposited into a public repository.

ROS analysis

BMDMs were plated into 96-well plates and stained with 3 UM MitoSOX (Thermo Fisher
Scientific, M36008) for 20 min. Cells were then washed and suspended in DMEM with 1
mM sodium pyruvate and analysed using a SpectraMax M2 (Molecular Devices). Data were
normalized to cell number.

For quantification of oxidized mitochondrial DNA, BMDMs were collected and
mitochondria isolated using a microcentrifuge kit (Thermo Fisher Scientific, 89874).
Mitochondrial DNA was then isolated using AllPrep DNA/RNA Mini Kit (QIAGEN).
Isolated mitochondrial DNA was normalized based on DNA content and analysed for 8-
hydroxy 2-deoxyguanosine through ELISA (Abcam, ab201734).

BMDMs were incubated with 5 pM 2”,7”-dichlorodihydrofluorescein diacetate (H,DCFDA)
(Thermo Fisher Scientific, cat. no. D399) for 30 min in HBSS. BMDMs were then washed,
resuspended in DMEM, and analysed on a SpectraMax M2; relative fluorescent units (RFU)
were calculated and the data were normalized to cell number. BMDMSs were incubated with
5 UM CellROX (Thermo Fisher Scientific, C10422) was for 30 min in HBSS. Cells were
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then washed and suspended in DMEM, and RFU was determined with data normalized to
cell number.

Human iPS cell generation and macrophage differentiation

JAK2(V617F) and isogenic JAK2 wild-type iPS cells were generated from peripheral blood
mononuclear cells of a patient with primary myelofibrosis, obtained from the Hematological
Malignancies Tissue Bank of Mount Sinai with informed consent under a protocol approved
by a Mount Sinai Institutional Review Board, using Sendai virus reprogramming, as
previously described3®. iPS cells were cultured on mitotically inactivated mouse embryonic
fibroblasts with human embryonic stem cell medium supplemented with 6 ng/ml FGF2, as
previously described3®. Haematopoietic lineage specification was performed following a
previously described spin-embryoid body-based protocol to generate haematopoietic
progenitor cells through a haemogenic endothelium intermediate3°. On day 10, the cells
were transferred to macrophage differentiation culture consisting of StemPro-34 SFM
medium with 1% nonessential amino acids (NEAA), 1 mM L-glutamine and 0.1 mM p-
mercaptoethanol (2ME), supplemented with 100 ng/ml macrophage colony-stimulating
factor (M-CSF) and 25 ng/ml interleukin 3 (IL-3) for 11 days with medium changes every
two days. Following differentiation, macrophages were preincubated with
lipopolysaccharide (LPS; 20 ng/ml) for 3 h then incubated with Nigericin at the indicated
concentrations, and I1L-1p in the medium was measured using ELISA. For pdAdT
administration LPS was not added to the culture medium, and pdAdT was administered in
lipofectamine 2000 for 4 h.

Inflammasome activation in BMDMs

LDH activity

NLRP3 inflammasome activation was assessed in BMDMSs through treatment with 20 ng/ml
LPS (Millipore Sigma, L4391) for three hours, followed by 1mM ATP (Millipore Sigma,
A7699). One hour later, the medium was removed and analysed for IL-1f protein content
with ELISA (R&D Systems, DY401). For AIM2 inflammasome activation, BMDMs were
treated with 20 ng/ml LPS + pdAdT with lipofectamine 2000 (Invivogen, cat. no. tlrl-patn)
for 6 h. Medium was then collected and IL-1 protein content measured with ELISA.
NLRP3 and AIM2 protein expression in BMDMs were assessed in haive BMDMS. For
Aim2 mRNA analysis IFN-y-neutralizing antibodies (Biolegend 505848) were incubated
with BMDMs for 24 h and harvested into TRIazol. mRNA was isolated with a RNeasy kit
(Qiagen) and cDNA was generated using a cDNA synthesis kit (Thermo Fisher Scientific,
K1671). gPCR was conducted for Aim2 (GATTCAAAGTGCAGGTGCGG and
TCTGAGGCTTAGCTTGAGGAC) normalized to M36b4.

Medium was taken from BMDMs incubated in LCM medium for 7 days and analysed for
LDH activity with a CyQUANT LDH Cytotoxicity Assay (Thermo Fisher Scientific,
C20301). Data were normalized to cell number at 5 days post incubation.
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Blood isolation

Blood from mice was collected at the indicated time points through cheek bleed into EDTA-
coated tubes. Blood cell numbers were then quantified with a VetScan HM5 Hematology
system (Abaxis). For flow cytometry analysis red blood cells (RBCs) were lysed with RBC
lysis buffer, washed in PBS with 0.5% BSA and 2 mM EDTA, then stained with the
indicated antibodies.

Serum analysis

Mouse serum was isolated through centrifugation of blood at 12,000g for 10 min at 4 °C.
Serum was evaluated for IL-18 through ELISA (MBL International, cat. no. 7625). Total
serum cholesterol was determined using a cholesterol E assay (Wako, cat. no. 999-02601).

Immunoblot

Protein lysates from the indicated cell type were suspended in radioimmunoprecipitation
assay (RIPA) buffer with protease and phosphatase inhibitors (Thermo Fisher Scientific,
78440). Protein concentrations were quantified with bicinchoninic acid (BCA) analysis
(Thermo Fisher Scientific, 23225). Proteins were then loaded into polyacrylamide gels
(BioRad) and transferred to nitrocellulose or PDVF membranes, blocked with 5% milk, and
then incubated overnight with the indicated primary antibody (Cell Signaling pERK 4370T,
ERK 4695T, pAKT 4060S, AKT 4298, AIM2 63660S, or NLRP3 15101) in 5% bovine
serum albumin (BSA). Membranes were then washed and incubated with secondary
conjugated to HRP, washed again, and then visualized with HRP chemiluminescent
substrates (Thermo Fisher Scientific, 34580).

BMDM proliferation

H3-thymidine incorporation assays were conducted on BMDMs incubated with LCM
medium for 6 days and plated into 12-well plates with normalized cell counts. After a 6-h
adhesion period, cells were washed and suspended in DMEM (no FBS or LCM) with H3-
thymidine and the indicated chemicals for 16 h. BMDMs were then washed and collected as
previously described!’. Scintillation counts were determined using an LS6500 scintillation
counter (Beckman Coulter) and normalized to cell number before H3-thymidine addition.

For ERK and AKT inhibitor studies, 5-bromo-2"-deoxyuridine (BrdU) incorporation into
BMDMs was monitored. BMDMs were differentiated and incubated in DMDM without
FBS in the presence of 5 um BrdU for 16 h in the presence of 100 ng/ml M-CSF and 500
nM afuresertib or 500nM FR180204 (Cayman Chemical). BrdU incorporation was measured
with Roche cell proliferation ELISA and normalized to total cellular DNA (ThermoFisher
Quant-iT PicoGreen dsDNA Kit).

BDMD incubation with anakinra

BMDMs were incubated with 75 pg/ml anakinra for four hours and harvested into TRlazol.
MRNA was isolated with an RNeasy kit (Qiagen) and cDNA was generated using a cDNA

synthesis kit (Thermo Fisher Scientific, K1671). qPCR was conducted for Sp/iZ normalized
to M36b4.
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For protein analysis, BMDMs that were incubated in LCM medium for 5 days were washed
and suspended in DMEM with anakinra for 12 h. BMDMs were then stimulated with 1
ng/ml recombinant M-CSF (Pepro-Tech, 315-02) for 30 min, and protein was isolated in
RIPA buffer with protease and phosphatase inhibitors. Immunoblots were conducted as
described above and protein optical density was quantified in Fiji software.

CD11b™" splenocytes were collected as described above and suspended in DMEM containing
25 mM glucose, 1 mM pyruvate, and 2 mM glutamate. Thirty thousand cells per well were
plated into 96-well seahorse plates, centrifuged, and analysed with a Seahorse XF96 as
previously described40,

Mitochondrial potential

BMDMs were stained with 100 ng/ml tetramethylrhodamine (TMRM) (Thermo Fisher
Scientific, cat. no. 134361) for 20 min in DMEM with LCM. Cells were then washed,
brought into solution with cell stripper (Corning, 25-056-Cl), and suspended in DMEM with
LCM. Geometric mean fluorescence (Geo. MFI) was then obtained using flow cytometry.
Following an initial reading, 5 uM carbonyl cyanide 3-chlorophenylhydrazone (CCCP)
(Millipore Sigma, C2759) was added to BDMDs and 10 min later a second Geo. MFI was
determined. Final Geo. MFI measurements were recorded as Geo. MFlipjtial — Geo. MFIgjnal.

Aortic single-cell digest

Following termination of WTD, aortas were isolated, digested with 2.5 mg/ml liberase
(Millipore Sigma, LIBTM-RO), 120 U/ml hyaluronidase (Millipore Sigma, H3506), and 160
U/ml DNase | (Millipore Sigma, DN25) for 45 min at 37°C as previously described3!.

For gPCR analysis, cells were washed and stained with CD11b-APC, BV786-Ly6G,
CD45.1-PE and CD45.2-BV421. Cells were sorted on a BD Influx sorter and isolated
directly into TRIzol. gPCR analysis was conducted as described above.

Aortic macrophage proliferation

Ldlr= mice with 20% Jak2'F or control bone marrow and 80% CD45.1 bone marrow were
subjected to a 12-week WTD. Twenty-four hours before cell collection, mice were injected
i.p. with 5-ethynyl-2”-deoxyuridine (EdU; 0.1 mg/mouse). Following aortic digest, cells
were stained for CD45.1, CD45.2, and CD68 and washed. EdU incorporation was then
determined using Click-iT Plus EdU flow cytometry Assay Kit (ThermoFisher C10363).
Cells were then stained with propidium iodine (1 ug/ml), treated with ribonuclease A, then
analysed using flow cytometry.

Single-cell RNA-seq

For single-cell RNA-seq (scRNA-seq), after 12 weeks WTD, Lalr'~ mice with control,
Mx1-Jak2VF, or Mx1-Jak2VF Gsdmad™'~ bone marrow (not in a chimeric model) were killed,
and aortas were digested as indicated above, except that necrosulfonamide (20 uM, Torcis)
was supplemented in all media to prevent ex vivo necroptosis and gasdermin D
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oligomerization. Cell digests were sorted by flow cytometry for DAPI"CD45* events, then
run on Genomics scRNA-seq.

Analysis of scRNA-seq data

Fastq files were processed using the Cell Ranger v.3.1.0 pipeline. In brief, reads were
aligned to mouse reference genome build mmZ10 and a mouse transcriptome built on
Ensembl 93 annotation. A unique molecular identifier (UMI) count matrix was generated for
each sample, followed by cell-calling implemented in Cell Ranger. Downstream analysis
was performed using Seurat v.3.1.1%1 in R. The count matrices were filtered to include 1)
genes expressed in =10 cells; 2) cells with =200 genes expressed; and 3) cells with <10%
reads mapped to mitochondrial genes. Filtering on the maximum number of genes and the
maximum number of UMIs per cell was also applied, with slightly different thresholds
owing to differences in sequencing depth. A summary of the filtering parameters are
provided in Extended Data Table 1. Filtered count matrices were integrated using the
SCTransform workflow in Seurat. First, the top 500 variable genes were identified from each
sample. Second, the top 1,500 variable genes from the union of variable genes across four
samples were selected as integration features. The first 30 dimensions from canonical
correlation analysis were used to identify integration anchors. UMAP was conducted using
the first 20 principal components. An SNN graph was built on the integrated data with 20
nearest neighbours and 20 dimensions of principal components. Louvain clustering was
applied with a resolution parameter of 0.5. To identify differentially expressed genes for
each cluster, we first normalized UMI counts by the total number of UMIs in each cell,
multiplied the values by 10,000, and then log-transformed the values with a pseudo-count of
1. A model-based analysis of single-cell transcriptomics test was performed on genes that
were expressed in =25% of cells in the cluster tested or in other cells. Fold change =1.5 and
Bonferroni corrected £ < 0.05 were used to define differentially expressed genes.

Cell-cycle scoring of scRNA-seq data

Cell-cycle scoring analysis was performed in Seurat. A list of cell-cycle markers#? was
loaded, including 54 G2/M phase genes and 43 S phase genes. The human gene symbols
were converted to mouse gene symbols using the biomaRt42 package in R, which
successfully converted 52 G2/M phase genes and 40 S phase genes to mouse gene symbols.
Each cell was assigned cell phase classification (G2M/G1/S) based on the expression of the
above markers.

Flow cytometric analysis

Statistics

Samples were analysed on a BD LSRFortessa with Facs Software. For sorting, a BD influx
sorter was used with FACs Diva software. Gating strategies are provided in Supplementary
Figs. 1-4.

Statistical analyses were conducted using Excel (Microsoft Office 2019) and GraphPad
prism 8. Data presented were mean + s.e.m. All measurements were taken from distinct
samples unless otherwise noted. When applicable, all statistical test were conducted using
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two-sided analyses. Data were tested for normality in Prism 8 using a Kolmogorov-Smirnov
test. Formal outliers were removed using a Grubb’s test (Prism). RNA-seq statistical analysis
was conducted as previously described3’.

Reporting summary

Further information on research design is available in the Nature Research Reporting
Summary linked to this paper.

Data availability

The datasets generated and/or analysed during the current study are available in the Gene
Expression Omnibus with the following accession numbers: mouse CD11b* cells for bulk
RNA-seq analysis (Extended Data Fig. 1) (GSE163689), mouse CD45* aortic cells for
SscCRNA-seq (GSE163536). All other relevant data are available from the corresponding
authors upon reasonable request. Source data are provided with this paper.

Code availability
Gene ontology analysis used PANTHER (http://www.pantherdb.org/).
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Extended Data

a
Normocholesterolemic
Fold Enrichment
(.) 2;5 &} 7.|5 19 12;5
Kinetochore organization (GO:0051383) - .
Porphyrin-containing compound biosynthetic process (GO:0006779) °
Positive regulation of cell cycle G2/M phase transition (GO:1902751) .
Chromosome condensation (GO:0030261) — e
Mitotic sister chromatid segregation (GO:0000070) - L ] Number
Female meiotic nuclear division (GO:0007143) - ° of Genes
DNA recombination (GO:0006310) - ° [ ] 100
DNA repair (GO:0006281) - [ ) ‘ 200
Inflammatory response (GO:0006954) - ©
Regulation of response to stress (GO:0080134) o
Regulation of cell proliferation (GO:0042127) | .
Homeostatic process (GO:0042592) - .
Regulation of molecular function (GO:0065009) - ’
Regulation of developmental process (GO:0050793) ‘
Regulation of multicellular organismal process (GO:0051239) .
Regulation of cellular metabolic process (GO:0031323) .
b
Hypercholesterolemic
Fold Enrichment
9 F.) 1‘0 1.5 2|0
Kinetochore organization (GO:0051383) °
Mitotic chromosome condensation (GO:0007076) - °
Centromere complex assembly (GO:0034508) - ° Number
of Genes
Spindle checkpoint (GO:0031577) - ® ® 20
Negative regulation of mitotic metaphase/anaphase transition (GO:0045841) - ° . 40
Double-strand break repair (GO:0006302) - [ ] : gg
Regulation of microtubule cytoskeleton organization (GO:0070507) - [ )
DNA recombination (GO:0006310) -~ [ )
Inflammatory response (GO:0006954) — (@)
Phosphate-containing compound metabolic process (GO:0006796) - .

Extended Data Fig. 1 I. Bulk RNA-seq analysis of CD11b" splenocytes.
a, b, Gene ontology analysis of CD11b™ splenocytes from wild-type (a; 7= 6 control, n=7

Jak2VF mice) and Lalr'~ recipient mice (b; 7= 6 control, 7= 4Jak2V* mice) containing
bone marrow from control or MxI-Jak2V¥ transgenic mice.
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Extended Data Fig. 2 I. Monocyte/macrophage- and neutrophil-specific expression of Jak2VF,
a, Scheme of experimental procedures for atherosclerosis studies in mice with monocyte/

macrophage-specific expression of Jak2V*. b, qPCR analysis of Jak2F mRNA in blood
monocytes (7= 4 samples (3 mice pooled per sample,12-total mice per genotype)) and
neutrophils (7= 5 (3 mice pooled per sample, 15 total mice per genotype)). ¢, Serum
cholesterol levels (7= 14, 18, 19 control, 7= 13, 18, 19 Jak2"F mice for day 21, 56, 83,
respectively). d, Scheme of experimental procedure for studies of mice with neutrophil-
specific expression of Jak2V*. e, qQPCR analysis of Jak2Y¥ mRNA in blood monocytes and
neutrophils. Each point indicates four mice pooled together (7= 3 pooled samples, 12 total
mice per genotype). f, Serum cholesterol levels. g—k, Quantification of lesion area (g),
percentage necrotic core area (h), percentage macrophage area (i), percentage collagen area
(j), and percentage smooth muscle cell (SMC) area (k; 7= 12 control, 7= 9 Jak2V* mice).
Mean * s.e.m.; two-tailed Mann-Whitney test (g), two-tailed #test (f, h—k), two-way
ANOVA followed by Bonferroni multiple comparison post hoc test (b, c, e).
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Extended Data Fig. 3 1. Jak2VF allele burden and blood cell counts in mice with Jak2VF clonal
haematopoiesis.

a, Experimental design for Jak2"* clonal haematopoiesis mice. b—e, Fraction
CD45.2:CD45.1 (Jak2V¥Icontrol:CD45.1) in blood monocytes (b), all CD45* cells (c),
neutrophils (d), and lymphocytes (e); black arrow, induction of MxZ-cre (n= 10, 19, 18, 9,
20 control, 7= 9, 18, 19, 9, 17 Jak2V* mice, for day -7, 26, 40, 47, 53, respectively). f-,
Blood cell counts of white blood cells (f; WBC), lymphocytes (g), monocytes (h),
neutrophils (i), and red blood cells (j; RBCs) (n= 17, 19, 10, 21 control, n=17, 16, 10, 13
Jak2VF mice, for day -7, 26, 40, 53, respectively). k, Serum cholesterol (7= 17, 18, 19
control, n=17, 12, 18 Jak2V* mice, for day 26, 40, 53, respectively). |, Spleen weight (7=
19 mice). Mean + s.e.m.; two-tailed Mann-Whitney test (1), two-way ANOVA followed by
Bonferroni multiple comparison post hoc test (b—k).
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Extended Data Fig. 4 I. Jak2VF monocytes/macrophages have increased recruitment and
proliferation in lesions.

a, Representative immunofluorescence images of aortic roots stained for latex beads (green),
MAC?2 (red), and DAPI (blue). White arrows, beads; scale bars, 100 um. b, Quantification of
beads in lesions. ¢, gPCR analysis of mMRNA from CD11b* aortic cells sorted for CD45.1 or
CD45.2; PolE (n=9 control, n= 11 Jak2V* mice). d, e, CD68* cells isolated from aortas
quantified for percentage EdU incorporation (d) and S/G2/M phase with propidium iodine
staining (e; 7= 11 control, n= 9 Jak2V* mice). f, Representative images of lesions from
mice with MxI-Confetti or MxI-Jak2VF-Confetti expression in bone marrow. Cyan, cyan
fluorescent protein (membrane-tethered CFP); yellow, membrane yellow fluorescent protein
(cytoplasmic YFP); red, red fluorescent protein (cytoplasmic RFP). Yellow dashed lines,
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lesion boundary; scale bars, 25 um. g, Quantification of the number of cells per clone in
Confetti lesions (7= 149 control, n= 82 Jak2V* clones; four mice per group). h,
Representative immunofluorescence images of aortic roots stained for MAC2 (green), IL-18
(red), and DAPI (blue). Scale bars, 50 um. i, Quantification of total IL-1p fluorescent
intensity normalized to area (/7= 15 mice). Mean % s.e.m.; two-tailed #test (b), two-tailed
Mann-Whitney test (d, e, g, i), Kruskal-Wallis two-tailed test with Dunn’s comparison (c).
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Extended Data Fig. 5 I. IL-1p promotes increased ERK/AKT-driven proliferation of Jak2VF
macrophages associated with increased glycolytic metabolism and mitochondrial ROS
generation.

a, b, Quantification of serum IL-18 (a; 7= 7 control, n= 9 Casp1/117'~, n=9 Jak2V¥, n=9
Caspl/117~Jak2"F mice) and cholesterol (b; 7= 16 control, n=11 Casp1/117~, n=7
Jak2VF, n=11 Casp1/117!~ Jak2"F mice) following 12-week WTD. ¢, Macrophage
proliferation marked by 3H-thymidine incorporation into BMDMs during 16-h incubations
(n= 4 biological replicates, replicated twice). d, Representative immunoblot analysis of
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BMDMs co-incubated with anakinra. e, f, Densitometric quantification of pERK1/2 (e; n=4
control, 7=5 control + anakinra, 7= 5 Jak2VF, n= 4 Jak2VF + anakinra; biological
replicates from three mice pooled, representative of two experiments) and pAKT (f; 7=5
biological replicates from three mice pooled, representative of two experiments). g,
Incorporation of BrdU into BMDMs co-incubated for 16 h with 100 ng mI=1 M-CSF and the
indicated inhibitors (n7= 6 biological replicates from three mice pooled, 7=5 M-CSF +
FR180204). h, LDH release from non-stimulated BMDMs following 7-day culture (n= 24
control, n= 24 Casp1/117'=, n= 22 Jak2VF, n= 19 Jak2VFCasp1/11'~ biological replicates
from three mice repeated four times). i,j, Glycolysis rate indicated by the extracellular
acidification rate (ECAR) (i) and mitochondrial respiration marked by oxygen consumption
rate (OCR) (j; 7= 15 control, 7= 18 Jak2V* biological replicates repeated twice). K,
Mitochondrial potential in CD11b* splenocytes measured by tetramethylrhodamine, methyl
ester, perchlorate (TMRM) geometric mean fluorescence intensity (geo. MFI) (7= 6 mice).
I, MitoSOX geo. MFI in BMDMs (7= 3 mice). m, Quantification of mitochondrial localized
8-OHdG in BMDMs (7= 6 mice). n, o, Total cellular ROS in BMDMs marked by relative
fluorescence units (RFU) of DCFDA (n) and Cell ROX (o; n= 6 biological replicates from
three mice pooled). Mean * s.e.m.; one-way ANOVA followed by Tukey’s post hoc test (a,
b, e, 0), Kruskal-Wallis two-tailed test with Dunn’s comparison (f, h, n), two-way ANOVA
followed by Bonferroni’s multiple comparison post hoc test (c, g, i, j), two-tailed t-test (k—
m).
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Extended Data Fig. 6 I. JAK2VF macrophages display increased NLRP3 and AIM2
inflammasome activation.

a, b, IL-1p was quantified in medium from mouse BMDMs treated with pdAdT for 6 h (a)
or LPS (20 ng mI~1; b) followed by a 1-h incubation with ATP (/7= 6 biological replicates,
representative of five experiments). Vertical P values are relative to LPS within the same
genotype. ¢, d, IL-1p release from human iPSC-macrophages stimulated with pdAdT (c; n=
12 baseline, n = 6 treatments biological replicates representative of two experiments) and
nigericin (d; 7= 6 biological replicates, representative of two experiments). Vertical P values
are relative to baseline within the same genotype. e, Immunoblot analysis of NLRP3 and
AIM2 in protein lysates from BMDMs. f, g, Densiometric quantification of AIM2 (f) and
NLRP3 (g; 7= 8 biological replicates from four mice per group pooled together). h, Aim2
MRNA expression in BMDMs incubated in the presence of IFNY-neutralizing antibodies for
24 h (n= 6 biological replicates). i, Experimental scheme of atherosclerosis studies
conducted in mice with Jak2V* bone marrow deficient in Mro3or Aim2. j, k, Plasma
cholesterol following 12-week WTD in Jak2VENIrp3 = (j; n= 15 Jak2VF, n=19
Jak2VFNIrp3™'~ mice) and Jak2VFAimZ™'~ mice (k; n= 24 Jak2VF, n= 25 Jak2VFAimZ -
mice). |. Representative immunofluorescence image of aortic roots stained for DAPI (blue)
and AIM2 (magenta). Yellow dashed lines, lesions; scale bars, 50 um. m, Quantification of
AIM2 mean fluorescence intensity in lesions (/7= 16 control, 7= 18 Jak2"* mice). Mean +
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s.e.m.; two-way ANOVA followed by Tukey’s post hoc test (a—d), one-way ANOVA
followed by Tukey’s post hoc test (h), two-tailed #test (j, k), two-tailed Mann—Whitney test

(f, g, m).
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Extended Data Fig. 7 I. Haematological parameters and atherosclerosis in Ldir ™~ mice

transplanted with Gsdmd ™~ bone marrow.

a, WBCs; b, lymphocytes (7= 14 Jak2VF, n= 13 Jak2V¥ Gsdma™'~ mice); ¢, monocytes (7=
14 Jak2VF, n= 12 Jak2VFGsdma'~ mice); d, neutrophils (7= 14 Jak2VF, n=13

Jak2VF Gsdma™'~ mice); e, RBCs (1= 13 mice). f-h, Jak2"* burden in blood lymphocytes
(f), neutrophils (g), and monocytes (h; 7= 14 Jak2VF, n= 13 Jak2VFGsdmad™'~ mice). i,
Serum cholesterol (7= 13 mice). j, Representative H&E images of aortic root lesions from
Ladlr'= mice with wild-type (WT) or Gsdma™'~ bone marrow fed a WTD for 12 weeks.
Dashed lines, necrotic core; scale bars 200 um. k, Quantification of lesion area. I, Percentage
necrotic core area (7= 12 wild-type, 7= 14 Gsdmad™'~ mice). Mean + s.e.m.; two-tailed #
test (a, b, d, e, i, k, I), two-tailed Mann-Whitney test (c, f-h).

Nature. Author manuscript; available in PMC 2022 April 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnue Joyiny

1duosnue Joyiny

Fidler et al.

Page 27

Top 10 Enviched Genes

Cell Type

H2-Eb1, H2-Aa, H2-Abl, Cd74, Ccl8, Clqa,

Mixed Macrophage

T

4 " -5 rakn
i

[
im0 M

Control

1
R,

iy
|

il

4l
l‘w_.

Expression
m:

| B

Jak2"F

13 10 12

3P
¥

UMAP_2

Jak2"FGsdmd”

Clgb, Clgc, Mgl2, Seles

FabpS, Spp1, Gpnmb, Lgals3, Plin2, Psap,
Cstb, Gdf15, Ctsd, Cisb

Trem2 Like Macrophages

Cal3, G, Celd, Gof1, Prgs2, Hear2, 1122,
Car2, llm, Clecte

Inflammatory macrophages

Ccl8, Foli2, F13a1, Lyvel, Cbi2, PfA,
Selenop, Cd2091, Mrcl, Fegrt

Resident Macrophages

510029, 5100a8, Retalg, ffitm1, GOs2,
Wide21, Stfa2l1, Csf3r, li1b, Sipi

Neutrophils

Cd72, Msta?, Hexb, Ccl12, kb, Stam9,
Gxel16, Clgb, Clga, Pmepal

Trem? Like macrophages

Placs, Chil3, Ly6c2, Msdadc, Cer2, Tmsb1o |
fitm3, 5100a4, Thbs1, Msdabe

Monocytes

Ace, ligal, Eno3, Cd300e, Ear2, Gngt2,
Treml4, Cybb, Adgred, Poud2

Monocytes

Gm26917, Fegrd, Hes1, Pou2f2, Cd300e,
Tef712, Ggr2, Grk3, Gma2418, Dusplb

Monocyte

lgkc, Cd79a, Ighm, Igkc2, Iglc1, Ly6d,
Msdal, Ebf1, Cd79b, Mzb1

B-Cell

Cazg, Icos, Cd3d, Ramp, 117, Trix2, Rora|
Eml it

1L-17 like T-Cells

Cd209a, H2-AbL, H2-Eb1, H-Aa, Cd74,
Kird1, H2-DMb1, Naaa, Cst3, Plbd1

<DC1

Cels, Nig7, Trbe2, Msdadb, Cd3g, Trbel,
‘Cd3d, CdBb1, AW112010, G

NK Cell

‘Saa3, Prgd, Alox15, Fal, Cds, Cab, Ecm1,
Fena, SIpi, Serpinb2

y

Lyz1, Retnla, Fn, Lpl, Cripl, H2-DMb1,
5100310, Ccl9, Ger2, Gl

Cavity Macrophages

Cer7, Fscnl, Tmem123, Theldd, Cacnb3,
Cels, Ccl22, Zmynd15, Fabps, 14i1

Mature DC

Mgp, Den, Sparc, Col3al, Igfbp7, Col1a2,
Bgn, Col1L

Fibroblast

Ngp, Camp, Len?, Ui, Retnlg, Wide21,
51008, 510029, Mmp8, fitmb

Neutrophils

Stmn1, Trbc2, Ube2c, Trbel, Hmgb2,
Top2a, Hmgb1, TubbS, H2afy, Hmgn2

T-Cell CD8 like

Acta, Tagln, Myl9, lgfbp7, Tpm2, Bgn,
1 Myh11

Smooth Muscle Cells

0 Mixed Macrophages

1 Trem2like Macrophages

2 Inflammatory Macrophages
3 Resident Macrophages

4 Neutrophils

5 Trem2 like Macrophages

6 Monocytes

7 Monocytes

8 Monocytes

9B cells

10IL-17like T cells

11.¢DC1

12NK cells

13 Inflammatory Macrophages
14 Cavity Macrophages

15 Mature Dendritic cells

16 Fibroblast

17 Neutrophils

18CD8like T cells

UMAP_2

19 Smooth muscle cells

ALOX15:Cells/Section

Extended Data Fig. 8 I. sScRNA-seq reveals increased proliferation and inflammatory

macrophages.

a, Heat map of top five differentially expressed genes enriched in each cluster. b, Table
showing top ten differentially expressed genes in each cluster with cell annotations (each
sample pooled from eight mice). ¢, Cell cycle classification based on cell cycle gene
expression using Seurat analysis; one-tailed X2 test, 2= 1.415 x 10710 indicates G2M cells
enriched in Jak2V* lesions. d, UMAP plot of cluster 13 enriched A/ox15. Blue indicates
relative gene expression. e, Representative immunofluorescence images of aortic root lesions
stained for MAC2 (green), ALOX15 (magenta) and DAPI (blue). White dashed lines,
plague; arrows, ALOX15* cells; scale bars, 50 um. f, Quantification of ALOX15" cells per
aortic root section (7= 14 Jak2VF, n= 13 Jak2VFGsdmad"'~ mice). Mean + s.e.m.; *P< 0.05
with respect to control genotype, two-tailed Mann-Whitney test (f).

Nature. Author manuscript; available in PMC 2022 April 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnue Joyiny

1duosnue Joyiny

Fidler et al. Page 28
Human Mouse o 20% Jak2"F
° 20% Jak2"F Rux
a b d e f
2000 550 . .
. p=0.0011 %\ 556 p=0.002 500 g peixto® .
gl NI Zer T ol 5 | g
=) E 150 E .l ¢ poooos & 1000 7 Eanf B,
"% 100 § 100 g - g 4 i 6/ 1x10°
- 2 @ 2007 fgel - F s che €] [ 7
2 500 3 T o 3 B
= 2 s 2 100 I*I 5 rs’!';] ° %
< . . = .
o——% © ol ol L O o .
& & s & ot £ Sl
ESR S & (& RS R
& & QQ% & N ¢} ¥ @ N N
T« < go0 ¢ o o g
Vs s° Vst
v v
9 h i i k p=2x10° 1 p=5x10°
W p=1x10°
320 100 P10 " 100 1
g ] - Sy 2 o
=18 T =75 - & 597 ,
8 g5 |2 & [¢[F 25 |83 |2
10 Z 2 5] o[1*| 2 Ssof w3k o
8 t3 a5 s .
5 s O Z 5] [ G =25 B
£ B N e i °
0] 3
" T

San

20% Jak2"F Rux

Lesion Area (um?)

% Necrotic Core Area

0 84
Days on Diet

p=8x10%

[N . (L & o
Y A O\l

20% Jak2"* Rux
,_:-,’v F o

X

o p=1x10*

50

Cap Thickness (um)
)
8

Extended Data Fig. 9 I. Ruxolitinib reduces IL-18 and increases plasma cholesterol in individuals
with MPN and mice with JAK2VF mutations.

a, b, Plasma from patients with MPN isolated before and after ruxolitinib (Rux) therapy
were analysed for IL-18 (a) and total cholesterol (b; 7= 17 patients). ¢, d, Serum from mice
with chimeric 20% Jak2V* bone marrow was analysed for IL-18 (c) and total cholesterol (d;
n=20 Jak2VF, n= 22 Jak2VF + Rux mice). e, Body weight following 12 weeks WTD (7=
19 Jak2VF, n= 20 Jak2VF + Rux mice). f—j, Blood counts of WBCs (f), lymphocytes (g),
neutrophils (h), monocytes (i) and RBCs (j; 7= 18 Jak2V¥, n= 22 Jak2VF * Rux mice). k, |,
Jak2VF burden in blood neutrophils (k) and monocytes (I; 7= 17 Jak2V¥, n= 20 Jak2VF +
Rux mice). m, Representative H&E images of aortic root lesions from mice with 20%
Jak2VF chimeric bone marrow treated with Rux. Dashed lines, necrotic core; scale bars, 200
um. n, o, Quantification of lesion area (n; 7= 17 Jak2V¥, n= 18 Jak2F + Rux mice) and
percentage necrotic core area (0; /7= 18 mice). p, Representative picrosirius red-stained
lesions (black lines indicate cap thickness). Scale bars, 200 um. g, Quantification of cap
thickness (7= 18 mice). Mean + s.e.m.; Wilcoxon paired two-tailed test (a), two-tailed
Student’s paired #test (b); two-tailed Mann—Whitney test (c, e-j, n—p), two-tailed #test (d),
two-way ANOVA followed by Tukey’s post hoc test (k, 1.
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Extended Data Fig. 10 I. Inhibition of IL-1 reduces macrophage proliferation and density in
plaques.

a, Terminal serum cholesterol levels in mice on a WTD and treated with anakinra for 7
weeks (7= 9 control, 7= 8 control + anakinra, 7= 7 Jak2VF, n= 9 Jak2VF + anakinra mice).
b, Representative images of aortic roots following 7-week administration of anakinra or
vehicle. MAC2 (green), phalloidin (cyan), Ki67 (red), DAPI (blue); arrows, Ki67* nuclei;
scale bars, 50 pm. c—e, Quantification of percentage Ki67* cells (c), macrophage density (d)
and lesion area (e; 7= 8 control, 7= 8 control + anakinra, 7= 6 Jak2V¥, n=9 Jak2VF +
anakinra mice). f, Serum cholesterol following 12 weeks WTD, related to late lesions in Fig.
4 (n= 24 Jak2VF, n= 25 Jak2'F + anakinra mice). g, Representative picrosirius red-stained
lesions from mice treated with anakinra for 12 weeks. Black lines indicate cap thickness;
scale bars, 200 um. h, Experimental design for Jak2V* clonal haematopoiesis mice using
GFP* cells. i, Terminal serum cholesterol (/7= 18 control 1gG, 7= 19 control IL-1, 7= 19
Jak2VF 19G, n= 17 Jak2V¥ IL-1 mice). j, G2-M phase monocytes from blood identified with
propidium iodine staining (/7= 18 control 19G, 7= 20 control IL-1, 7= 18 Jak2V¥ IgG, n=
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17 Jak2VF IL-1 mice). k, Representative picrosirius red-stained aortic root lesions from mice
as in j. Black lines indicate cap thickness; scale bars, 200 pm. I, Representative H&E images
of aortic roots. Dashed lines, necrotic core; scale bars, 200 um. m, Overall summary scheme.
Mean + s.e.m.; one-way ANOVA followed by Tukey’s multiple comparison post hoc test (a,
c—e), two-tailed #test (f); Kruskal-Wallis two-tailed test with Dunn’s comparison (i, j).

Extended Data Table 1 |

Characteristics of SCRNA-seq analysis

a
Control vs. Jak2VF vs. Control vs
Jak2VF Jak2VFGsdmd™~  Jak2VFGsdmd ™~

Cluster 1 Trem2- Like Macrophages 5.9x10749 6.2x107%3 0.04
Cluster 2 Inflammatory Macrophages 7.1x107% 1.6x10716 1.6x10733
Cluster 3 Resident Macrophages 3.5x10715 0.47 2.7x1079
Cluster 4 Neutrophils 0.17 0.01 6.5x1076
Cluster 5 Trem2 Like Macrophages 0.96 8x1074 8.2x1076
Cluster 6 Monocytes 5.2X1075 1.3x1073 1
Cluster 7 Monocytes 1.9x10715 2.7x10746 8.6x10713
Cluster 8 Monocytes 0.01 1.8x1072 4.8x10712
Cluster 13 Inflammatory Macrophages ~ 5.9x1075 3.0x10736 4.6x1072
Cluster 14 Cavity Macrophages 0.15 4.7x107° 3.8x1075
Cluster 17 Neutrophils 3.5x1073 8.3x1073 1

b
Sample  Genotype Min.# Max.# Max.# Max. % #genes #cells

genes  genes UMIs mitochondrial
reads

1 Control 200 4,000 20,000 10 13,399 3,546
2 Jak2VvF 200 4,000 20,000 10 13,547 2,592
3 Jak2VvF 200 5,000 30,000 10 13,678 1,481
4 Jak2VFGasd™~ 200 4,000 25,000 10 14,184 2,973

a, SCRNA-seq population distribution statistics. Bonferroni-corrected P values of two-tailed tests of equal proportions
between genotypes in a subset of macrophages, monocytes, and neutrophils. Tests of proportions were conducted for cells
assigned to macrophages, monocytes, and neutrophils between each pair of genotypes with the null of equal proportions. b,
Filtering parameters for Lt~ mouse SCRNA-seq data. The minimum number of genes, maximum number of genes,
maximum number of UMIs, and maximum percentage of reads mapped to mitochondrial genes applied to each cell are
shown for each sample. The number of genes and the number of cells after filtering are also listed.
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Fig. 1 I. Increased atherosclerosis in mice with macrophage Jak2VF expression and Jak2VF clonal
haematopoiesis.

a, Immunofluorescence staining of aortic root plaques from mice with Cx3crI-cre Jak2Vr
bone marrow. White arrows, Ki67* nuclei. b—d, Quantification of lesion area (b), percentage
of macrophage nuclei that were Ki67* (c; 7= 18 control, 7= 21 Jak2VF mice) and necrotic
core normalized to lesion area (d; 7= 17 control, n= 21 Jak2V* mice). e, Representative
haematoxylin and eosin (H&E) images of aortic root lesions from mice with Jak2V* clonal
haematopoiesis. Scale bar, 200 um. f, Lesion area for mice in e (7= 19 mice). g,
Immunofluorescence staining of aortic roots. Arrows, Ki67* nuclei; yellow dashed lines,
lesions. Scale bar, 50 um. h, Increased CD45.2 cells in Jak2"¥ lesions relative to blood
monocytes (/7= 18 control, 7= 15 Jak2VF mice). i, Percentage Ki67+ CD45.1 or CD45.2
cells in lesions (/7= 18 control, 7= 14 Jak2VF mice). Mean + s.e.m.; two-tailed £test (b—d,
f), two-way ANOVA with Bonferroni multiple comparison (h, i).
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Fig. 2 I. Inflammasome activation promotes macrophage proliferation and features of plaque
instability in mice with Jak2VF bone marrow.

a, Immunofluorescence images of aortic root plagues. Arrows, Ki67* nuclei. Scale bar, 50
um. b, Percentage Ki677 cells in lesions. ¢, Macrophage number normalized to total cells in
lesions (/7= 8 mice (b, c)). d, Necrotic core area (7= 9 control, n=8 Casp1/117~Jak2VF
and Jak2VFCasp1/117'~ mice). e, Cap thickness (7= 8 mice). f, Lesion area (77= 9 control, 7
=8 Caspl/117~Jak2"VF and Jak2VFCasp1/117~ mice). g, Immunofluorescence staining of
aortic root lesions from mice with Jak2V* clonal haematopoiesis. Arrows, pyH2AX* nuclei.
Scale bars, 100 um. h, pyH2AX*MAC2* cells normalized to lesion area (7= 19 control, 7=
20 Jak2VF mice). i, Representative immunofluorescence staining of aortic roots. Yellow
dashed lines, lesion. j, 8-oxo-deoxyguanosine (8-OHdG) fluorescence intensity normalized
to lesion area (1= 17 mice). k, Representative H&E images of aortic root lesions from mice
with Jak2VF or Jak2VFNIrp3~'~ bone marrow. Yellow dashed lines, necrotic cores. I, m,
Quantification of lesion area (I; 7= 15 mice) and percentage necrotic core area (m; 7= 19
mice). n, Representative H&E images of aortic root lesions from mice with Jak2V* (n= 24)
or Jak2VFAim2™'~ (n= 25) bone marrow. Yellow dashed lines, necrotic core. o, p, Lesion
area (0) and percentage necrotic core area (p). Mean * s.e.m.; two-tailed #test (I, m, o, p);
Kruskal-Wallis two-tailed test with Dunn’s comparison (b, c, €); one-way ANOVA with
Tukey’s post hoc analysis (d, f); two-way ANOVA (e); two-tailed Mann-Whitney test (h, j).
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Fig. 3 1. Jak2VF promotes pyroptosis and inflammation in lesions.
a, Representative H&E images of aortic root lesions from mice with Jak2V* or

Jak2VF Gsdma™'~ bone marrow. Dashed lines, necrotic core. Scale bars, 200 um. b—d, Lesion
area (b), percentage necrotic core area (c), and cap thickness (d; 7= 14 Jak2VF, n=13
Jak2VF Gsdma'~ mice). e, Aortic root lesions were stained for pyH2AX (white arrows).
Scale bars, 100 um. f, Quantification of pyH2AX*MAC2* cells (n= 14 Jak2VF, n=13
Jak2VF Gsdma™'~ mice). g, Single-cell RNA-seq of plaque cells. UMAP plot of CD45™ cells
from aortas of Lalr’~ mice with 100% bone marrow of indicated genotypes (control 8 mice
pooled; Jak2VF 16 mice pooled; Jak2VF Gsdma™'~ 8 mice pooled). h, Percentage cell
populations within clusters. Mean + s.e.m.; two-tailed #test (b—d, f).
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Fig. 4 I. Effects of anakinra or IL-1p antibodies on atherosclerotic plaque development.
a, Representative H&E images of aortic root lesions from mice with 100% Jak2"* bone

marrow treated with anakinra. Dashed lines, necrotic core. Scale bar, 200 um. b—d, Lesion
area (b), percentage necrotic core area (c; /7= 24 Jak2V¥, n= 25 Jak2VF * anakinra mice),
and cap thickness (d; n= 23 Jak2VF, n= 25 Jak2VF * anakinra mice). e, Representative
immunofluorescence image of aortic roots stained for GFP (Jak2V*-negative cells), MAC2,
Ki67 and DAPI. Arrows, Ki67* nuclei. Scale bars, 25 pm. f, Percentage Ki67* macrophages
(n= 16 control, n= 18 Jak2V* mice). g, Fraction of macrophages in aortic roots normalized
to fraction in blood monocytes (7= 16 control, 7= 19 Jak2VF mice). h—j, Quantification of
aortic root lesion macrophage density (h), cap thickness (i), and necrotic core area (j) (7=
16 control, 7= 20 Jak2VF mice). Mean + s.e.m.; two-tailed #test (b—d); one-way ANOVA
with Tukey’s post hoc analysis (h); two-way ANOVA with Tukey’s post hoc analysis (f);
Kruskal-Wallis two-tailed test with Dunn’s comparison (g, i, j).
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