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Abstract

Background—~Recent studies have shown that hematopoietic stem cells can undergo clonal
expansion due to somatic mutations in leukemia-related genes, leading to an age-dependent
accumulation of mutant leukocytes in the blood. This somatic mutation-related clonal
hematopoiesis is common in the healthy elderly, but it has been associated with an increased
incidence of future cardiovascular disease. The epigenetic regulator TET2 is frequently mutated in
blood cells of individuals exhibiting clonal hematopoiesis.

Objectives—Here, we investigated whether Tet2 mutations within hematopoietic cells can
contribute to heart failure in two models of cardiac injury.

Methods—Heart failure was induced in mice by pressure overload, achieved by transverse aortic
constriction or chronic ischemia induced by the permanent ligation of the left anterior descending
artery. Competitive bone marrow transplantation strategies with Tet2-deficient cells were used to
mimic TET2 mutation-driven clonal hematopoiesis. Alternatively, Tet2 was specifically ablated in
myeloid cells using Cre recombinase expressed from the LysM promoter.
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Results—In both experimental heart failure models, hematopoietic or myeloid Tet2 deficiency
worsened cardiac remodeling and function, in parallel with increased IL-1p expression. Treatment
with a selective NLRP3 inflammasome inhibitor protected against the development of heart failure
and eliminated the differences in cardiac parameters between Tet2-deficient and wild-type mice.

Conclusions—Tet2 deficiency in hematopoietic cells is associated with greater cardiac
dysfunction in murine models of heart failure due to elevated IL-1p signaling. These data suggest
that individuals with TET2-mediated clonal hematopoiesis may be at greater risk of developing
heart failure and respond better to IL-1p/NLRP3 inflammasome inhibition.
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clonal hematopoiesis; heart failure; interleukin 1 beta; ten-eleven translocation 2; myocardial
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Introduction

The prevalence of heart failure approximately doubles with each decade of life (1,2), and
due to dramatic increases in the aging population, the heart failure epidemic is anticipated to
grow significantly in the coming decades (3). While aging is the major risk factor for heart
failure and overall cardiovascular disease, we do not have a clear understanding of how this
condition promotes disease progression.

The accumulation of somatic DNA mutations in proliferative tissues is an inevitable
consequence of the aging process that leads to the generation of tissues that are a mosaic of
slightly different genotypes (4). In this context, the highly proliferative hematopoietic
system is known to accumulate a substantial number of somatic mutations, which leads to an
intense Darwinian selection due to the competition among the different mutant clones (5).
Thus, the accumulation of mutations that provide a selective proliferative advantage to
hematopoietic stem/progenitor cells (HSPC) will over time lead to the clonal expansion of
specific mutations that become selectively overrepresented in the blood cells genomes. This
phenomenon of somatic mutation-induced clonal hematopoiesis has been found to be
relatively common in non-symptomatic, cancer-free, elderly individuals (6-8). Recent
longitudinal studies have reported that detectable clonal hematopoiesis in non-symptomatic
individuals is associated with all-cause mortality (6,7,9). While clonal hematopoiesis
increases the risk of developing a hematological malignancy, this condition is relatively rare
and does not significantly contribute to overall mortality under these conditions. Instead
mortality associated with clonal hematopoiesis is attributed to larger increases in the
incidence of coronary heart disease and stroke (7).

The protein encoded by TET2 (ten-eleven translocation 2) is an epigenetic regulatory
enzyme that modulates HSPC self-renewal (10-13). 7E72gene was the first gene reported
to exhibit somatic mutations in blood cells in individuals with clonal hematopoiesis in the
absence of hematological malignancies (14). More than 130 distinct mutations have been
reported in the TET2 gene in cancer-free individuals (6-9,14-18), the majority being small
insertions/deletions, nonsense mutations, etc., that are predicted to inactivate the enzyme.
Previously, we provided experimental evidence supporting that somatic 7£7.2 mutations in
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blood cells play a causal role in atherosclerosis (19). In this study, partial bone marrow
reconstitution with Tet2-deficient hematopoietic cells led to their clonal expansion and
markedly increased atherosclerotic plaque size in hyperlipidemic mice. Mechanistically,
Tet2-deficient macrophages exhibited greater interleukin-1f secretion, and the
administration of an NLRP3 inhibitor showed greater athero-protective activity in chimeric
mice reconstituted with Tet2-deficient cells than in non-chimeric mice and suppressed
differences in plaque size between genotypes.

Recently, the clonal expansion of leukocytes with somatic mutations in TET2 has been
associated with coronary heart disease and early-onset myocardial infarction (MlI) (16).
However, there have been no experimental studies in model systems to test whether somatic
TET2 mutations in hematopoietic cells are causally linked to myocardial infarction or heart
failure. Here, we analyzed the effects of genetic inactivation of hematopoietic Tet2 in murine
models of heart failure involving chronic ischemia and pressure overload hypertrophy.

C57BI/6J Tet2-deficient mice (Tet2/~ and */~), C57BI/6J LysM-Cre mice, C57BI/6J Tet2-
floxed mice and C57BI/6 Cd45.1* PepBoy mice were used for these studies. These mice
were employed to examine the consequences of hematopoietic Tet2-deficiency using
competitive bone marrow transplantations (BMT, 10% CD45.2 and 90% CD45.1 bone
marrow cells) or conditional myeloid-restricted inactivation of Tet2. Both of these models of
genetic Tet2 deficiency were employed in two surgical models of murine heart failure: the
permanent ligation of the left anterior descending artery (LAD) and transverse aortic
constriction (TAC) as described previously (20-26). Surgically-treated and sham mice were
characterized by echocardiographic, histological and gPCR analyses. In some experiments,
mice were continuously infused with the NLRP3 inflammasome inhibitor MCC950 (27) at a
dose of 5 mg per kg per day or with phosphate-buffered saline (PBS) vehicle via
subcutaneous osmotic pumps. In the BMT approach, the expansion of Tet2-deficient HSPC
into the different blood lineages was assessed by flow cytometry using the gating strategy
shown in Online Figure 1. Leukocyte levels in heart were determined by flow cytometry
using the gating strategy outlined in Online Figure 2 (28,29). For some assays, bone
marrow-derived macrophages from conditional or whole-body Tet2-deficient mice were
utilized for qPCR analyses. Detailed materials and methods are included in the Online
Appendix.

Data were expressed as mean + SEM, or median (minimum to maximum). Data distribution
was evaluated by Shapiro-Wilk normality test. An F-test was used to evaluate homogeneity
of variance. Normally distributed data with only 1 variable were analyzed by parametric
analysis: unpaired (2-tailed) Student’s #test (with Welch correction when variance was
unequal) for 2 groups and 1-way ANOVA with Tukey’s multiple comparison test for >3
groups. Non-normally distributed data with only one variable were analyzed by non-
parametric analysis: Mann-Whitney U test (2-tailed) for 2 groups. Data with more than one
variable were evaluated by 2-way ANOVA, with post-hoc Tukey’s multiple comparison
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tests. Results of echography were evaluated by 2-way repeated measure ANOVA with post-
hoc Sidak’s or Tukey’s multiple comparison tests. In survival analysis, Kaplan-Meier
survival curves were compared by log-rank test. All the statistical analysis was performed by
GraphPad Prism 7 software (GraphPad Software, La Jolla, California).

A competitive bone marrow transplantation (BMT) strategy was employed to mimic the
clonal hematopoiesis that results from Tet2 inactivation and study its effects on experimental
MI (Figure 1A). Lethally irradiated mice were transplanted with bone marrow cells
containing 10% Tet2~/~ cells and 90% Tet2** cells (i.e., the 10% knock out [KO] test
condition). To distinguish between these different genotypes, wild-type Tet2*/* cells were
harvested from mice carrying the CD45.1 variant of the CD45 antigen, and Tet2™/~ cells
were harvested from mice harboring the CD45.2 variant. Control wild-type (WT) mice
received 10% CD45.2+Tet2*/* and 90% CD45.1*Tet2*'* cells. At 8 weeks after BMT and at
4 weeks after LAD ligation in BMT-treated animals (pre and post, respectively) flow
cytometry was performed on blood leukocytes to assess the expansion of Tet2~/~ cells
(Figure 1B). Consistent with our prior report (19),. Tet2~/~ CD45.2* cells displayed a time
dependent expansion into the white blood cells (WBC), Ly6CNi monocytes and neutrophils
(Figure 1B). Although Tet2-deficient donor mice displayed a small elevation in lineage
marker~, c-Kit*, Scal* (LSK), this difference did not appear to account for the large
increase in Tet2™/~ cell expansion into the difference lineages (Online Figure 3). Tet2-
deficient donor mice also did not display differences in levels of GMP or MDP progenitor
cells, neutrophils, or monocytes, or spleen weights at this age. These Tet2™/~ cells expanded
into multiple blood lineages, but a reduced expansion into the T cell lineage was observed
(Online Figure 4). Total WBC levels were unaffected by genotype (Figure 1C).

At this 8 week time point, mice from both experimental groups underwent permanent LAD
ligation surgery as described previously (20,25,26). Permanent LAD ligation surgery did not
affect the expansion of Tet2~/~ cells (Online Figure 5). Consistent with prior studies (30), all
transplanted mice survived surgery following irradiation (Online Figure 6). At 4 weeks after
myocardial infarction (MI) surgery, the 10% KO-BMT mice displayed statistically
significant increases in left ventricle (LV) systolic volume and LV diastolic volume,
indicative of greater systolic dysfunction, compared to control mice that also underwent
BMT and Ml surgery (Figure 1D). Trends in these echocardiographic parameters were
observed at the 2 week time point but did not reach statistical significance. Ejection fraction
was significantly reduced in the 10% KO-BMT group at 2 and 4 weeks post-MI. Consistent
with a lack of difference in echocardiographic parameters at the 1 week time point, there
was no detectable difference in infarct size between 10% KO-BMT and 10% WT-BMT mice
(Figure 1E). There was a statistically significant increase in fibrosis in the marginal zone of
the 10% KO-BMT mice (Figure 1F). Wheat germ agglutinin staining was employed on
tissue sections, to determine cardiac myocyte cross-sectional area, revealed that myocytes
from 10% KO-BMT mice displayed greater hypertrophy at the marginal zone (Figure 1G),
consistent with greater post-MI cardiac remodeling. Analysis of the infarct marginal zone
for F4-80-positive cells revealed greater macrophage infiltration at the 4 week post-MI time
point (Online Figure 4). In separate studies, competitive BMT experiments with Tet2*/~ cells
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revealed that Tet2 heterozygosity is sufficient to promote cardiac dysfunction in this model,
albeit at a reduced level compared to homozygous Tet2-deficient cells (Online Figure 7).
These findings are consistent with the slower kinetics of Tet2-heterozygous cell expansion.

Due to the central role of macrophage activation in post-MI remodeling (31) and the
preferential expansion of human TET2-mutant cells into the myeloid lineage in mice (32),
we investigated whether the targeted ablation of Tet2 would be sufficient to promote post-MI
remodeling. Myeloid-deficient Tet2 mice (Myelo-Tet2-KO mice) were generated using
LysM-Cre/LoxP strategies and subjected to permanent LAD ligation (Figure 2A). Using this
system, the ablation of Tet2 in bone marrow-derived macrophages occurred at an efficiency
of 74% (Figure 2B). This condition did not lead to detectable changes in the levels of
hematopoietic cells (Figure 2C; Online Figure 8). No differences in mouse survival
following LAD ligation was detected between Tet2-deficient and control strains of mice over
the time course of this experiment (Figure 2D). However, Myelo-Tet2-KO mice displayed a
statistically significant increase in LV systolic and LV diastolic volumes at the 4 week post-
MI time point, and trends toward increases in these parameters at the 2 week time point,
compared with control mice (Figure 2E). Calculated ejection fraction showed statistically
significant reductions at both 2 and 4 week time points in the Myelo-Tet2-KO mice. Infarct
size was unaffected by the different myeloid Tet2 genotypes (Figure 2F). At the terminal 4
week time point hearts from Myelo-Tet2-KO mice displayed an increase in fibrosis in
cardiac tissue sections from the marginal zone (Figure 2G), and an increase in cardiac
myocyte cross sectional area (Figure 2H), consistent with greater cardiac remodeling.

A survey of transcripts revealed that interleukin 1 beta (IL-1p), IL-18, Cxcl2, Ccl2, Ccl5 and
P-selectin were upregulated in the post-MI hearts of 10% KO-BMT mice compared to 10%
WT-BMT mice (Figure 3A). In contrast, little or no statistical differences were detected in
the transcript levels of IL-6, TNFa. The 10% KO-BMT, post-MI hearts also displayed an
increase in CD45* leukocytes that could primarily by attributed to the abundance of
macrophages (Figure 3B, C, and Online Figure 9). The increase in macrophage number was
not accompanied by an increase in proliferation, as assessed by Ki67 (Online Figure 10). To
document changes in IL-1p protein, confocal microscopy immunofluorescence staining of
IL-1p was performed on marginal zone sections of hearts at the 4 week post-MI time point.
Cardiac sections from 10% KO-BMT mice displayed significantly greater IL-1p expression
than sections of 10% WT-BMT mice (Figure 3D). Consistent with these results, IL-18
transcript levels were upregulated in the myocardium of the -Tet2-KO mice compared to
control mice at the 4 week post-MI time point (Figure 3E). Bone marrow-derived
macrophages isolated from whole body Tet2-deficient mice also displayed elevated IL-1p,
IL-6 and Ccl5 transcript expression (Figure 3F).

To assess the functional significance of NLRP3-mediated IL-1p production in cardiac
remodeling, 10% KO-BMT and 10% WT-BMT mice were infused with the specific NLRP3
inhibitor MCC950 starting at one week post-MI and continued until sacrifice at 5 weeks
(Figure 4A). At the one week time point (initiation of MCC950 infusion), there were no
detectable differences in echocardiographic parameters in the different experimental groups
of mice (Figure 4B). However, by week 5 post-MI, MCC950 treatment led to significant
protection against cardiac remodeling in both 10% KO-BMT and 10% WT-BMT mice.

JAm Coll Cardiol. Author manuscript; available in PMC 2019 February 27.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Sano et al.

Page 6

Notably, the MCC950 treatment completely eliminated echocardiographic differences in LV
systolic volume, LV diastolic volume or ejection fraction, between the Tet2-deficient and
WT experimental conditions (Figure 4B). Treatment with MCC950 infusion also diminished
marginal zone fibrosis at the 5-week time point in both 10% KO-BMT and 10% WT-BMT
mice and eliminated the difference in this parameter between these experimental groups
(Figure 4C). Similarly, cardiac myocyte hypertrophy was markedly reduced by MCC950
treatment in both Tet2-deficient and WT mice and the drug eliminated the difference in this
parameter between experimental groups (Figure 4D). In a separate experiment, treatment
with MCC950 had no effect on the expansion of Tet2™/~ HSPC into the different blood
lineages (Online Figure 11), consistent with our previous study (19).

To corroborate these findings in a different model of heart failure, experimental groups of
mice were also subjected to pressure overload hypertrophy by performing transverse aortic
constriction (TAC) (Figure 5A). In this model, the heart initially undergoes compensatory
hypertrophy, but transitions to decompensated hypertrophy due to capillary rarefaction and
other chronic pathological alterations (33,34). Because 10% KO-BMT mice exhibited
increased IL-1p expression in this model (Figure 5B), similar to our observation in the LAD
model, TAC experiments were performed in mice treated with the NLRP3 inflammasome
inhibitor MCC950 or vehicle control as described above to assess the effects of blockade of
NLRP3 inflammasome-mediated IL-1f secretion. In this setting, MCC950 treatment was
started at the time of surgery and maintained until termination of the experiment. Vehicle-
infused 10% KO-BMT mice exhibited marked cardiac hypertrophy after TAC, as reflected
by a greater increase in relative heart size and heart weight to tibia length ratio compared to
10% WT-BMT mice (Figure 5C,D). 10% KO-BMT mice also displayed greater LV posterior
wall thickness and a greater impairment in fractional shortening in the hearts of the 10%
KO-BMT mice (Figure 5E). Correspondingly, 10% KO-BMT mice displayed more fibrosis
(Figure 5F) and cardiac myocyte hypertrophy (Figure 5G) following LAD ligation. As with
the partial BMT, myeloid cell-specific ablation of Tet2 led to greater cardiac hypertrophy
(Online Figure 7) and diminished cardiac function (Online Figure 8) compared to control
mice. Mye-Tet2-KO mice also displayed greater expression of IL-1p after TAC than the
control strain (Online Figure 9).surgery. Treatment with MCC950 had a marked inhibitory
effect on the development of pressure overload-induced cardiac hypertrophy and it
suppressed the differences in heart size, cardiac function, myocyte hypertrophy and
interstitial fibrosis observed between the 10% KO-BMT and 10% WT-BMT mice in this
model (Figure 5C-G).

In separate experiments employing the TAC model of heart failure, the targeted ablation of
Tet2 in myeloid cells also led to greater cardiac hypertrophy and diminished function
compared to control mice (Online Figure 12). Myeloid Tet2-deficiency also led to greater
lung congestion, myocardial fibrosis and myocyte hypertrophy. Hearts from these mice
displayed greater expression of IL-1 transcript and more macrophages in the myocardium.

Discussion

A number of recent studies have shown that it is common to find non-symptomatic
individuals that exhibit clonal hematopoiesis associated with the expansion of hematopoietic
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cells that contain a mutation in 1 of a number of cancer-related genes (Central Illustration).
The most common mutations occur in epigenetic regulatory genes, such as 7E72, that are
frequently mutated in hematological cancers (6-8). Deep sequencing of mutational hotspots
within candidate genes or whole exome sequencing of a well characterized cohort revealed
that clonal hematopoiesis is common in the elderly (6-9,16-18,35). Remarkably, a study
employing highly sensitive targeted error-corrected sequencing revealed that 95% of
individuals in their 50°s possesses low levels of these mutations (predominantly DNMT3A
and TET2), suggesting that the seeding of bone marrow with mutated hematopoietic cells is
essentially ubiquitous by middle age (36). These findings have led to the compelling notion
that age-associated chronic diseases—both cardiovascular disease (CVD) and non-CVD—
may be influenced by the occurrence of somatic mutations that lead to clonal hematopoiesis.
While previous studies in our laboratory demonstrated that clonal hematopoiesis associated
with Tet2 deficiency accelerates atherosclerosis in mice (19), our experimental findings
presented herein suggest that this phenomenon may have broader implications in the context
of CVD, as it may also promote heart failure in post-MI patients.

The present study shows for the first time that the partial inactivation of Tet2 in
hematopoietic cells, a condition that contributes to clonal hematopoiesis in humans, will
promote cardiac dysfunction in two murine models of heart failure. The permanent ligation
of the LAD artery is a model of severe ischemia that leads to myocardial necrosis and the
remodeling of the heart in response to scar formation. The TAC model initially induces a
cardiac hypertrophic response to pressure overload, and this is followed by systolic
dysfunction in response to capillary rarefaction (33,34). In both of these models, Tet2-
deficiency in hematopoietic cells, either by specific ablation in myeloid cells or by partial
reconstitution of the bone marrow with Tet2-deficient HSPC, was associated with worse
late-stage cardiac remodeling and reduced cardiac function.

The current work shows that Tet2-mediated clonal hematopoiesis leads to the up-regulation
of IL-1p in two models of heart failure. IL-1p is processed to an active form and secreted
following cleavage in the cytosol of innate immune cells by the NLRP3 inflammasome.
Treatment with the NLRP3 inflammasome inhibitor MCC950 protected against the
development of heart failure in both the LAD ligation and TAC models and eliminated the
differences in cardiac parameters between Tet2-deficient and wild-type (WT) mice. These
findings strongly suggest a central role for exacerbated IL-1p production in the maladaptive
cardiac remodeling observed in conditions of hematopoietic Tet2 loss of function. Consistent
with this possibility, previous studies have demonstrated an important role of IL-1p in CVD.
A number of compelling studies in animal models have shown that the neutralization of
IL-1B or inhibition of the inflammasome will protect the ischemic heart (37-41). IL-1p
levels are elevated after ST-Elevation Myocardial Infarction (STEMI) and associated with
maladaptive remodeling (42), and an IL-1p neutralizing antibody has recently shown
efficacy in high risk post-MI patients (43). IL-1p has been shown to have local effects on the
heart (44) as well as early systemic actions that includes the enhancement of HSPC
proliferation within 1 day of the infarct (45). However, neither inflammasome inhibition nor
LAD ligation had a detectable impact on Tet2-deficient leukocyte expansion in the current
study.
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Tet2 is a multifaceted epigenetic regulator that is able to facilitate both transcription
activation and repression depending on context. Previous studies have shown that Tet2 acts
as a negative regulator of pro-inflammatory macrophage activation and that it can function to
repress LPS-induced IL-6 expression (46,47). A mechanistic link between Tet2 inactivation
and NLRP3-mediated IL-1p production has also been documented (19). Tet2-deficient
macrophages express higher levels of IL-1p transcript and pro-I1L-1p protein, its inactive
precursor. Tet2-deficiency also upregulates components of the NLRP3 inflammasome, and
there are increases in the levels of cleaved and secreted IL-1p that exceed the level of its
transcriptional activation suggesting that Tet2 modulates multiple steps in the IL-1p
pathway. Tet2-mediated IL-1f regulation is independent of its catalytic activity, i.e. the
oxidation of 5-methylcytosine, but involves changes in the recruitment of histone
deacetylase to the /L-15 promoter (19,46).

The Canakinumab Anti-inflammatory Thrombosis Outcomes Study (CANTOS) has shown
that the IL-1p neutralizing antibody canakinumab can reduce major adverse cardiovascular
events in patients with stable coronary artery disease and elevated levels of C-reactive
protein, predominantly due to reductions in the incidence of repeat myocardial infarction
(43). Based upon the findings of the current study and our previous atherosclerosis studies
(19), it is tempting to speculate that subjects with somatic mutations in 7£72would exhibit
a superior response to this treatment. Thus, subgroup analysis based upon genetic screening
for somatic TET2 mutations, and perhaps related somatic mutations in WBC, should be
considered in this patient cohort. In view of the infection side effect of canakinumab therapy,
the identification of patients who would most benefit from this drug is warranted.

Conclusions

These experimental studies show that mice with Tet2-deficiency in hematopoietic cells
display greater maladaptive cardiac remodeling and dysfunction in models of pressure
overload hypertrophy and permanent LAD ligation. NLRP3 inflammasome inhibition had a
disproportionately greater protective effect in these models when mice were engineered to
have inactivating mutations in the 7e£2 gene of hematopoietic cells. Given that somatic
mutation in TET2 are relatively common in the elderly population, these data suggest that
IL-1B blockade or NLRP3 inflammasome inhibition may be particularly effective for the
treatment of CVD in individuals who carry these mutations.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Clinical Perspectives
Competency in Medical Knowledge

In elderly individuals, clonal hematopoiesis arising from pre-leukemic genetic mutations
in hematopoietic stem cells may include the epigenetic regulator TET2. In
epidemiological studies, somatic TET2 mutations are associated with an increased risk of
developing heart failure.

Translational Outlook

Clinical studies are needed to determine whether patients with somatic TET2 mutations
who sustain myocardial infarction benefit from therapies that target IL-1p or the NLRP3
inflammasome.
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Figure 1. Hematopoietic Tet2-KO mice show greater post-infarction remodeling
a. Scheme of the experimental study. Mice underwent partial (10%) bone marrow

reconstitution with Tet2-deficient cells (10% KO-BMT) or wild type cells (10% WT-BMT)
following lethal irradiation. After 8 weeks of recovery, mice underwent permanent LAD
ligation. Echocardiography was performed at the indicated time points. b. Tet2-KO bone
marrow cells (Cd45.2*) display a competitive advantage over wild type competitor cells
(Cd45.1%) in their ability to expand into multiple blood cell lineages /n vivo. Peripheral
blood was obtained 8 weeks and 12 weeks after BMT (before (Pre) and 4 weeks after (Post)
MI, respectively) from 10% WT-BMT (n=11) mice and 10% KO-BMT mice (n=10).
Statistical analysis was evaluated by evaluated by two-way ANOVA with Tukey’s multiple
comparison tests. ¢. Absolute numbers of WBC before (Pre) and 4 weeks after (Post) LAD
ligation of 10% KO-BMT mice (h=10) and 10% WT-BMT mice (n=11). Statistical analysis
was evaluated by evaluated by two-way ANOVA with Tukey’s multiple comparison tests. d.
Echocardiographic analysis shows that 10% KO-BMT mice (n=10) display worsening
cardiac remodeling after LAD ligation compared to 10% WT-BMT mice (n=11). Statistical
analysis was evaluated by two-way repeated measure ANOVA with Sidak’s multiple
comparison tests. e. Representative images and analysis of infarct size in myocardial tissue
sections from 10% WT-BMT (n=3) mice and 10% KO-BMT mice (n=3) stained with TTC 2
days after LAD ligation, showing there is no statistical significance between both groups.
Hearts were sliced at 2 mm below from the ligation site. Statistical analysis was evaluated by
two-tailed unpaired Student’s ftest. f. Representative images and analysis of fibrosis in
marginal zone of myocardial tissue sections from 10% WT-BMT (n=7) mice and 10% KO-
BMT mice (n=7) stained with Masson’s Trichrome dye at 4 weeks after ligation, showing
worsening fibrosis in 10% KO-BMT mice. The percentage of the fibrotic area was
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calculated with the image-J software. Statistical analysis was evaluated by two-tailed
unpaired Student’s ftest. Scale bars indicate 100 um. g. Representative images and analysis
of WGA staining of the heart sections from hearts 10% WT-BMT (n=7) mice and 10% KO-
BMT mice (n=7) isolated at 4 weeks after LAD ligation. Staining shows that the non-
infarcted, remote area of the heart displays greater hypertrophy of the cardiac myocytes.
Statistical analysis was evaluated by two-way ANOVA with Tukey’s multiple comparison
test. Scale bars indicate 50 um. **p<0.01, ***p<0.001, ****p<0.0001, NS: not significant.
WT: wild type, KO: knockout, BMT: bone marrow transfer, LAD: left anterior ascending
artery. WBC: white blood cells, Mono: monocytes, Neut: neutrophils, LV: left ventricle, EF:
ejection fraction, TTC: 2,3,5-triphenyl-tetrazolium chloride, CSA: cross-sectional area of
myocytes.
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Figure 2. Conditional myeloid Tet2-deficiency in mice leads worse cardiac remodeling in hearts
subjected to LAD ligation

a. Scheme of the study. Control and conditional myeloid Tet2-knockout (Myelo-KO) mice
underwent LAD ligation. Mice underwent permanent LAD ligation, and echocardiography
was performed at the indicated time points. b. The efficiency of Tet2 ablation was analyzed
by gPCR in BMDM at 7 days after /n vitro differentiation from conditional Tet2-Myelo-KO
mice and control mice (3 mice per genotype). Two-tailed Student’s #test was performed for
statistical analysis. c. Flow cytometry representative data and analysis of peripheral blood
from Tet2-Myelo-KO mice (n=6) and control mice (n=6) to show there are no detectable
changes in myeloid populations. Statistical significance of difference was evaluated by
multiple ttest. d. Mice survival curve after LAD ligation. The mortality of the conditional
KO mice and control mice after surgery was 37.5% and 40.0%, respectively. Log-rank test
was used for statistical analysis (n= 20 for control mice and n= 16 for conditional Tet2-KO
mice). e. Echocardiographic evaluation shows that surviving mice with conditional Tet2
ablation in myeloid cells (n=10) display worsening cardiac remodeling after LAD ligation
surgery compared to control mice (n=12). Statistical analysis was evaluated by two-way
repeated measure ANOVA with Sidak’s multiple comparison tests. f. Representative images
and analysis of infarct size in myocardial tissue sections from conditional KO mice (n=3)
and control (n=3) mice stained with TTC 2 days after LAD ligation. Hearts were sliced at 2
mm below from the ligation site, showing that there was no difference in initial infarct size.
Statistical analysis was evaluated by Mann-Whitney U test. g. Representative images and
analysis of fibrosis in the marginal zone of myocardial tissue sections from conditional KO
mice (n=6) and control (n=6) mice stained with Masson’s Trichrome dye at 4 weeks after
ligation, showing worsening fibrosis in conditional KO mice. The percentage of the fibrotic
area was calculated with the image-J software. Statistical analysis was evaluated by two-
tailed unpaired Student’s ztest. Scale bars indicate 100 um. h. WGA staining of the heart
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sections from hearts control (n=6) mice and conditional KO mice (n=6) isolated at 4 weeks
after LAD ligation. Analysis of CSA shows that the non-infarcted, remote area of the heart
of conditional KO mice display greater hypertrophy of the cardiac myocytes. Statistical
analysis was evaluated by two-way ANOVA followed with Tukey’s multiple comparison
tests. Scale bars indicate 50 um. *p<0.05, **p<0.01, ****p<0.0001, NS: not significant.
WT: wild type, KO: knockout, LAD: left anterior ascending artery, gPCR: quantitative
polymerase chain reaction, BMDM: bone marrow-derived macrophages, LAD: left anterior
ascending artery, Mono: monocytes, Neut: neutrophils, LV: left ventricle, EF: ejection
fraction, TTC: 2,3,5-triphenyl-tetrazolium chloride, WGA: wheat germ agglutinin, CSA:
cross-sectional area of myocytes.
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Figure 3. Effect of Tet2-deficient hematopoietic cells on the expression of pro-inflammatory
cytokines and chemokines in the remodeling heart tissue

a. Analysis of transcript expression in the non-infarcted marginal zone obtained from 10%
KO-BMT mice (n=10) and 10% WT-BMT (n=11) mice. Gene expression was analyzed by
gPCR analysis. Statistical significance was evaluated by two-tailed unpaired Student’s ¢tests
with Welch’s Correction when variance was unequal or by Mann Whitney U tests for data
which failed to pass the Shapiro-Wilk normality test. b. Flow cytometry analysis of cardiac
remote area from 10% KO-BMT mice (n=7) and 10% WT-BMT (n=7) mice to show the
absolute number of total CD45* immune cells are increased in the myocardial tissue from
10% KO-BMT mice. Data is expressed as number of cells per 100 mg wet weight. Statistical
analysis was evaluated by two-tailed unpaired Student’s ftest. c. Flow cytometry analysis of
cardiac remote area from 10% KO-BMT mice (n=7) and 10% WT-BMT (n=7) mice to show
the absolute number of each immune cell populations. Statistical significance of difference
was evaluated by multiple ftests. d. IL-1p immunofluorescence staining in Mac3-positive
macrophage-enriched marginal zone of 10% KO-BMT (n=5) mice and 10% WT-BMT mice
(n=5) showing IL-1p signal is higher in 10% KO-BMT mice. Scale bars = 20 pm. Images
were quantified for integrated fluorescence intensity with Image J software. Statistical
analysis was performed by two-tailed unpaired Student’s ftests. e. Remote area samples
were obtained from conditional myeloid-specific KO mice and control mice, and gene
expression was analyzed by gPCR at the indicated time points (n=3 for sham and n = 10 at 4
weeks after LAD ligation, per genotype). Statistical significance was evaluated by two-way
ANOVA with Tukey’s multiple comparison tests. f. Bone marrow-derived macrophages 2
days after in vitro differentiation obtained from Tet2-null mice (n=6) and wild type (n=7)
were obtained in vitro and gene expression was analyzed by gPCR analysis. Statistical
significance of difference was evaluated by two-tailed unpaired Student’s #tests with
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Welch’s Correction when variance was unequal or by Mann Whitney U tests for data which
failed to pass the Shapiro-Wilk normality test. *p<0.05, **p<0.01, ****p<0.0001. WT: wild
type, KO: knockout, BMT: bone marrow transfer, LAD: left anterior ascending artery,
gPCR: quantitative polymerase chain reaction, RM: remote area, Mac: macrophages, Mono:
monocytes, Neut: neutrophils, B: B cells, T: T cells, ND: not detected.
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Figure 4. Inflammasome inhibition reverses post-infarction remodeling associated with
hematopoietic Tet2-deficiency

a. Scheme of the experimental study. Mice underwent partial (10%) bone marrow
reconstitution with Tet2-deficient cells (10% KO-BMT mice) or wild type cells (10% WT-
BMT mice) following lethal irradiation. After 8 weeks of recovery, mice underwent
permanent LAD ligation. 1 week after LAD ligation, MCC950 and PBS was continuously
infused with osmotic pumps for 4 weeks. Echocardiography was performed at the indicated
time points. b. Echocardiographic analysis reveals that treatment with the NLRP3
inflammasome inhibitor MCC950 protects against adverse cardiac remodeling in 10% KO-
BMT and 10% WT-BMT mice, and eliminates the differences in cardiac parameters between
Tet2-deficient and WT conditions at the post-LAD ligation time point of 5 weeks. Sample
sizes were n = 12 for 10% WT-BMT with PBS, n=12 for 10% KO-BMT with PBS, n =14
for 10% WT-BMT with MCC950, n = 14 for 10% KO-BMT with MCC950. Statistical
significance was evaluated by 2-way repeated measure ANOVA with Tukey’s multiple
comparison tests. c. Representative images and analysis of fibrosis in marginal zone of
myocardial tissue sections stained with Masson’s Trichrome dye at 5 weeks after ligation.
MCC950 inhibits the development of cardiac fibrosis after LAD ligation in mice
reconstituted with Tet2-KO or WT bone marrow, and eliminates the differences in cell size
between Tet2-deficient and WT genotypes. Statistical significances of differences among
groups of 10% WT/10%KO with PBS or MCC950 were evaluated by two-way ANOVA
with Tukey’s multiple comparison tests. Scale bars indicate 100 um. d. Representative
images and analysis of WGA staining of the heart sections of hearts at 5 weeks after LAD
ligation. MCC950 inhibits the development of cardiac myocyte hypertrophy after LAD
ligation in mice reconstituted with Tet2-KO or WT bone marrow, and eliminates the
differences in cell size between Tet2-deficient and WT genotypes. For ¢ and d, sham-
operated mice without any pump infusion were used as control (n=3 per genotype). Sample
sizes were n=6 for 10% WT-BMT with PBS, n=6 for 10% KO-BMT with PBS, n=8 for 10%
WT-BMT with MCC950, n=8 for 10% KO-BMT with MCC950. Statistical significances of
differences among groups of 10% WT/10%KO with PBS or MCC950 were evaluated by
two-way ANOVA with Tukey’s multiple comparison tests. Scale bars indicate 50 pum.
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**p<0.01, ***p<0.001, ****p<0.0001. WT: wild type, KO: knockout, BMT: bone marrow
transfer, LAD: left anterior ascending artery, PBS: phosphate-buffered saline, WGA: wheat
germ agglutinin, CSA: cross-sectional area of myocytes.
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Figure 5. Inflammasome inhibition reverses pressure overload-induced cardiac remodeling
associated with hematopoietic Tet2-deficiency

a. Scheme of the experimental study. Mice underwent partial (10%) bone marrow
reconstitution with Tet2-deficient cells (10% KO-BMT mice) or WT cells (10% WT-BMT)
following lethal irradiation. After 8 weeks of recovery, mice underwent permanent TAC
surgery to produce pressure overload on the heart. MCC950 or PBS were infused from 1
week after TAC. b. IL-1p transcripts were determined in heart samples from 10% WT-BMT
(n=7) mice and 10% KO-BMT mice (n=7) after pressure overload were by gPCR analysis.
Statistical significance was evaluated by Mann-Whitney U test. c. Representative images of
Picrosirius red staining to show the heart from 10% KO-BMT mice is larger compared to the
heart from 10% WT-BMT mice 5 weeks after TAC. Scale bar indicates 1 mm. d. HW
adjusted by TL, showing that MCC950 ameliorates the increase of cardiac mass after
pressure overload in both strains of mice and eliminates the differences in these parameters
between the Tet2-deficient and WT conditions (n=7 for TAC with PBS and n=8 for TAC
with MCC950 per genotype). Sham operated mice without any infusion were used as control
(n=3 per genotype). Statistical significances of differences among groups of 10% WT/
10%KO with PBS or MCC950 were evaluated by two-way ANOVA with Tukey’s multiple
comparison tests. e. Echocardiographic analysis shows that infusion with MCC950 protects
against adverse cardiac remodeling in mice reconstituted with Tet2-KO and wild-type bone
marrow, and eliminates the differences in cardiac parameters between Tet2-deficient and WT
genotypes at the 5 weeks after TAC surgery. Echocardiography was performed at the
indicated time points. Sample sizes were n=7 for 10% WT-BMT with PBS, n=7 for 10%
KO-BMT with PBS, n=8 for 10% WT-BMT with MCC950, n=8 for 10% KO-BMT with

Control PBS MCC950 Control PBS MCC950
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MCC950. Statistical significance of difference was evaluated by two-way repeated measure
ANOVA with Tukey’s multiple comparison tests. f. Quantitative analysis of cardiac sections
stained with Picro sirius red as presented in Fig. 5¢c. shows that mice reconstituted with Tet2-
knockout bone marrow exhibit greater cardiac fibrosis after pressure overload that can be
reversed by treatment with MCC950. The MCC950 treatment eliminates the difference in
this parameter between the Tet2-deficient and WT conditions. Sample sizes were n=7 for
10% WT-BMT with PBS, n=7 for 10% KO-BMT with PBS, n=8 for 10% WT-BMT with
MCC950, n=8 for 10% KO-BMT with MCC950. Sham mice without any infusion were
used as control (n=5 per genotype). Statistical significances of differences among groups of
10% WT/10%KO with PBS or MCC950 were evaluated by two-way ANOVA with Tukey’s
multiple comparison tests. g. Representative images and measurement of CSA stained with
WGA shows that MCC950 inhibits hypertrophy after pressure overload both in wild type
and hematopoietic Tet2-KO mice and eliminates the difference in parameters between the
Tet2-deficient and WT conditions. Sample sizes were n=7 for 10% WT-BMT with PBS, n=7
for 10% KO-BMT with PBS, n=8 for 10% WT-BMT with MCC950, n=8 for 10% KO-BMT
with MCC950. Sham mice without any infusion were used as control (n=5 per genotype).
Statistical significances of differences among groups of 10% WT/10%KO with PBS or
MCC950 were evaluated by two-way ANOVA with Tukey’s multiple comparison tests.
*p<0.05, ****p<0.0001; NS: not significant. WT: wild type, KO: knockout, BMT: bone
marrow transfer, TAC: transverse aortic constriction, PBS: phosphate-buffered saline, qPCR:
quantitative polymerase chain reaction, HW: heart weight, TL: tibia length, WGA: wheat
germ agglutinin, WGA: wheat germ agglutinin, CSA: cross-sectional area of myocytes.
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Central Illustration. Clonal Hematopoiesis Promotes Heart Failure
Somatic Tet2 mutations within hematopoietic stem and progenitor cells (HSPC) will lead to

their clonal amplification. These HSPC give rise to myeloid cell progeny that promote
cardiac remodeling through excessive production of IL-1p.
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