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Tet2 restrains inflammatory gene expression in macrophages
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Tet methylcytosine dioxygenase 2 (TET2) is one of the earliest and most frequently mutated
genes in clonal hematopoiesis of indeterminate potential (CHIP) and myeloid cancers, including myelodysplastic syndromes (MDS) and chronic myelomonocytic leukemia (CMML). TET2
catalyzes the oxidation of 5-methylcytosine to 5-hydroxymethylcytosine, leading to DNA
demethylation, and also affects transcription by recruiting histone modifiers. Inactivating
TET2 mutations cause epigenetic dysregulation, clonal hematopoietic stem cell (HSC) dominance, and monocytic lineage skewing. Here, we found that Tet2 was the most highly expressed
Tet enzyme in murine macrophage (MΦ) differentiation. Tet2 transcription was further
induced by lipopolysaccharide (LPS), but not interleukin (IL)-4, stimulation, potentially in a
nuclear factor κβ-dependent manner. Tet2 loss did not affect early LPS gene responses in
vitro, but increased Il-1b, Il-6, and Arginase 1 (Arg1) mRNA expression at later stages of
stimulation in bone-marrow-derived MΦs (BMMΦs). Tet2-deficient peritoneal MΦs, however,
demonstrated profound, constitutive expression of LPS-induced genes associated with an
inflammatory state in vivo. In contrast, Tet2 deficiency did not affect alternative MΦ gene
expression significantly in response to IL-4. These results suggested impaired resolution of
inflammation in the absence of Tet2 both in vitro and in vivo. For the first time, we also
detected TET2 mutations in BMMΦs from MDS and CMML patients and assayed their
effects on LPS responses, including their potential influence on human IL-6 expression. Our
results show that Tet2 restrains inflammation in murine MΦs and mice, raising the possibility
that loss of TET2 function in MΦs may alter the immune environment in the large elderly
population with TET2-mutant CHIP and in TET2-mutant myeloid cancer patients. © 2017
ISEH – Society for Hematology and Stem Cells. Published by Elsevier Inc. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Epigenetic dysregulation is a common feature of many cancers,
including myeloid neoplasms [1–3]. Mono-allelic or biallelic loss-of-function mutations in Tet methylcytosine
dioxygenase 2 (TET2) are highly prevalent in chronic
myelomonocytic leukemia (CMML, 50–60%), myelodysplastic
syndromes (MDS, 19–26%), and subclinical clonal hematopoiesis of indeterminate potential (CHIP, up to 33%; Cook
and Rauh, unpublished data) [4–11]. Occurring early in disease
progression, inactivation of TET2 results in loss of
hydroxymethylation and a concomitant enrichment of methylation, particularly within active enhancer regions [12,13].
It has been postulated that these changes enable hematopoietic
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stem and progenitor cells to expand through enhanced selfrenewal capacity [14], eventually leading to clonal dominance
and the initiating steps of leukemogenesis.
A number of Tet2-deficient murine models were created
to study how loss of this epigenetic regulator contributes to
myeloid transformation. Mirroring human disease, Tet2knockout mice display several features consistent with MDS
and CMML, including dysplasia, expansion of stem and progenitor populations, monocytic skewing, and splenomegaly
[14–17]. Although they focused heavily on pluripotent and
multipotent hematopoietic cells, initial studies did not assess
how the loss of Tet2 affected more differentiated cell types,
including those involved in immune responses. This is important to address because it has become increasingly evident
that dysregulation of the bone marrow (BM) microenvironment contributes to MDS/CMML disease etiology [18,19].
Moreover, it has been postulated that mutant monocytes may
partially explain the association of CHIP with cardiometabolic disease [11,20,21].
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Integrating signals from both innate and adaptive immunity, macrophages (MΦs) maintain local microenvironments
by debris clearing, production of cytokines, recruitment of
lymphocytes, and interactions with mesenchymal stem cells,
which affects HSC retention and self-renewal [22]. In myeloid
neoplasms, variable and persistent monocytosis are features
of MDS and CMML, respectively. The study of these expanded monocyte/murine MΦ populations is crucial to building
a more thorough understanding of these complex diseases
[23,24]. We hypothesized that loss of Tet2 function in MΦs
may contribute to an inflammatory environment conducive
to leukemogenesis and comorbid illness. We therefore characterized the effect of Tet2 loss on MΦ differentiation and
polarization.
Methods
BM-derived MΦ and peritoneal MΦ stimulation
Animal studies were approved by the Queen’s University Animal
Care Committee in accordance with the Canadian Council on Animal
Care standards. As described previously [14], heterozygous (Tet2+/–)
and homozygous (Tet2–/–) knockouts were generated from parental
floxed (Tet2f/f, B6;129S-Tet2tm1.1Iaai/J) and Vav1-Cre (B6.CgTg(Vav1-cre)A2Kio/J) mice (The Jackson Laboratory). BMderived MΦs (BMMΦs) and peritoneal MΦs (PMΦs) were cultured
as described previously [25,26], treated with 100 ng/mL LPS (SigmaAldrich, Oakville, ON, Canada), 10 ng/mL recombinant mouse IL-4
(Thermo Fisher Scientific), peritoneal lavage fluid, or conditioned
medium, and subjected to standard DNA, RNA, and protein harvesting (see Supplementary Methods, online only, available at
www.exphem.org).
Cell lines and toll-like receptor 4 inhibitor treatments
Murine monocyte/MΦ RAW264.7 cells, a generous gift from Dr.
P. Greer (Queen’s University), were cultured in Dulbecco’s modified Eagle’s medium (Hyclone, Logan, UT) supplemented with 10%
FBS and 1 × penicillin/streptomycin. For toll-like receptor 4 (TLR4)
signaling inhibition, 2x105 RAW264.7 cells/well in 12-well plates
were pretreated for 1 hour with dimethylsulfoxide (DMSO) vehicle
control (Bioshop) or: 5–10 µmol/L BAY11-7082 (an IκBα phosphorylation inhibitor), 10–40 µmol/L SP600125 (a Jun N-terminal
kinase [JNK] inhibitor), or 2–8 µmol/L PD184352 (a mitogenactivated protein kinase/extracellular signal-regulated kinase [MEK]
inhibitor; Sigma-Aldrich). Cells were then treated with 100 ng/
mL LPS for 3 hours.
Western blots and immunofluorescence
Western blotting was performed against Tet2, Arginase 1, IκBα, Erk1/
2, phospho-Erk1/2, Jun, phospho-cJun, and β-actin and
immunofluorescence against Tet2 using standard techniques [26,27].
Antibodies and conditions are described in the Supplementary
Methods.
SYBR green quantitative reverse transcriptase polymerase chain
reaction
First, 0.25–1 µg of RNA was converted into cDNA using M-MLV
Reverse Transcriptase (Thermo Fisher Scientific). Previously published primer sequences were used for amplification of mouse Tet1,
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Tet2, Tet3, tumor necrosis factor (TNF) α, IL-6, IL-1β, and Arg1
and human TET1, TET2, TET3, IL-1β, and IL-6 [14,28–32]. Human
β-actin and mouse β-2-microglobulin (B2M) were used as internal controls [33,34]. Next, 20 ng of cDNA was amplified using the
DyNAmo Flash SYBR Green quantitative reverse transcriptase polymerase chain reaction (qRT-PCR) Kit (Thermo Fisher Scientific)
in a Viia 7 Real-Time PCR Machine (Applied Biosystems, Foster
City, CA) courtesy of the Berman Laboratory (Queen’s University). mRNA expression as fold changes of target genes were calculated
relative to controls using the delta-delta Ct method (Perkin Elmer,
Waltham, MA).
NanoString nCounter gene expression profiling
Expression of 561 immunology-related mRNA transcripts and associated controls was analyzed in total BMMΦ and PMΦ RNA using
the standard NanoString nCounter Mouse Immunology Gene Expression CodeSet (targets listed in Supplementary Table E1, online
only, available at www.exphem.org) plus 30 additional custom targets
(Arg1, Ym1, Mgl1, Csk, Cxcl2, Ddl4, Fam26f, Fer, Fes, Folr2, Gata6,
Gbp1, Gbp5, Gzmk, Gzmm, Hck, Ido1, Ship1, Lyn, Madcam1, Mgl2,
Mrc1, Nkg7, Plcb3, Shp2, Ptpn18, Sirpa, Srsf2, Tec, and Tlr7). Data
normalization, threshold setting [35], and analysis are described in
the Supplementary Methods.
Mouse plasma collection and cytokine/chemokine array
Blood plasma was collected through cardiac puncture from isofluraneanesthetized mice and subjected to Mouse Cytokine Array/
Chemokine Array 31-Plex analysis (Bio-Plex 200; Bio-Rad) at Eve
Technologies (Calgary, Alberta, Canada). See Supplementary Methods
for a list of targets and a description of the analysis.
Patient samples and human MΦ cultures
With human ethics approval, viably frozen BM mononuclear cells
(BM-MNCs) from 10 MDS/CMML patients were obtained from the
Sunnybrook MDS Biobank (Toronto, Ontario, Canada) and Queen’s
University (Kingston, Ontario, Canada). Where indicated, human
BM-MNC-derived MΦs were cultured for 7 days in X-Vivo medium
(Lonza, Rochester, NY) supplemented with 5% human AB serum
(Corning, Corning, NY) and 20 ng/mL recombinant human granulocyte macrophage-colony stimulating factor (GM-CSF; BioLegend,
San Diego, CA). DNA and RNA samples were isolated from BMMNCs or BM-MNC-derived MΦs (Qiagen) and used for downstream
Ion Torrent or Sanger sequencing or gene expression analyses. Sequencing data are presented in Supplementary Table E4 (online only,
available at www.exphem.org).
Ion torrent sequencing
Genomic DNA (gDNA) was quantified using the TaqManRNase P
qPCR Detection Kit (Life Technologies). Bar-coded libraries were
prepared from 15 ng of extracted gDNA using a custom, panmyeloid, 2-tube, 1552-amplicon, Ion Torrent AmpliSeq PCR panel
and Ion AmpliSeq Library Kit 2.0 (Thermo Fisher Scientific) and
sequenced as described previously [36]. Please see Supplementary Methods for a description of the 48 gene targets and variant calling
pipeline.
Sanger sequencing
Genomic DNA from BM-MNC-derived human MΦ cultures was
used as a template to generate PCR products (Supplementary
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Methods; for primer sequences, see Supplementary Table E5, both
online only, available at www.exphem.org). Sanger sequencing was
performed at Genome Québec (Montréal, Québec, Canada) and the
resulting chromatograms were scanned manually to locate known
TET2 mutations.
Statistical analysis
Figures show representative data from three or more independent
experiments unless otherwise indicated. p ≤ 0.05 was considered statistically significant. Mann–Whitney U tests (to compare larger
datasets or combined experimental replicates), unpaired twotailed t tests assuming equal variances (to compare means of
experimental triplicates), and Spearman correlations (to compare log2transformed NanoString data) were performed using Prism Software
Version 6.0f (GraphPad Software, La Jolla, CA).

Results
Tet2 expression is maintained in differentiated murine MΦs
To decipher the role played by Tet2 in MΦ biology, we first
profiled Tet enzyme mRNA levels during C57BL/6 MΦ differentiation. Tet2 was expressed early in differentiating whole
BM (day 2, Fig. 1A), with comparable relative mRNA levels
maintained throughout macrophage-colony stimulating factor
(M-CSF)-induced MΦ differentiation (Fig. 1A). In contrast, Tet1 and Tet3 levels were highest in whole BM, with
expression decreasing as BMMΦs differentiated (Fig. 1A).
Analysis of Tet1 and Tet3 mRNA expression data compiled
on the publically available website BloodSpot [37] (http://
www.bloodspot.eu) also showed this trend (Supplementary
Figure E1A,B, online only, available at www.exphem.org).
Next, we assessed Tet2 expression in differentiated
monocytes/MΦs compared with HSC populations. Mining
publically available microarray data at Gene Skyline [38] (http://
www.immgen.org), higher mouse Tet2 expression was observed
in classical monocytes (Cd115 + B220 – Ly6C + MHCII +or– )
compared with long-term repopulating stem cells (IgM–
Cd24–Cd117+Il-4r–Cd150–Cd48–AA4.1+Cd43+; Supplementary
Figure E1C, online only, available at www.exphem.org). Furthermore, Tet2 data compiled at BloodSpot for the normal
mouse hematopoietic system indicated that monocytes were
the mature cell type with highest expression of this gene
(Supplementary Figure E1D, online only, available at
www.exphem.org). This provides further evidence that Tet2
is expressed dominantly in MΦs and precursors.
Tet2 loss does not affect markers of MΦ differentiation
negatively
Because Tet2 expression was maintained throughout MΦ differentiation, we next explored the impact of Tet2 deficiency
on MΦ differentiation. To assess this, we used a constitutive hematopoietic Tet2-knockout mouse model established
by Moran-Crusio et al. [14]. To ensure that MΦ populations in this murine model demonstrated appropriate Tet2
expression, Vav1-Cre-driven genomic excision of Tet2 was
verified in BMMΦs and PMΦs from heterozygous (Tet2+/–)

and homozygous (Tet2–/–) knockout mice compared with controls (Tet2f/f; Supplementary Figure E2A–C, online only,
available at www.exphem.org), along with mRNA (S2D) and
protein (S2E-F). We found no compensatory increases in Tet1
or Tet3 in Tet2–/– MΦs (Supplementary Figure E2G,H, online
only, available at www.exphem.org).
Previous reports have shown that Tet2 loss does not appreciably alter the flow cytometric percentages of
F4/80+CD11b+ splenic MΦ and PMΦs [39]. Consistent with
this result, total peritoneal lavage and M-CSF-differentiated
BMMΦ cell counts were not significantly different between
knockouts and controls (Fig. 1B and 1C). To evaluate the
effects of Tet2 deficiency on markers of MΦ differentiation, comparative gene expression analysis was performed
using the NanoString Mouse Immunology CodeSet. Pooled,
untreated PMΦ and BMMΦ input RNA samples from Tet2f/f
and Tet2–/– mice were used for this analysis. The mean mRNA
counts of Cd14, Cd36, Csf2rb, F4/80, Cd18, and Cd11b did
not vary by >1.35-fold between genotypes (Fig. 1D and 1E).
Overall, our results suggested that MΦ differentiation was
unimpeded in Tet2–/– MΦs.
LPS treatment induces Tet2 expression in MΦs
Although the expression of differentiation markers was similar
in Tet2–/– and Tet2f/f MΦs, we hypothesized that functional
polarization would be altered by Tet2 loss. Tet2 levels were
first characterized in Tet2f/f PMΦs treated with either 100 ng/
mL LPS or 10 ng/mL IL-4. LPS treatment increased Tet2
mRNA expression two- to fivefold at 3 hours and Tet2 remained elevated at 12 hours, returning to basal levels by 24
hours (Fig. 2A). Tet1 and Tet3 levels were not increased during
LPS stimulation (Fig. 2A). These findings were also reproducible in Tet2f/f BMMΦs (not shown) and monocytic BALB/
c-derived RAW264.7 cells (Fig. 2B). Mining of microarray
data also showed similar induction of Tet2 expression in LPStreated BMMΦs and thioglycollate-elicited PMΦs
(Supplementary Figure E3A,B, online only, available at
www.exphem.org). In contrast to LPS-stimulated cells, IL-4
treatment had little to no effect on Tet2 mRNA expression
but appropriately induced Arg1 (Supplementary Figure E3C–E,
online only, available at www.exphem.org). Arg1 catalyzes
the hydrolysis of L-arginine to ornithine and urea, directing
arginine metabolism away from cytotoxic nitric oxide and
toward intermediates associated with cellular proliferation and
tissue repair [19,25,26]. We therefore chose to focus our investigations primarily on LPS responses.
BAY11-7082 abolishes Tet2 expression in LPS-treated MΦs
To study the mechanistic link between LPS-induced Tet2 expression and TLR4 signaling, RAW264.7 cells were pretreated
with downstream inhibitors of JNK (SP600125), IkBα phosphorylation (BAY 11–7082), or MEK (PD184352) before LPS
stimulation (Fig. 3A–3C and 3E–3G). Although a moderate
decrease in Tet2 expression was seen in RAW264.7 cells
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Figure 1. Although Tet2 expression was expressed stably during BMMΦ differentiation, Tet2 deficiency did not lead to differentiation defects. (A) Although Tet1
and Tet3 mRNA expression in C57BL/6 Tet2f/f BM treated with 10 ng/mL M-CSF decreased as MΦs differentiated over a period of 8 days, Tet2 levels remained
relatively constant (*p < 0.05; **p < 0.01; ***p < 0.001). (B, C) Total cell counts for Tet2f/f and Tet2–/– peritoneal lavage cells (B) and M-CSF-differentiated BMMΦs
(C) showed no significant difference between control and knockout mice. (D, E) Normalized NanoString mRNA counts of differentiation markers demonstrated
similar expression levels in Tet2f/f and Tet2–/– PMΦ samples (2 pools of n = 3 mice/pool) (D) and BMMΦ samples (1 pool of n = 2–3 mice/pool) (E).

treated with SP600125 (Fig. 3B), Tet2 induction was abolished in cells pretreated with BAY 11–7082, a nuclear factor
(NF)-κB inhibitor (Fig. 3C). BAY 11–7082 also decreased
LPS-induced Tet2 expression in primary Tet2f/f BMMΦs
(Fig. 3D). Western blot analysis was used to verify that the

appropriate phosphoproteins were targeted (Fig. 3E–3G).
Taken together, these findings suggested that the Tet2 promoter was NF-κB sensitive. Further study is required to
describe the transcription factor activation downstream of
TLR4 signaling that leads to heightened Tet2 expression.

60

A.H. Cull et al. / Experimental Hematology 2017;55:56–70

Figure 2. LPS stimulated Tet2 expression in murine MΦs. (A) Tet1, Tet2, and Tet3 mRNA expression in C57BL/6 Tet2f/f PMΦs treated for 3, 6, 12, or 24
hours with either media control or 100 ng/mL LPS (*p < 0.05; **p < 0.01; (***p < 0.001). (B) Tet1, Tet2, and Tet3 mRNA expression levels in the BALBcderived RAW264.7 cell line were reminiscent of primary mouse cells. Tet2 expression peaked between 3 and 6 hours before returning to basal levels by 24
hours after treatment (*p < 0.05; **p < 0.01).

Unstimulated Tet2-deficient PMΦs exhibit aberrant
induction of LPS-associated genes
Next, Tet2f/f and Tet2–/– MΦ LPS responses were evaluated.
Cells were treated with 100 ng/mL LPS for 3 hours and comparative gene expression analysis was performed on pooled
RNA samples (BMMΦ: n = 3 mice/genotype/treatment; PMΦ:
n = 2 mice/genotype/treatment) using the NanoString Mouse

Immunology CodeSet. When the log2-transformed normalized counts (Supplementary Table E1) from Tet2–/– cells were
plotted against Tet2f/f counts in a Spearman correlation plot,
we observed that, whereas untreated and LPS-treated Tet2f/f
and Tet2–/– BMMΦs had similar gene expression (Fig. 4A),
untreated Tet2–/– PMΦs overexpressed a number of genes reproducibly compared with Tet2f/f control cells (Fig. 4C;
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Figure 3. Pretreatment of MΦs with BAY11-7082 attenuated the effect of LPS on Tet2 gene expression. (A–C) RAW264.7 cells were pretreated for 1 hour
with either DMSO vehicle control or one of the following TLR4 signaling inhibitors: 2–8 µmol/L PD184352 (A), 10–40 µmol/L SP600125 (B), or 5–20 µmol/L
BAY11-7082 (C). Cells were then treated with 100 ng/mL LPS for 3 hours. Tet2 mRNA expression is shown for all samples (*p < 0.05; **p < 0.01; ***p < 0.001).
(D) Tet2 mRNA expression was reduced in Tet2f/f BMMΦ pretreated for 1 hour with 10 µmol/L BAY11-7082 followed by 100 ng/mL LPS for 3 hours (*p < 0.05;
**p < 0.01; ***p < 0.001). (E–G) Western blot analysis confirmed that inhibitors were targeting appropriate phospho-proteins.
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Figure 4. Tet2-deficient PMΦs displayed constitutive upregulation of LPS-related inflammatory genes. (A, C) Spearman correlations were performed for
both untreated (UT) and 3-hour LPS-treated Tet2f/f and Tet2–/– BMMΦ (A) and PMΦ (C) NanoString datasets. (B, D) Heat maps displaying the top 20 LPSinduced genes (at 3 hours). Log2-transformed normalized fold changes are shown (Tet2–/– NanoString mRNA counts vs. Tet2f/f NanoString mRNA counts)
for UT and LPS-treated (100 ng/mL) BMMΦs (B) and PMΦs (D). The top 20 LPS-induced genes (at 3 hours) in Tet2f/f MΦs were identified by comparing
resting-state Tet2f/f MΦ normalized counts with LPS-treated Tet2f/f MΦ normalized counts. Red indicates that the specific target is less abundant in Tet2–/–
MΦs versus control cells; green indicates that the target is more abundant in Tet2–/– MΦs. (Color version available online.)

Supplementary Figure E4, online only, available at
www.exphem.org), many of which are inflammatory cytokines/
chemokines. We also performed similar experiments using
MΦs treated for 3 hours with 10 ng/mL IL-4 and found that
gene expression did not differ significantly between IL-4-

treated Tet2f/f control and Tet2–/– MΦs (Supplementary Figure
E5, Supplementary Table E2, online only, available at
www.exphem.org).
Focusing on the LPS response, we generated a list of the
top 20 LPS-induced genes at 3 hours in Tet2f/f BMMΦ and
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Figure 4. (continued)

a comparable list of genes in Tet2f/f PMΦs. In BMMΦs, expression of these LPS-stimulated targets was found to be
similar in both untreated and LPS-treated Tet2–/– and Tet2f/f
BMMΦs (Fig. 4B; Supplementary Figure E3). In contrast,
RNA messages normally transcribed after a 3-hour LPS treatment were increased in untreated Tet2–/– PMΦs compared with
control cells (Fig. 4D; Supplementary Table E3, online only,
available at www.exphem.org). Il-1β was highest in Tet2–/–

PMΦs, at 485.16-fold of wild-type, and a number of other
genes also displayed greater than twentyfold upregulation.
Similar results were obtained with an independent dataset
(Supplementary Figure E4A). In addition, gene set enrichment analysis (GSEA; www.broadinstitute.org/gsea) revealed
that Tet2–/– resting-state PMΦs were enriched in GSEA hallmark gene signatures linked to inflammation and LPS
responses (Supplementary Figure E4B, online only, available

64

A.H. Cull et al. / Experimental Hematology 2017;55:56–70

at www.exphem.org) [40,41] compared with resting Tet2f/f
PMΦs.
Tet2-knockout BMMΦs demonstrate impaired resolution of
inflammation and enhanced Arg1 induction late in the LPS
response
Although we found no significant impact of Tet2 deficiency
in early (3 hours) BMMΦ LPS gene expression (Fig. 4A and
4B; Supplementary Table E3, online only, available at
www.exphem.org), using SYBR green qRT-PCR, we observed that mRNA expression of the proinflammatory
cytokines Il-6 and Il-1β was heightened in Tet2–/– BMMΦs
at 6, 12, and 24 hours after LPS, but not at 3 hours (Fig. 5A
and 5B). In addition, qRT-PCR analysis was used to examine
Arg1 levels. Under normal circumstances, Arg1 expression
is triggered late in TLR4 signaling as part of the resolution
of inflammation [42]. Although Tet2f/f BMMΦs showed a sevenfold upregulation of Arg1 24 hours after LPS, Tet2–/–
BMMΦs demonstrated a further increase (3.8-fold more vs.
Tet2f/f BMMΦs) 24 hours after LPS (Fig. 5C). Considering
these findings in Tet2–/– BMMΦs, we believe that the constitutive LPS-associated gene upregulation observed in
“resting” Tet2–/– PMΦs (which includes both Il-6 and Il-1β)
represents an inability to control and resolve inflammation
in vivo.
Tet2-knockout PMΦ phenotype is associated with systemic
inflammation
Consistent with an intrinsic propensity to upregulate Arg1
levels in LPS-treated Tet2–/– BMMΦs, Tet2-deficient PMΦs
demonstrated variable overexpression of Arg1 (Fig. 5D and
5E). Aside from being involved in inflammation resolution
late in the LPS response, Arg1 is induced potently during IL-4
signaling [43]. However, using SYBR green qRT-PCR assays,
we confirmed that high Arg1 levels in untreated Tet2–/– PMΦs
did not correlate with simultaneous overexpression of other
IL-4-induced (i.e., M2) genes such as Ym1 or Mrc1 (Fig. 5F).
Suspecting that high Tet2–/– PMΦs Arg1 instead was associated with the disease status in vivo, we confirmed that mice
with fivefold or more Arg1 mRNA expression displayed a significantly higher spleen:body weight ratios compared with
mice with less than fivefold Arg1 mRNA expression levels
(Fig. 5G). Splenomegaly, an enlargement of the spleen, is
common in Tet2-knockout mice and has been associated with
expansion of Cd11b+ cells and the presence of extramedullary hematopoiesis [14]. In addition, a cytokine/chemokine
array was used to evaluate inflammation status in Tet2–/– mice.
We found that Tet2–/– mice displayed significantly increased
blood plasma levels of IL-12 p40, Cxcl9 (MIG), Ccl5
(RANTES), IL-10, and TNFα (Fig. 6A–6E). Levels of IL12 p70, IL-1β, and IL-6 did not differ (Fig. 6F–6H). We also
noted significant linear correlations between high Arg1 Tet2–/–
PMΦ expression and levels of plasma cytokines such as VEGF,
IL-13, IL-2, RANTES, MIP-1α, and IL-10 (Fig. 6I–6N). To
begin to address causality, conditioned media from Tet2–/–

PMΦs (not Tet2f/f PMΦs) or peritoneal lavage fluid from Tet2–/–
mice (not Tet2f/f) induced Arg1 mRNA significantly in PMΦs
from both genotypes (Fig. 6O–6P). In addition to possible
cell-intrinsic effects of Tet2 deficiency on PMΦ Arg1 expression, this supported an additional role for Tet2-regulated
autocrine and/or paracrine environmental factors. We hypothesize that a common factor(s) that upregulates Arg1 is
found in conditioned media/lavage fluid of Tet2–/– PMΦs/
peritoneum. We have excluded IL-1β and IL-6 (data not
shown), and this will be the subject of future investigation.
Impact of TET2 mutations on human MΦ LPS response
Moving into the context of human MDS and CMML, we addressed whether TET2 mutations could be detected in human
MΦs and if TET2 inactivation affects IL-1β and IL-6 levels
after LPS stimulation. To begin, BM-MNC mutation status
was determined for MDS/CMML patients using Ion Torrent
amplicon-based sequencing [36] (Supplementary Table E4,
online only, available at www.exphem.org). Viably frozen BMMNCs from TET2 wild-type and TET2 mutant patients were
then cultured for 7 days under conditions selecting for MΦs
(Supplementary Figure E6A, online only, available at
www.exphem.org). All 10 unique TET2 mutations, including missense, frameshift, and insertions/deletions, were
detected in cultured MΦs using independent primers and
Sanger sequencing (Supplementary Figure E6B–D, Supplementary Tables E4–E5, online only, available at
www.exphem.org). These cells were then stimulated with LPS.
Although IL-1β mRNA was induced to similar levels in TET2
wild-type (n = 3) and TET2 mutant (n = 4) MDS/CMML MΦs
(Fig. 7A), some TET2 mutant MΦs overexpressed IL-6
(Fig. 7B). No other inflammatory cytokines were examined
at this stage. In addition to MDS/CMML MΦs, we also analyzed IL-1β and IL-6 expression in peripheral blood leukocytes
from older adults because of the high incidence of isolated
TET2 mutation in individuals over the age of 65 years [11].
Although IL-1β expression was equivalent in TET2 wildtype and TET2-mutant peripheral blood samples in preliminary
analysis, IL-6 mRNA levels were increased in a small number
of mutant patients and TET2-mutant CHIP was associated with
increased serum IL-6 (Cook and Rauh, unpublished data).
Interestingly, whereas mouse MΦ Tet3 is expressed at low
levels compared with Tet2, human TET3 transcript levels
remain high in monocytes/MΦs (Supplementary Figure
E7A–E, online only, available at www.exphem.org). Based
on studies in mice [44,45], these findings raise the possibility that human TET3 may compensate for some aspects of
TET2 deficiency. Further experimentation is required to understand and differentiate between these two homologous
proteins.
Our results show that Tet2 restrains inflammation in murine
MΦs and mice, with preliminary human MΦ studies also consistent with these findings, raising the possibility that TET2mutant MΦs contribute to the altered immune environment
associated with human myeloid cancers.
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Figure 5. Loss of Tet2 in BMMΦs led to impaired resolution of LPS-induced Il-6 and Il-1β expression and a corresponding increase in Arg1 levels. C57BL/6
Tet2f/f and Tet2–/– BMMΦs were treated for 3, 6, 12, or 24 hours with either media control or 100 ng/mL LPS. Il-6 (A), Il-1β (B), and Arg1 (C) mRNA expression levels were determined at each time point (*p < 0.05; **p < 0.01; ***p < 0.001). (D) Arg1 and β-actin (loading control) Western blot results are
shown for pooled Tet2f/+ and Tet2+/– PMΦ (n = 3 each genotype) lysates from cells treated with media (untreated, UT), 100 ng/mL LPS, or 10 ng/mL IL-4 for
24 hours. (E) qRT-PCR analysis of PMΦ samples from n = 10 Tet2+/– and n = 10 Tet2–/– mice demonstrated variable overexpression of Arg1 in Tet2-deficient
cells compared with a pooled Tet2f/f (n = 5) control sample (set at 1.0). (F) Arg1 levels shown for n = 7 Tet2–/– PMΦs in (E) are graphed alongside Mrc1 and
Ym1 expression from the same n = 7 Tet2–/– PMΦ samples. (G) Tet2–/– mice with greater than fivefold Arg1 mRNA expression (n = 13) have higher spleen:body
weight ratios than Tet2–/– mice with less than fivefold Arg1 mRNA expression (n = 13).
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Figure 6. Aberrant inflammatory cytokine/ chemokine levels were detected in Tet2-knockout mice. (A–H) Tet2f/f (n = 8) and Tet2–/– (n = 14) blood plasma cytokines
and chemokines were assayed using a 31-Plex Mouse Cytokine/Chemokine array. A subset of cytokines/chemokines are shown, with significantly increased IL-12
(p40) (A), MIG (B), RANTES (C), IL-10 (D), and TNFα (E) in Tet2–/– plasma (*p < 0.05; **p < 0.01; ***p < 0.001). Expression of IL-12 (p70) (F), IL-1β (G), and
IL-6 (H) remain similar in both Tet2f/f and Tet2–/– plasma samples. Horizontal lines indicate mean concentration. (I–N) Plasma cytokines/chemokines levels significantly correlated with qRT-PCR-generated fold overexpression of Arg1 in Tet2–/– PMΦs, as determined by linear regression (n = 10). (O, P) Arg1 mRNA expression
was found to increase upon treatment with Tet2–/– conditioned medium (CM) or peritoneal lavage fluid (LF). Tet2f/f and Tet2–/– PMΦ cultures were treated for 72
hours with medium, CM from Tet2f/f and Tet2–/– PMΦs (O), or peritoneal LF from Tet2f/f and Tet2–/– mice (P) (***p < 0.001; ****p < 0.0001).
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Figure 7. Patients with TET2-mutant MDS or CMML variably overexpressed the proinflammatory cytokine IL-6. IL-1β (A) and IL-6 (B) mRNA expression
levels for TET2 wild-type and TET2-mutant cultured BM-MNC-derived MΦs. BM-MNC samples from MDS and CMML patients were cultured individually for 7 days under conditions selecting for MΦs. Cells were then treated for 12 hours with medium or 100 ng/mL LPS.

Discussion
This study highlights the importance of Tet2 in the pathogenesis of myeloid malignancies by demonstrating that Tet2
deficiency increases inflammatory gene expression in mouse
and potentially human MΦs. Poised at the interface of innate
and adaptive immunity, where they orchestrate protective and
pathogenic responses, MΦs have the potential to contribute
to myeloid cancer pathogenesis and disease-associated immune
dysregulation [23,24,46–49]. It has been postulated that the
abnormal BM immune environment in MDS and CMML contributes to disease pathophysiology and clonal evolution by
promoting genotoxic stress and pyroptosis, leading to stem
and progenitor cell dysfunction [18,50–53]. Although tremendous progress has been made in elucidating the genetic
basis of MDS [10,54,55], the relationship between MDSassociated mutations and the immune environment remains
obscure [19].
The role of Tet2 in hematopoietic cell differentiation is
poorly understood. Work done in mouse models showed that
Tet2 silencing led to an increase in the c-Kit+Lin– population, cells that also demonstrated enhanced in vivo replating
capacity [14,16]. Although there is some evidence to suggest
that Tet2 regulates monocyte/MΦ-relevant gene targets
[56–58], data gathered by ourselves and others indicate that
there is no significant impact of Tet2 loss on the number of
peritoneal, splenic, or BM-derived MΦs or on their expression of MΦ lineage antigens such as Mac-1 (Cd11b) and F4/
80 (Emr1) [39]. Because human TET2 mutations and murine
Tet2-knockouts are associated with peripheral monocytosis

[14,16,17], we speculate that TET2/Tet2 limits early
monopoiesis but is dispensable for terminal MΦ differentiation. Studies interrogating more extensive sets of genes related
to MΦ differentiation, such as those regulated by PU.1, will
help to determine whether Tet2 loss affects terminally differentiated cells.
Strikingly, whereas Tet2–/– MΦs appear normal in terms
of their differentiation state, these cells upregulate inflammatory gene targets significantly and demonstrate an inability
to resolve inflammation. Some of these genes are clustered
spatially within the same chromosome: chemokines Cxcl1,
Cxcl2, and Cxcl3 on chromosome 5 and Ccl4, Ccl5, and Ccl7
on chromosome 11. This raises the question of whether Tet2
is involved in repressing larger groups of genes within the
same genetic locus. Aside from MΦs, other immune cell populations may display similar changes when Tet2 is lost. In a
recent study, Tet2 deficiency was shown to lead to aberrant
cytokine production by T cells in a mouse model of autoimmune encephalomyelitis [59]. The in vivo production of
soluble or cell-associated factors by Tet2-deficient, nonMΦ hematopoietic populations in our Vav1-Cre-driven model
or differences in MΦ responses in situ may at least partially explain why only peritoneal MΦs, but not isolated BMMΦs,
demonstrated constitutive expression of LPS-induced genes
in the absence of Tet2. In addition, while this study was in
preparation, Zhang et al. [39] published their findings primarily in dendritic cells showing that Il-6 expression was in
a state of derepression in Tet2-knockout cells. They demonstrated that IκBζ binds Tet2 at the Il-6 promoter, where it
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recruits Hdac2, leading to histone deacetylation and gene repression [39]. Furthermore, this group found increased
susceptibility of Tet2–/– mice to endotoxin shock and dextran
sodium sulfate-induced colitis [39]. More recently, Tet2deficient MΦs have been linked to accelerated murine
atherosclerosis through increased cytokines and chemokines
that were also found in our study [20,21]. Although we detected high IL-6 expression in some TET2-mutant patient
samples, further experiments must be performed with a larger
number of cases (Cook and Rauh, unpublished data). The consequences of each individual TET2 mutation must also be
assessed. Subsequent studies are also required to determine
whether Tet2-mediated repression of inflammatory targets
functions through histone deacetylation or cytosine
demethylation.
Overexpression of the anti-inflammatory gene Arg1 may
be a mechanism by which cells attempt to combat aberrant
inflammation. Because we have observed high levels of ARG1
immunohistochemical staining in low-risk MDS and CMML
patient BM biopsies, this target may have relevance as a
biomarker of inflammation (Cull and Rauh, unpublished data).
Aside from elevation of Arg1, other inflammation resolving
mechanisms also appear to be present in Tet2-deficient MΦs.
In particular, targets involved in dampening TLR4 signaling, such as Socs1, Socs3, and Traf1, are also overexpressed
in Tet2–/– PMΦs. Socs1 is thought to act as a negative regulator of LPS signaling pathways through its repression of NFκB activation, Socs3 has been shown to inhibit IL-6, thereby
dampening proinflammatory signaling, and caspase 8 cleaved
TRAF1 was demonstrated to inhibit activation of NF-κB and
IRF3, abolishing TRIF-dependent signaling [60–62]. Overall,
this evidence points to negative feedback loop activation, an
idea that needs to be explored further.
Our findings implicate Tet2 deficiency in the abnormal production of inflammatory cytokines/chemokines in MΦs and
therefore provide a direct link between Tet2 loss and microenvironmental changes within the BM niche. We
hypothesize that TET2 mutations lead to clonal MΦ progeny
that contribute to a proinflammatory environment toxic to
normal hematopoietic progenitors but ideal for fitter MDS/
CMML clones [19]. In CHIP, mutant monocytic lineage cells
may leave elderly individuals more susceptible to cardiovascular disease and diabetes through related inflammatory
changes [20,21]. Subsequent studies are required to explore
the relationship between MΦs and their local microenvironment to further develop our understanding of how this cell
population contributes to myeloid transformation and
comorbidity in the context of Tet2 deficiency.
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oped with enhanced chemiluminescence substrate (Thermo
Fisher Scientific) and exposed on Fuji medical X-ray film.

Supplementary Methods (Cull et al.)
BMMΦ and PMΦs stimulations. BMMΦs were differentiated in MΦ media (IMDM (Hyclone, Logan, UT, USA) plus
10% fetal bovine serum (FBS, Hyclone), 1 x penicillin/
streptomycin (P/S, Thermo Fisher Scientific, Waltham, MA,
USA), amphotericin B (Thermo Fisher Scientific),
1-thioglycerol (Bioshop, Burlington, ON, Canada) supplemented with 10–20 ng/mL recombinant mouse M-CSF
(Miltenyi, Auburn, CA, USA) for 7 days before being plated
at 2 x 106 – 4 x 106 cells/well of a 6-well plate and treated
with 100 ng/mL LPS (Sigma-Aldrich, Oakville, ON, Canada)
or 10 ng/mL recombinant mouse IL-4 (Thermo Fisher Scientific). PMΦs were isolated from whole peritoneal lavage
fluid by adherence selection. 24 hours after initial plating of
2 x 106 cells/6-well in MΦ media, non-adherent cells were
removed by washing wells 3 x with warm PBS and replaced in MΦ media. Then PMΦs were treated with 100 ng/
mL LPS or 10 ng/mL IL-4. RNA, DNA and/ or protein was
collected at various time points post-treatment.
Peritoneal
lavage
and
conditioned
media
treatments. Peritoneal lavage fluids were collected from Tet2f/f
and Tet2-/- mice by flushing the peritoneal cavity of each animal
with 5 mL MΦ media. Conditioned media was collected from
Tet2f/f and Tet2-/- PMΦs cultured for 72h. Lavage fluid and
conditioned media samples were centrifuged at 2000xg for
5 mins at 4°C to pellet any cells/debris present. Primary MΦs
were treated for 72h with 1 mL undiluted lavage fluid or 1 mL
conditioned media plus 1 mL MΦ media (1:2 dilution).
RNA, DNA and protein harvests. RNA was extracted from
cells using the RNeasy Kit (Qiagen, Toronto, ON, Canada)
and DNA was harvested using the Whole Blood and Tissue
Kit (Qiagen). To make protein lysates, cells were lysed with
RIPA buffer (20 mM Tris-HCl pH 8.0, 1% NP-40, 0.5%
sodium deoxycholate, 0.1% SDS, 150 mM NaCl, 2 mM
EDTA) plus protease inhibitor tablets (Thermo Fisher Scientific) and placed on ice for 30 minutes with periodic
vortexing.
Western blot analysis. Following standard SDS-PAGE electrophoresis and semi-dry transfer, Western blotting was
performed using antibodies against Tet2 (Santa Cruz Biotechnology, Santa Cruz, CA, USA), Arginase 1 (BD,
Mississauga, ON, Canada), IκBα (Cell Signaling Technology, Danvers, MA, USA), phospho-IκBα (Cell Signaling
Technologies), Erk1/2 (Cell Signaling Technologies), phosphoErk1/2 (Cell Signaling Technologies), Jun (Calbiochem, San
Diego, CA, USA), phospho-cJun (Cell Signaling Technologies) and β-actin (Thermo Fisher Scientific). HRP-conjugated
secondary antibodies (goat anti-rabbit and goat anti-mouse;
Thermo Fisher Scientific) were used and blots were devel-

Immunofluorescence. Cells were plated on coverslips and
fixed in 3.7% paraformaldehyde (Bioshop) as previously described [27]. A Tet2 antibody (S-13, Santa Cruz) was used
at 1:50 and cells were mounted with Vectashield Mounting
Medium with DAPI (Vector Laboratories, Burlington, ON,
Canada). Immunofluorescence was detected using a Leica TCS
SP2 microscope. Images were assembled using Adobe
Photoshop CS4 software.
NanoString data analysis. Data normalization was performed on nSolver Analysis Software Version 2.0 (NanoString
Technologies). Average fold changes (ratios of sample to
control) were calculated from normalized data and ranked
using Microsoft Excel. Spearman correlations were performed comparing different treatment types. Significantly upand downregulated genes from these comparisons were identified by setting thresholds based on the 75th and 25th quartiles
for each specific comparison [35]. Briefly, the upper (UpTh)
and lower (LoTh) threshold cutoffs were calculated using the
following formulas (provided by Dr. Kathrin Tyryshkin,
Bioinformatician, Queen’s University):
UpTh = 75fth quartile + (α × interquartile range )
LoTh = 25fth quartile − (α × interquartile range )

where α = 0.204 × ln ( # genes ) + 1.123
Mouse plasma collection and cytokine/ chemokine
array. Blood plasma was collected through cardiac puncture from isofluorane-anesthetized mice in accordance with
Queen’s University’s Animal Care Protocols. Plasma mixed
with sodium citrate anticoagulant (Sigma-Aldrich) was spun
at 1000 x g for 10 minutes at 4°C. Supernatants were then
diluted 1:2 in PBS and sent to Eve Technologies (Calgary,
Alberta, Canada) for Mouse Cytokine Array/ Chemokine Array
31-Plex analysis (Bio-Plex 200; Bio-Rad). Targets included
Eotaxin, G-CSF, GM-CSF, IFNgamma, IL-1alpha, IL1beta, IL-2, IL-3, IL-4, IL-5, IL-6, IL-7, IL-9, IL-10, IL-12
(p40), IL-12 (p70), IL-13, IL-15, IL-17A, IP-10, KC, LIF,
LIX, MCP-1, M-CSF, MIG, MIP-1alpha, MIP-1beta, MIP2, RANTES, TNFalpha, and VEGF. Concentrations of
cytokines and chemokines in pg/mL were calculated by Eve
Technologies using standard curves and all values were adjusted for 1:2 dilution prior to analysis.
Ion torrent sequencing. Genomic DNA (gDNA) was quantified using the TaqManRNase P qPCR Detection Kit (Life
Technologies). Barcoded libraries were prepared from 15 ng
of extracted gDNA using a custom, pan-myeloid, 2-tube,
1,552-amplicon, Ion Torrent AmpliSeqTM PCR panel and Ion
AmpliSeqTM Library Kit 2.0 (ThermoFisher Scientific) and
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sequenced as recently described [36]. Targets included 589
coding regions in 48 recurrently mutated genes, including
ASXL1, BCOR, BCORL1, BOD1L, BRAF, BRCC3, CALR,
CBL, CEBPA, CSF3R, CUX1, DNMT3A, ETV6, EZH2, FLT3,
GATA1, GATA2, GNAS, GNB1, IDH1, IDH2, JAK2, KDM6A,
KIT, KRAS, MPL, NF1, NF-E2, NPM1, NRAS, PHF6,
PTPN11, RAD21, RIT1, RUNX1, SETBP1, SF3B1, SH2B3,
SMC1A, SMC3, SRSF2, STAG2, TET2, TLR2, TP53, U2AF1,
WT1, and ZRSR2 (information provided upon request). Briefly,
sequences were aligned to the human genome hg19 and variants were called in Ion Torrent Suite (Version 3.2.0) and Ion
Reporter (Version 5.2). At an average depth of coverage > 1000, variants found at 2% or greater frequency (VAF)
were filtered to exclude UCSC Common SNPs, rare SNPs
not reported in the Catalogue of Somatic Mutations in Cancer
(COSMIC—cancer.sanger.ac.uk), non-exonic and synonymous variants, and those with a depth coverage of < 25.
Candidate variants were visually inspected with Integrative
Genomics Viewer (IGV, Broad Institute) and excluded if they
appeared only in the ends of short sequence reads, or consistently exhibited forward or reverse strand bias. Finally, false
discoveries (as confirmed through independent PCR and
Sanger sequencing, not shown) and suspected mis-priming
events were removed from the final variant calls.

mononuclear or whole aspirate cells) in human bone marrow
macrophages, 10 ng gDNA was PCR amplified with Platinum Taq polymerase (Thermo Fisher Scientific) using the
following cycling conditions: 94°C for 3 min, then 30 cycles
of 94°C for 30 sec, 55°C for 30 sec and 72°C for 1 min. PCR
products were diluted 1:100 in ddH2O and used as a template to generate more concentrated products using the same
procedure as per gDNA. Chromatograms generated at Genome
Québec were manually scanned to locate known TET2
mutations.
The following is the supplementary data to this article:

Sanger sequencing. To confirm the presence of known TET2
mutations (obtained by Ion Torrent NGS of bone marrow
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Supplementary Figure E1. Data from publically available microarray and RNAseq databases supports the idea that Tet2 is the most highly expressed Tet
enzyme in granulomonocytic cells. (A, B) Two compiled C57BL/6 mouse microarray datasets (GSE14833, GSE6506) found on the BloodSpot website (http://
www.bloodspot.eu) showing Tet1 and Tet3 expression levels in hematopoietic cells. Of note, granulomonocytic cells have low levels of both. Red represents
high levels of expression while blue represents lower levels. (C) Mining of Immgen microarray data demonstrating that while Tet2 is expressed in the stem
cell compartment, higher levels are seen in monocyte populations (classic monocytes, C-Mono). (D) Two compiled C57BL/6 mouse microarray datasets (GSE14833,
GSE6506) found on the BloodSpot website (http://www.bloodspot.eu) showing Tet2 expression levels in hematopoietic cells, with monocytes demonstrating
highest expression among mature cells. Red represents higher levels of expression while blue represents lower levels. LT-HSC: long term hematopoietic stem
cell; ST-HSC: short term hematopoietic stem cells; TE-PMΦs: thioglycollate-elicited PMΦs; C-Mono(MHCII+): classical monocytes expressing MHCII;
CMono(MHCII-): classical monocytes with low expression of MHCII; HSC: hematopoietic stem cell; LMPP: lymphocyte-primed multipotent progenitor;
ETP: early T-cell precursor; CLP: common lymphoid progenitor; NK: natural killer cell; T_CD4+: CD4+ T cells; B_cells: B cells; T_CD8+: CD8+ T cells;
MkE: megakaryocytic erythroid progenitor; MkP: megakaryocytic progenitor; CFUE: colony-forming unit, erythroid; E: erythroid A; GMP: granulocyte monocyte progenitor.
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Supplementary Figure E1. (continued)
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Supplementary Figure E2. Tet2 exon 3 excision is evident in Tet2-knockout mouse MΦ populations. (A) The PCR strategy for validating Tet2 exon 3 Vav1Cre-induced excision generated PCR products corresponding to the wild type (+) (249 base pairs; bp), floxed (f) (427 bp) and deleted (-) (550–600 bp) alleles
which were detected in (B) PMΦs and (C) BMMΦs, successfully verifying loss of exon 3 in these cell types. Mouse genotypes are indicated above lanes.
(D) Tet2 mRNA levels were confirmed in PMΦs from both Tet2+/- and Tet2-/- mice. Values are reported as mean ± SD for triplicates. (E) Western blot analysis of PMΦs revealing a variety of anti-Tet2 antibody reactive bands in Tet2f/f, some of which are believed to be Tet2-specific based on the comparative
results with Tet2-/- lysates (full-length product predicted to run at approximately 224 kDa). (F) Immunofluorescence was performed on Tet2f/f and Tet2-/- PMΦs.
Cells were stained with DAPI as well as an antibody against Tet2. (G, H) Compensatory increases in Tet1 and Tet3 mRNA levels are not observed in Tet2-/samples compared to controls.
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Supplementary Figure E3. Tet2 mRNA expression is induced by LPS but not IL-4 in murine MΦs. (A, B) Mining of microarray data housed at MacGate
(http://macgate.qfab.org) and BioGPS (http://biogps.org) providing further evidence that Tet2 expression levels increase in LPS-treated
MΦs (BMMΦs and thioglycollate-elicited (TE) PMΦs). (C) Tet2 mRNA expression in wild-type Tet2f/f PMΦs treated for 3 hours with 10 ng/ml mouse
recombinant IL-4, versus media alone (untreated, UT) (* P < 0.05; ** P < 0.01; *** P < 0.001). (D) Arg1 mRNA expression was used as a positive control,
as this gene is known to be induced downstream of IL-4 signaling. (E) Similar results seen in RAW264.7 cells. Cells were treated for 3, 6, 12 or 24 hours
with either media (untreated, UT) or 10 ng/mL recombinant mouse IL-4.
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Supplementary Figure E4. Tet2-/- PMΦs demonstrate enrichment of inflammatory gene targets. (A) An independent pool of untreated Tet2-/- PMΦs show
overexpression of normally LPS-inducible targets. Spearman correlations were performed on log2 transformed datasets. Genes falling outside of the cutoffs
established as described in the methods and also having a fold change difference of ≤ 0.5 or ≥ 1.5 in Tet2-/- versus Tet2f/f cells are labeled for untreated Tet2f/f
and Tet2-/- PMΦs. Of note, these were all upregulated in the original resting state pooled Tet2-/- PMΦ sample analyzed by NanoString gene expression analysis (Fig. 4C). (B) Enriched hallmark gene sets were identified using Gene Set Enrichment Analysis (GSEA) for Tet2-/- PMΦs compared to Tet2f/f PMΦs.
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Supplementary Figure E5. Exploring the IL-4 response and IL-4 inducible gene expression in Tet2-/- MΦs. Peritoneal lavage cells from individual Tet2f/f
and Tet2-/- mice were cultured for 24h in 6-well plates, at which point non-adherent cells were removed, leaving behind PMΦs. BMMΦs were generated
from individual Tet2f/f and Tet2-/- mice by culturing BM cells in M-CSF-containing media for 10 days. Cells were then treated for 3h with media (untreated,
UT) or 10 ng/mL IL-4. RNA samples from mice of the same genotypes were pooled and subjected to NanoString analysis. (A, C) Spearman correlations
were performed on all log2 transformed datasets. (B, D) The top 20 IL-4-induced genes in Tet2f/f MΦs were identified by comparing resting state Tet2f/f MΦ
normalized counts to IL-4-treated Tet2f/f MΦ normalized counts. A heat map displaying log2 transformed fold changes (Tet2-/- vs Tet2f/f) shows that few changes
were seen in this set of genes when comparing control and knockout BMMΦs and PMΦs. Red indicates downregulation of the target gene in Tet2-/- versus
Tet2f/f PMΦs whereas green indicated upregulation.
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Supplementary Figure E6. TET2 mutations can be detected in human MΦs cultured from MDS/CMML patient samples. Viably frozen BM-MNCs from
10 MDS/CMML patients were obtained from the Sunnybrook MDS Biobank (N = 7, Toronto, Ontario, Canada) as well as Queen’s University (N = 3, Kingston, Ontario, Canada). (A) A representative bright field image (40X magnification) is shown to demonstrate the morphological characteristics of in vitro cultured
human MΦs from patient 9. (B) PCR products of appropriate size generated from human MΦ genomic DNA using independent primers flanking areas with
known TET2 mutations. Lane numbers correspond to sample numbers in Supplementary Tables E4–E5. Of note, the lane 11 product was generated from a
TET2-wildtype sample as a control. (C-D) Sanger sequencing was performed on PCR products generated from DNA harvested from N = 10 MDS/CMML
patient BM-MNC-derived MΦs. Representative figures showing (C) patient 6 (frameshift) and (D) patient 3 (single nucleotide point mutation) sequencing
results. For each patient sample, the top panel is a screen capture from the IGV program displaying Ion Torrent sequencing results from BM-MNCs. The
bottom panel shows matching Sanger sequencing chromatograms in cultured BM-MNC-derived MΦs.
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Supplementary Figure E7. Mining of publically available microarray data pertaining to human TET enzyme expression. (A-C) BloodSpot data (GSE42519)
displaying log2 transformed RNA expression of TET2, as well as TET1 and TET3, are shown for hematopoietic stem cells (HSC, Lin-CD34+CD38-CD90+CD45RA-),
multipotential progenitors (MPP, Lin-CD34+CD38-CD90-CD45RA-), common myeloid progenitors (CMP, Lin-CD34+CD38+CD45RA-CD123+), granulocyte
monocyte progenitors (GMP, Lin-CD34+CD38+CD45RA+CD123+), megakaryocyte-erythroid progenitors (MEP, Lin-CD34+CD38+CD45RA-CD123-) and monocytes (Mono, CD14+CD16-). (D) BioGPS data from PB, whole BM and two sets of monocytes as well as (E) MacGate microarray data for LPS treated human
monocyte-derived MΦs are shown.

