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SUMMARY

Relapse of acute myeloid leukemia (AML) remains a significant clinical challenge due to limited therapeutic options and poor
prognosis. Leukemic stem cells (LSCs) are the cellular units responsible for relapse in AML, and strategies that target LSCs
are thus critical. One proposed potential strategy to this end is to break the quiescent state of LSCs, thereby sensitizing LSCs to
conventional cytostatics. The hypoxia-inducible factor (HIF) pathway is a main driver of cellular quiescence and a potential thera-
peutic target, with precedence from both solid cancers and leukemias. Here, we used a conditional knockout Hif-1« mouse model
together with a standard chemotherapy regimen to evaluate LSC targeting in AML. Contrary to expectation, our studies revealed
that Hif-1«-deleted-leukemias displayed a faster disease progression after chemotherapy. Our studies thereby challenge the general
notion of cancer stem cell sensitization by inhibition of the HIF pathway, and warrant caution when applying HIF inhibition in

combination with chemotherapy in AML.

INTRODUCTION

Acute myeloid leukemia (AML) is a clonal disorder charac-
terized by a rapid accumulation of differentiation-arrested
myeloid blasts. Remission can be achieved in most patients
by a combination of cytarabine (AraC) and anthracycline
therapy. However, few treatment improvements have
arisen over the past decades (Rowe and Tallman, 2010)
and 40%-60% of patients still relapse (Burnett et al.,
2011; Yanada et al., 2008), which is associated in general
with limited treatment options (Dohner et al., 2010).

Relapse is attributed to a minor subpopulation of cells
referred to as leukemic stem cells (LSCs). LSCs are resilient
to cytotoxic effects of chemotherapy, via mechanisms that
include resistance to apoptosis, increased capacities to
efflux drugs, and relative quiescence (Thomas and Majeti,
2017). This quiescence in turn underlies resistance to
compounds that target energy metabolism (Essers and
Trumpp, 2010).

Cellular quiescence is typically related to activation of
hypoxia-signaling pathway, driven by hypoxia-inducible
factor (HIF) complex, which constitutes a family of 3 heter-
odimeric transcription factors HIF-1, HIF-2, and HIF-3
(Flamme et al., 1997; Makino et al., 2002; Semenza and
Wang, 1992). The oxygen-dependent regulation of HIFs de-
pends on stabilization of an associated o subunit. Hence, at
oxygen levels above 5%, the a subunit is proteasomally
degraded. In contrast, under hypoxic conditions the o sub-
unit is stabilized, dimerizes with constitutively expressed
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subunit, and promotes transcription of target genes regu-
lating key cellular processes such as angiogenesis, prolifer-
ation, metabolism, and apoptosis (Semenza, 2003).

The most primitive hematopoietic stem cells (HSCs)
reside in hypoxic niches in the bone marrow (BM) (Morri-
son and Scadden, 2014). Thereby, HSCs are kept dormant
and free of genetic changes that mostly occur during
DNA replication. However, while HIF-1a signaling was re-
ported to critically regulate HSC maintenance (Takubo
et al., 2010), other studies showed that depletion of HIF-
loa/HIF-20. had no such effect (Guitart et al., 2013). The
HIF pathway has also been proposed to play important
roles in AML, a notion supported by the preferential local-
ization of chemotherapy-resistant AML cells to the hypoxic
endosteal niche in the BM (Ishikawa et al., 2007). Accord-
ingly, several studies have shown that loss of HIF-1/2 leads
to abrogation of LSCs (Rouault-Pierre et al., 2013; Wang
et al., 2011; Zhang et al., 2012). Contrasting these results
are studies demonstrating that loss of HIF-1/2 does not
impact on mouse models of AML, or alternatively can
give rise to an even more severe leukemic phenotype
(Velasco-Hernandez et al., 2014; Vukovic et al., 2015).
Nonetheless, targeting hypoxia and HIFs has been consid-
ered a key anticancer approach (Frolova et al.,, 2012;
Rouault-Pierre et al., 2013; Wang et al., 2011).

Here, we investigated the possibility to sensitize LSCs
from a mouse model of AML to a clinically relevant chemo-
therapy regimen by targeting the hypoxia pathway via Hif-
Ila. Contrary to expectation, our work suggests a more
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aggressive disease outcome upon Hif-1« deletion, which
challenges the general use of hypoxia targeting for thera-
peutic benefit in AML.

RESULTS

Deletion of Hif-1«a Accelerates the Progression

of Chemotherapy-Treated Leukemia

To study effects of Hif-1a on the sensitivity of LSCs to
chemotherapy, we bred Hif-1a™ mice (Ryan et al., 2000)
with Rosa26Cre-ER™ mice (Ventura et al., 2007), gener-
ating a model that allows for Hif-1a deletion upon
tamoxifen treatment (Figure S1A). c-Kit" cells from Hif
1a:Rosa26Cre-ER™* mice were transduced with MLL-
AF9-GFP retrovirus and transplanted into mice, which
led to development of MLL-AF9-driven AML. Primary
leukemias were next used to study AML progression in
secondary hosts.

After comparing two different chemotherapy protocols
(Figure S1B), we used the one described by Zuber et al.
(2009), which resulted in severely decreased white blood
cells, erythrocytes, and platelets, akin to what is observed
in human patients. We then titrated the latency of the
disease using different leukemic cell doses (Figure S1C)
and chose a dose of 10* cells, which ensured a sufficiently
long latency for posterior procedures. Cells from individ-
ual MLL-AF9-leukemic mice were transplanted into new
recipients and subjected to Hif-1a deletion 10 days after
transplantation, and to a standard chemotherapeutic pro-
tocol at day 20. As a control, we included mice injected
with both vehicles but receiving no leukemic cells
(Figure 1A).

Three days after the last injection, we started to observe
mortality in the PBS group (Figure S2A). We collected pe-
ripheral blood (PB), BM, spleen, and liver samples from
half of the cohort and analyzed multiple disease parameters
(Figures 1B-1F and S2). As expected, disease progressed
more slowly in the chemotherapy-treated (CTX) mice (Fig-
ures 1B-1F). More intriguingly, we observed a faster disease
evolution upon Hif-1« deletion. This was seen in both CTX
and PBS groups (Figures 1C-1F). When we assessed pheno-
typically more primitive GFP* c-Kit" or GFP* Lin~ c-Kit"
cells, we observed a higher abundance in the Hif-1a-deleted
(Hif-1¢”") than in the Hif-1a-intact (Hif-1a™*) group after
chemotherapy (Figures 1G, 1H, and S2). While these popu-
lations were very infrequent in BM of PBS groups, with no
clear differences between Hif-1a”~ and Hif-1a*'* cells, a
higher number of such cells upon Hif-1a deletion were
observed in the spleens of the same animals. Taken
together, these results demonstrate an increment of poten-
tial LSCs (c-Kit*) upon Hif-1a™~ deletion, which was partic-
ularly significant after chemotherapy.

Deletion of Hif-1a Does Not Decrease the Frequency

of LSCs after Chemotherapy Treatment

To evaluate the impact of chemotherapy and Hif-1« dele-
tion on LSCs more directly, we performed limiting dilution
analysis (LDA) (Figure 2A).

For an in vitro approach, we sorted 4, 8, or 12 GFP*
leukemic BM cells from each group into individual wells.
Proliferation was next evaluated in both normoxic (20%
oxygen) and hypoxic (1% oxygen) conditions (Figures 2B
and 2E). We obtained the highest LSC frequency from
PBS-Hif-1a”/~ cells (1/12.3 and 1/21.7 in hypoxia or nor-
moxia, respectively, means from 3 independent experi-
ments). Within CTX-treated cells, Hif-1a™/~ samples con-
tained a higher LSC frequency compared with Hif-1a*/*
cells (1/26.8 versus 1/47.1 in hypoxia, and 1/40.4 versus
1/94.4 in normoxia, respectively, means from 3 indepen-
dent experiments), although this failed to reach statistical
significance.

We next assessed LSC frequencies in vivo, injecting 10,
107,103, or 10* GFP* BM cells from each group into new re-
cipients (Figure 2C). While transplantation of 10* and 10*
cells resulted in 100% mortality, lower doses of 10 and 10>
cells indicated an LSC frequency highest in the PBS-Hif-
1o~ group (1/18.8). Among CTX-treated samples, we
observed a higher LSC frequency in the Hif-Ia™/~ group
(1/34.5) than in the Hif-1a™* group (1/56.1) (Figures 2D
and 2E).

Estimation of total number of LSCs in the BM (Figure 2F)
demonstrated that deletion of Hif-1« fails to reduce LSC fre-
quencies/numbers after chemotherapy.

Hif-1a Deletion Affects Transcriptional Expression of
Replication, Transcription, and Translation-Related
Genes

Our data indicated that Hif-1« deletion contributed to a
more rapid disease progression (Figure 1). To tease out a po-
tential mechanism, we therefore conducted single-cell
RNA sequencing on leukemic cells from the 4 evaluated set-
tings (Hif-la'/Hif-1a*/* + chemotherapy) (Figure 3A).
Aggregated data were subjected to dimensionality reduc-
tion using the t-distributed stochastic neighbor embedding
(t-SNE) method (Figure 3B), revealing dramatically
different transcriptional profiles of cells following chemo-
therapy, but less different according to Hif-1« status. This
indicates either a modification of transcription upon
chemotherapy or, more likely, a selective survival regard-
less of Hif-1« status.

By K-means clustering, we divided the entire dataset
into 10 different clusters. We observed that clusters
with functions related to more differentiated cells (e.g.,
immune system process, response to interleukin-1/tumor
necrosis factor, innate immunity or response to virus/
interferon) were predominant in PBS samples, while
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Figure 1. Deletion of Hif-1« Leads to a Faster Progression of AML after Chemotherapy Treatment

(A-H) Experimental design for the generation of leukemic clones, deletion of Hif-1«, and applied chemotherapy protocol (A). At day 28
after transplantation, mice were sacrificed and disease evolution was examined according to different parameters: total white blood cell
count in PB (B), myeloid cells (Gr1*-CD11b") (C), GFP™ cells in PB, BM, and spleen (D and E), splenomegaly (F), GFP* c-Kit" cells in BM and
spleen (G), and GFP* Lin™ c-Kit™ in BM and spleen (H). Results are from 1 of 2 experiments and depict results from 4 mice per group (3 for
wild-type control mice). Plots represent mean + SEM. *p < 0.05, **p < 0.01, ***p < 0.01. AraC, cytarabine; Dox, doxorubicin; CTX,

chemotherapy; BM, bone marrow; Ctrl, control.
See also Figures S1 and S2.

others (e.g., mitotic cell cycle, cellular response to DNA
damage, and transcriptional regulation) were associated
with CTX samples. Multiple genes related to myeloid dif-
ferentiation were predominantly expressed in PBS sam-
ples (data not shown), strongly suggesting effective
chemotherapy targeting of more mature leukemia-associ-
ated cells.
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Pairwise sample comparisons produced a collection of
331 differentially expressed genes (Figures S3 and 3C).
When comparing significantly overexpressed genes among
groups (adjusted p value <0.05), we found a very different
distribution of cells between CTX and PBS samples,
but only a small subset of genes uniquely expressed in
either Hif-1a™'~ or Hif-1a™* cells (Figures 3D and S4). In
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Figure 2. Deletion of Hif-1« Does Not Decrease LSC Frequency after Chemotherapy

(A) Experimental design for the analysis of LSC frequency.

(B) Limiting dilution analysis (LDA) from in vitro data. Variable numbers of GFP* cells (4, 8, or 12 cells) from the 3 experimental groups were
cultured in vitro under normoxic or hypoxic conditions and proliferative capacity was evaluated after 10 days. LSC frequencies were
calculated using ELDA software. Plots show 1 representative of 3 independent experiments (cells from 3 different donors) with 96 rep-
licates per group and condition.

(C) Survival curves of mice transplanted with 10 or 100 GFP* cells from mice treated with the combination of tamoxifen + chemotherapy
(KO-CTX), tamoxifen + PBS (KO-PBS), or oil + chemotherapy (wt-CTX) (n = 4-6 mice per group from 1 experiment).

(legend continued on next page)
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single-cell analysis, this indicates that there are differences
in transcriptional regulation or that analyzed cells from
each sample are different.

To identify functional protein association networks
among differentially expressed genes, we used the STRING
database (Figures 3E and 4). For the 4 sets of differentially
expressed genes (log fold change >0.4, adjusted p value
<0.05), we obtained a significant protein-protein interac-
tion (PPI) enrichment score, indicating that there are
more interactions among these proteins than a random
set of proteins from the genome (PPI enrichment p values:
Hif-1a/~-CTX = 0; Hif-1a*"*-CTX = 1.03 x 10~%; Hif-1a™/~-
PBS = 0; Hif-1a*/*-PBS = 0.0251). This indicates that genes
in each set are at least partially biologically connected. To
correlate these genes with a biological function, we
performed gene ontology and KEGG pathway enrichment
analyses (Figure 3E). This revealed that mRNA processing,
DNA replication, and protein folding were significantly
overrepresented in the Hif-1a™-CTX group, while the
Hif-1a™*-CTX group was associated with the HIF-1a
pathway, glycolysis, and other carbon metabolism pro-
cesses. In PBS groups, translation was the most represented
pathway associated with Hif-1a™/~ cells, while no signifi-
cant pathways could be assigned to Hif-1a*/* cells.

DISCUSSION

Relapse of AML remains a major therapeutic challenge, not
least because of the few therapeutic options for many of
these patients, which in most cases is restricted to palliative
care.

One potential strategy for eradicating LSCs, responsible
for relapse in AML, is to sensitize them to chemotherapy.
We here explored whether targeting the HIF pathway could
be used for this using an MLL-AF9 murine AML model,
which was subjected to a standard and clinically relevant
chemotherapy protocol. In our work, Hif-1oa™'~ cells dis-
played a faster evolution of the disease compared with
Hif-1a*"* cells following chemotherapy. While the results
are consistent with our previous work (Velasco-Hernandez
et al., 2014) and recently published data (Vukovic et al.,
2015), they appear in sharp contrast to previous studies
(Wang et al., 2011; Zhang et al., 2012) in which Hif-1a
was critical for LSCs maintenance.

In our work, we used the Rosa26Cre-ER"? rather than the
more commonly used Mx1-Cre model, which is associated
with significant leakiness (Velasco-Hernandez et al., 2016).
This allowed us to study the effect of Hif-1« inhibition
specifically in AML cells of the same founder clone, which
circumvents the risk that different leukemic clones have
intrinsically different behavior. Inducing the deletion in
Rosa26Cre-ER"™? mice requires injection of tamoxifen that
might itself affect the initiation of MLL-AF9 leukemia
(Sanchez-Aguilera et al., 2014). However, as the described
effect of tamoxifen is a regression of the disease, the iso-
lated effect of knocking out Hif-1« could be even more pro-
nounced than the one we report.

The standard chemotherapy regimen for AML is a combi-
nation of AraC and an anthracycline (such as doxorubicin).
Doxorubicin has itself been attributed Hif-inhibiting prop-
erties (Lee et al., 2009). Different disease progression in
CTX-Hif-1a™~ and Hif-1a*"* samples indicates that even if
doxorubicin is inhibiting HIF function, this effect is not
complete and can be further increased by alternative
means.

There is evidence that c-Kit deregulation and overexpres-
sion could be factors contributing to the chemotherapy
resistance in AML (Advani et al., 2008). The higher numbers
of c-Kit" cells in the Hif-1a'~ chemotherapy group might
therefore be an indicator of higher drug resistance of these
cells, with c-Kit being a well-described stem cell marker of
murine MLL-AF9-driven LSCs (Krivtsov et al., 2006). How-
ever, our c-Kit expression data correlated poorly with LSC
frequencies measured by LDA. Previously it was thought
that chemotherapy promoted LSC enrichment (Ishikawa
et al., 2007; Saito et al., 2010). However, although cytara-
bine decreases the frequency of LSCs in human AML models
(Griessinger et al., 2014), it fails to promote enrichment
either of quiescent cells or more primitive CD34*CD38~
cells, emphasizing that functional assessments are critical.
We did not observe an increment in LSC frequencies
measured by LDA but observed a substantial reduction
(around 3-fold) of the total bulk of leukemic cells, indicating
an overall enrichment of LSCs following chemotherapy. In
addition, we observed an increased frequency of c-Kit* cells
by Hif-1«a deletion, which further supports the increased
aggressive phenotype of Hif-1a™/~ cells.

Hif-1«israpidly degraded in normoxia and Hif-1o"'™ cells
should thus theoretically behave as Hif-1a™/~ cells, which

+/+

(D) LDA from in vivo data. Recipient mice were injected intravenously with variable numbers of GFP* cells from the 3 experimental groups
(KO-CTX, KO-PBS, and wt-CTX). Mice survival was evaluated 2 months after transplantation, and frequency of LSCs was calculated using

ELDA software.

(E) Stem cell frequency of LSCs from the different experiments: hypoxia in vitro (red, n = 3), normoxia in vitro (blue, n = 3), and in vivo

(green, n = 1) experiments. *p < 0.05, two-way ANOVA.

(F) LSC total numbers from the different experiments: hypoxia in vitro (red, n = 3), normoxia in vitro (blue, n = 3), and in vivo (green, n=1)
experiments. Plot shows mean + SEM. *p < 0.05, **p < 0.01, two-way ANOVA, CTX, chemotherapy; KO, Hif-1a™/"; wt, Hif-1a*/*.
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Figure 3. Single-Cell RNA Sequencing of Leukemic Cells after Chemotherapy Treatment

(A) Experimental design for single-cell RNA-sequencing analysis. After treatment with tamoxifen/oil and chemotherapy/PBS, GFP* cells
were collected at day 28 after transplantation and subjected to RNA processing.

(B) t-SNE plots representing gene expression profiles of all individual cells analyzed: KO-CTX (n=1,217 cells), KO-PBS (n = 1,696 cells), wt-
CTX (n=1,301 cells), and wt-PBS (n = 1,450 cells). Each dot represents one cell. K-means clustering groups cells into 10 clusters, which are
represented by different colors. Differentially expressed genes in each cluster were correlated with the main biological function indicated
at the right side of the plots.

(C) Heatmap depicting significantly differentially expressed genes in single cells. Heatmap with the full set of genes can be found in
Figure S3. Hif-1« target genes are indicated by black dots.

(D) Venn diagrams showing the distribution among groups of differentially expressed genes (adjusted p value <0.05). Of note, there are no
overlapping genes between chemotherapy- and PBS-treated groups among this set of differentially expressed genes.

(legend continued on next page)

Stem Cell Reports | Vol. 12 | 112-121 | January 8,2019 117




CTX-treated samples

PBS-treated samples

B .
Selh Py @ @ KO-CTX unique
6 . > @ Wt-CTX unique
0‘1." NN:Q.b 6‘2 @ ser‘”a 2@% Gm S4agr8 » KO-PBS unique
7 ,‘, -
b Hib1 G @: @®%@9@9 s@e g wt-PBS unique
@z ® KD o>
Y.Dq.g o ".Z v @7 @ common in KO-wt
@ N 18 "L ! o mRNA processing
R‘.f.ié 7 Hilk H@ Cds2 Lgiss Cifha2 (O DNA replication
. F.':i‘a - T@ui@m & 1figo Anxat ) i
Hs‘wzw050\1 Protein folding
? T S ¥ . e oo
Fébps
@@+ ® P.D” Hﬁ‘ em B O Immunity
FKbp4Pdiac
F.1 cibr ‘ P.B s 4 QO Translation
’.' _.‘ P.2 P.h P.?
'@
& F‘7 sm F'l Apoe
& >
L
e ©
CTX-treated Samples PBS-treated Samples
KO unique wt unique
Apex1 Mcm6 Aldoa C1gbp Hnrnpu Ran Apoe Anxa1 Camp
Calm2 Mcm7 B2m Cacybp Hsp90aa Ranbp1 Cd52 Chi3I3
Ccnb2 Nudc Cycs Cdca7 Hspab Sdf2l1 Gm10073 Clecda2
Cct3 Ppid Eno1 Cdk4 Hspd1 Selh Gm10076 Ctss
Dnajc9 Prdx1 Ldha Cks1b Idh2 Serpinb1a 1d2 Cybb
Eif2s1 Prdx2 Mif Ctsg Impdh2 Spcs2 Ngp Ifi30
Eif4e Prmt1 Prtn3 Dnaja1 Manf Srm Rpl30 Len2
Fkbp1a Psat1 Rps2 Dut Mpo Srsf7 Rpl37 Lgals3
Fkbp3 RbmxI1 Srgn Dynll1 Ms4a3 Ssr2 Rpl37a Lyz2
H2afz Rrm2 Tpi1 Eeflg Nhp2 Stmn1 Rpl38 Ms4a6c
Hmgb1 Ruvbl1 Eif4a1 Nme1 Rpl39 S100a6
Hmgn1 Slbp Eif5a Nop56 Rplp2 S100a9
Hmgn2 Snrpd Elane Nop58 Rps21 Tpt1
Hnrnpa2b1 Tap2 Erh Paf Rps28
Hnrnpc Tipin Fabp5 Park7 Rps29
Hnrnpk Tra2b Fabp5 Pdia6 Rsp27
Hnrnpm Xpc Fkbp4 Phgdh S100a8
Lsm2 Ywhaq G3bp1 Psmb8 Uba52
Mcm?2 Gar1 Psmd7

Figure 4. Protein Association Networks Affected by Chemotherapy

Protein association network analysis of differentially expressed set of genes (average log fold change >0.4, adjusted p value <0.05).
Uniquely expressed genes from each group are indicated by its assigned color. Common genes among KO and wt samples, within each
specific set (CTX- or PBS-treated), are shown in dark gray. Associated biological function to each gene is indicated, with the color of the
border showing the main processes regulated by these genes. Interaction enrichment score >0.5. CTX, chemotherapy.

would suggest similar LSC frequencies between Hif-1a™/"
and Hif-1a** cells in normoxia. Somewhat surprisingly,
we observed a higher LSC frequency of Hif-1a™~ cells,
although not significant (p = 0.1079). One possibility is
that this indicates the involvement of one or more Hif-
la-oxygen-independent mechanisms. For instance, it is
well established that Hif-1« can be induced by the PTEN/
PI3K/AKT axis (Zundel et al., 2000), a pathway that appears

to extend also to MLL-AF9 leukemia (Hoshii et al., 2012).
Regardless, even if hypoxia in general promotes a quiescent
state of cells, such conditions seem to promote AML cell
proliferation, which is also in line with previous results
on human AML (Griessinger et al., 2014).

After chemotherapy, we observed a more aggressive
phenotype as a consequence of Hif-1« deletion. We hy-
pothesized that this faster development of disease could

(E) Gene ontology (GO) and KEGG pathway enrichment analysis from uniquely differentially expressed genes in each group indicating the

associated biological process.

CTX, chemotherapy; IL1/TNF, interleukin-1/tumor necrosis factor; INF, interferon; dim, dimension; FDR, false discovery rate.

See also Figures S3 and Sé4.
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be explained by two scenarios: (1) leukemic Hif-1a™/~ cells

are less sensitive to the chemotherapy, which would be in
contrast to our original expectation; and/or (2) leukemic
Hif-1a’~ cells expand faster than Hif-1a*/* cells after
chemotherapy. To discriminate between these two options
and unveil possible mechanisms leading to this effect, we
conducted a single-cell transcriptome analysis.

We found that chemotherapy-treated cells displayed a
distinct transcriptomic profile when compared with PBS-
treated cells, but with fewer differences when comparing
Hif-1a”'~ and Hif-1a*'* cells. Still, of the significantly over-
expressed genes specific for each group, we identified an
increment in genes involved in translation (PBS-Hif-1a™/
cells) and in mRNA processing, DNA replication, and pro-
tein folding (CTX-Hif-1a™/~ cells). Overall, this is in line
with a more active proliferative status of Hif-1a™/~ cells
and suggests that deletion of Hif-1« is transcriptionally
deregulating these aforementioned specific pathways.
Chemotherapy-depleted cells with an immune-related
phenotype represent the cells expanded in leukemia. As
expected, Hif-1a™~ cells were depleted in expression of
Hif-1« targets, and Hif-1« deletion leads to an enhanced
transcription of genes involved mainly in replication,
mRNA processing, and translation.

These results are in accordance with the described effect
of Hif-1«, inhibiting cell cycle and promoting quiescence,
actions attributed to blockage of c-MYC and enhancement
of cyclin-dependent kinase inhibitors such as p21/
CDKN1A (Koshiji et al., 2004). Since we are deleting only
one member of a multigene family, it remains a possibility
that other members, i.e., Hif-2a, could have a compensa-
tory effect. Future work could benefit from an increased
understanding of both gene redundancy and potential
hypoxia-independent effects of Hif-1a.

Overall, our data suggest that Hif-1« inhibition failed to
improve the outcome of chemotherapy in MLL-AF9-driven
AML and, in contrast, led to a faster progression of disease
upon withdrawal of the treatment. Further investigations
are needed to extend these conclusions to other genetic
subtypes of AML.

Deletion of Hif-1« in our setting was permanent, which
would be a different scenario than in a clinical setting
where administration of Hif-1« inhibitors would be tran-
sient. Our results nevertheless emphasize that the effects
of HIF inhibition have to be further investigated before
this strategy can be applied in a clinical setting.

EXPERIMENTAL PROCEDURES

Mice

Hif-1c!°* mice (Ryan et al., 2000) JAX 007561) were crossed with
the tamoxifen-inducible Rosa26Cre-ER'? mice (Ventura et al.,
2007) (JAX 008463) to generate a combined conditional knockout

(KO) model. Mice were maintained at the animal facility of the
Biomedical Center at Lund University (Sweden) and all experi-
ments were performed with consent from a local ethics committee.

Statistical Analysis
All data are expressed as the mean + SEM. Differences between
groups were assessed using unpaired Student’s t tests. All analyses
were performed with Prism software, version 7.0 (GraphPad
Software).

Detailed descriptions of experiments can be found in Supple-
mental Experimental Procedures.
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