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Targeting Wnt signaling in acute myeloid leukemia
stem cells

In this work we tested whether targeting Wingless and
Int-1 (Wnt) signaling in acute myeloid leukemia (AML)
leukemic stem cells (LSC) by using a porcupine inhibitor
(WNT974) is a good strategy to eradicate LSC.
Wnt/B-catenin is an evolutionarily conserved pathway
that is involved in embryonic development and stem cells
by regulating cell fate and differentiation decisions.! In
normal conditions, the Wnt/p-catenin pathway mediates
normal hematopoietic stem cell self-renewal, prolifera-
tion and differentiation and is tightly controlled.*® While
B-catenin is highly expressed in normal hematopoietic
stem cells, it is downregulated during myeloid differenti-
ation.>* Aberrant activation of this pathway gives rise to
the accumulation of B-catenin in the nucleus, and pro-
motes the transcription of many oncogenes such as c-Myc
(MYC). B-catenin is highly expressed in AML patients
and overexpression of B-catenin in normal CD34*
hematopoietic precursors in vitro leads to a myeloprolifer-
ative disorder of immature cells.>® Further work identi-
fied a crucial role of the Wnt/p-catenin pathway in the
development of LSC,” and different authors proposed tar-
geting the Wnt pathway in AML blasts.*!! Thus, we
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hypothesize that targeting Wnt in LSC, using a novel
Whnt inhibitor called WNT974, could be an efficient strat-
egy to eradicate LSC, prevent relapse and improve overall
outcomes in AML.

WNT974 is an inhibitor of the enzyme porcupine,
which is a membrane-bound O-acyltransferase located in
the endoplasmic reticulum, and it is required for the
palmitoylation of Wnt ligands. Inhibition of porcupine
prevents the secretion and activity of Wnt ligands outside
the cell, leading to a decrease in Wnt ligand cell surface
receptor phosphorylation and a reduction in the expres-
sion of Wnt target genes.'>'® Several studies documented
that WNT974 is able to target the Wnt pathway in solid
tumors and the LSC in chronic myeloid leukemia.'* Based
on this information, we hypothesized that Wnt inhibi-
tion by using WNT974 may block the aberrant Wnt acti-
vation in AML LSC and prevent leukemogenesis. To ver-
ify this hypothesis, we first evaluated whether WNT974
treatment can inhibit the Wnt signaling pathway using
the K562 cell line, which is the cell line used initially to
report the activity of this drug in myeloid leukemias.

Treatment of K562 cells with dimethylsulfoxide
(DMSOQ), as a control, or WNT974 at different concentra-
tions (0.5, 2.5 and 10 uM) for 24 and 48 h showed a
reduction of Wnt pathway targets such as ROR2, LRP6
and GSK3B protein (Figure 1A), and AXINZ mRNA
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Figure 1. Validation of WNT974 activity in cell lines. (A) Western blot assay of ROR2, LRP6 and GSK3B after WNT974 treatment or control (dimethylsulfoxide)
for 24 and 48 h. Densitometry analysis was conducted using ImageJ software. Band intensity is reported relative to -actin (ACTB). (B) AXIN2 mRNA fold change
expression of K562 cells treated with WNT974 at different concentrations, or control (DMSO), for 24 h. *P<0.05, **P<0.01 (t-test). (C) Luciferase Renilla assay
of HCT116 cells transfected with a wild-type or mutant f3-catenin activity reporter vector. Thirty hours after transfection, the cells were treated with Wnt3a ligand
(200 ng/mL), WNT974 5 uM, or a combination for 24 h. Data are normalized to the control wild-type. *P<0.05, **P<0.01, ***P<0.001 (t-test). (D) MYC mRNA
relative expression of bone marrow CD34" selected primary acute myeloid leukemia cells treated with WNT974 1 uM for 24 h (*P<0.05, **P<0.01 by the t-

test). GAPDH was used as a normalizer.
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Figure 2. WNT974 treatment of primary CD34" acute myeloid leukemia patients’ samples decreased self-renewal but not apoptosis or quiescence. (A) Colony-
forming unit (CFU) assay of CD34" primary acute myeloid leukemia (AML) cells treated with WNT974 drug at different concentrations or vehicle (dimethylsulfox-
ide, DMSO 0.1% volume). After 2 weeks, colonies were scored and replated. A second scoring was done 2 weeks after replating. The graph shows mean and
standard deviation values from a technical triplicate. *P<0.05, **P<0.01, ***P<0.001 (t-test). (B) CFU assay of CD34" cells from bone marrow of adult healthy
donors treated with WNT974 drug at different concentrations or vehicle (DMSO 0.1% volume). After 2 weeks, colonies were scored and replated. A second scor-
ing was done 2 weeks after replating. All tests (t-tests) were non-significant. (C) CellTrace Violet assay of three CD34" selected primary AML cells treated with
WNT974 at various concentrations, or vehicle (DMSO 0.1%). 7-AAD staining was conducted to select only the living cells. The graphs show the different counts
at day O (dark blue, only control), and at day 6 (3 days of incubation, plus 3 days of treatment or vehicle). No values are statistically significant except for that
for patient 2 at the higher dose of WNT974 (P=0.0077, t-test). (D) Annexin V-FITC and propidium iodide (Pl) analysis by flow cytometry of CD34" selected primary
AML cells treated with WNT974 or control at different concentrations for 72 h. Living (Annexin™, PI7), Early apoptosis (Annexin®, PI"), Late apoptosis (Annexin®,
PI*) and Necrosis (Annexin, PI*). Each analysis was conducted in technical triplicates. *P<0.05, **P<0.01 (t-test).
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expression (Figure 1B). We also confirmed that the drug  abnormal Wnt/B-catenin signaling. We also observed a
efficiently targets the Wnt pathway by using a luciferase  similar reduction in mRNA expression of other Wnt tar-
reporter vector in HCT116, a colorectal cancer cell line  get genes such as CTNNB1 and GSK3B after WNT974
that shows constitutive activation of the Wnt pathway  treatment of primary AML samples (Online Supplementary
(Figure 1C). We also confirmed Wnt targeting by  Figure S1A).

WNT974 in primary AML samples (Online Supplemental Next, we wanted to investigate whether the treatment
Table S1 for patients’ details). As shown in Figure 1D, was able to affect LSC functions in primary AML
WNT974 decreased mRNA expression of the MYC gene,  patients’ samples. To assess whether targeting the Wnt
which is considered one of the main oncogenes driven by ~ pathway affects leukemia cell self-renewal, bone marrow
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Figure 3. WNT974 activity in a primary murine model of acute myeloid leukemia. (A) Colony-forming unit assay of CD117* m MIF""T/F|t3™"T hone marrow
cells treated with WNT974 at 0.5 and 1 uM or vehicle (dimethylsulfoxide, DMSO 0.1%) for 2 weeks. Results from the first scoring are shown in the left panel.
After scoring, the cells were replated in fresh Methocult media and scored after another 2 weeks (right panel). Student t-test analysis: *P<0.05, **P<0.01 and
***%P<0.001. (B) Flow chart of the in vivo re-transplantations experiment. (C) Overall survival of secondary transplanted mice (n=5 mice per group). (D)
Evaluation of engraftment at 1 month. *P<0.05 (t-test).
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CD34*-selected cells from five AML patients were treat-
ed with WNT974 or the control (DMSO) and used in
colony-forming unit (CFU) assays. We found no signifi-
cant differences in the number of colonies in primary
CFU after 2 weeks of culture (Figure 2A, Ounline
Supplementary Figure S1B, left panels). Primary colonies
were harvested and then re-plated in methylcellulose for
an additional 14 days. We found significant decreases in
the number of secondary colonies in WNT974-treated
cells compared with cells treated with the control, sug-
gesting that WNT974 targeting has an impact on LSC
self-renewal (Figure 2A, Online Supplementary Figure S1A,
right panels). We performed the same experiment using
bone marrow from three adult healthy donors and
CD34* cells from three cord blood specimens. As shown
in Figure 2B and Ounline Supplementary Figure S1C, the
treatment did not affect normal cells.

Next, we analyzed whether WNT974 has a role in reg-
ulating LSC quiescence by using cell membrane labeling
retention assays. For these experiments, CD34*-selected
samples from three AML patients were stained with cell
trace violet (CTV) dye, which incorporates into the cell
membrane and can be detected by flow cytometry.
CD34"-selected AML patients’ cells were isolated,
labeled with CTV, and treated for 3 days with WNT974
and control. The number of viable (7-AAD"*), quiescent
(CTV"/CD34*) cells was then determined by flow
cytometry. CTV"8"/CD34* cells have been shown previ-
ously to increase leukemia-initiating ability, and
enhanced engraftment in NSG mice. However, in all ana-
lyzed patients’ samples, we did not find a significant
decrease in the number of CTV"8"/CD34" cells after treat-
ment with WNT974, compared with controls, except for
patient 2 at the highest WNT974 dose (t-test; P=0.0077)
(Figure 2C). In order to assess whether the treatment can
affect the bulk cell population, we performed an annex-
in-V/propidium iodide assay on the same CD34* AML
patients’ samples treated with WNT974 after 72 h, and
found only a slightly increase of apoptosis at the higher
concentration (Figure 2D).

Finally, we investigated whether WNT974 could also
effectively target LSC in vivo. To test the effects of
WNT974 in vivo, we used our well-characterized
MIFTPWVI/ERSTOWT doyble knock-ink CN-AML mouse
model."” This model develops an aggressive AML with
100% penetrance and leads to death within 5 to 8 weeks
in secondary bone marrow transplantation.' First, we
confirmed that WNT974 treatment has a similar effect on
the primary murine AML cells in this model by conduct-
ing a CFU in vitro assay on CD117* murine cells from
bone marrow of AML mice. We observed that the treat-
ment was able to reduce proliferation after the re-plating
(Figure 3A) similar to the treatment in human AML cells.
Next, we transplanted MIFT™"VI/Ft3™WT Jeykemic cells
(CD45.2*) into lethally irradiated wild-type (WT)-Boy]
(CD45.1*) mice together with whole bone marrow cells
from WT-Boy] donors (CD45.1%). Two weeks after
engraftment, mice were treated with WNT974 or vehicle
(control) at a dose of 5 mg/kg twice a day by oral gavage
for 1 week. The design of the experiment is shown in
Figure 3B. After the last dose, mice were sacrificed and
bone marrow and spleen cells were obtained. We meas-
ured the Wnt target gene AIYC as a surrogate for Wnt
pathway targeting in leukemic cells i vivo. We found sig-
nificant downregulation of murine Myc in spleen cells
that were used during the primary transplants (Online
Supplementary Figure S2A). Next, we determined whether
Wnt pathway knock-down by WNT974 affected
leukemia engraftment in secondary bone marrow trans-
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plantation, a key feature of stem cells. Leukemic donor
cells obtained from mice spleen treated with WNT974 or
vehicle were transplanted into lethally irradiated Boy]
recipients. Despite observing a reduction of Wnt path-
way target gene expression in the spleens of secondary
transplanted mice (Online Supplementary Figures S2B-E),
we did not observe any differences between overall sur-
vival (Figure 3C), or engraftment at 1 month (Figure 3D),
after re-transplantation. In conclusion, the data show
that WNT974 treatment was able to reduce Wnt path-
way activity in leukemic cells and decreased self-renewal
of primary AML LSC in vitro. However, WNT974 treat-
ment alone was unable to impact LSC functions i vivo.
For these experiments, we used high doses of WNT974,
higher than the equivalent doses used in human clinical
trials with this drug. Thus, it is unlikely that the lack of
in vivo effect is due to poor pharmacokinetics or pharma-
codynamics. This is supported by the fact that we
observed Wnt target downregulation in leukemic cells in
the treated mice. Another possibility is that other path-
ways or even Wnt reactivation could compensate for the
initial Wnt downregulation in LSC, and this could be
driven by the microenvironment. It is likely that a com-
bination of WNT974 with other active agents in AML
could lead to sustained targeting and eradication of LSC
in AML as was shown in chronic myeloid leukemia.*
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