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WNTS5A PEPTIDES FOR THE TREATMENT OF ACUTE MYELOGENOUS
LEUKEMIA

Technical field
A WNTS5A peptide or derivatives thereof for use in treatment of Acute

myelogenous leukemia in a subject.

Background art

Acute myelogenous leukemia (AML) is a cancer of the blood and
bone marrow. AML is a disorder characterized by a clonal proliferation de-
rived from primitive hematopoietic stem cells (HPCs) or progenitor cells. Ab-
normal differentiation of myeloid cells results in a high level of immature ma-
lignant cells and fewer differentiated red blood cells, platelets, and white
blood cells. Occasionally, AML cells can form a solid tumor called a myeloid
sarcoma or chloroma that can develop anywhere in the body. AML typically
presents with a rapid onset of symptoms that are attributable to bone marrow
failure and may be fatal within weeks or months when left untreated. The dis-
ease occurs at all ages.

Acute myelogenous leukemia is also known as acute myeloid leuke-
mia, acute myeloblastic leukemia, acute granulocytic leukemia and acute
nonlymphocytic leukemia.

The main treatment for most types of AML is intensive, often multi-
drug, chemotherapy, sometimes along with a targeted therapy drug. This
might be further supplemented by a stem cell transplant or blood transfusion.
Patients undergoing treatment of AML often experience significant side ef-
fects and an important part of the work of treating AML is to treat the side ef-
fects that occur as part of the treatment. Thus, there remains a need for the
development of less toxic therapies for treatment of AML in patients.

On this background it is an object of the present invention to provide
improved therapies for use in treatment of acute myelogenous leukemia that
entail fewer side effects and comprise administering a therapeutic agent that
is better tolerated by the patients. It is further an object of the present inven-

tion to improve the treatment of patients suffering from recurrent acute mye-
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logenous leukemia.

Summary of the invention

Thus, according to a first aspect of the present invention, there is
provided a WNT5A peptide or derivatives thereof for use in treatment of acute
myelogenous leukemia in a subject in need thereof, the WNT5A peptide
comprising XaDGXsEL (SEQ. ID. NO. 2), or a formylated derivative thereof,
wherein Xa is methionine (M) or norleucine, Xg is cysteine (C) or alanine (A).

The skilled person knows how to diagnose acute myelogenous leu-
kemia. The diagnosis of AML in a patient is typically made on the basis of an
overall assessment of information based on morphological examination of
blood or bone marrow as well as assessment of blood or bone marrow with
flow cytometry.

The mitogen-activated protein kinase (MAPK), also referred to as ex-
tracellular signal kinase (ERK), signal transduction pathway and the phospha-
tidylinositol 3-kinase (PI3K)-protein kinase B (AKT) signal transduction path-
way both participate in multiple cellular events, such as cell survival, prolifera-
tion, differentiation, motility, and apoptosis, and have been implicated in the
pathogenesis of leukemia. Abnormal activation of the PI3K and MAPK path-
ways has been reported in patients suffering from AML. The abnormal activa-
tion of the PIBK and MAPK pathways can be evaluated based on the phos-
phorylation levels of the proteins involved in the signaling pathways. Two
such proteins are the ERK protein and the AKT protein which together with
their phosphorylated proteins, p-ERK and p-AKT, may be measured quantita-
tively and semi-quantitatively using flow cytometry and western blotting, re-
spectively. It is postulated that the effective targeting of components involved
in the MAPK and PI3K signaling pathways could have an impact on the out-
come of AML treatment, e.g. by the effective downregulation of the MAPK
and PI3K signaling cascade.

According to one embodiment of the present invention, there is pro-
vided a WNT5A peptide or derivatives thereof for use in treatment of acute

myelogenous leukemia in a subject in need thereof, wherein the WNT5A pep-
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tide derives from WNT5A protein according to SEQ ID NO: 1 and comprises
amino acid sequence XaDGXsEL (SEQ. ID. NO. 2), or a formylated derivative
thereof, wherein Xa is methionine (M) or norleucine, Xs is cysteine (C) or ala-
nine (A), and wherein a blood sample and/or bone marrow sample obtained
from said subject has an upregulated MAPK and/or PISK pathway compared
to a healthy subject.

In one embodiment, the blood sample and/or bone marrow sample
obtained from said subject has a higher level of p-ERK and/or p-AKT com-
pared to a healthy subject.

The inventors of the present invention have surprisingly found that
the formylated hexapeptide fragment of the WNT5A protein, Foxy-5, is effec-
tive in reducing phosphorylation of the AKT and ERK proteins in AML cells,
and thus that Foxy-5 downregulates the PI3K and MAPK signaling pathways
in patients suffering from AML.

In the context of the present invention, the AML patient is a patient
from which a blood sample and/or bone marrow sample display an upregulat-
ed MAPK and/or PI3K pathway compared to a healthy subject. The upregu-
lated MAPK and/or PI3K pathway is a measure of an abnormal activation of
the PI3K and MAPK signaling pathways. The abnormal activation can e.g. be
observed as an increased phosphorylation, i.e. activation, of the proteins in-
volved in the PI3K and MAPK pathways. The skilled person knows how to
measure the phosphorylation of proteins involved in the PISK and MAPK
pathways, but two such methods are flow cytometry or semi-quantitatively
with western blot.

AML cells are also known to produce high concentrations of reactive
oxygen species (ROS) to sustain growth and migration (chemotaxis), thereby
causing leukemic cells to spread. The inventors of the present invention have
found that Foxy-5, i.e. a formylated hexapeptide fragment of the WNT5A pro-
tein effectively reduces the ROS production in AML cells of a patient diag-
nosed with AML.

Since a drug must be produced in large scale, the full length WNT5A

protein presents several disadvantages as a drug candidate. Being a large
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protein, WNT5A protein requires a complex and lengthy synthesis just in or-
der to produce the correct primary amino acid sequence and post-
translational modifications, and in addition WNT5A has a heparan sulphate-
binding domain which may limit its distribution in the body. Therefore, a
smaller peptide that mimics the effect of WNT5A is more preferred.

In one embodiment, the total length of the WNTS5A peptide or deriva-
tives thereof is equal to or less than 50 amino acids.

WNTS5A peptides comprising the amino acid sequence XDGXEL also
comprises WNT5A mimicking effects. The peptides of varying lengths and
comprising the sequence XDGXEL (SEQ ID NO: 2) may be produced syn-
thetically, for example by liquid phase or solid phase peptide synthesis. The
peptide of varying lengths has 20 amino acids or less and more preferred 10
amino acids or less. Most preferably, the peptide is a hexapeptide consisting
of 6 amino acids. In one embodiment the amino acid sequence is XDGXEL,
wherein the X in position 1 is M or norleucine and X in position 4 is C or A.
Advantageously, the WNT5A peptide according to the invention is a peptide
selected from the group consisting of:

MDGCEL (SEQ. ID. NO. 3),

GMDGCEL (SEQ. ID. NO. 4),

EGMDGCEL (SEQ. ID. NO. 5),

SEGMDGCEL (SEQ. ID. NO. 6),

TSEGMDGCEL (SEQ. ID. NO. 7),

KTSEGMDGCEL (SEQ. ID. NO. 8),

NKTSEGMDGCEL (SEQ. ID. NO. 9),

CNKTSEGMDGCEL (SEQ. ID. NO. 10),

LCNKTSEGMDGCEL (SEQ. ID. NO. 11),

RLCNKTSEGMDGCEL (SEQ. ID. NO. 12),

GRLCNKTSEGMDGCEL (SEQ. ID. NO. 13),

QGRLCNKTSEGMDGCEL (SEQ. ID. NO. 14),

TQGRLCNKTSEGMDGCEL (SEQ. ID. NO. 15),

GTQGRLCNKTSEGMDGCEL (SEQ. ID. NO. 16), and

LGTQGRLCNKTSEGMDGCEL (SEQ. ID. NO. 17).
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In a preferred embodiment, the WNT5A peptide is MDGCEL (SEQ.
ID. NO. 3). In a more preferred embodiment methionine in position 1 is deri-
vatized as formylated methionine (N-formyl methionine). This formylated hex-
apeptide is denoted Foxy-5. The modification/derivatization (formylation) of
one amino acid improves the effect of the peptide and makes it more effective
and resistant to degradation in vivo..

In yet another embodiment it is contemplated that the peptide ac-
cording to the invention is for use in treatment of acute myelogenous leuke-
mia in a subject in need thereof comprising the following step: immediately
after diagnosis of acute myelogenous leukemia, administer an effective
amount of the peptide, optionally wherein said step is repeated at least 3
times a week for 2 weeks or more. Alternatively, in another embodiment, the
peptide according to the invention is for use in treatment of acute mye-
logenous leukemia in a subject in need thereof comprising the following step:
immediately after diagnosis of acute myelogenous leukemia, administer an
effective amount of the peptide, optionally wherein said step is repeated daily
for 2 weeks or more. The period for treatment of the acute myelogenous leu-
kemia with said peptide may be for 4, 6, 8, 12 weeks or up to 1, 2 or 3 months
or more.

Said peptide may also be administered during the treatment period
with a chemotherapeutic drug. Foxy-5 does not impair the cytotoxic effect of
chemotherapy. Chemotherapeutic drugs are generally very toxic and in addi-
tion to targeting tumour cells also destroy healthy cells. Due to the toxicity the
chemotherapeutic drug may not be administered long enough or in a suffi-
ciently high dosage to destroy or eliminate all cancer cells or hematopoietic
stem cells since the adverse effect towards normal cells would outweigh any
positive effects.

In one embodiment, the peptide according to the invention in combi-
nation with at least one chemotherapeutic drug or blood transfusion may be
administered to a subject, wherein a blood sample and/or bone marrow sam-
ple obtained from said subject has an upregulated MAPK and/or PI3K path-

way compared to a healthy subject. In another embodiment, the peptide ac-
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cording to the invention in combination with at least one chemotherapeutic
drug or blood transfusion may be administered to a subject, wherein a blood
sample and/or bone marrow sample obtained from said subject has a higher
level of p-ERK and/or p-AKT compared to a healthy subject.

The advantage of administering said peptide after treatment with a
chemotherapeutic drug is that the peptide is non-toxic to the healthy cells
whilst it eliminates or reduces the number of hematopoietic stem cells that
remain following treatment with the chemotherapy, to which hematopoietic
stem cells are resistant.

It is also contemplated that the administration of a chemotherapeutic
drug and the peptide according to the invention can be simultaneous or the
peptide may be administered before, during and after bone marrow transplant
until the chemotherapy is started or subsequent to the conclusion of the
chemotherapeutic treatment.

Thus, such combinatorial treatment can result in an improved cancer
treatment without increasing the side effects.

Administration in combination may be beneficial to the patient com-
pliance as the time period in which treatment is on-going may be shortened.

Sequential administration, i.e. administering the peptide before or fol-
lowing the chemotherapeutic drug may be more efficient from an economic
perspective since the peptide is costly.

In one embodiment, the at least one chemotherapeutic drug is se-
lected from cytarabine, daunorubicin, idarubicin, midostaurin, gemtuzumab
ozogamicin, Gilteritinib and combinations thereof. In a preferred embodiment
the chemotherapeutic drug is administered in combination with the formylated
derivative of the WINT5A peptide according to SEQ. ID. NO. 3.

The choice of suitable chemotherapeutic drug will depend on the pa-

tient, diagnosis, disease progression.

Brief description of the figures
The invention will be described in more detail below by means of

non-limiting examples of embodiments and with reference to the figures, in
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Fig. 1 shows WNT5A gene expression in mononuclear cells isolated
from bone marrow of Acute Myeloid Leukemia patients. WNT5A gene ex-
pression is diminished in mononuclear cells isolated from bone marrow of
AML patients who have adverse cytogenetic risk when compared to expres-
sion in AML patients who have favorable and intermediate cytogenetic risk.
The gene expression analysis was done using the Ohsu database (Nature,
2018) and included 371 patients with AML, at diagnosis (Gao et al,
2013;Cerami et al.,, 2012). Statistical analysis: Anova; *P<0,05; **P<0,01;
***P<0,001.

Fig. 2 shows that Foxy-5 treatment reduces the reactive oxygen spe-
cies (ROS) production of leukemic cells. Production of ROS was determined
after treatment of (A) U937 cells, (B) HL-60 cells, (C) KG1a cells, and (D)
K562 cells. Leukemia cells were treated with Foxy-5 (50uM and 100uM) or
with vehicle during 72 hours. Then, ROS production was detected by flow
cytometry using staining with DFCHA (2’,7'—dichlorofluorescin diacetate)
(mean of fluorescence intensity - MFI). Treatment with Foxy-5 reduced the
production of ROS in leukemic cells in monoculture. Results are shown as
mean + standard deviation of duplicate replicate and are representative of, at
least, 3 independent experiments. Statistical analysis: t Student; *P<0,05;
**P<0,01; ***P<0,001.

Fig. 3 shows the effect of Foxy-5 treatment on reducing leukemic cell
growth. (A) U937, (B) HL60, (C) KG1a, and (D) K562 cells were treated with
Foxy-5 (100uM) or vehicle during 72 hours. Then, cell number was evaluated
by manual counting of cells in monoculture or by Image J software analysis of
2D culture (presence of HS-5 mesenchymal stromal cells). The treatment with
Foxy-5 reduced leukemia cell growth when compared to vehicle treated cells.
Results are shown as fold change and are representative of, at least, 3 inde-
pendent experiments. Statistical analysis: t Student; *P<0,05; **P<0,01;
***P<0,001.

Fig 4 shows that the treatment of leukemic cells with Foxy-5 affects
cell cycle progression. (A) U937, (B) HL60, (C) KG1a, and (D) K562 cells
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were treated with Foxy-5 (50uM and 100uM) or vehicle during 72 hours. Af-
terwards, cell cycle phases were evaluated by flow cytometry using RNAse
and propidium iodide buffer. Foxy-5 treatment increased the leukemic cells in
the GO/G1 cell cycle phase, mainly in the 2D culture system, when compared
with vehicle treated cells. Results are shown as percentage and are repre-
sentative of, at least, 3 independent experiments. Statistical analysis: t Stu-
dent; *P<0,05; **P<0,01; ***P<0,001.

Fig. 5 shows protein expression analysis (Western blot) after treat-
ment with Foxy-5. (A) U937 and (B) K562 leukemic cells were treated with
Foxy-5 (50uM or 100uM) or with vehicle during 72 hours. Then, total extracts
were obtained, and Western blot analysis were performed. Foxy-5 treatment
reduced phosphorylation of AKT and ERK1/2 levels, suggesting a downregu-
lation in survival-associated PI3K and MAPK pathways. Results are shown as
mean * standard deviation of duplicate replicate and are representative of, at
least, 3 independent experiments.

Fig. 6 shows that Foxy-5 treatment decreases cell chemotaxis and
reduces actin polymerization of leukemic cells. Chemotaxis assay in (A)
U937, (B) HL-60, (C) THP-1 and (D) K562 cells treated with Foxy-5 (100uM)
or vehicle. Leukemia cell lines were treated with Foxy-5 (100uM) or vehicle
for 72 hours and allowed to migrate in Transwell chambers toward CXCL12 or
fetal bovine serum-containing media (positive control) or bovine albumin-
media (negative control). After 24h, migrated cells on the lower chamber
membrane were counted by flow cytometry. The Foxy-5 treatment was able
to reduce leukemia cells' chemotaxis toward CXCL12.

Actin polymerization assay in (A) U937, (B) HL60, (C) THP-1 and (D)
K562 cells treated with Foxy-5 (100uM) or vehicle is also shown in Fig. 6.
Leukemia cell lines were treated with Foxy-5 (100uM) or vehicle for 72 hours
and stimulated with CXCL12 for 30 or 120 seconds. Intracellular F-actin con-
tent was measured by flow cytometry using phalloidin stain (mean of fluores-
cence intensity - MFI). Data indicate fold increase in F-actin content following
stimulation with CXCL12. Results are shown as fold-change and are repre-

sentative of, at least, 3 independent experiments. Statistical analysis: t Stu-
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Fig. 7 shows that the treatment with Foxy-5 reduces autophagy in
leukemic cells. Leukemic (A) U937, (B) HL-60, (C) KG1a, and (D) K562 cells
were treated with Foxy-5 (50uM and 100uM) or with vehicle during 72 hours.
Then, autophagy was evaluated by acridine orange staining and detected by
flow cytometry (mean of fluorescence intensity - MFI). Foxy-5 treatment re-
duced autophagy in leukemic cells in the 2D culture system. Results are
shown as mean t standard deviation of duplicate replicate and are repre-
sentative of, at least, 3 independent experiments. Statistical analysis: t Stu-
dent; *P<0,05; **P<0,01; ***P<0,001.

Fig. 8 shows that the treatment with Foxy-5 reduces tumour growth in
xenografts leukemic mice model. (A) tumour volume in mm? of mice treated
with Foxy-5 vs. vehicle; (B) excised tumour volume in mm? of mice treated
with Foxy-5 vs. vehicle; (C) tumour weight in grams (g) of mice treated with
Foxy-5 vs. vehicle; and (D) body weight (grams, g) of the xenograft mice
treated with Foxy-5 or vehicle. U937 cells were implanted subcutaneously into
the flank of NOD/SCID mice. At least 3 mice were included in each group.
NOD/SCID mice with U937 tumours were treated or not with Foxy-5 (40
Mg/uL) once every 2 days during 9 days. Every 2 days, the tumour volumes
were evaluated according to the following formula: tumour volume (mm3) %
(length x width?)/2. Results are shown as mean + standard deviation. Statisti-
cal analysis: paired Student T-Test; *P<0.05; **P<0.01; ***P<0.001.

Detailed description

The Wnt (Wingless-related integration site) protein family contains
highly conserved proteins that play a role in embryonic development such as
body axis patterning, cell proliferation and migration. The Whnt signalling
pathways are either canonical or non-canonical and they primarily trigger the
regulation of gene transcription and increased proliferation via canonical sig-
nalling or regulation of several non-proliferative functions via activation of dif-
ferent non-canonical signalling pathways in the cells. The Wnt proteins are

further involved in tissue regeneration in adult bone marrow, skin and intes-
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tine. Genetic mutation in the Wnt signalling pathway may cause breast can-
cer, prostate cancer glioblastoma, type Il diabetes and other diseases.

The canonical Wnt pathway activates B-catenin and is integral in
regulating self-renewal of normal stem cells and the subversion of the canoni-
cal Wnt signalling has been implicated in tumourigenesis. In contrast, non-
canonical Wnt signalling is characterized by an absence of an increase in 8-
catenin signalling and has been studied for its role in embryonic patterning,
gastrulation, and organogenesis. Moreover, non-canonical Wnt is proposed to
antagonize canonical signalling. WNT5A is an example of a non-canonical
Wnt ligand. WNT5A is tumour-suppressive in acute myelogenous leukemia
(AML), colon cancer, breast and prostate cancer, and ovarian carcinoma.
Over-expression of WNT5A in a WNT5A homozygous mouse model was
shown to correlate with a reduced number of breast CSCs in a study by
Borcherding et al., Paracrine WNTS5A signalling inhibits expansion of tumour-
initiating cells, Cancer Research 75:1972-1982, 2015 suggesting that hetero-
zygous loss of WINTSA correlates with shorter survival of breast cancer pa-
tients. Interestingly, WNT5A has the opposite effect in malignant melanoma,
gastric cancer as well as a few other cancer types, as exemplified by the fact
that high expression of WNT5A in primary malignant melanoma is correlated
with a shortened survival time.

WNT5A is a protein expressed by many normal cells in the body.
WNT5A is secreted from the cells and exerts its action on the same or neigh-
bouring cells by binding to and activating a receptor complex primarily involv-
ing a Frizzled receptor. The WNTS5A protein is known to activate a receptor
called Frizzled 5. Upon activation of the Frizzled 5 receptor a series of signal-
ling events inside of the cells are activated, where one of the first events, is
generation of short-lived increase in calcium inside of the cell, a so-called cal-
cium-signal. The calcium-signal in turn triggers a series of forthcoming signal-
ling events leading to a change in the functions of the cells, such as adhesion
and migration. Thus, activating such a Frizzled receptor leads to signalling
events inside the cell, resulting in increased adherence of the cell to its

neighbouring cells and its adhesion to the surrounding connective tissue re-
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sulting in decreased ability of the tumour cell to migrate to structures in the
vicinity, such as lymph nodes and blood vessels. In healthy breast epithelial
cells for example, WNT5A is highly expressed and secures a firm adherence
between cells and to the surrounding basement membrane and thereby re-
stricts migration of the cells.

In order to reconstitute WNT5A signalling in cancer tissue that lack
an endogenous expression of WNTS5A, a small peptide, i.e. equal to or less
than 20 amino acids derived from the amino acid sequence of the WNT5A
molecule has been developed and then additionally modified. An example of
such a peptide is Foxy-5, which is a true WNT5A agonist in that it triggers the
same signaling events and functional responses as WNT5A and in compari-
son, with WNT5A it is much simpler molecule and it can be administered sys-
temically and still reach the tumor. Thus, the term signalling properties, as
used herein, means binding of the WNT5A or the Foxy-5 peptide to primarily
a Frizzled receptor protein (Fz) followed by an intracellular signalling cascade
in the cell eventually leading to modulation of AML cells.

The term modulation of AML cells, as used herein, is to be under-
stood as affecting proliferation and/or migration of AML cells. In the context of
the present inventive concept, proliferation is used interchangeably with cell
growth.

The term blood transfusion, as used herein, is to be understood as
stem cell and/or bone marrow transplantation. During the blood transfusion or
stem cell transplantation, the blood stem cells will be replaced with new,
healthy stem cells from a suitable donor.

AML cell lineages are known for producing high concentrations of
ROS (Sillar et al., 2019), which enables the establishment of a hypoxic envi-
ronment and activates critical pathways that induce growth and migration of
leukemic cells, contributing to the progression of this neoplasm (Perillo et al.,
2020). ROS production is considered tumorigenic through the ability to stimu-
late cell growth, survival, migration, and the induction DNA damage that sus-
tain tumor progression (Liou & Storz, 2010). WNT5A-mimicking compound,
Foxy-5 or a WNT5A peptide of the invention can modulating ROS production
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in patients diagnosed with leukemia and thus treatment of these patients with
Foxy-5 causes a reduction in the ROS production. The lower rate of ROS
production following Foxy-5 treatment or treatment with a WNT5A peptide of
the invention is useful to prevent leukemogenesis.

Treatment with Foxy-5 compound reduce proliferation rates of leu-
kemic cells. The cell growth is tightly correlated with the cell cycle and its reg-
ulation and treatment with Foxy-5 causes a GO/G1 cell cycle arrest. Cyclin D1
is an essential regulator of G1 to S phase transition. Foxy-5 or any WNT5A
peptide of the invention reduces the protein level of cyclin D1 in leukemic
cells treated with Foxy-5. The activity of PI3K and MAPK pathways are typi-
cally overexpressed in hematological malignancies and directly correlated
with ROS production and cell growth activation (Braiacu et al., 2019; Sanches
et al., 2019). Foxy-5 also reduce AKT and ERK protein phosphorylation levels
after Foxy-5 treatment and thus downregulate the PI3K and MAPK pathways.

Foxy-5 or any WNT5A peptide of the invention can prevent
CXCL12-induced chemotaxis of leukemia cells.

Foxy-5 or any WNT5A peptide of the invention can prevent the au-
tophagy process, a process required for sustaining leukemia cell growth by
induction of ROS production. In this way, treatment with Foxy-5 or any
WNT5A peptide of the invention causes the reduction of autophagic events in
the bone marrow niche and thus disrupt leukemia growth and maintenance.

The Foxy-5 or any WNT5A peptide of the invention is be an im-
portant modulating factor in biological processes associated with AML pro-
gression as this compound downregulates ROS production as well as cell
growth, PI3K and MAPK pathways activation, chemotaxis and autophagy.

Foxy-5 or any WNTS5A peptide of the invention reduces tumour
growth in vivo in U937 xenograft mouse model. This further indicates the an-
tiproliferative and antileukemia activity of Foxy-5 on AML patient cells. Thus,
Foxy-5 or any WNT5A peptide of the invention is a promising therapeutic

compound for treatment of Acute Myeloid Leukemia.

Examples
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To investigate WNT5A mRNA expression in AML patients and their
impact in clinical outcomes and to analyze the effects of Foxy-5, a WNT5A-
mimicking compound, in vitro (leukemia cell lines) and in vivo (xenograft
mouse model), on Acute Myeloid Leukemia (AML) patients cells.

In the following, the methods used in the Examples 1 to 9 are pre-
sented first, followed by the results of the findings.

METHODS

Reagents

Foxy-5 (WNT Research) was dissolved in NaHCO3 (sterile filtered 14
g/L) to a final concentration of 50mM and then diluted in media for final con-
centration of 1uM. Phorbol 12-myristate 13-acetate (PMA; Sigma) was dilut-
ed in DMSO to a 100ng/uL stock solution. Recombinant Human SDF-1a
(CXCL12, PeproTech) was diluted in saline buffer to a 100ng/uL stock solu-
tion.

Cell Culture

A panel of human myeloid leukemia cell lines (HL60, K562, KG1a,
THP1 and U937) and HS-5 mesenchymal stromal cells lineage were cultured
in Roswell Park Memorial Institute medium-1640 (RPMI; Sigma) containing
10% Fetal Bovine Serum (Gibco), glutamine (2mM; Sigma), penicillin
(100pg/mL; Sigma), streptomycin (100pg/mL; Sigma), and amphotericin B
(0.25ug/mL; Gibco). The cells were maintained in a humidified atmosphere at
370C and 5% CO2 and the experiments were performed when they reached
exponential growth. For the assays, cells were seeded on a 24-well plate and
treated or not with Foxy-5 for 72 hours.

Reactive Oxygen Species (ROS) production

Cells treated with Foxy or with vehicle were collected and intracellu-
lar ROS generation was measured by flow cytometry following staining with
DCFDA (25mmol/L; Sigma). Acquisition of cells was performed on a
FACScalibur flow cytometer (BD) and analysis was carried out using the
FlowJo software.

Autophagy Assay

Cells treated with Foxy or with vehicle were collected and acids vesi-
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cles were measured by flow cytometry following staining with Acridine Orange
(0.01mg/mL; Sigma). Acquisition of cells was performed on a FACScalibur
flow cytometer (BD) and analysis was carried out using the FlowJo software
4.

Cell Growth Assay

Cells treated with Foxy or with vehicle were collected and cell num-
ber was evaluated by manual counting in monoculture and by microscopy
with Image J software analysis in 2D culture.

Cell death / Apoptosis Assay

Cells treated with Foxy or with vehicle were tested and cell death
was measured by Annexin-V and Pl assay. Briefly, after cells were treated,
they were washed and labeled with iodide propidium (1pg/mL; Sigma) and
APCAnnexin-V (1 ug/mL; BD). Ten thousand events were acquired for each
sample and acquisition of cells was performed on a FACScalibur flow cytome-
ter (BD) after incubation for 15 min at room temperature protected from the
light. Analysis was carried out using the FlowJo software.

Cell Differentiation Assay

Cells were subjected to treatment with Foxy-5 or with vehicle, in the
presence or absence of PMA (200nM). After 72 hours, adherent cells were
washed with PBS and their morphology was examined using a Zeiss Axi-
oskope 2 Plus microscope (Carl Zeiss AG). The program ImageJ was used to
assess differentiation.

Cell Cycle Assay

Cells treated with Foxy or with vehicle were collected and fixed, at
least, 24 hours in 70% ethanol. DNA was stained with a buffer containing io-
dide propidium (20ug/mL; Sigma) and RNase A (10pg/mL; Sigma). Cell fluo-
rescence was detected with a FACSCalibur flow cytometer (BD). The propor-
tions of cells in the cell cycle phases were analyzed by Modifit (Verify Soft-
ware House Inc), according to DNA distributions.

Western Blotting

Equal amounts of protein were resolved by sodium dodecyl sul-

phate—polyacrylamide gel electrophoresis and transferred onto nitrocellulose
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membranes (Millipore). Detection was carried out with the chemiluminescent
substrate using an ECL Plus (GE-Healthcare). Monoclonal antibodies against
P70S6K (sc-8418) and polyclonal antibodies against Actin (sc-1616),
AKT1/2/3 (sc-8312), BAX (sc-493), BCL-XL (sc-8392), GAPDH (sc-32,233),
p-AKT1/2/3 (sc-33,437) and p-P70S6K (sc-7984) were purchased from Santa
Cruz Biotechnology. ERK1/2 ([pT185/Y187]; 44-680G) and ERK1/2 (44-
654G) from Invitrogen. Quantitative blots were carried out using the UN-
SCAN-IT densitometer software.

Chemotaxis assay

Leukemic cell lines, pretreated or not with Foxy-5 (72 hours of stimu-
lation) were tested for chemotaxis in Transwell-based assays for Chemotaxis
(6.5 mm diameter, 8um pore size; Corning). Polycarbonate membranes were
incubated with poly-L-lysine (1mg/mL) for 1 hour at 37°C followed by saline
buffer washing. Briefly, cells were collected, washed with media containing
bovine serum albumin (0.1% BSA, Sigma), and then seeded at a density of
5%105 cells into the upper chamber of the transwell. The lower chamber was
filled with media containing 0.5% BSA (negative control), media containing
10% FBS (positive control) and media 5 containing 0.5% BSA with CXCL12
(100ng/mL; Peprotech) (Melo et al., 2014). Following 6h or 24h of incubation
at 37°C, cells that migrated into the lower chamber were collected, centri-
fuged, resuspended in saline buffer and counted. The number of migrated
cells was expressed as a percentage of the input, i.e., the cells number ap-
plied directly to the lower compartment in parallel wells. The migration of cells
was normalized to 100% +/- standard deviation (SD) of triplicates (Favaro et
al., 2013).

Actin Polymerization Assay

F-actin polymerization was analyzed in treated leukemic cell lines us-
ing AlexaFluor 633-labeled phalloidin (A22284, Invitrogen) before and after
CXCL12 stimulation. The cells were stimulated with CXCL12 (300ng/mL;
Peprotech) in serum-free media at 37°C for 30 and 120 seconds. The reac-
tion was stopped by adding 3 volumes of paraformaldehyde (3.7%) at room

temperature for 10 min, then washed and permeabilized on ice. Cells were
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stained with 633—phalloidin (2 mg/mL). Flow cytometric data were analyzed
using a FACS flow cytometer (BD) followed by FlowJo software analysis. The
F-actin content obtained were normalized calculating the ratio between each
stimulated cells-mean fluorescence intensity (MFI) values and the non-
stimulated cells MFI from the basal levels of the control cells and expressed
as fold change.

Xenograft mouse model

For the xenograft mouse model, a concentration of 40 ug/uL of Foxy-
5 was used. 8-week-old female NOD/SCID (NOD.CB17Prkdcscid/JUnib) mice
from The Jackson Laboratory, bred at the Animal Facility Centre at the Uni-
versity of Campinas, Brazil, under specific pathogen-free conditions, were
matched for bodyweight before use. Mice were anesthetized with isoflurane
(4 %) and U937 cells (5,000,000 cells/mouse) were inoculated in the mouse
dorsal region by subcutaneous injection. When the tumours reached 100
mm?3, the treatment was initiated. Foxy-5 was administered once every 2 days
by intraperitoneal injection. The control group received equal amounts of ve-
hicle solution. The tumour volumes were measured every 2 days and evalu-
ated according to the formula: tumour volume (mm3) % (length x width?) / 2.
After 9 days, the mice were sacrificed, the tumour excised and tumour dimen-
sions (tumour volume (mm?3) and tumour weight (grams, g)) were evaluated.

Statistical analysis

Statistical analysis was performed using the GraphPad Prism5 soft-
ware. Data were expressed as median [minimum-maximum]. For compari-
sons, Anova test or Student's t-test was used. The values of P<.05 were con-
sidered as statistically significant. All experiments were repeated, at least,

three independent times.

Example 1: WNT5A gene expression in Acute Myeloid Leukemia
patients mononuclear cells

Initially, the WINTSA gene expression was evaluated in mononuclear
cells isolated from the bone marrow of 371 patients with AML, at diagnosis,

using the Ohsu database (Nature, 2018). We analyzed the gene expression
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in 94 samples of adverse cytogenetic risk AML patients, 94 samples of favor-
able cytogenetic risk AML patients and 147 samples of intermediate cytoge-
netic risk AML patients. The expression of WNT5A gene was reduced in bone
marrow mononuclear cells isolated from patients with adverse cytogenetic
risk (average: 1.144, range: 0.0093 - 5.5150) when compared with expression
in AML patients with favorable (average: 1.1494, range: 0.0077 - 3.7010) and
with intermediate cytogenetic risk (average: 1.262, range: 0.0319 - 8.6930)
(P<0.05) (Figure 1).

Using the Ohsu database (Nature, 2018) it was verified that WINT5A
gene expression in mononuclear cells isolated from the bone marrow of AML
patients with adverse cytogenetic risk was significant decrease when com-
pared with AML patients with favorable and intermediate cytogenetic risk,
probably indicating a correlation between WNTS5A expression and the AML.
prognosis.

Example 2: The biological effects of Foxy-5, a WNT5A-
mimicking compound

In order to evaluate the role of WNTS5A on leukemia pathophysiology
and disease progression, we used Foxy-5, a WNT5A protein-mimicking com-
pound synthesized by WNT Research. Foxy-5 effects were analyzed in differ-
ent myeloid leukemia cell lines, U937, HL60, KG1a, THP-1 and K562, in
monoculture and in 2D culture with the immortalized mesenchymal stromal
lineage, HS-5. From the 5 myeloid leukemia cell lines, 4 were derived from
acute myeloid leukemia (U937, KG1a / CD34+, HL60, and THP-1), and one
from chronic myeloid leukemia / erythroleukemia (K562).

Since downregulation of Wnt5a protein mediates ROS generation
that have been shown to be elevated in a wide range of cancers, including
AML, we firstly investigated in a monoculture assay whether Foxy-5 is able to
modulate ROS production in leukemia cells. Leukemia cell lines were treated
for 72 h with Foxy-5, at doses of 50 and 100 uM, or vehicle, stained with
DCFHA dye, and analyzed by flow cytometry. Results showed a significant
reduction of ROS production (mean fluorescence intensity [MFI]): U937 cells -
7.32 (range 4.80 - 8.67) and 7.09 (range 4.70 - 8.40) vs 13.70 (range 9.00 -
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16.23), HL60 cells - 17.45 (range 16.40 - 19.30) and 10.32 (range 10.10 -
10.80) vs 19.50 (range 19.24 - 20.74), KG1a cells - 36.30 (range 35.80 -
36.80) and 29.72 (range 28.10 - 31.33) vs 42.03 (range 40.55 - 43.50), and
K562 cells - 83.90 (range 75.80 - 88.40) and 68.75 (range 64.40 - 72.75) vs
84.65 (range 79.50 - 89.80), respectively (P<0.05) (Figure 2).

In addition, myeloid leukemia cells were seeded on a monolayer of
mesenchymal stromal cells (HS5) and treated with Foxy-5 compound, at dos-
es of 50 and 100 uM, or vehicle, for 72 hours. In these 2D-cultures, we also
observed a significant decrease in ROS production (MFI): U937 cells -20.90
(range 19.90 - 22.63) and 23.50 (range 21.70 - 23.80) vs 23.20 (range 22.00 -
23.80), HL6B0 cells - 28.52 (range 26.37 - 30.00) and 28.50 (range 25.03 -
30.30) vs 33.50 (range 30.97 - 35.20) , KG1a cells - 75.03 (range 75.03 -
77.70) and 69.00 (range 68.00 - 72.00) vs 87.00 (range 85.80 - 87.20), and
K562 cells - 126.00 (range 125.000 - 128.20) and 98.25 (range 98.25 -
104.00) vs 129.80 (range 125.00 - 129.80) respectively. (P<0.05) (Figure 2).

Based on the monoculture and 2D culture assay, it was concluded
that Foxy-5 is effective in reducing ROS production in leukemia cells.

Example 3: Treatment with Foxy-5 reduces leukemic cell
growth

Next, we evaluated the proliferation rates since this process is mod-
ulated by ROS. We treated the cells with Foxy-5 (100uM) or with vehicle
(DMSO) during 72 hours, and then cell growth was analyzed by counting the
cells in monoculture, manually, or by the Image J software analysis of the 2D
cultures. In the monoculture system, the treatment with Foxy-5 (100uM) sig-
nificantly reduced cell growth of U937 cells (1.75-fold decrease), HL60 cells
(1.22-fold decrease), KG1a cells (1.37-fold decrease) and K562 cells (3.12-
fold decrease) when compared to vehicle treated cells (P<0.001) (Figure 3).
Similar results were obtained in the 2D culture system using leukemia cells
and HS-5 mesenchymal stromal cells. Foxy-5 significantly reduced cell
growth of U937 cells (1.72-fold decrease), HLG0O cells (1.56-fold decrease),
KG1a cells (2.63-fold decrease) and K562 cells (1.79-fold decrease) when
compared to vehicle treated cells (P<0.001) (Figure 3).
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Based on the monoculture and 2D culture assay, it was concluded
that Foxy-5 is effective in reducing cell proliferation of leukemia cells.

Example 4: Foxy-5 treatment induces an arrest in GO / G1 phase
of cell cycle of leukemic cells

As we observed a reduction in the leukemic proliferation after Foxy-
5 treatment, we also analyzed the cell cycle phases. Leukemia cell lines were
treated for 72 hours with Foxy-5, at doses of 50 uM and 100uM, or vehicle,
stained with the Piper buffer containing RNAse and iodeto propidium and then
analyzed by flow cytometry.

In monoculture, results revealed a significant GO / G1 cell cycle ar-
rest in U937 cells - average 55.07% (range 54.52 - 55.62%) and average
56.64% (range 56.17 - 57.10%) vs. average 51.66%, (range 51.41 - 51.70%,
HL60 cells - average 51.57% (range 51.56 - 51.58%) and average 53.02%(
range 53.01 - 53.03%) vs. average 47.31% (range 47.30 - 47.32%), in KG1a
cells - average 69.95% (range 69.69 - 70.20%) and average 73.79% (range
72.32 - 75.26%) vs. average 65.02% (range 64.19 - 65.85%), and K562 cells
- average 59.00% (range 59.00 - 59.62%) and average 83.51% (range 83.50
- 83.52%) vs. average 59.40% (range 58.81 - 59.50%) (P<0.001) (Figure 4).

Similarly, when myeloid leukemia cells were co-cultured with HS5
mesenchymal stromal cells treated for 72 hours with Foxy-5, at doses of 50
and 100 uM, or vehicle, flow cytometry analyses also revealed a significant
GO / G1 cell cycle arrest in co-cultured HS-5 cells, as U937 cells - average
77.37% (range 77.37 - 81.75%) and average 91.52% (range 90.93 - 93.92%)
vs. average 74.88%, (range 72.23 - 77.52%), HL60 cells - average 53.47%
(range 53.47 - 54.00%), and average 70.68% (range 66.33 - 75.03%) vs. av-
erage 47.31% (range 47.30 - 47.32%), KG1a cells - average 78.58% (range
78.23 - 79.37%) and average 76.53% (range 75.05 - 87.38%) vs. average
72.72%, (range 72.38 - 74.45%), and K562 cells - average 65.32% (range
60.30 - 63.32%) and average 83.52% (range 83.50 - 83.52%) vs. average
59.12% (range 59.12 - 59.18%) (P<0.001) (Figure 4).

Thus, the leukemia cell treatment with Foxy-5 compound induces a

GO/G1 cell arrest and prevents cells from entering the S phase, which may be
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associated with the decreased cell proliferation.

Example 5: Foxy-5 treatment downregulates MAPK and PI3K
signaling pathways

Based on the above results, the activity of proteins of PI3K and
MAPK pathways were then investigated in a western blot. Briefly, U937 and
K562 cells were seeded and treated with Foxy-5 (50uM or 100uM) or vehicle
for 72 hours. Then, equal amounts of protein were used for total extracts fol-
lowed by electrophoresis on 12% SDS polyacrylamide gels under reducing
conditions, transferred to nitrocellulose membranes, blocked with 10%
skimmed milk in TBS-0.1% Tween for 1 hour, stained with appropriate prima-
ry and secondary antibodies. The membranes were visualized with chemilu-
minescence using an ECL Plus (GE-Healthcare). Quantitative analyses of the
optical intensities of the protein bands were determined with Un-Scan-It Gel
6.1 (Silk Scientific Inc.).

Protein expression analysis demonstrated lower phosphorylation
levels of AKT and ERK in U937 and K562 cells treated with the Foxy-5 com-
pared to vehicle-treated cells, thus suggesting a downregulation in survival-
associated PI3K and MAPK pathway (Figure 5).

In addition, a reduced protein level of cyclin D1 only was observed in
U937 and K562 cells that were treated with Foxy-5 compared to vehicle-
treated cells. The diminution of cyclin D1 protein levels, an essential regulator
of the transition from G1 to S phase and, consequently, of cell cycle progres-
sion, corroborate the results of cell cycle arrest after Foxy-5 treatment (Figure
5).

In conclusion, Foxy-5 is effective in downregulating the MAPK and
PI3K signaling pathways.

Example 6: Foxy-5 reduces chemotaxis responsiveness to
CXCL12 stimulus and actin polymerization

We investigated whether restoring of WNT5A could enable the
modulation CXCL12-induced chemotaxis of leukemia cells. Leukemic cells
were pretreated with Foxy-5 (100uM) or vehicle for 72 hours and then sub-

jected to Transwell-based migration assays in the presence or absence of a
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stimulus, CXCL12 (100ng/mL), for an additional 24 hours. Because KG1a
cells do not express the SDF-1 receptor (CXCR-4), SDF-1 did not induce mi-
gration of KG1a cells, we performed migration assay with CD34-negative
cells, but CXCR-4-positive leukemic cell line THP-1. Foxy-5 treatment result-
ed in reduction of CXCL12-induced chemotaxis compared to vehicle: U937
cells - average 40.35% (range 33.30 - 45.80%) vs. average 56.00% (range
48.70 - 67.80%); HL6BO cells - average 4.31% (range 2.81 - 5.82%) vs. aver-
age 7.51% (range 7.45 - 7.57%); K562 cells - average 1.52% (range 1,10 -
2.04%) vs. average 2.77% (range 2.41 - 3.53%), and THP1 cells average
11.17% (range 10.68 - 11.65%) vs. average 56.67% (range 50.00 - 63.33%)
(P<.01) (Figure 6).

Therefore, we performed a flow cytometry analysis to evaluate
whether Foxy-5 treatment would be able to disrupt actin polymerization. Leu-
kemia cell lines were treated with Foxy-5 (100uM) or vehicle during 72 hours,
stimulated with CXCL12 (300ng/mL) for 30 or 120 seconds, and stained with
anti-phalloidin antibody for detection of actin polymerization by flow cytome-
try. In all leukemia cell lines, CXCL12 stimulus (30 seconds) of vehicle-treated
cells induced a more prominent conversion of globular into F-actin compared
to Foxy-stimulated cells: U937 cells (4.38 and 3.03-fold increase), HLB0O cells
(2.34 and 1.14-fold increase), K562 cells (1.80 and 1.37-fold increase), and
THP1 cells (4.60 and 3.56-fold increase). Notably, vehicle treated cells main-
tained the same amount of F-actin compared to Foxy-stimulated cell, even
120 seconds after CXCL12 stimulation: U937 cells (1.52 and 1.26-fold), HL60
cells (1.50 and 1.07-fold increase), K562 cells (1.53 and 1.31-fold increase)
and THP1 cells (1.91 and 1.59-fold-fold) (Figure 6). Thus, a significant reduc-
tion of actin polymerization was shown after Foxy-5 treatment when com-
pared to untreated cells after 30 seconds of CXCL12 induction (P<.001).

In conclusion, Foxy-5 is effective in reducing actin polymerization
and chemotaxis in leukemia cells.

Example 7: Treatment with Foxy-5 reduces autophagy in leu-
kemic cells

As autophagy is required for sustaining leukemia cell growth by in-
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duction of ROS production, we measured the levels of acidic granule for-
mation by flow cytometry after Foxy-5 or vehicle treatment. In 2D culture, the
treatment during 72 hours with 50uM and 100uM of Foxy-5 compound or ve-
hicle, respectively, reduced autophagy in U937 cells (average 9.40 (range
7.68 - 11.00) and average 6.30 (range 4.80 - 8.31) vs. average 9.84 (range
7.40 - 10.60)), HL60 cells (average 10.04 (range 7.20 - 11.93) and average
6.60 (range 5.42 - 6.69) vs. average 10.30 (range 8.32 - 10.40)), KG1a cells
(average 27.30 (range 27.20 - 29.83) and average 21.55 (range 19.05 -
22.40) vs. average 29.40 (range 29.30 - 33.85)), and K562 cells (average
21.32 (range 20.46 - 22.28) and average 19.80 (range 19.70 - 20.40) vs. av-
erage 22.20 (range 21.30 - 23.20) (all P<0.05) (Figure 7).

Thus, the reduction of autophagic events in the bone marrow niche
after Foxy-5 treatment cause disruption of leukemia growth and maintenance.
Example 8: Foxy-5 treatment impairs cell differentiation

PMA reagent is a typical inducer of AML cell differentiation through
generation of ROS. As U937 leukemia cell lineage corresponds to a model of
differentiated monocyte and/or macrophage following treatment with PMA, we
examined the effects of Foxy-5 treatment on U937 differentiation-inducing
PMA. Following treatment with PMA for 72 hours, cells were examined by
microscopy to detect morphology. The majority of cells treated with vehicle
and stimulated with PMA differentiated into macrophages and adhered to the
plates. Treatment of U937 cells with Foxy-5 reduced PMA-mediated differen-
tiation when compared with PMA-stimulated cells treated with vehicle.

It was concluded that U937 cells treated with Foxy-5 were less re-
sponsive to PMA-induced differentiation.

Example 9: Foxy-5 reduces tumour growth in U937 xenograft
mouse model

The aim of this study was to investigate the effects of Foxy-5, a
WNT5A-mimicking compound, in vivo using a xenograft mouse model, on
Acute Myeloid Leukemia (AML) patients cells.

Foxy-5 has been shown in vifro to reduce proliferation rates of leu-

kemia cells, including U937 cell lines. To examine the role of Foxy in vivo, a
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xenograft mouse model was developed in which U937 leukemia cells were
inoculated into the flank of a NOD/SCID mouse. After the engraftment and
growth of the tumour, Foxy-5 was administered once every 2 days by intra-
peritoneal injection. Xenografted NOD/SCID mice treated with Foxy-5 dis-
played a significant decrease in the tumour volume (median: 469 mm3, range:
411-859 mm?3) compared to the control group treated with a vehicle (median:
1053 mm?3, range: 1006-1172 mm?3), see Figure 8. Treatment of mice with 40
pMg/uL of Foxy-5 resulted in 55.46 % inhibition of tumour growth, see Figures
8A and 8B, and 45.51% inhibition of tumour weight, see Figure 8C, in U937
xenografts when compared to the control group at day 9. The body weights of
the xenograft mice did not vary significantly between different treatment
groups after the 9 days, see Figure 8D.

In conclusion, based on the in vivo studies using a U937 xenograft
mouse model, it has been shown that treatment with Foxy-5 results in a re-
duced tumour volume compared to a control group treated with vehicle, thus
indicating an antiproliferative and antileukemia activity of Foxy-5 on AML pa-
tient cells. Thus, Foxy-5 is a promising therapeutic compound for treatment of

acute myeloid leukemia.
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CLAIMS

1. A WNT5A peptide or derivatives thereof for use in treatment of
acute myelogenous leukemia in a subject in need thereof, wherein the
WNT5A peptide derives from WNT5A protein according to SEQ ID NO: 1 and
comprises amino acid sequence XaDGXsEL (SEQ. ID. NO. 2), or a formylat-
ed derivative thereof, wherein Xa is methionine (M) or norleucine, Xg is cyste-
ine (C) or alanine (A).

2. A WNT5A peptide or derivatives thereof for use in treatment of
acute myelogenous leukemia in a subject in need thereof according to claim
1, wherein a blood sample and/or bone marrow sample obtained from said
subject has an upregulated MAPK and/or PI3K pathway compared to a
healthy subject.

3. A WNT5A peptide or derivatives thereof for use in treatment of
acute myelogenous leukemia in a subject in need thereof according to claim 1
or 2, wherein a blood sample and/or bone marrow sample obtained from said
subject has a higher level of p-ERK and/or p-AKT compared to a healthy sub-
ject.

4. The WNT5A peptide or derivatives thereof for use in treatment of
acute myelogenous leukemia in a subject in need thereof according any one
of claims 1 to 3, wherein the total length of the peptide is equal to or less than
50 amino acids.

5. The WNT5A peptide or derivatives thereof for use in treatment of
acute myelogenous leukemia in a subject in need thereof according to any
one of the preceding claims, wherein the WNT5A peptide is selected from the
group consisting of:

MDGCEL (SEQ. ID. NO. 3),

GMDGCEL (SEQ. ID. NO. 4),

EGMDGCEL (SEQ. ID. NO. 5),

SEGMDGCEL (SEQ. ID. NO. 6),

TSEGMDGCEL (SEQ. ID. NO. 7),

KTSEGMDGCEL (SEQ. ID. NO. 8),
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NKTSEGMDGCEL (SEQ. ID. NO. 9),

CNKTSEGMDGCEL (SEQ. ID. NO. 10),

LCNKTSEGMDGCEL (SEQ. ID. NO. 11),

RLCNKTSEGMDGCEL (SEQ. ID. NO. 12),

GRLCNKTSEGMDGCEL (SEQ. ID. NO. 13),

QGRLCNKTSEGMDGCEL (SEQ. ID. NO. 14),

TQGRLCNKTSEGMDGCEL (SEQ. ID. NO. 15),

GTQGRLCNKTSEGMDGCEL (SEQ. ID. NO. 16), and

LGTQGRLCNKTSEGMDGCEL (SEQ. ID. NO. 17), or a formylated
derivative thereof.

6. The WNT5A peptide or derivatives thereof for use in treatment of
acute myelogenous leukemia in a subject in need thereof according to any
one of the preceding claims, wherein the WNT5A peptide is MDGCEL (SEQ.
ID. NO. 3), or a formylated derivative thereof.

7. The WNT5A peptide or derivatives thereof for use in treatment of
acute myelogenous leukemia in a subject in need thereof according to any of
the previous claims, wherein said WNT5A peptide or derivative thereof is ad-
ministered to said subject comprising the following steps:

a) immediately after diagnosis of acute myelogenous leukemia, ad-
ministering an effective amount of the WNTS5A peptide or derivatives thereof,
optionally wherein step a) is repeated at least 3 times a week for 2 weeks or
more.

8. The WNT5A peptide or derivatives thereof for use in treatment of
acute myelogenous leukemia in a subject in need thereof according to any
one of claims 1-6, wherein said WNT5A peptide or derivative thereof is ad-
ministered to said subject comprising the following steps:

a) immediately after diagnosis of acute myelogenous leukemia, ad-
ministering an effective amount of the WNTS5A peptide or derivatives thereof,
wherein step a) is repeated daily for 2 weeks or more.

9. A WNT5A peptide or derivatives thereof in combination with at
least one chemotherapeutic drug or blood transfusion for use in treatment of

acute myelogenous leukemia in a subject in need thereof, wherein the
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WNTS5A peptide derives from WNT5A protein according to SEQ ID NO: 1 and
comprises amino acid sequence XaDGXgEL (SEQ. ID. NO. 2), or a formylat-
ed derivative thereof, wherein Xa is methionine (M) or norleucine, Xs is cyste-
ine (C) or alanine (A), wherein said peptide and said tumour suppressing
chemotherapeutic drug are either combined or separate and/or are adminis-
tered either simultaneously or sequentially.

10. A WNT5A peptide or derivatives thereof in combination with at
least one chemotherapeutic drug or blood transfusion for use in treatment of
acute myelogenous leukemia in a subject in need thereof according to claim
9, wherein a blood sample and/or bone marrow sample obtained from said
subject has an upregulated MAPK and/or PI3K pathway compared to a
healthy subject.

11. A WNT5A peptide or derivatives thereof in combination with at
least one chemotherapeutic drug or blood transfusion for use in treatment of
acute myelogenous leukemia in a subject in need thereof according to claim 9
or 10, wherein a blood sample and/or bone marrow sample obtained from
said subject has a higher level of p-ERK and/or p-AKT compared to a healthy
subject.

12. The WNT5A peptide or derivatives thereof in combination with at
least one chemotherapeutic drug or blood transfusion for use in treatment of
acute myelogenous leukemia in a subject in need thereof according to claim 9
to 11, wherein said at least one chemotherapeutic drug is selected from cy-
tarabine, daunorubicin, idarubicin, midostaurin, gemtuzumab ozogamicin,
Gilteritinib and combinations thereof.

13. The WNT5A peptide or derivatives thereof in combination with at
least one chemotherapeutic drug or blood transfusion for use in treatment of
acute myelogenous leukemia in a subject in need thereof according to claim 9
to 12, wherein the total length of the peptide is equal to or less than 50 amino
acids.

14. The WNTSA peptide or derivatives thereof in combination with at
least one chemotherapeutic drug or blood transfusion for use in treatment of

acute myelogenous leukemia in a subject in need thereof according to any
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one of claims 9 to 13, wherein said WNT5A peptide is MDGCEL (SEQ. ID.

NO. 3), or a formylated derivative thereof.



