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(57) Abstract: Methods are disclosed for enhancing growth of a human acute myeloid leukemia (AML) sample, a human myelodys-
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model. The invention also provides a transgenic animal that expresses a gene encoding human interleukin-8 (hIL-8) or a hIL-8 agonist,
which can be used to test the effectiveness of treatments for AML, MDS and IL-8 dependent tumors.
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INTERLEUKIN-8 FOR MAINTENANCE OF HUMAN ACUTE MYELOID LEUKEMIA
AND MYELODYSPLASTIC SYNDROME AND USES THEREOF

BACKGROUND OF THE INVENTION

[0001] Throughout this application various publications are referred to in parentheses.
Full citations for these references may be found at the end of the specification. The
disclosures of these publications are hereby incorporated by reference in their entirety into
the subject application to more fully describe the art to which the subject invention pertains.
[0002] Acute myeloid leukemia (AML) and myelodysplastic syndromes (MDS) are
heterogeneous clonal neoplastic diseases that originate from transformed cells that have
progressively acquired critical genetic changes that disrupt key differentiation- and growth-
regulatory pathways (Hanahan and Weinberg 2000). Recent experimental evidence suggests
that AML and MDS originate from early hematopoietic stem cells (HSCs) following the
acquisition of multiple genetic or epigenetic changes that initially give rise to pre-leukemic
HSC (pre-LSC) and then to fully transformed leukemia stem cells (LSC). Relapse continues
to be the major cause of death in most subtypes of AML, suggesting that current therapies
are largely ineffective in eliminating LSC and pre-LSC. As a consequence, future
treatments should not only aim at reducing the bulk tumor (blast) population but must be
directed against pre-LSC and LSC if one aims at a cure of the disease (Jordan et al. 20006,
Visvader 2011, Wang et al. 2005).

[0003] Primary tumor cells from patients with AML or MDS are notoriously difficult to
maintain ex vivo. Only cells from a fraction of patients can be maintained outside of the
patient ex vivo, including in in vitro cell culture systems and xenotransplantation models. /n
vitro, growth of AML cells can typically only be maintained for several days, and in in vivo
transplantation systems, engraftment is typically very low, and many subjects do not engraft
at all. Even samples of the patients that do engraft initially, are often not growing
aggressively in recipient mouse and remain at a low level, and they also do typically lose
their subclonal complexity rapidly, and thus do not reflect well the properties of the primary
tumor in the patient, which is greatly limiting the translational relevance of any

experimental read-out, e.g. for drug testing.
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[0004] The present invention addresses the need for models of acute myeloid leukemia
and myelodysplastic syndromes for propagating their growth, e.g. for therapeutic target and

drug screening testing the effectiveness of treatments.

SUMMARY OF THE INVENTION

[0005] The present invention provides methods for enhancing growth of a human acute
myeloid leukemia (AML) sample, a human myelodysplastic syndrome (MDS) sample, a
human IL-8 dependent tumor sample, a human preleukemia cell sample, and a human
preleukemia clone or subclone ex vivo or in a xenograft animal model, the method
comprising adding human interleukin-8 (hIL-8) or a hIL-8 agonist to the sample or
administering hIL-8 or a hIL-8 agonist to the animal model or expressing a gene encoding
hIL-8 or a hIL-8 agonist in the animal model, wherein hIL-8 or a hIL-8 agonist is present in
an amount effective to enhance growth of a human AML sample, a human MDS sample, a
human IL-8 dependent tumor sample, a human preleukemia cell sample, or a human
preleukemia clone or subclone ex vivo or in a xenograft animal model.

[0006] The invention also provides a transgenic animal that expresses a gene encoding
human interleukin-8 (hIL-8) or a hIL-8 agonist. This animal model can be used to test the

effectiveness of treatments for AML, MDS and IL-8 dependent tumors.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] Fig. 1A-1C. IL8 is detectable in MDS/AML serum and correlated with disease
severity. ELISA for IL8 was done on controls and MDS and AML patient serum samples.
Significant increase in IL8 levels were seen in MDS (both low and high risk) and AML
samples when compared to controls (P Value<0.05, TTest) (A). IL8 levels were increased
after transformation of low risk MDS to higher risk MDS/AML (B) and decreased after
treatment with 5-Azacytidine (C).

[0008] Fig 2A-2E. Efficacy of human IL8 addition in patient-derived xenografts from
MDS/AML. Treatment of NSG mice with exogenous recombinant human IL8 (rhIL8) leads
to higher engraftment from AML sample after 3 weeks of treatment when compared to
vehicle controls (representative panel shown in A, B). Injection of recombinant human IL-8
into AML (n=1) or MDS (n=2) xenotransplant recipient mice leads to increased engraftment
of primary MDS and AML patients’ cells. Averaged data in (C); data from individual
subjects in (D). The improvement in engraftment is sustained (as shown for representative

PDX) (E).
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[0009] Fig. 3. Xenotransplantation of primary AML cells into NSG mice pre-
transplanted with hIL8-transgenic and doxycycline-induced congenic bone marrow cells

leads to a more than 10-fold increase (p = 0.0106, N=8) of AML cell engraftment.

DETAILED DESCRIPTION OF THE INVENTION
[0010] The present invention provides a method of enhancing growth of a human acute
myeloid leukemia (AML) sample, a human myelodysplastic syndrome (MDS) sample, a
human IL-8 dependent tumor sample, a human preleukemia cell sample, or a human
preleukemia clone or subclone ex vivo or in a xenograft animal model, the method
comprising adding human interleukin-8 (hIL-8) or a hIL-8 agonist to the sample or
administering hIL-8 or a hIL-8 agonist to the animal model or expressing a gene encoding
hIL-8 or a hIL-8 agonist in the animal model, wherein hIL-8 or the hIL-8 agonist is present
in an amount effective to enhance growth of a human AML sample, a human MDS sample,
a human IL-8 dependent tumor sample, a human preleukemia cell sample, or a human
preleukemia clone or subclone ex vivo or in a xenograft animal model. Preferably, the
xenograft animal model is a mouse model. Preferably, the animal is immunocompromised.
[0011] Also provided is a method for screening for drugs against human acute myeloid
leukemia (AML), human myelodysplastic syndrome (MDS), a human IL-8 dependent
tumor, human preleukemia cells, or a human preleukemia clone or subclone, the method
comprising contacting the human AML sample, human MDS sample, human IL-8
dependent tumor sample, human preleukemia cell sample, or human preleukemia clone or
subclone treated with human interleukin-8 (hIL-8) or a hIL-8 agonist as disclosed herein
with a drug ex vivo and determining whether or not the drug reduces growth or
differentiation or subclonal complexity, or increases apoptosis, or affects another desired
cellular or molecular property of the sample, clone or subclone.
[0012] The hIL-8 agonist can be, for example, a synthetic IL-8 agonist. The agonist can
comprise a point mutation of hIL-8 or be an hIL-8 derivative that retains the function of
hIL-8.
[0013] The invention also provides a non-human transgenic animal model (e.g., a
xenograft animal model) for engraftment of a human acute myeloid leukemia (AML)
sample, a human myelodysplastic syndrome (MDS) sample, a human IL-8 dependent tumor
sample, a human preleukemia cell sample, or a human preleukemia clone or subclone,

wherein the transgenic animal expresses a gene encoding human interleukin-8 (hIL-8) or a
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hIL-8 agonist. Preferably, the animal is a mouse. Preferably, the animal is
immunocompromised.
[0014] Still further provided is a method of making a transgenic mouse model that
expresses a gene encoding human interleukin-8 (hIL-8), the method comprising

a) inserting an inducible human IL-8 transgene into an immunocompromised mouse,

b) performing transplantation of hIL-8-transgenic bone marrow cells from the mouse
of step a) having the inducible human IL-8 transgene into a parental immunocompromised
mouse, and

¢) triggering induction of hIL-8 in the mouse of step b) having the transplanted hIL-
8-transgenic bone marrow cells,

thereby making a transgenic mouse model that expresses a gene encoding human
interleukin-8 (hIL-8).
[0015] The inducible human IL-8 transgene can be, for example, a doxycycline-
inducible human IL-8 transgene. The transplantation of hIL-8-transgenic bone marrow cells
can be, for example, congenic transplantation of hIL-8-transgenic bone marrow cells.
[0016] Also provided is a method of making a transgenic mouse model that expresses a
gene encoding human interleukin-8 (hIL-8) or a hIL-8 agonist, the method comprising
hydrodynamic injection of c¢DNA encoding hIL-8 or a hIL-8 agonist into an
immunocompromised mouse, thereby making a transgenic mouse model that expresses a
gene encoding hIL-8 or a hIL-8 agonist.
[0017] The immunocompromised mouse can be, for example, a NOD-SCID, NSG or
RAG2null mouse.
[0018] Also provided is a transgenic mouse model produced by any of the methods
disclosed herein.
[0019] Preferably, for any of the transgenic animal models disclosed herein, hIL-8 or a
h-IL-8 agonist is produced in an amount that is effective to enhance engraftment of human
acute myeloid leukemia (AML) cells, human myelodysplastic syndrome (MDS) cells,
human IL-8 dependent tumor cells, human preleukemia cells, or a human preleukemia clone
or subclone transplanted into the animal model.
[0020] Also provided is a method for screening for drugs against human acute myeloid
leukemia (AML), human myelodysplastic syndrome (MDS), a human IL-8 dependent
tumor, human preleukemia cells, or a human preleukemia clone or subclone, the method

comprising administering a drug to any of the animal models disclosed herein and
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determining whether or not the drug reduces growth or differentiation or subclonal
complexity, or increases apoptosis, or affects another desired cellular or molecular property
of a human AML, a human MDS, a human IL-8 dependent tumor, human preleukemia cells,
or a human preleukemia clone or subclone xenograft in the animal.

[0021] This invention will be better understood from the Experimental Details, which
follow. However, one skilled in the art will readily appreciate that the specific methods and
results discussed are merely illustrative of the invention as described more fully in the

claims that follow thereafter.
EXPERIMENTAL DETAILS

INTRODUCTION

[0022] 1L8 and its receptor CXCR?2 are upregulated in MDS and AML stem cells and
are indicators of worse prognosis in large patient cohorts. Myeloid malignancies such as
MDS and AML can arise from a clone of quiescent cancer-initiating cells that are not
eliminated by cytotoxic therapies. HSCs and progenitors in MDS have both quantitative and
qualitative alterations at the genetic as well as epigenetic level (Will et al. 2012).
Hematopoietic stem cells (HSCs) are expanded in MDS, most significantly in the higher
risk subgroups and contain karyotypic abnormalities as well as aberrant epigenetic marks.
These results were obtained via establishment of novel protocols to isolate rigorously
defined stem and progenitor cell compartments from primary marrow aspirates. Most
importantly, karyotypically abnormal MDS HSCs survive even during morphological
remissions induced by 5-Azacitidine treatment. Moreover, AML samples with a stem cell
like molecular signature have a worse prognosis (Bartholdy et al. 2014) further reinforcing
the need to target leukemia stem cells. Taken together, these data along with other studies
now demonstrate that these abnormal HSCs need to be targeted for potential curative
strategies in MDS / AML.

[0023] A transcriptomic analysis of highly purified MDS and AML HSCs and GMPs
(n=12) was performend using previously developed assays. IL8 was selectively upregulated
by several logfold in these leukemia initiating populations when compared to healthy
controls (Schinke et al. 2015). Further validation in another independent cohort showed that
the IL8 receptor, CXCR2, was also significantly increased in a cohort of 183 MDS CD34+
samples when compared to 17 healthy controls and was associated with lower hemoglobin

and higher transfusion requirements. Higher expression of the IL8 receptor was also seen in
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the large TCGA AML cohort and was associated with adverse overall survival, further
pointing to the critical role of IL8-CXCR2 axis in AML/MDS.

[0024] Together, these findings strongly suggested that stimulation through the IL-8 —
CXCR2 axis is functionally critical for the survival and growth of AML and MDS cells
including at the stem cell level.

[0025] Inhibition of IL8/CXCR?2 pathway leads to decreased proliferation and cell cycle
arrest in leukemic cells and increased survival in xenografts. To determine the functional
role of the IL8-CXCR2 pathway in leukemia cells, it was demonstrated that numerous AML
cell lines significantly overexpressed CXCR2, when compared to healthy CD34+ cells
(Schinke et al. 2015). A specific inhibitor of CXCR2, SB332235, which is a clinically
available compound that has 100-fold selectivity for CXCR2 over CXCR121, was used to
demonstrate that treatment led to a dose dependent decrease in proliferation in all cell lines,
while only minimally affecting growth of healthy control CD34+ cells (Schinke et al. 2015).
CXCR?2 inhibition also led to significant inhibition of proliferation in primary samples from
AML and high risk MDS cases.

[0026] shRNAs were designed against CXCR2 (Schinke et al. 2015). Decreased
expression of this receptor also led to significantly reduced leukemic colony formation
capacity of AML cell lines (p<0.001). Cell cycle analysis was performed to determine the
mechanism of growth arrest. A significant arrest of AML cells in the GO stage (p<0.05) was
observed after CXCR2 inhibition. At the molecular level, pharmacologic inhibition of
CXCR2 led to abrogation of IL8-stimulated signaling in these cells. The efficacy of
CXCR2 knockdown was examined in vivo using xenografts with U937 cells. U937 cells
were infected with lentiviruses containing shRNA directed against CXCR2 or scrambled
control shRNAs, and a fluorescent reporter gene (GFP); cells were sorted for GFP and
xenografted into NOD scid gamma (NSG) immunodeficient mice. CXCR2 knockdown led
to significant improvement in overall survival (P Value=0.02, Log Rank) (Schinke et al.

2015), demonstrating CXCR?2 as a therapeutic target in vivo.

RESULTS

[0027] High IL8 levels are detectable in serum of patients with MDS and AML. Tt was
previously shown that IL8 mRNA is overexpressed in MDS and AML cells. It was now
determined whether IL8 can be detected in serum of patients with MDS and AML. A total
of 33 patients (MDS low risk (21), MDS high risk (6) and AML (6)) and 30 controls sera
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were collected and analyzed for IL8 levels by ELISA. Both MDS and AML samples had
significantly elevated levels in serum (Fig. 1A). Furthermore, IL8 levels went up in 3
patients that transformed from low risk MDS to higher risk MDS or AML (Fig. 1B).
Additionally, IL8 levels dropped after treatment in another 3 patients that were treated with
5-Azacytidine (Fig. 1C).

[0028]  Xenograft models of AML and MDS. The ex vivo modeling of cells from AML
and MDS patients is very challenging. Only cells from ~60% of patients can be maintained
for a short period of time in vitro (~1-2 weeks) and no long-term culture systems are
available for the vast majority of patients (>90%). Only from a very small subset of patients
is it possible to derive cell lines that survive for multiple passages. In order to circumvent
this challenge, numerous xenotransplantation models have been developed in the past 20
years (for review see Goyama et al. 2015). However, even the most recent models including
NOD-SCID IL2-receptor-gamma null mice only allow engraftment of cells from about 50%
of AML patients (less than 20% of MDS patients), and even the ones that engraft do so at
very low levels of typically about 0.1-1% chimerism in the blood and bone marrow of
recipient animals. In addition, subclonal complexity of the primary sample is not
maintained upon engraftment, i.e. one or very few sublcones are selected which greatly
limits any following experimental readout with regards to its relevance for the real behavior
in patients. This has been a major obstacle for research on MDS and AML, for functional
studies of human patients’ cells, but also for drug testing/development efforts. One
challenge of xenograft models is the incomplete compatibility of mouse and human
stimulatory factors including cytokines. One approach has been to “humanize” mice
through the external or transgenic addition of human cytokines to enhance AML cell
engraftment. This strategy has led to some modest success (for review see Goyama et al.
2015) but engraftment numbers and percentages still remain low.

[0029] After discovery of IL-8/CXCR2 as a key upregulated pathway in MDS and
AML stem cells, we investigated whether an murine homolog/ortholog exists in mice.
Through search of literature and sequencing data bases, we found that there is indeed no
bona fide murine IL-8 (Cxcl8) gene, and the closest homolog, murine Cxcl15 (which in
some data bases is listed as “mouse IL-8") has only a sequence homology of about 35%
with human IL-8. Thus, we hypothesized that xenotransplanted human MDS and AML cells

would not have sufficient stimulation through this pathway in recipient mice, and that the
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addition of human recombinant IL-8 could enhance maintenance and growth of human
MDS and AML cells.

[0030] 1.8 supplementation in vivo leads to increased leukemic engraftment. Since our
data demonstrated that IL8 is an essential survival factor of MDS and AML cells, we
wanted to determine whether exogenous supplementation with human IL8 could lead to
better engraftment of human MDS and AML. We evaluated the efficacy of this approach in
3 patient derived xenografts from MDS/AML samples (1 patient with AML, 2 with MDS)
and observed a highly significant increase in MDS/leukemic engraftment after ILS8
supplementation (Fig. 2C, individual example Fig. 2A-B). These data support the critical
role of IL8 in stimulating leukemic growth in vivo and also demonstrate the feasibility of the
supplementation increasing xenografting efficiencies in mice.

[0031] Exogenous supplementation of recombinant human IL-8 is expensive. However,
this finding now opens the door for other strategies, e.g. hydrodynamics-based gene
transduction, or the generation of xenograft recipient mice with a human IL-8 transgene.
Such systems will allow the more efficient xenografting of MDS and AML patients’
samples and may thus enable for the first time the high-throughput screening of compounds
or genetic reagents in primary human MDS and AML.

[0032] Generation of a human IL-8 transgenic mouse in the NSG background, and in
vivo xenotransplantation data in this model. We have generated a new transgenic mouse
model in which we inserted a doxycycline-inducible human IL-8 transgene into the
immunocompromised NSG mouse strain. We then performed congenic transplantation of
hIL-8-transgenic bone marrow cells into 8 parental NSG mice, followed by doxycycline-
triggered induction of hIL-8 in 4 of the recipient mice. 4 uninduced mice served as a
control. We then xenotransplanted 5x10° leukemic cells from an AML patient into these
animals and determined AML cell engraftment in the bone marrow 4 months post-
transplantation. AML cells are notoriously difficult to transplant and in most cases are not
suitable for expansion and use in patient derived xenograft (PDX) models due to low
engraftment (here: control showed very low engraftment of only 4% ion average). The
transplanted recipients with induced hIL-8 showed strikingly higher engraftment of primary
AML patient cells (average: 42.2%, 10.4-fold increase, p = 0.0106, N=8). These data
demonstrate that human IL-8 is indeed critical for the engraftment and maintenance of
human AML stem cells (AML-initiating cells) i# vivo. We have now a novel transgenic

mouse system available that permits for the first time the generation of robust primary
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xenografts and PDX models from AML and MDS patients’ cells, which can be used for

drug development and testing purposes as well as functional/mechanistic studies.
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What is claimed is:

1. A method of enhancing growth of a human acute myeloid leukemia (AML)
sample, a human myelodysplastic syndrome (MDS) sample, a human IL-8 dependent tumor
sample, a human preleukemia cell sample, or a human preleukemia clone or subclone ex
vivo or in a xenograft animal model, the method comprising adding human interleukin-8
(hIL-8) or a hIL-8 agonist to the sample or administering hIL-8 or a hIL-8 agonist to the
animal model or expressing a gene encoding hIL-8 or a hIL-8 agonist in the animal model,
wherein hIL-8 or the hIL-8 agonist is present in an amount effective to enhance growth of a
human AML sample, a human MDS sample, a human IL-8 dependent tumor sample, a
human preleukemia cell sample, or a human preleukemia clone or subclone ex vivo or in a

xenograft animal model.

2. The method of claim 1, wherein the xenograft animal model is a mouse
model.

3. The method of claim 1 or 2, wherein the animal is immunocompromised.

4. A non-human transgenic animal model for engraftment of a human acute

myeloid leukemia (AML) sample, a human myelodysplastic syndrome (MDS) sample, a
human IL-8 dependent tumor sample, a human preleukemia cell sample, or a human
preleukemia clone or subclone, wherein the transgenic animal expresses a gene encoding

human interleukin-8 (hIL-8) or a hIL-8 agonist.

5. The transgenic animal model of claim 4, wherein the animal is a mouse.
6. The animal of claim 4 or 5, wherein the animal is immunocompromised.
7. A method of making a transgenic mouse model that expresses a gene

encoding human interleukin-8 (hIL-8), the method comprising

a) inserting an inducible human IL-8 transgene into an immunocompromised mouse,
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b) performing transplantation of hIL-8-transgenic bone marrow cells from the mouse
of step a) having the inducible human IL-8 transgene into a parental immunocompromised
mouse, and

¢) triggering induction of hIL-8 in the mouse of step b) having the transplanted hIL-
8-transgenic bone marrow cells,

thereby making a transgenic mouse model that expresses a gene encoding human

interleukin-8 (hIL-8).

8. The method of claim 7, wherein the inducible human IL-8 transgene is a

doxycycline-inducible human IL-8 transgene.

0. The method of claim 7 or 8, wherein the transplantation of hIL-8-transgenic

bone marrow cells is congenic transplantation of hIL-8-transgenic bone marrow cells.

10. A method of making a transgenic mouse model that expresses a gene
encoding human interleukin-8 (hIL-8) or a hIL-8 agonist, the method comprising
hydrodynamic injection of c¢DNA encoding hIL-8 or a hIL-8 agonist into an
immunocompromised mouse, thereby making a transgenic mouse model that expresses a

gene encoding hIL-8 or a hIL-8 agonist.

11.  The method of any of claims 7-10, wherein the immunocompromised mouse

is a NOD-SCID, NSG or RAG2null mouse.

12. A transgenic mouse model that expresses a gene encoding human

interleukin-8 (hIL-8) or a hIL-8 agonist produced by the method of any of claims 7-11.

13. The transgenic animal model of any of claims 1-12, wherein hIL-8 or a hIL-8
agonist is produced in an amount that is effective to enhance engraftment of human acute
myeloid leukemia (AML) cells, human myelodysplastic syndrome (MDS) cells, human I1-8
dependent tumor cells, human preleukemia cells, or a human preleukemia clone or subclone

transplanted into the animal model.
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14. A method for screening for drugs against human acute myeloid leukemia
(AML), human myelodysplastic syndrome (MDS), a human IL-8 dependent tumor, human
preleukemia cells, or a human preleukemia clone or subclone, the method comprising
contacting the human AML sample, human MDS sample, human IL-8 dependent tumor
sample, human preleukemia cell sample, or human preleukemia clone or subclone of claim
1 with a drug ex vivo and determining whether or not the drug reduces growth or
differentiation or subclonal complexity or increases apoptosis of the sample, clone or

subclone.

15. A method for screening for drugs against human acute myeloid leukemia
(AML), human myelodysplastic syndrome (MDS), a human IL-8 dependent tumor, human
preleukemia cells, or a human preleukemia clone or subclone, the method comprising
administering a drug to the animal model of any of claims 1-12 and determining whether or
not the drug reduces growth or differentiation or subclonal complexity or increases
apoptosis of a human AML, a human MDS, a human IL-8 dependent tumor, human

preleukemia cells, or a human preleukemia clone or subclone xenograft in the animal.
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