The vascular bone marrow niche influences outcome in chronic myeloid leukemia
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The endosteal bone marrow niche is known to protect leukemic stem cells (LSC) from
chemotherapy, but the role of the vascular niche in the bone marrow
microenvironment in leukemia is largely unknown. E-selectin, which is expressed on
bone marrow endothelial cells, has been described to regulate the dormancy of
normal hematopoietic stem cells (HSC) by increasing HSC proliferation (Winkler IG,
2012). In chronic myeloid leukemia (CML), one of the myeloproliferative neoplasias
caused by the oncogene BCR-ABL1, E-selectin (Krause DS, 2014) and the adhesion
molecule CD44, which is overexpressed on CML-initiating cells (Krause DS, 2006)
and to which E-selectin binds (Videira PA, 2018), was shown to be essential for
homing and engraftment of LSC. However, exact mechanisms of the interactions
between BCR-ABL1, CD44 expression and interactions with the vascular niche are
unclear.
Hypothesizing that E-selectin influences the cell cycle of leukemic stem cells (LSC) in
CML leading to improved eradication of LSC in case of treatment with the tyrosine
kinase inhibitor imatinib, we treated murine recipients of CML-initiating cells in the
retroviral transduction/transplantation model with the E -selectin inhibitor GMI-1271
and imatinib, considered standard of care in CML. This increased the survival of mice

hematopoietic stem cell transplantation.
In summary, inhibition of E-selectin in murine CML may lead to ‘non-adherence’ of
LSC to the vascular niche and improved eradication by imatinib. This is likely due to
an increase in cell cycle and an increase of Scl/Tal1 expression, which is shown to be
regulated by BCR-ABL1. These data connect the adhesion of LSC in CML to the
vascular niche via CD44 with the regulation of CD44 expression by SCL/TAL1 and
BCR-ABL1, offering a potential new avenue for treatment.

compared to animals treated with imatinib alone and decreased the engraftment of
CML-initiating cells in this model, as well as in the majority of mice in a
xenotransplantation model of NOD SCID IL2 receptor γ knockout (NSG) mice injected
with human CML cells and treated with GMI-1271. Treatment of NSG mice with
GMI-1271 also decreased the contact time of injected human CML cells with the bone
marrow endothelium. As shown in in vitro and in vivo experiments treatment with
GMI-1271 and non-adhesion to E-selectin increased the cell cycle of BCR-ABL1+ LSC
with a concomitant increase in expression of the transcriptional regulator and
protooncogene Scl/Tal1. SCL/TAL1 was shown to negatively regulate CD44
expression by binding to the CD44 regulatory element, which was increased in
presence of imatinib. In addition, we demonstrated SCL/TAL1 to be an indirect
phosphorylation target of BCR-ABL1 and a negative transcriptional regulator of CD44
expression.
In confirmation of our findings in mice, we also showed a negative correlation between
SCL/TAL1 and CD44 expression in leukocytes of human patients with CML and that
increased SCL/TAL1 expression is associated with decreased probability of relapse
and increased relapse-free survival in human CML patients after allogeneic
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Figure 2: Kaplan-Meier curve for
survival of Balb/c recipients of BCRABL1-transduced BM treated with
vehicle (blue), GMI-1271 (red),
imatinib (green) and the combination
of both imatinib and GMI-1271
(purple). The difference in survival
between imatinib and double-treated
mice was statistically significant (P =
0.028).
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Figure 8: A) Kaplan-Meier curve of
Balb/c recipients of BM transduced
with BCR-ABL1 (black), BCR-ABL1
cotransduced with empty vector
control (red) and BCR-ABL1
c o t r a n s d u c e d w i t h S c l / Ta l 1 overexpressing (blue) lentivirus B)
Mean florescent intensity (MFI) of
CD44 measured in recipients of
BM transduced with BCR-ABL1
and empty vector control (black)
and BCR-ABL1 cotransduced with
Scl/Tal1-overexpressing (white)
lentivirus.
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Figure 9: A) Negative
correlation between
SCL/TAL1 and CD44
expression in CD34+
sorted samples from CP
CML patients. B and C)
Delta Ct values for CD44
a n d S C L / TA L 1 i n
peripheral blood
leukocytes of healthy
individuals (n=10) (B)
versus CML patients
(n=11) (C).
D) Relapse- free
probability of CML
patients in chronic phase
grouped by low or high
expression of Scl/Tal1.
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Figure 6: A) Relative expression of CD44 in K562 cells after infection with an SCL/TAL1shRNA-expressing (white) or empty vector control (black) (left) and an empty vector control (black) or a SCL/TAL1overexpressing lentivirus (white) (right) B) Relative luminescence units (RLU) in a luciferase assay of K562 cells transfected with empty vector (control, black) or a plasmid expressing the CD44 regulatory
element alone (dark gray), or the same CD44-regulatory element-transfected K562 cells transduced with a SCL/TAL1-overexpressing lentivirus (light gray) or transduced with two different shSCL/TAL1expressing lentiviri (white) C) Binding of SCL/TAL1 to the CD44 regulatory element in K562 cells treated with vehicle or imatinib as measured by a ChIP assay using an anti-SCL/TAL1 (white) or a control IgG
(black) antibody and two different CD44 primer pairs. D) MFI of CD44 on the non-adherent versus adherent fraction of BCR-ABL1+ BaF3 cells after treatment with vehicle, GMI-1271, imatinib or GMI-1271 and
imatinib, normalized to vehicle.
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Figure 7: A) Schematic representation of the BCR-ABL1
and PI3K pathways in relation to Scl/Tal1. B) Western blot of
K562 cells treated with vehicle, imatinib, wortmannin
(inhibitor of the PI3K-pathway) or MK-2206, an Akt inhibitor,
probed with antibodies to Tal1, pTal1, Akt, pAkt and lamin.
C) Areas under the extracted ion chromatogramme (XIC)
after mass spectrometry by triple SILAC labeling of K562
cells treated with imatinib (top) or the Akt inhibitor MK-2206
(bottom) for 0, 1 or 3 hours showing the relative abundance
of pTal1 S122.
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Figure 5: A) Relative expression of Scl/Tal1 in all GFP+ (BCR-ABL1+) Lin- c-Kit+ cells plated on recombinant E-selectin
in the presence of vehicle (black), GMI-1271 (dark gray), imatinib (light gray) or imatinib plus GMI-1271 (white). B and
C) Corrected total cell fluorescence (CTCF) for CDK6 (B) and p16 (C) in BCR-ABL1+ BaF3 cells plated on E-selectin in
the adhesion assay, performed in the presence of vehicle (black) or GMI-1271 (white).
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Figure 3: A) Percentage of GFP+
(BCR-ABL1+) LSK cells in bone
marrow or spleen in Balb/c recipients
treated with vehicle or GMI-1271 18
hours after transplantation in a homing
experiment. B) Enumeration of clones
by Southern blot showing disease
clonality in spleens of Balb/c recipients
of BCR-ABL1-transduced bone marrow
treated with vehicle, GMI-1271,
imatinib or the combination of
GMI-1271 plus imatinib.

Inhibition of adhesion to E-selectin leads to the upregulation of Scl/Tal1

Figure 4: A) Schematic of in vitro adhesion assay, in which GFP+ (BCR-ABL1+) Lin- c-Kit+ bone marrow cells
from mice with CML treated with vehicle, GMI-1271, imatinib or the combination of GMI-1271 plus imatinib
were plated on recombinant E-selectin in presence of the respective drugs for 6 hours. B) Percentage of
adherent GFP+ (BCR-ABL1+) Lin- c-Kit+ of total cells after a 6 hour incubation on recombinant E-selectin in the
presence of vehicle (black), GMI-1271 (dark gray), imatinib (light gray) or imatinib plus GMI-1271 (white)
normalized by the number of live (trypan blue negative) cells. C) Cell cycle analysis by ki67-staining of serumstarved non-adherent (top) versus adherent (bottom) BCR-ABL1+ BaF3 cells plated on E-selectin-coated
plates and treated with vehicle, GMI-1271, imatinib or the combination of GMI-1271 plus imatinib. The
percentage of GFP+ (BCR-ABL1+) cells of total in different phases of the cell cycle are shown.
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GMI-1271 decreases homing and engraftment of leukemia-initiating cells

Figure 1 A) Representative
2-photon -in vivo microscopy
image of the bone marrow
calvarium of a Rag-2-/CD47-/- IL-2 receptor γ -/mouse injected with
human patient cells. B) Time
of contact of CML patient
cells labelled with CMTMR
and injected into vehicle- or
GMI-1271-treated mice with
the calvarial endothelium by
in vivo microscopy.
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