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EphA3 in human leukemia 
EphA3 is aberrantly expressed on the surface of disease cells in a 
substantial percentage of patients across all subtypes of leukemia (including 
MDS, MPD, AML and T- and B-cell ALL).  

There are 9 EphA receptors and 6 EphB receptors, which preferentially 
interact with six type-A ephrins and three type-B ephrins on neighbouring 
cells.  

Eph receptors (Ephs), together with cell surface-bound ephrin ligands, 
control cell navigation, formation of cell-cell contacts and tissue boundaries 
during embryonic development and are critical in shaping tissue architecture 
and morphology.  

Classically, Ephs determine the path, final position and interaction partner of 
motile cells, by triggering - in response to ephrin contact - either cell 
rounding/cell-cell segregation or cell-cell adhesion. Eph kinase activity is 
key in determining the direction of these opposing responses: in general, 
robust activation and phosphotyrosine-dependent signalling triggers cell 
rounding and cell-cell segregation, while lack of kinase-activation promotes 
cell-cell adhesion, intermingling and invasion.  

The prevalence of Eph expression in leukemia (and other cancer) cells 
make Ephs promising targets for anti-cancer therapies. 

Antibodies targeted against EphA3 have been developed and are currently 
in clinical trial against myeloid malignancies. 

EphA3 is expressed on the stromal compartment in 
NHD13 mice 
Confocal microscopy revealed that, while EphA3 is strongly (although 
variably) expressed on the NHD13 hematopoietic compartment (Figure 3), it 
is also aberrantly expressed on the stromal compartment. Clear positive 
signals were repeatedly seen on vessel walls in the marrow in NHD13 mice 
and not in wild type littermates (Figure 4). Stromal EphA3 positivity was 
confirmed by FACS (Figure 5).  

No transgenic expression occurs outside of the hematopoietic compartment 
in NHD13 mice, so this vascular EphA3 expression must be in response to 
an environmental signal. This signal presumably originates with the 
hematopoietic, transgene-expressing cells. 

The vascular component of the marrow forms part of the hematopoietic 
stem cell niche, and the niche has recently been shown to be 
“remodelled” (to favour the development and maintenance of leukemic stem 
cells rather than normal hematopoietic stem cells) in a number of models. 

Remodelling is expected to be the result of cytokine signalling. One such 
cytokine is the stem cell homing factor, CXCL12. Levels of CXCL12 in 
NHD13 serum and bone marrow flush supernatant were not markedly 
different from that of wild type littermates, however, leaving the nature of 
this remodelling signal unknown (Figure 5). 

EphA3 in the Nup98-HoxD13 model of MDS and AML 
The Nup98-HoxD13 (NHD13) transgenic mouse is a well-documented 
model of myelodysplastic syndrome (MDS) and acute myeloid leukemia 
(AML). Transgenic mice express the NHD13 fusion gene, originally isolated 
from a human MDS patient, under the control of the pan-hematopoietic 
promoter vav, and share many of the phenotypic features of human MDS, 
including progression to AML. NHD13 mice also serve as a model of T-ALL, 
with approximately 30% of NHD13 mice developing T-ALL.  

All hematopoietic bone marrow compartments of the NHD13 mouse were 
investigated for EphA3 expression. Strikingly, LK cells were found to be 
positive to varying degrees in each mouse, from almost no positivity to 
almost 100% positivity (Figure 1).  

The proportion of positive cells was not due to an expansion of a normally 
EphA3-expressing progenitor, however, as the proportion of EphA3-positive 
cells remained constant upon subdivision of the LK compartment to LT-
HSCs, ST-HSCs, CMPs and GMPs. 

NHD13 pre-leukemic thymuses have an expanded DN2 population of 
thymocytes, and this population harbours transplantable, aberrantly self-
renewing thymocytes. EphA3 expression was found on a varying proportion 
of these NHD13 DN2 cells (Figure 2), and other thymocytes in NHD13 mice 
were negative for EphA3 expression. 

The discovery of aberrant expression of EphA3 on the myeloid and 
lymphoid cells in these mice makes them an ideal transgenic model to 
investigate the role of EphA3 in leukemia.  

EphA3 is expressed on leukemia stem cells, and Eph/ephrin signalling 
features in the remodelling of the leukemia stem cell niche 
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Figure 3 (above left): EphA3 is expressed on NHD13 hematopoietic 
progenitors. Confocal microscopy showing co-expression of Sca-1 and 
EphA3 on larger hematopoietic cells in NHD13 bone marrow. 

Figure 4 (above right): EphA3 is expressed on vascular epithelium in 
NHD13 bone marrow. Fluorescent microscopy shows co-expression of 
CD31 and EphA3 on vessel walls in NHD13 bone marrow. 

Figure 1 (above): EphA3 is expressed on the cell surface of Lin- Kit+ (LK) 
cells in NHD13 mice. Populations gated on the LK populations of NHD13 
mice showed a range of degrees of positivity for EphA3 cell surface 
expression by FACS analysis. This analysis is displayed for three different 
NHD13 mice in blue, green and red, overlaid on the same analysis for a wild 
type littermate. 
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Figure 2 (above): EphA3 is expressed on the cell surface of the CD4- CD8- 
CD25+ CD44+ “DN2” population of NHD13 thymocytes. The aberrantly 
expanded and self-renewing DN2 population of NHD13 thymocytes showed 
a range of degrees of positivity for EphA3 cell surface expression by FACS 
analysis. This analysis is displayed for three different NHD13 mice in blue, 
green and red, overlaid on the same analysis for a wild type littermate 
(black). 

Figure 6 (above): Confocal microscopy image demonstrating EphA3 
expression on both hematopoietic and stromal compartments of NHD13 
bone marrow. No expression is detectable in wild type littermate mice. 

Figure 5 (above): EphA3 is expressed on NHD13 stroma. FACS analysis of 
NHD13 bone marrow single cells showed no detectable EphA3 expression, 
but analysis of doublets showed a small but reproducible shift towards 
EphA3 positivity. FACS histograms are shown overlain with isotype controls. 
CXCL12 levels in the serum and BM flush supernatant of NHD13 mice was 
not markedly different from that of wild type littermates.  

WT NHD13  
0.0

0.5

1.0

1.5

%
 E

ph
A

3+
 

Stromal doublets

NHD13 WT NHD13  
0.0

0.2

0.4

0.6

0.8

1.0

BM Flush

C
XC

L1
2 

(n
g/

m
l)

WT NHD13  
0

1

2

3

4

Serum

C
XC

L1
2 

(n
g/

m
l)

WT NHD13  
0.0

0.2

0.4

0.6

0.8

1.0

%
 E

ph
A

3+
 

Stromal singlets

Wild Type 

DAPI 
CD31 
EphA3 


