
Children with Down syndrome (DS) have a 20 times
greater risk of developing acute lymphoblastic leukemia
(ALL) than children without DS.1,2 We performed the first
genome-wide association study (GWAS) of ALL in
children with DS and identified a risk locus (rs58923657)
near IKZF1, a master regulator of B cell development.3,4
IKZF1 risk alleles are associated with decreased IKZF1
expression.5 We identified a conserved active enhancer
overlapping rs17133807 (r2 with rs58923657 = 0.97). No
other ALL risk SNP in this locus exhibits these
characteristics and suggests rs17133807 is the best
causal candidate. We used CRISPR/Cas9 genome
editing in hematopoietic stem cells (HSCs) from the
Dp16(1)Yey (Dp16) mouse model to DS confirm that the
orthologous region is an enhancer, and is functionally
relevant for Ikzf1 expression and B cell development.6

BACKGROUND

W
T -N

T

W
T -K

O

D p 1 6 -N
T

D p 1 6 -K
O

0

2 0

4 0

6 0

8 0

C
o

lo
n

ie
s

/5
x

1
0

4
 c

el
ls * *

* *
* *

A B C

0

2 0

4 0

6 0

F ra c t io n

%
C

D
4

5
+

C
D

4
3

+
 g

a
te

* * * * * * W T -N T

W T -K O

D p16 -N T

D p 16 -KO

ACKNOWLEDGEMENTS

REFERENCES

SUMMARY

FUTURE WORK

RESULTS

METHODS

Here, we report functional data that follows up on our
GWAS of pediatric DS-ALL.3 We sought to identify
the underlying molecular mechanisms driving the
association between IKZF1 and increased risk for
DS-ALL. We utilized CRISPR/Cas9 genome editing
technology in BM HSCs to determine that a
conserved enhancer within the IKZF1 risk locus is
functionally relevant to B cell development. Our data
is compatible with the IKZF1 risk locus conferring
increased risk for DS-ALL by reducing the activity of
an IKZF1 enhancer resulting in aberrant growth and
expansion of pre-B lymphoid progenitor cells.
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Figure 1: Epigenetic landscape of the IKZF1 risk locus and the orthologous
region in mice. A) View of the IKZF1 susceptibility locus on chr7. The conserved
region at rs17133807 is boxed. B) View of the orthologous conserved region in mice.
The conserved enhancer is highlighted in blue. Data are plotted in the UCSC Genome
Browser.
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Figure 2: Efficiency of genome editing using dual-gRNAs in mice.
Efficiency of genome editing was analyzed in A) NIH-3T3 cells, B) WT
mouse BM, and C) Dp16 mouse BM using PCR with primers flanking
the target site. A) Lanes: 1, WT NIH-3T3 cells; 2, mouse tail snip
gDNA; 3-15, edited NIH-3T3 cells; 16, control gRNA vectors. Lanes 1-8
in B) and C) are replicate transduced BM samples (n=8) samples for
each mouse. Frequency of homozygous deletion in mouse BM was
56.3% (9/16 tested). Expected sizes for unedited (solid arrowhead)
and edited DNA (open arrowhead) are 450 bp and 265 bp,
respectively.
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Figure 3: Functional analysis of decreased Ikzf1 expression on B cell function in Dp16 mice. A) qPCR analysis of
relative Ikzf1 expression in mouse B cells following enhancer KO. B) Pre-B lymphoid colony counts from transduced BM
cells. C) Flow cytometric analysis of Hardy fractions for B cell development following 7 days OP9 co-culture with B cell
cytokines.

A B C

A B C

0

2 0

4 0

6 0

F ra c t io n

%
C

D
4

5
+

C
D

4
3

+
 g

a
te

* * * * * * W T -N T

W T -K O

D p16 -N T

D p 16 -KO

Next, we will utilize CRISPR/Cas9 genome editing in DS and
non-DS patient-derived LCLs and cord blood HSCs to
investigate the effects of the IKZF1 risk allele on human B cell
development.
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