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Abstract

Fusions of the Runt-related transcription factor 1 (RUNXT)
with different partner genes have been associated with
various hematological disorders. Interestingly, the C-termi-
nally truncated form of RUNX1 and RUNXT fusion proteins
are similarly considered important contributors to leukemo-
genesis. Here, we describe a 59-year-old male patient who
was initially diagnosed with acute myeloid leukemia,
inv(16)(p13;922)/CBFB-MYH11 (FAB classification M4Eo). He
achieved complete remission and negative CBFB-MYH11 sta-
tus with daunorubicin/cytarabine combination chemother-
apy but relapsed 3 years later. Cytogenetic analysis of re-
lapsed leukemia cells revealed CBFB-MYH11 negativity and
complex chromosomal abnormalities without inv(16)
(p13;922). RNA-seq identified the glutamate receptor, iono-
tropic, kinase 2 (GRIK2) gene on 6q16 as a novel fusion part-
ner for RUNXT in this case. Specifically, the fusion of RUNX1
to the GRIK2 antisense strand (RUNX1-GRIK2as) generated
multiple missplicing transcripts. Because extremely low lev-

els of wild-type GRIK2 were detected in leukemia cells,
RUNX1-GRIK2as was thought to drive the pathogenesis as-
sociated with the RUNXT-GRIK2 fusion. The truncated RUNX1
generated from RUNX1-GRIK2as induced the expression of
the granulocyte colony-stimulating factor (G-CSF) receptor
on 32D myeloid leukemia cells and enhanced proliferation
in response to G-CSF. In summary, the RUNXT-GRIK2as fusion
emphasizes the importance of aberrantly truncated RUNX1

in leukemogenesis. ©2020S. Karger AG, Basel

The Runt-related transcription factor 1 (RUNX1), also
known as acute myeloid leukemia 1 protein (AMLI1) or
core-binding factor subunit alpha-2 (CBFA2), plays a
crucial role in hematopoiesis. Consequently, genetic al-
terations in RUNXI can induce various hematological
diseases [Owen et al., 2008; Ichikawa et al., 2013]. The fu-
sion of RUNXI-RUNXI1T1I,located at t(8;21)(q22;q22), is
the most frequently detected fusion gene in acute myeloid
leukemia (AML) and is associated with disease matura-
tion [Miyoshi et al., 1993]. RUNX1 also fuses with many
other partner genes in hematological malignancies [De
Braekeleer et al., 2009]. In most such fusions, RUNX1 re-
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tains the runt homology domain (RHD) but loses the C-
terminal transcription activation domain (TAD), sug-
gesting that RUNX1 dysfunction is a common feature in
leukemogenesis. This aberrant, C-terminally truncated
form of RUNXI is considered important in out-of-frame
fusions and fusions to the antisense strands of partner
genes [Maki et al., 2012; Cancer Genome Atlas Research
Network, 2013; Giguere and Hébert, 2013]. For example,
a short RUNX1a isoform that retains the RHD but lacks
the TAD promoted the engraftment of hematopoietic
stem cells in an irradiated mouse model and expansion of
immature hematopoietic cells [Tsuzuki et al., 2007]. Sim-
ilar to RUNX]1 fusion proteins, the expression of a trun-
cated RUNXI1 protein in immature hematopoietic pro-
genitors is considered as an important factor in the devel-
opment of leukemia [Rodriguez-Perales et al., 2016].

Here, we present a case of therapy-related AML in a
patient who harbored a novel variant RUNX1 fusion gene
resulting from a cryptic rearrangement between 6q16 and
21q22. This fusion yielded a truncated form of RUNXI
that enhanced the sensitivity of leukemia cells to granu-
locyte colony-stimulating factor (G-CSF).

Materials and Methods

RT-PCR Analysis

TRIzol (Invitrogen, San Diego, CA, USA) was used to isolate
total RNA from mononuclear bone marrow cells of our patient.
Next, cDNA was synthesized from total RNA using the Prime-
Script 1st strand cDNA Synthesis Kit (Takara, Otsu, Japan).
RT-PCR amplification was then performed using the Platinum
Taq DNA Polymerase High-Fidelity PCR kit (Invitrogen), oligo-
nucleotide primers, and a 35-cycle protocol. The primers used for
the PCR analysis are listed in online supplementary Table 1 (see
www.karger.com/doi/10.1159/000508012 for all online suppl. ma-
terial). The PCR reaction products were electrophoresed on 2%
agarose gels and stained with ethidium bromide.

Next-Generation Sequencing

Total RNA was extracted from the patient’s frozen relapse-
phase bone marrow cells using the RNeasy Mini-kit and QIAshred-
der spin column (both Qiagen, Hilden, Germany) according to the
manufacturer’s instructions. The integrity and purity of the total
RNA were assessed using an Agilent Bioanalyzer (Agilent Tech-
nologies, Santa Clara, CA, USA). Subsequently, cDNA was gener-
ated using the NEBNext Ultra RNA Library Prep Kit for Illumina
(New England Biolabs, Ipswich, MA, USA), fragmented, and pro-
cessed for Illumina library preparation using NEBNext reagents
(New England Biolabs). The libraries were subsequently submitted
for Illumina HiSeq1500 sequencing (Illumina, San Diego, CA,
USA) according to standard protocols. Approximately 51 million
paired-end 100-nucleotide reads were analyzed and aligned against
the human hg19 reference genome using CLC genome workbench
v8.0 (Qiagen, Aarhus, Denmark). The fusion genes were also ana-
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lyzed using TopHat-Fusion [Kim and Salzberg, 2011] and deFuse
[McPherson et al., 2011] software.

Cell Culture

The interleukin-3 (IL-3)-dependent murine myeloid cell line,
32D, was maintained in Iscove’s modified Dulbecco’s medium
(IMDM; Sigma, St. Louis, MO, USA) supplemented with 10% FBS
(Gibco, Grand Island, NY, USA) and 1 ng/mL murine IL-3 (mIL-
3; Kirin, Tokyo, Japan). G-CSF was purchased from R&D systems
(Minneapolis, MN, USA).

DNA Constructs and Retroviral Vector

RUNXI-GRIK2as cDNA of variant d (Fig. 2B) was cloned from
RNA isolated from the patient’s leukemia cells via RT-PCR. The am-
plified DNA construct was inserted into the retroviral expression
vector pHNGAP, which contains a neomycin resistance gene and a
5'-FLAG-tag [Abe et al., 2004]. This retroviral vector was subjected
to nucleotide sequencing to verify the identity of the DNA.

Retrovirus particles were produced and used for transfection as
described previously [Abe et al., 2004]. Briefly, the retrovirus vec-
tor plasmid and a packaging plasmid (pCGCGP) were co-trans-
fected into 293 cells grown in 6-well plates via the calcium phos-
phate coprecipitation method. The pseudotyped viruses were col-
lected 48 h after transfection and stored at -80°C until further use.

These retroviral vectors were used to infect 32D cells in the
presence of 10 ug/mL protamine (Mochida Pharmaceutical Co.
Ltd, Tokyo, Japan). G418 (GIBCO) was added after 48 h to select
stable transfectants and establish 32D cell lines expressing trun-
cated RUNX1 (32D/RUNX1_TR). The expression of the Flag-
tagged protein from transfected vectors was confirmed by Western
blotting with the M2 antibody (Sigma).

Flow Cytometry

The 32D and 32D/RUNXI1_TR cells were incubated with phy-
coerythrin-conjugated anti-mouse Grl (eBioscience, San Diego,
CA, USA) or FITC-conjugated anti-mouse G-CSF receptor (G-
CSFR; Becton Dickinson, San Jose, CA, USA) for 30 min on ice and
then washed with phosphate-buffered saline. The flow cytometric
analysis was performed using a BD FACSCanto II flow cytometer
and FACSDiva software (Becton Dickinson).

Cell Proliferation (XTT) Assay

The cells were seeded into 96-well plates at a density of 10%/well
in 100 uL IMDM supplemented with 10% horse serum (GIBCO),
0.01 ng/mL mIL-3, and various concentrations of G-CSF. The
plates were incubated at 37°C for 72 h before addition of sodium
3'-[1-(phenylaminocarbonyl)-3,4-tetrazolium]-bis(4-methoxy-
6-nitro)benzene sulfonic acid hydrate (XTT; Dojin Chemical, Ku-
mamoto, Japan). After 2 h incubation, the absorption in each well
at 450 nm was measured using a microplate reader.

Results

Patient

The 59-year-old man was initially diagnosed with
AML with eosinophilia (FAB classification M4Eo)
(Fig. 1B) and admitted to Fujita Health University in Au-
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gust 2008. His leukemia blasts exhibited the karyotype
46,XY,inv(16)(p13g22) and were positive for the core-
binding factor subunit beta-myosin-heavy chain 11
(CBFB-MYH]11) fusion gene. He was treated with a che-
motherapy regimen of IA (idarubicin, cytarabine [Ara-
C]), followed by 3 courses of consolidation therapy: MA
(mitoxantrone, Ara-C), DA (daunorubicin, Ara-C), and
AA (aclarubicin, Ara-C) (Fig. 1A). He achieved complete
remission. However, he suffered a leukemia relapse 3
years later.

A bone marrow aspiration at the time of relapse re-
vealed predominant monoblastic leukemia cells and an
increased population of immature erythroid cells exhibit-
ing dysplastic morphology (Fig. 1C). The relapsed leuke-
mia blasts exhibited complex chromosomal aberrations
without inv(16)(p13q22), and RT-PCR analysis did not
detect the CBFB-MYH11 fusion. A cytogenetic analysis of
the bone marrow cells yielded the following karyotype:
44,XY,-3,der(5)t(5;17)(q11.2;q11.2)ins(5;?)(q11.2;?),-6,
—-14,-17,+marl,+mar2[1]/43,idem,-7,-18,-21,+der(?)
t(%7)(?;q11.2),+mar3[4]/44,idem,der(7;14)(q10;q10),-21,
+mar3,+mar4[2]. Upon analysis of single nucleotide vari-
ants (SNVs) from RNA-seq data, we found that the al-
teration of p53 G245S occurred at relapse with an allele
frequency of 93.5% (online suppl. Table 2). Furthermore,
we discovered that NOTCH1 Q1134R and other SNVs
with high pathogenic scores were common in both initial
and relapsed leukemia. Based on these findings, the pa-
tient was diagnosed with therapy-related AML. A single
course of salvage therapy with CAG (Ara-C, aclarubicin,

RUNX1-GRIK2as Fusion via Cryptic
Translocation

G-CSF) did not improve the patient’s condition. He fi-
nally died of pneumonia and leukemia progression.

Identification of RUNX1-GRIK2as Fusion Transcripts

As described in Materials and Methods, we obtained
and analyzed more than 51 million short paired-end
reads from the patient’s leukemia cDNA library. An
RNA-seq analysis revealed a novel fusion of RUNXI at
21q22 with the antisense strand of the gene encoding glu-
tamate receptor, ionotropic, kinase 2 (GRIK2) at 6q16
(RUNX1I-GRIK2as; Fig. 2A). Fluorescence in situ hybrid-
ization (FISH) with a dual-color dual fusion translocation
probe directed at the RUNXI/RUNXITI chimera (Ab-
bott Molecular/Vysis, Des Plaines, IL, USA) suggested
the splitting of RUNX1 signals (Fig. 2B). However, the
cells were negative for the RUNXI-RUNXIT1I fusion, and
a spectral karyotyping analysis (SRL, Tokyo, Japan) did
not reveal a rearrangement of 6q16 and 21q22 (online
suppl. Fig. 1). In other words, the rearrangement between
6q16 and 21q22 was a cryptic abnormality.

Multiple RUNX1-GRIK2as Transcripts and PCR

Analysis

We identified 5 fusion sites in GRIK2: 3 sites at intron
13 and 2 sites at intron 14 (Fig. 2A, 3A). Exon 6 of RUNX1
was dominantly fused to the reverse sequence of GRIK2,
whereas alternative splicing transcripts of RUNX1I exon 5
were fused to GRIK2 in each fusion transcript (Fig. 3A).
A fusion to an antisense sequence may disrupt the normal
splicing machinery via arbitrary splicing acceptors and
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Fig. 2. PCR and FISH analyses. A RT-PCR analysis of RUNXI-
GRIK2 fusion genes. The fusion variants with splicing at the donor
sites corresponding to the exon 5-intron 5 or exon 6-intron 6 junc-
tions of RUNX1 are defined as the short (E5) and long (E6) forms,
respectively. B FISH analysis with a dual-color dual fusion trans-
location probe for the RUNXI/RUNXITI chimeric gene yielded 3
RUNXI signals (blue), suggesting the splitting of this gene. The
RUNXI-RUNXITI fusion status was negative. C PCR analysis of
the genomic breakpoint. The RUNXI1-GRIK2as PCR product am-
plified from genomic DNA was the same size as that amplified

can yield multiple missplicing products. The alternative
splicing transcripts used a standard splicing donor at the
junctions of exon 5-intron 5 and exon 6-intron 6 of
RUNX1, but unusual splicing acceptors in the antisense
strand of GRIK2 (Fig. 3B). The GT-AG splicing sites re-
mained regulated in these transcripts. Approximately
58% of leukemia clones harbored RUNXI-GRIK2as ac-
cording to an estimate from the number of reads mapped
to the RUNXI ex6-ex7 or RUNXI ex6-GRIK2 junction
(Fig. 4A). The type d fusion transcript of RUNXI ex6-
GRIK2as appeared to be the most frequent (Fig. 4A).
Moreover, the very low number of reads mapped to the
5'-region of GRIK2 suggested that the transcriptional ac-
tivity of GRIK2 was repressed (Fig. 4B).
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from cDNA (primers: RUNX1_int6F, GRIK2_int15F). D Expres-
sion patterns of CBFB-MYHI11, RUNXI, and GRIK2. CBFB-
MYH]11 was determined at the initial diagnosis, but was negative
at the time of relapse. Wild-type RUNX1I and 2 splicing transcripts
were detected at both time points and in the normal bone marrow,
whereas GRIK2 was detected in normal bone marrow and was ab-
sent or detectable at very low levels in leukemia cells. GAPDH was
used as a positive control. I, initial diagnosis; R, relapse; K, the t(8;
21) Kasumi-1 cell line; N, normal bone marrow.

Our RNA-seq analysis further identified a genomic
breakpoint located in RUNXI intron 6 and GRIK?2 intron
15 (Fig. 3A). The RT-PCR amplification band between
the 5-ends of RUNX1 intron 6 and GRIK2 intron 15 was
identical to that generated by the PCR amplification of
genomic DNA using the same primers. The intronic se-
quences around the breakpoint were transcribed to RNA,
and a reciprocal fusion of the 3’-end of RUNX1I intron 6
to the 3'-end of GRIK2 intron 15 was not detected
(Fig. 2C). No expression of GRIK2 was observed in the
patient’s relapsed leukemia cells (Fig. 2D), which ex-
pressed the normal allele of RUNX1 (Fig. 2D) with no de-
tectable mutation.

Abe et al.
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Fig. 3. Schematic structure and sequence of the RUNXI-GRIK2as
fusion. A The fusion transcripts were transcribed by the RUNXI
promoter and fused to the antisense strands of GRIK2 (RUNX1-
GRIK2as). RUNX1 was spliced at the exon 5-intron 5 (short) or
exon 6-intron 6 (long) junction to form the RUNXI-GRIK2as fu-
sion. The antisense strand of GRIK2 contained 5 splicing acceptor

Enhanced Proliferation of 32D/RUNX1_TR Cells in

Response to G-CSF

The 32D cells transduced stably with the vector encod-
ing RUNX1-GRIK2as expressed truncated RUNXI but
could not be maintained without mIL-3. Moreover, these
cells did not exhibit any proliferative advantage in re-
sponse to mIL-3. We next analyzed the proliferative re-

RUNX1-GRIK2as Fusion via Cryptic
Translocation

sites, and fusions with these different sites are designated as chi-
meras a—e. B DNA sequences around the fusion sites. The reading
frame is distinguished by a space. Predicted stop codons are un-
derlined. The common sequences of the splicing donor sites (GT)
and acceptor sites (AG) were conserved. E, exon; I, intron; Tel,
telomere; Cen, centromere.

sponse of these 32D/RUNXI1_TR cells to G-CSF, as the
expression of G-CSFR on the surfaces of 32D cells is in-
duced by mIL-3 depletion. As G-CSF was not sufficient
for the maintenance of these cells, we examined the pro-
liferative response to G-CSF in the presence of a low con-
centration of mIL-3 (0.01 ng/mL). Notably, the 32D/
RUNXI1_TR cells exhibited an enhanced proliferative re-
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Fig. 5. Proliferation and differentiation of 32D/RUNXI1_TR cells
in response to G-CSF. A Proliferative responses of 32D/Mock and
32D/RUNXI1_TR cells to G-CSF. The latter cells were infected with
a lentiviral vector engineered to express truncated RUNXI. The
cells (10* per well) were cultured for 3 days in the presence of 0.01
ng/mL mIL-3 and the indicated concentrations of G-CSF. Viable
cells were measured using the XTT assay. A Western blot analysis
demonstrates the presence of truncated RUNX1 protein (37 kDa)
in 32D/RUNXI1_TR cells. The data are shown from one represen-
tative of 3 replicated independent experiments. B RT-PCR analysis
of the expression of the G-CSF receptor gene (GCSFR) in 32D/
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Mock and 32D/RUNZXI1_TR cells. The expression of GCSFR was
induced after depleting mIL-3 and adding G-CSF. The expression
of GCSFR in 32D/RUNXI1_TR cells was higher than that in wild-
type 32D cells cultured in the presence of mIL-3. C Flow cytometry
analysis of the expression of G-CSFR and the myeloid differentia-
tion antigen Grl in 32D/Mock and 32D/RUNX1_TR cells cultured
in the presence of 100 ng/mL G-CSF for 5 days. Both cell types were
cultured in IMDM supplemented with 10% FBS. G-CSFR was ex-
pressed on 32D/RUNX1_TR cells even in the presence of mIL-3.
Representative data are shown.

Abe et al.



Table 1. C-terminally truncated RUNX1 resulting from RUNXI translocation

Original name of
chimeric gene

HGNC symbol Location
of partner gene

Type of disease

Breakpoints of fusion transcripts Reference

RUNX1 partner gene: fusion type
RUNXI-EAP RPL22 3q26 tAML, tMDS, CML exon 5 RPL22: exon 2, out of frame Nucifora et al., 1994
BC exon 6
RUNXI-AMPI19 ND 19q13.4 Radiation-associated exon 5 IGR* Hromas et al., 2001
AML exon 6 to NLRP4: intron 8, antisense
RUNX1-Copine VIII CPNES8 12q12 AML exon 6 IGR® Ramsey et al., 2003
RUNXI-DTX2 DTX2 7q11.2 AML exon 6 UPK3B: exon 2, antisense; Maki et al., 2012
UPK3B: intron 1, antisense
to DTX2: exon 10, antisense
RUNX1-SV2B SV2B 15q26.1 AML exon 1 SV2B: intron 1, antisense Giguere and Hébert, 2013
RUNXI-TMEM48 NDCI 1p32 MDS/AML intron5  NDCI: intron 3, antisense Rodriguez-Perales et al., 2016
ND ND 6425 AML exon 6 IGR Panagopoulos et al., 2016
RUNXI-PRPF38A PRPF38A 1p32 AML exon 6 PRPF38A: exon 1, out of frame ~ Wang et al., 2017
RUNXI-GRIK2 GRIK2 6q16.3 AML relapse exon 5 GRIK2: intron 13, antisense Present case
exon 6 intron 14, antisense

CML BC, chronic myeloid leukemia blast crisis; HGNC, HUGO Gene Nomenclature Committee; IGR, intergenic region; ND, not determined; tAML,
therapy-related acute myeloid leukemia; tMDS, therapy-related myelodysplasia. * Between NLRP4 and NLRP13." 73 kb upstream of CPNES.

sponse to G-CSF (Fig. 5A). Interestingly, RUNX1_TR in-
duced the expression of G-CSER even in the presence of
mIL-3 (Fig. 5B, C).

Grl is a cell surface antigen expressed during the mat-
uration of myeloid cells. G-CSF induces the granulocytic
differentiation of 32D cells by upregulating the expres-
sion of Grl [Schuster et al., 2003]. Accordingly, we as-
sessed the frequencies of Gr1™ and Gr1™ cells to deter-
mine the effect of G-CSF on the myeloid differentiation
of 32D cells. Although RUNX1_TR did not impair the
expression of Grl on 32D cells in the presence of G-CSF,
amild increase in the Gr1™™ fraction and modest decrease
in the Gr1M fraction were observed in 32D/RUNX1_TR
cells relative to 32D cells (Fig. 5C).

Discussion

In this case, our patient was initially diagnosed with
AML harboring the CBFB-MYH11 fusion. Upon relapse,
however, his leukemia cells were negative for CBFB-
MYH]11 and exhibited complex chromosomal abnormal-
ities. An RNA-seq analysis revealed the occasional fusion
of RUNXI at 21q22 to GRIK2 at 6q16 via a cryptic rear-
rangement that was not identified by G-band and spectral
karyotyping analyses.

TP53 mutations have an increased incidence rate in
therapy-related AML [Wong et al., 2015]. Initial leuke-
mia cells were diagnosed as AML M4Eo with several

RUNX1-GRIK2as Fusion via Cryptic
Translocation

pathogenic SNVs in addition to CBFB-MYH]11, in par-
ticular NOTCH1 Q1134R, which is known as a recurrent
alteration in Chinese oral squamous cell carcinoma [Song
etal., 2014]. Although CBFB-MYH11 was not detected in
the relapsed leukemia cells, based on the preleukemic
clones harboring pathogenic SNVs, we believe that the
TP53 mutation caused therapy-related AML.

Glutamate receptors mediate the majority of excitato-
ry neurotransmissions in the brain. GRIK2 produces a
protein with a distinct role in glutamatergic neurotrans-
mission and neuronal development as well as a potential
tumor-suppressing capacity [Sinclair et al., 2004]. Nota-
bly, TRMT11-GRIK?2 fusion genes have been reported in
7.9% of prostate cancer cases, where the loss of function
is predicted to contribute to tumorigenesis [Yu et al.,
2014]. In our case of AML, very low levels of expression
of the 5'-end of GRIK2 were detected in the patient’s leu-
kemia cells via RNA-seq and RT-PCR analyses. There-
fore, the pathogenesis of the RUNXI-GRIK2 fusion may
depend on the aberrantly truncated RUNXI1 product pro-
duced by RUNX1-GRIK2as.

To date, 9 types of translocations predicted to produce
aberrantly truncated forms of RUNX1 have been report-
ed (Table 1). RUNXI1-EAP is an out-of-frame fusion [Nu-
cifora et al., 1994], while RUNXI1-AMPI9 and RUNXI-
Copine VIII [Hromas et al., 2001; Ramsey et al., 2003] are
fusions of RUNX1 to noncoding intergenic regions. Pan-
agopoulos et al. [2016] reported a similar RUNX1 trun-
cation resulting from a fusion to an intergenic sequence
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on 6q25. RUNXI-DTX2, RUNX1-SV2B, and RUNXI-
TMEMA48 are fusions with the antisense strands of the
respective partner genes. These fusions disrupt the nor-
mal splicing machinery and yield fusion transcripts that
include intron regions [Maki et al., 2012; Giguere and
Hébert, 2013; Rodriguez-Perales et al., 2016]. RUNX1I-
PRPF38A is a fusion of RUNXI to the 5’ noncoding se-
quence in exon 1 of PRPF38A [Wang et al., 2017]. Most
fusion sites of RUNXI involve exon 6, although RUNX1I-
SV2B and RUNX1-TMEMH48 involve exon 1 and intron 5,
respectively. RUNX1-DTX2 produces an aberrant C-ter-
minally truncated RUNXI1 via the fusion of RUNXI to
UPK3B-DTX2 reverse sequences. This truncated protein
is reported to act as a dominant negative inhibitor of
RUNXI1 [Maki et al., 2012].

The exogenous expression of truncated RUNXI1 from
RUNX1-TMEMA48 increases the proliferation and self-re-
newal of human hematopoietic/progenitor stem cells
[Rodriguez-Perales et al., 2016]. Chin et al. [2016] report-
ed that in mouse bone marrow, Runx1 haploinsufficiency
promotes the hypersensitivity of hematopoietic stem and
progenitor cells to G-CSF and impedes G-CSF-induced
granulopoiesis, leading to the accumulation of Gr1i™
granulocytes. Here, we demonstrate that in 32D cells,
truncated RUNX1 enhanced proliferation in response to
G-CSF and induced G-CSFR expression. In these cells,
RUNXI1_TR expression led to a mild increase of the Gr1'*
fraction in the presence of G-CSF.

Taken together, we have identified GRIK2 as a novel
fusion partner for RUNXI, and demonstrated that this
fusion is chimerized in the reverse direction via a cryptic
chromosome translocation between 6ql6 and 21q22.
This RUNX1-GRIK2as fusion supports the importance of
aberrantly truncated RUNX1 in leukemogenesis.
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