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ARTICLE INFO ABSTRACT

Keywords: The fusion protein RUNX1-ETO is an oncogenic transcription factor generated by t(8;21) chromosome trans-
RUNX1 location, which is found in FAB-M2-type acute myeloid leukemia (AML). RUNX1-ETO is known to dysregulate
RUNXI1-ETO the normal RUNX1 transcriptional network, which should involve essential factors for the onset of AML with t
gﬁ:lslAML (8;21). In this study, we screened for possible transcriptional targets of RUNX1 by reanalysis of public data in
C110rf2ql silico, and identified C11orf21 as a novel RUNXI1 target gene because its expression was down-regulated in the

presence of RUNX1-ETO. The expression level of C11orf21 was low in AML patient samples with t(8;21) and in
Kasumi-1 cells, which carry RUNX1-ETO. Knockdown of RUNX1-ETO in Kasumi-1 cells restored C11lorf21
expression, whereas overexpression of RUNX1 up-regulated C11orf21 expression. In addition, knockdown of
RUNX1 in other human leukemia cells without RUNX-ETO, such as K562, led to a decrease in CIlorf21
expression. Of note, the C11orf21 promoter sequence contains a consensus sequence for RUNX1 binding and it
was activated by exogenously expressed RUNX1 based on our luciferase reporter assay. This luciferase signal was
trans-dominantly suppressed by RUNX1-ETO and site-directed mutagenesis of the consensus site abrogated the
reporter activity. This study demonstrated that C11orf21 is a novel transcriptional target of RUNX1 and RUNX1-
ETO suppressed C1Iorf21 transcription in t(8;21) AML. Thus, through this in silico approach, we identified a
novel transcriptional target of RUNX1, and the depletion of C110rf21, the target gene, may be associated with the
onset of t(8;21) AML.

1. Introduction

The Runt-related transcription factor 1 (RUNX1) gene was initially
identified from the breakpoint on chromosome 21 [1]. RUNX1 is known
as an essential transcription factor for definitive hematopoiesis by
regulating the expression of target genes [2,3]. The core binding factor
(CBF) is a heterodimeric transcription factor composed of RUNX1 and
CBFp, which binds to the consensus sequence 5'-TGT/cGGT-3' via the
Runt domain at the N-terminus [4,5]. The CBF is a frequent target of
chromosomal abnormalities in human leukemia [6,7]. De novo acute
myeloid leukemia (AML) with chromosomal abnormalities affecting
either of the CBF subunits is termed CBF leukemia. In addition, muta-
tions in the RUNX1 gene are associated with many hematological dis-
eases such as myelodysplastic syndrome (MDS) and AML [8-11].

The chromosome translocation between the long arms of

chromosomes 8 and 21 in AML was originally reported by Rowley et al.,
in 1973 [12]. This specific translocation t(8;21) involves the RUNX1
gene on chromosome 21 and ETO gene on chromosome 8, thus gener-
ating a RUNX1-ETO fusion protein [13]. The RUNXI-ETO fusion gene
resulting from the t(8;21)(q22;q22) translocation is frequently found in
AML with the FAB-M2 subtype [14,15]. t(8;21) AML is usually associ-
ated with a relatively good prognosis; however, no specific therapy for t
(8;21) AML has been established [16,17]. Through recent studies, a
number of specific molecular target therapies have been developed such
as imatinib for t(9;22) chronic myeloid leukemia and all-trans retinoic
acid for t(15;17) acute promyelocytic leukemia [18,19]. The RUN-
X1-ETO fusion gene is known as an oncogenic transcription factor that
drives t(8;21) AML and RUNX1-ETO is an attractive therapeutic target
[20], but no molecular target therapies against RUNX1-ETO have yet
been developed because the role of RUNX1-ETO in leukemogenesis has
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not been fully elucidated.

RUNX1-ETO trans-dominantly inhibits the CBF complex that tran-
scriptionally regulates many hematopoiesis-related genes [21-23].
Recent analyses of the Kasumi-1 leukemia cells that carry t(8;21) using
RNA sequencing revealed that RUNX1-ETO controls the expression of
important regulators of hematopoietic differentiation and self-renewal
[24,25]. Furthermore, depletion of RUNX1-ETO from the Kasumi-1
cells leads to the inhibition of cellular proliferation and self-renewal,
in addition to the induction of cellular differentiation [24,25]. The
raw RNA sequencing data were deposited in a public domain and are
open for secondary analysis.

In this study, we searched for novel RUNXI1 target genes by rean-
alyzing data in the public domain and found the C110rf21 gene, which is
localized on chromosome 11p15.5, near the Beckwith-Wiedemann
syndrome region [26], as a strong candidate. Two previous reports
have observed the decreased gene expression of C11orf21 in AML pa-
tients with t(8;21). In 2006, Dunne J et al. studied the effect of
siRNA-mediated RUNX1-ETO depletion in the Kasumi-1 leukemia cell
line and primary AML blasts using cDNA arrays, oligonucleotide arrays,
and RT-PCR [27]. In 2015, Hsu CH et al. reported differentially
expressed genes, including C11orf21, in pediatric AML patients with t
(8;21) using RNA-seq data [28]. However, neither report clarified how
transcriptional regulation of RUNX1 and RUNX1-ETO is involved in the
alteration of C1lorf21 expression. In addition, RNA-seq analysis was
performed only for pediatric cases, and the gene expression status of this
gene in adults remains to be clarified. In the current study, through the
analysis of multiple public datasets, we report that the gene expression
of C11orf21 was decreased in AML patients with t(8;21) regardless of
their age and that RUNX1 and RUNXI-ETO function through their
interaction with the CI1orf21 promoter region. In addition, a combi-
nation of experiments revealed that this gene fulfills all the conditions to
be a transcriptional target of RUNX1.

2. Materials and methods
2.1. Analysis of published datasets

The RNA-seq dataset (GSE60131, Ptasinska, et al., 2014) was ob-
tained from the Gene Expression Omnibus (GEO) [24]. Analysis was
performed using TopHat2 [29] and Cufflinks [30,31]. The RNA-seq
reads were mapped to the hgl9 human genome using TopHat2. Frag-
ments Per Kilobase of transcript Per Million mapped reads (FPKM)
values for each gene were measured and differentially expressed genes
were extracted using Cufflinks [32]. Another dataset was obtained from
The Cancer Genome Atlas Research Network (Acute Myeloid Leukemia,
TCGA, NEJM2013) and The Beat AML program (Acute Myeloid Leuke-
mia, OHSU, Nature 2018) using the cBioPortal for Cancer Genomics
software [11,33-35]. ChIP-seq data (GSM722708 [25], GSM2026066
[36], GSM1595964 [37], GSM1113437 [38], GSM850824 [25], GSM2
743156, GSM2743157, GSM2743158, GSM2743159 [39], GSM2026
053 [36], GSM1534442 [40], GSM1082306 [41], and GSE34540 [25])
were collected from ChIP-Atlas and binding peaks were detected via
Integrative Genomics Viewer (IGV) [42-44].

2.2. Cell culture

K562 cells were grown in Roswell Park Memorial Institute (RPMI)
1640 medium supplemented with 10% fetal bovine serum (FBS).
Kasumi-1 cells were cultured in RPMI 1640 supplemented with 10% FBS
and 2.5 pg/ml of Amphotericin B. Cells were maintained at 37 °C in
humidified air with 5% COx,.
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2.3. Plasmid construction

Expression plasmids carrying mouse RunxI, Runx2, and Runx3 cDNA
or mouse CbfB cDNA in pRc/CMV were previously described [45].
RUNX1-ETO cDNA was subcloned into pcDNA3.1(-) at the Kpnl site.
Cllorf21 cDNA in pcDNA3.1-C-(k)DYK (OHu07593) was purchased
from GenScript (Piscataway, NJ)

The C11orf21 promoter fragment containing a RUNX1-binding site
was cloned from Human male genomic DNA (Promega, Madison, WI) by
PCR wusing the following primers (Forward: GGGGTACCG-
GAGGCTGCCGCCAGGTGGGGTCTGCG, Reverse: CCGGTACCGTCTTC
CTGGGAAGGGCCTCAGATGTC). The amplified fragments were then
inserted into the pGL3-Basic vector (Promega), which was named pGL3-
Cllorf21. The Cllorf21 promoter fragment was constructed by inser-
tion into the pGL3 vector through Kpnl restriction enzyme digestion
sites. We introduced a site-directed mutation into the RUNX1-binding
sequence in pGL3-C11orf21 so as to have (TGTGGT)-to-(cGTtaT)-mu-
tation, which was named pGL3-CIllorf21-mt. To introduce a site-
directed mutation, we used PCR-based methods (Takara Bio, Shiga,
Japan) and primers (Forward: TCCCCGTTATTTCCAGCTGGGCAGG
GGC, Reverse: TGGAAATAACGGGGAGGGGAAGGGAGGGG).

2.4. Small interfering RNA (siRNA)s and transfection

For small interfering RNA (siRNA) and plasmid DNA transfection,
1.0 x 10° Kasumi-1 or K562 cells were transfected with siRNA or DNA
plasmids by electroporation using Nucleofector 2b (Lonza, Basel,
Switzerland) according to the manufacturer’s protocol (program T-016).
RUNX1 siRNA (HSS141474) and the negative control were purchased
from Invitrogen (Carlsbad, CA). RUNX1-ETO siRNA was synthesized by
Eurofins (Tokyo, Japan) with the following sequences:

RUNX1-ETO siRNA No.1 (Sense: CCUCGAAAUCGUACUGAGAAG,
Antisense: UCUCAGUACGAUUUCGAGGUU), RUNX1-ETO siRNA No.2
(Sense:CGAGAACCUCGAAAUCGUACU, Antisense: UACGAUUUCGAGG
UUCUCGGG)

For RUNX1-ETO knock-down, RUNX1 siRNA (HSS141474) was also
used as RUNX1-ETO siRNA No.3.

2.5. Cell cycle profiling analysis

C11orf21 cDNA in pcDNA3.1-C-(k)DYK was transfected into Kasumi-
1 cells via electroporation using Nucleofector 2b (Lonza, Basel,
Switzerland) in the program L-014. Twenty-four hours after trans-
fection, cells were harvested and cell numbers were counted using a
Biirker-Turk counting chamber. Harvested cells were suspended in PBS
with 0.1% Triton X-100 and 10 pg/ml of propidium iodide (PI) and
subjected to cell cycle profiling using BD FACS Canto II and BD FACS
Diva software (BD Biosciences, Franklin Lakes, NJ).

2.6. RNA preparation and quantitative Real-Time PCR

RNA was extracted using Isogen (Nippon Gene, Tokyo, Japan) and
reverse-transcribed into cDNA using SuperScript IV reverse transcriptase
(Thermo Fisher Scientific, Waltham, MA). RT-qPCR analysis was per-
formed on a StepOnePlus Real-Time PCR System (Thermo Fisher Sci-
entific) with the Thunderbird SYBR qPCR mix (Toyobo, Osaka, Japan)
according to the manufacturer’s instructions.

2.7. Luciferase reporter assay

K562 or Kasumi-1 cells were transfected with a luciferase reporter
plasmid, a control Renilla luciferase plasmid, and different combinations
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2.8. Statistical analysis

of transcription factor expression plasmids by electroporation (Lonza)
according to the manufacturer’s protocol. Luciferase assays were per-

The data were statistically analyzed by a two-tailed, paired Student’s
t-test for Figs. 1A, 2,4, 5B, 6B, and 7B, and by one-way ANOVA and

Tukey HSD for Figs. 5A, 6A, and C. When p < 0.05, the difference was

considered significant.

formed using a dual-luciferase reporter assay system (Promega) and a

luminometer (Berthold Detection Systems, Pforzheim, Germany). Ob-

tained data were normalized by Renilla luciferase activity.
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Fig. 1. Differential gene expression analysis of published datasets revealed that C11orf21 expression is significantly suppressed in t(8;21) cells.

(A) The expression of C1lorf21 was measured by RNA-seq in Kasumi-1 cells after treatment with RUNX1-ETO siRNA. We used published RNA-seq data from

GSE60131.

(B, C) Reanalysis of C11orf21 expression in AML with t(8;21) and other karyotypes. Data sets were obtained from The Cancer Genome Atlas Research Network

(TCGA) (B) and the Beat AML program (C). (D) Data were obtained from BloodSpot analysis using data sets GSE42519 for human normal hematopoiesis cells, and

GSE13159, GSE15434, GSE61804, GSE14468, and TCGA for human AML cells.


http://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE42519
http://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE14468
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Fig. 2. Knockdown of RUNX1-ETO in Kasumi-1
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3. Results between RUNX1-ETO and C11orf21 expression levels, we next searched

3.1. Cllorf21 expression levels were significantly low in t(8;21) AML
cells

To identify significant changes in gene expression pattern in the
presence of RUNX1-ETO, we performed differential expression analysis
of RNA-seq data of the Kasumi-1 leukemia cell line with and without
siRNA specific for RUNX1-ETO that were deposited in the public domain
(GSE60131) using the open-source bioinformatics tools TopHat2 and
Cufflinks [24,25]. Through this approach, we found that CIlorf21
expression levels in the Kasumi-1 cells increased when RUNX1-ETO was
knocked-down (Fig. 1A). In order to further analyze the relationship

for samples from AML patients with t(8;21) and compared the results
with those of samples of AML patients with other karyotypes by rean-
alyzing the data deposited in The Cancer Genome Atlas (Acute Myeloid
Leukemia, TCGA, NEJM2013) (Fig. 1B) and the Beat AML program
(Acute Myeloid Leukemia, OHSU, Nature 2018) (Fig. 1C) using cBio-
Portal for Cancer Genomics software [11,33-35]. Through these ana-
lyses of the open-resource data in the public domain, we noted
significantly lower CI11orf21 expression levels in t(8;21) AML patient
samples than in samples from patients with other karyotypes (p <
0.001). In addition, BloodSpot analysis (www.bloodspot.eu/) using the
data sets (GSE42519 [46], GSE13159 [47], GSE15434 [48], GSE61804
[49], GSE14468 [50], and TCGA [11]) demonstrated that C11orf21 was
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significantly down-regulated in t(8;21) AML patient samples compared
with human normal hematopoietic cells and other human AML samples
(Fig. 1D) [51]. Taken together, C11orf21 expression was suppressed in t
(8;21) AML patient samples and the Kasumi-1 cell line, which was
associated with the presence of RUNX1-ETO.

3.2. Knockdown of RUNX1-ETO expression by RNA interference led to
an increase in C11orf21 expression in Kasumi-1 cells

In order to confirm that the low expression levels of C11o0rf21 in t
(8;21)-positive AML cells are caused by the RUNX1-ETO fusion pro-
tein, we performed knockdown of RUNX1-ETO by transfecting small
interfering RNA (siRNA) into Kasumi-1 cells (Fig. 2A). The Cllorf21
expression levels in Kasumi-1 treated with and without siRNA specific
for RUNX1-ETO were measured by RT-qPCR. We confirmed that the
depletion of RUNX1-ETO led to increased CIlorf21 expression in
Kasumi-1 cells (p < 0.005) (Fig. 2B) as observed in the GSE60131 data
set described above. This observation was reproducible: down-
regulation of CIlorf21 by use of other siRNAs against RUNX1-ETO,
RUNX1-ETO siRNA No.2 (Fig. 2C and D) or RUNX1-ETO siRNA No.3
(Fig. 2E and F), also resulted in an increase of C11orf21 expression of the
cell. Thus, the expression of C11orf21 was down-regulated by RUNX1-
ETO and this observation was reproducible.

3.3. The RUNX1-ETO fusion protein and RUNX1 both bind the C11orf21
promoter

To determine the mechanism of down-regulation of C1lorf21 by
RUNX1-ETO, we searched for RUNX1-ETO binding on the promoter
region of C11orf21 gene by examining ChIP-seq data (Fig. 3A). ChIP-seq
data were obtained from ChIP-Atlas [42]. This investigation revealed
that both RUNX1 and ETO binding peaks are confined to the same site on
the C11orf21 promoter region where the RUNX1 binding consensus was
localized in Kasumi-1 cells, suggesting that the RUNX1-ETO fusion
protein bound to this site in Kasumi-1 cells (GSM2026066 [36],
GSM1595964 [37], GSM1113437 [38], GSM850824 [25],
GSM2743156 [39], GSM2743157 [39], GSM2743158 [39],
GSM2743159 [39], GSM2026053 [36], GSM1534442 [40], and
GSM1082306 [41]). In addition, a RUNX1 binding peak was detected at
the same site in CD34" hematopoietic progenitor cells (GSM722708
[25]), implying that this site serves as the RUNX1-binding site under
physiological circumstances. As shown in Fig. 3B, the ChIP-seq data of
RUNX1-ETO from primary t(8;21) AML cells were obtained from
GSE34540 [25] containing GSM850825 and GSM850826 via ChIP-atlas.
This also suggested that the RUNX1-ETO fusion protein definitely bound
to the RUNX1-binding site in the C11orf21 promoter region. We cloned a
human DNA fragment encompassing the upstream promoter region of
the C11o0rf21 gene, sequenced it, and confirmed that the DNA fragment
contained one RUNX1-binding consensus, TGTGGT, within the region
(Fig. 3C). This suggested that RUNX1-ETO interfered with RUNX1
function by competitively binding to this RUNX1-binding site.

3.4. Cllorf21 expression was up-regulated by the overexpression of
RUNX1 in human leukemia K562 cells

As mentioned above, both RUNX1-ETO and RUNX1 bound to the
RUNX1-binding site on the C11orf21 promoter region according to the
ChIP-seq data. We next investigated if wild-type RUNX1 functions in
Cllorf21 transcription. K562 cells were transfected with a RUNX1
expression vector, followed by RT-qPCR analysis. The overexpression of
RUNX1 led to the increased expression of CIllorf21 in K562 cells
(Fig. 4A). In contrast, when we knocked-down RUNX1 by transfection
with siRNA specific for RUNX1 into K562 cells, RUNX1 expression
decreased and the mRNA level of C11orf21 decreased (Fig. 4B). Thus,
RUNX1 is associated with C11orf21 transcription and this gene was up-
regulated by RUNX1.
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3.5. Cllorf21 is a RUNX1 target gene whose expression is directly
upregulated

As stated in the previous sections, there is one consensus site for
possible RUNX1 binding, TGTGGT, in the C11orf21 promoter region. We
investigated whether this site is important for the RUNX1-regulated
Cllorf21 expression. In order to assess this possibility, a CI1Iorf21
promoter-reporter plasmid containing a RUNX1-binding site (pGL3-
C11orf21) was constructed. Luciferase assay using this construct in K562
cells revealed that RUNX1 over-expression increases C11orf21 promoter
activity, suggesting that this DNA fragment CI11orf21 was regulated by
RUNX1. In contrast, when K562 cells were treated with the RUNX1
R174Q-mutant (R174Q) or RUNX1-ETO expression vector, reduced
Cl11orf21 promoter activity was observed (Fig. 5A). The R174Q mutant
contains a point mutation in the runt domain, resulting in the loss of
DNA binding activity and the trans-dominant suppression of wild-type
RUNX1 function. RUNX1-ETO retains its DNA binding activity while
interfering with RUNX1 function. Thus, the overexpression of R17Q or
RUNX1-ETO reduced C11orf21 promoter activity.

The Cllorf21 promoter region contains one RUNX1-binding site
(TGTGGT). To analyze whether RUNX1 functions via binding to this site,
we introduced mutations into the sequences: TGTGGT —cGTtaT, such
that RUNX1 no longer binds to this site [52] (Fig. 5B), and performed a
luciferase  assay using this ClIlorf21 —mutant promoter
(pGL3-Cl1lorf21-mt) in K562 cells. The promoter activity of the
Cl1orf21 promoter mutant was significantly attenuated compared with
that of the wild-type C11orf21 promoter construct when introduced into
the K562 cells (Fig. 5B). In addition, the response to exogenous RUNX1
and CBFp with pGL3-C11orf21-mt was much lower than that observed
with wild-type pGL3-C11lorf21 (Fig. 5C). This suggested that RUNX1
directly regulates CI11orf21 expression through association with the
binding site.

In these assays, we used the mouse RUNX1 and CBFf expression
plasmids. RUNX1 and CBFp are highly homologous in humans and mice.
Mouse RUNX1 and CBFf can both regulate human transcription of
RUNX1 target genes and are considered to be functionally inter-
changeable with those of humans, as ectopic human RUNX1 expression
has been demonstrated to rescue the hematopoietic function lost in
RUNX1-deficient mouse cells [53,54].

3.6. The RUNX1-ETO fusion protein interfered with normal RUNX1
function in C11orf21 transcription

In order to examine if the RUNX1-ETO fusion protein suppresses the
transactivation of C1lorf21, we carried out the following luciferase
assay experiments: When wild-type RUNX1 and CBFf were co-expressed
in K562 cells, the pGL3-C11o0rf21 reporter construct was activated based
on the high reporter signal (Red bar, in Fig. 6A). By addition of the
RUNX1-ETO expression vector to the experiment system, this promoter
activity was canceled in the K562 cells (Purple bars, Fig. 6A). Thus,
RUNX1 increased C1lorf21 promoter activity and RUNX1-ETO sup-
pressed this transcriptional activation in a dose-dependent manner. As
both RUNX1 and RUNX1-ETO bound to the same RUNX1-binding site in
the Cllorf21 promoter region, RUNX1-ETO was considered to have
interfered with the normal transcription of RUNX1 by competing for
binding to this site.

We next analyzed this using Kasumi-1 cells that contain the RUNX1-
ETO fusion gene as the result of t(8;21) translocation. As previously
stated, C11orf21 expression is attenuated in this cell line. As shown in
Fig. 6B, Cllorf21 expression increased when RUNX1 and CBFp were
expressed in Kasumi-1 cells. Lastly, the effects of other RUNX family
members on C11orf21 expression were analyzed because all three RUNX
members, RUNX1, RUNX2, and RUNX3, possess the conserved runt
domain which can bind to the consensus, and their functions comple-
ment each other [45]. As expected, C11orf21 expression was increased
not only by RUNXI1, but also by either RUNX2 or RUNX3 (Fig. 6C).
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Reanalysis of the ChIP-seq data available in the ChIP-Atlas database
demonstrated that RUNX2, RUNX3, and RUNX1 bind to the upstream
promoter region of the C11orf21 gene (Fig. 6D). This indicates that the
Cllorf21 gene is a common downstream target of the RUNX family
through binding to the consensus sequence.

3.7. Effects of C11orf21 expression on Kasumi-1 cells

According to the DepMap analysis [55], CRISPR/Cas9-mediated
knockout of C11orf21 did not significantly affect the proliferation and
survival of Kasumi-1 and SKNO-1 cells (Fig. 7A). In addition, we per-
formed cell counting and cell cycle analysis of Kasumi-1 cells with forced
expression of exogenous C1lorf21 (Fig. 7B). C11orf21 overexpression
had no definite effect on cell proliferation or cell cycle properties, sug-
gesting that neither apoptosis nor differentiation induction was caused
by C11orf21 overexpression in Kasumi-1 cells (Fig. 7C and D).

4. Discussion

In this study, we screened RUNX1 target genes in silico by rean-
alyzing the open-access database of RNA sequencing on leukemia cells
that carry the RUNXI-ETO fusion gene, and identified C11orf21 as a
strong candidate based on its expression being repressed by RUNX1-
ETO. In vitro experiments support this gene being a target of RUNX1:
Exogenous expression of wild-type RUNX1 upregulated C11orf21 mRNA
in Kasumi-1 cells and K562 cells, and promoter sequences of C11orf21
were activated by RUNX1 depending on DNA binding. Thus, our in silico
approach was successful, and C11o0rf21 is likely a novel RUNX1-ETO and
RUNX1 target gene.

Cllorf21 is located on chromosome 11p15.5, and this region is
associated with Beckwith-Wiedemann syndrome [26], which has certain
increased risk of tumor development [56,57]. Although it is located in
the imprinted domain of 11p15.5, this gene exhibits biallelic expression
(non-imprinted) when analyzed in the fetal liver [26]. C110rf21 encodes
a polypeptide of 132 amino acids of no known protein motif, the role of
which has not yet been established. Considering its chromosomal



A. Matsumoto et al. BBA Advances 2 (2022) 100047

A

P<0.001

0.16 4 !
P<0.001 P<0.001
[ W\ 1

0.14 - P<0.001 P<0.001

P<0.001

©

[y

N
1

1
P<0.001
1

P<0.001 P<0.001
I 1 1

o
[
1

0.08 -

LUC/REN ratio

0.06 -
0.04 -

0.02 -

O = T T T T . T T T -_!

RUNX1T - -  + - - + - -
R174Q -~ - -t -t
RUNX1-ETO - - - -+ - -+
CBFB - + - - - + + +

B lr:,c C

pGL3-Cllorf21 TGTGGT
pGL3-Cllorf21-mt cGTtaT

P<0.001
014 P<0.001 02 - f \
0.12 - 016
.g 0.1 - fe)
)
o 0.08 © 012 -
2 2
2 2
0.06 -
< 0.08 -
O Is)
3 0.04 - =
0.04 -
0.02 -
0 : 0
pGL3- pGL3- pGL3- pGL3-
Clilorf21 Cllorf21-mt Cllorf21 Cllorf21-mt

RUNX1+CBFp

(caption on next page)



A. Matsumoto et al. BBA Advances 2 (2022) 100047

Fig. 5. RUNXI1 transactivated the CI1Iorf21 promoter through binding to the RUNX1-binding site.

(A) pGL3-Cllorf21 was transfected into K562 cells with control plasmid or RUNX1, RUNX1 R174Q-mutant, or RUNX1-ETO, with or without CBFf expression
plasmids. The result of the luciferase assay is shown as a bar graph. R174Q and RUNX1-ETO reduced C1Iorf21 promoter activity regardless of CBFp status.

(B) pGL3-C110rf21 and pGL3-C11orf21-mt were transfected into K562 cells. The result of the luciferase assay is shown as a bar graph. When the RUNX1-binding site
was mutated (-mt), the promoter activity of pGL3-C11orf21 was attenuated. (C) pGL3-C11o0rf21 and pGL3-C11o0rf21-mt were transfected into K562 cells with control
plasmid or RUNX1 in the presence of the CBFp expression vector. The results of the luciferase assay are shown as a bar graph. Mutation of the RUNX1-binding site
Eeduced the response for RUNX1. The data represent the mean of triplicate determinations +/- S.D.
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lation, and a low expression level of C11orf21 leads to cell-cycle dys- our initial experiments, C11o0rf21 overexpression alone did not affect the
regulation, cell growth, and leukemogenesis [26,56-58]. However, the proliferation or apoptosis of Kasumi-1 cells. As we could not rule out the

data set of CRISPR/Cas9-mediated gene knockout screens, DepMap, did possibility that C1lorf21 cooperates with other RUNX1-ETO target
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genes for its function, further analyses are necessary to elucidate the role
of C11orf21 in t(8;21) AML.

Among adult human tissues, C11orf21 expression was detected in
bone marrow, spleen, lymph node, heart, appendix, and lung (https:
//www.ncbi.nlm.nih.gov/gene/?term=29125%5Buid%5D Gene ID:
29,125). In fetal tissues, the C11orf21 gene was expressed in the heart,
liver, brain, kidney, and muscle. This tissue distribution pattern overlaps
that of RUNX family genes (https://www.ncbi.nlm.nih.gov/gene/861;
https://www.ncbi.nlm.nih.gov/gene/860; https://www.ncbi.nlm.nih.
gov/gene/864). Homozygous loss of RUNX1 in murine embryos resul-
ted in a lack of fetal liver hematopoiesis and embryos died around E12.5
[2,3]. The expression of this gene in a RUNX1-deficient fetus should be
examined as the next step.

No ortholog for C11orf21 has been described for the mouse (https
://www.genecards.org/cgi-bin/carddisp.pl?gene=C11o0rf21), making
it difficult to explore physiological functions of this gene using standard
mouse genetics. Mouse orthologs of important human genes for he-
matopoietic malignancies are sometimes missing such as TEL2/ETV7
(ETS variant transcription factor 7) [59] and SAMD9 [60] (sterile a motif
domain 9). Overexpression of human TEL2 that has no mouse ortho-
logue leads to myeloproliferative disorder in mouse [59], whereas
deletion of SAMD9 is often observed in -7/7q- hematopoietic disorders
[60]. Although no related gene has been identified for C11orf21 based
on similarity of its DNA or peptide sequences, further investigation for
functionally complementing molecules should be performed.

RUNX1 is a key regulator of hematopoiesis, and is frequently
involved in the pathogenesis of acute myeloid leukemia (AML) and
myelodysplastic syndrome (MDS) through gene abnormalities. Among
the RUNX1 gene abnormalities, t(8;21)(q22;q22), which generates the
RUNX1-ETO fusion protein, is one of the most common chromosomal
translocations in AML [6]. Although RUNX1-ETO is known as an
oncogenic fusion protein in AML, it has been reported that RUNX1-ETO
alone cannot induce the onset of AML and that additional mutations are
required for the development of AML. The RUNX1-ETO fusion protein
dysregulates many genes that are generally regulated by RUNX1 by
trans-dominantly competing with RUNX1 for the binding sequences,
leading to the ectopic recruitment of transcriptional cofactors [22,23,61,
62]. Thus, RUNX1-ETO alters the normal RUNX1 transcriptional
network. The RUNX1 transcriptional network dysregulated by
RUNX1-ETO may involve a gene whose abnormal expression is essential
for the development of AML with t(8;21). We revealed that the normal
RUNX1 transcription network contains C11orf21 and its expression was
dysregulated by RUNXI1-ETO, suggesting that decreased Cllorf21
expression in the presence of RUNXI1-ETO may contribute to
leukemogenesis.
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