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Abstract

The 8;21 translocation is the most common chromosomal aberration occurring in acute myeloid

leukemia (AML). This translocation causes expression of the RUNX1–ETO (AML1–ETO) fusion

protein, which cooperates with additional mutations in leukemia development. We report here that

interferons (IFNs) and IFN-stimulated genes are a group of genes consistently up-regulated by

RUNX1–ETO in both human and murine models. RUNX1–ETO-induced up-regulation of IFN-

stimulated genes occurs primarily via type I IFN signaling with a requirement for the IFNAR

complex. Addition of exogenous IFN in vitro significantly reduces the increase in self-renewal

potential induced by both RUNX1–ETO and its leukemogenic splicing isoform RUNX1–ETO9a.

Finally, loss of type I IFN signaling via knockout of Ifnar1 significantly accelerates

leukemogenesis in a t(8;21) murine model. This demonstrates the role of increased IFN signaling

as an important factor inhibiting t(8;21) fusion protein function and leukemia development and

supports the use of type I IFNs in the treatment of AML.
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Introduction

Acute myeloid leukemia (AML) is the most common form of adult leukemia and is

currently treated primarily by induction and consolidation therapy, with a 5-year survival

rate of approximately 50% [1–3]. Chromosomal translocations are common genetic events

in AML, with the most common being t(8;21), present in 8–20% of all cases of AML and up

to 40% of the French–American–British (FAB)-M2 AML subtype [4–8]. The 8;21

translocation causes expression of the fusion protein RUNX1–ETO (RE) and its splicing

isoforms, including RUNX1–ETO9a (RE9a) [9] and RUNX1–ETO11a [10]. Both of these

isoforms are present in t(8;21) + human AML patient samples and lack the C-terminal

MYND/NHR4 domain. Interestingly, full-length RE alone will maintain the self-renewal

potential of hematopoietic cells in vitro but requires additional cooperating mutations to

induce leukemia in vivo [11–13]. Conversely, RE9a, which lacks the MYND domain, and

RUNX1–ETO-W692A, a mutant with disrupted interaction between the MYND domain and

the nuclear co-repressor NCOR1 [14,15], strongly promote leukemia development in a

mouse model in the absence of additional mutagenic manipulations [9]. Although t(8;21)

fusion proteins can activate and repress target genes via the RUNX1 binding motif, in

general RE dysregulates genes to a greater extent and has a more negative effect on cell

survival than RE9a and RUNX1–ETO-W692A [14,15]. Therefore, the attenuation of RE-

induced gene dysregulation by RE9a and RUNX1–ETO-W692A may contribute to

increased leukemogenic potential.

Interferons (IFNs) are a family of cytokines initially discovered in 1957 that are able to

potently inhibit viral infection [16]. IFNs can be broken down into three classes, named type

I to type III, based on the receptors to which they bind and activate to initiate signaling [17].

In humans, type I IFNs include 13 IFN-α subtypes and IFN-β, which bind to the receptor

complex IFNAR, comprising the IFNAR1 and IFNAR2 subunits. Mice lacking the IFNAR1

subunit are completely unresponsive to type I IFNs and are unable to combat viral

infections, although these mice are still resistant to some types of bacterial infection [18,19].

The type II class of IFNs in humans is composed solely of IFN-γ, which signals through the

IFNGR complex. The type III IFNs (IFN-λ1, -λ2 and -λ3) are less well characterized, but

are also involved in resistance to viral infections [20,21]. After binding to their respective

receptors, IFNs activate the JAK/STAT (Janus kinase/signal transducer and activator of

transcription) signaling pathway to exert transcriptional changes on the cell. All three types

of IFNs induce STAT1 phosphorylation and consequent homo-dimerization, whereas only

types I and III induce STAT1/STAT2 phosphorylation and hetero-dimerization [22].

Dimerized STAT1 proteins then bind to genes containing IFN-γ-activated site (GAS)

elements in their promoters, leading to their activation [23]. Type I and type III IFNs differ

from type II in their ability to induce formation of the ISGF3 complex, composed of IRF9

and the phosphorylated forms of STAT1 and STAT2, which then binds to IFN-stimulated

response elements (ISREs) to activate gene expression [22]. Promoters of some interferon-

stimulated genes contain both GAS and ISRE elements, whereas others contain only one or

the other [23]. As a result, some interferon-stimulated genes can be activated by multiple

types of IFNs, and others are responsive to only specific IFN types. Although type I and

type III IFNs function through similar pathways, they act on overlapping but distinct groups
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of cells. Whereas virtually all nucleated cells respond to IFN-α and IFN-β, the majority of

hematopoietic cells are unresponsive to IFN-λ, except for plasmacytoid dendritic cells, and

the anti-viral effects of type III IFN signaling have been shown to be mediated mainly

through the induction of an anti-viral state in epithelial cells [24].

Along with the inhibition of viral infection and replication, the downstream consequences of

IFN signaling include anti-proliferative, pro-apoptotic and immunomodulatory effects,

leading to additional clinical applications [23]. In particular, type I IFNs are used to treat

various hematological malignancies, including chronic myeloid leukemia [25], hairy cell

leukemia [26] and myeloproliferative neoplasms [27]. Furthermore, the anti-neoplastic

effects of IFN-α have been taken advantage of in the treatment of AML with varying

degrees of success depending upon the specific clinical application [28].

In this report we determine that type I IFNs and IFN-stimulated genes are specifically up-

regulated by RUNX1–ETO and to a lesser degree by RE9a. We have further demonstrated

that increased IFN signaling negatively impacts t(8;21)-induced self-renewal, and that loss

of IFN signaling significantly increases the leukemogenic potential of RE9a. These findings

provide an additional mechanism for RUNX1–ETO cellular toxicity and further support the

use of type I IFNs in the treatment of AML.

Materials and methods

U937 cell culture and microarray

U937T-parental, RUNX1–ETO and RUNX1–ETO9a cell lines used in this study have been

described previously [29]. Cells were cultured in RPMI 1640 (Corning Cellgro, Manassas,

VA) supplemented with 10% fetal bovine serum (FBS) (Omega Scientific, Tarzana, CA)

either in the presence (uninduced) or absence (induced) of 1 μg/mL tetracycline (Sigma-

Aldrich, St. Louis, MO). For microarray studies, cells were induced by washing three times

in phosphate buffered saline (PBS) to remove residual tetracycline and then incubated in

tetracycline-free medium for 24 h. RNA was harvested from both induced and uninduced

cells (TRIzol; Life Technologies, Grand Island, NY) and analyzed using the Whole Human

Genome Microarray 4 × 44K Chip (Agilent Technologies, Santa Clara, CA). For Western

blot, cells were induced for 48 h and protein lysates from 106 cells were blotted with α-

tubulin (Covance, San Diego, CA) or RUNX1 [9] antibodies. For quantitative real-time

polymerase chain reaction (qRT-PCR), RNA from induced and uninduced cells was

harvested using TRIzol, 1 μg of RNA was used to generate cDNA using oligo(dT) and

random primers (qScript cDNA SuperMix; Quanta Biosciences, Gaithersburg, MD), and

cDNA was subject to qRT-PCR on an iCycler (BioRad, Hercules, CA) using KAPA SYBR

FAST Universal 2 × qRT-PCR Master Mix (KAPA Biosystems, Woburn, MA). Primers

used are listed in Table I.

Murine bone marrow retroviral transduction and cell culture

C57 background IFN-α/β receptor R1 knock-out mice (Ifnar1−/−) were kindly provided by

Jonathan Sprent (The Scripps Research Institute) [18]. Retroviral transduction and replating

assays were performed as previously described [30]. Briefly, total bone marrow cells from
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wild-type or Ifnar1−/− mice were transduced twice with retrovirus encoding MSCV-IRES-

Puro (MIP) [31] vector control, MIP-HA-RUNX1–ETO or MIP-HA-RUNX1–ETO9a, as

indicated. Infected cells were selected 1 week in 1 μg/mL puromycin in M3434

(STEMCELL Technologies, Vancouver, BC, Canada). Twenty thousand cells from each

transduction were replated in duplicate every 7 days after colony and cell counting in the

presence or absence of 500 units/mL of universal human type I interferon (PBL Biomedical

Laboratories, Piscataway, NJ). For Western blot, protein lysates from 106 cells were blotted

with α-tubulin or HA (Roche, Basel, Switzerland) antibodies. For qRT-PCR studies,

transduced cells were selected 48 h in 2 μg/mL puromycin and then RNA extraction, cDNA

synthesis and qRT-PCR studies were performed as above, with primers listed in Table I.

Fetal liver cell isolation, transduction and transplantation

C57BL/6J wild-type and Ifnar1−/− mice used in this study were housed in a pathogen-free

facility and all procedures were approved by the Institutional Animal Care and Use

Committee of the University of California, San Diego, CA. Transplant experiments were

performed as described previously [9]. Briefly, fetal liver cells were harvested from

embryonic day 13.5–16.5 wild-type or Ifnar1−/− mouse embryos and transduced twice with

MSCV-IRES-GFP (MIGR1) or MIG-RUNX1–ETO9a retrovirus. Wild-type recipient mice

were lethally irradiated at 900 rad and intravenously transplanted with the transduced fetal

liver cells. Kaplan–Meier survival curves and statistical analyses were performed using

GraphPad Prism4 (GraphPad Software, San Diego, CA). Peripheral blood smears and

cytocentrifugation of bone marrow and spleen cells from leukemic mice were stained with

Wright–Giemsa solutions (Sigma-Aldrich).

Results

RUNX1–ETO induces a stronger type I IFN response than RUNX1–ETO9a in human
leukemia cells

In order to examine which classes of genes are regulated by RE and RE9a, we performed

gene expression analysis by microarray using human U937T leukemia cells with inducible

RE and RE9a expression [29]. One group of genes consistently up-regulated by RE was

IFN-stimulated genes, the top 10 most up-regulated of which are shown in Table II. Nine of

these genes were also up-regulated by RE9a, with the lone exception being ISG15.

However, the fold induction for these genes was lower in RE9a as compared to RE samples

(Table II, ratios in rightmost column). We next sought to confirm these microarray results

by qRT-PCR. Following induction of RE or RE9a expression in U937T cells [Figure 1(A)],

we found that both type I IFNs α and β as well as multiple IFN-stimulated genes were

strongly and consistently up-regulated by both RE and RE9a [Figures 1(B) and 1(C)]. In

addition, the majority of these genes were significantly more up-regulated by RE than RE9a,

corresponding well with the microarray data (Table II).

Interestingly, nine of the top 10 IFN-stimuated genes up-regulated by RE in our U937T

system were also shown by another group to be up-regulated by RE in primary murine

lineage-negative Sca-1 + c-Kit+ (LSK) bone marrow cells [14] (Supplementary Table I to be

found online at http://informahealthcare.com/doi/abs/10.3109/10428194.2013.815351). This
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group compared gene expression changes in LSK cells induced by RUNX1–ETO and

RUNX1–ETO-W692A and found that W692A, like RE9a, showed reduced dysregulation of

many genes compared to full-length RE, including those listed in Supplementary Table I to

be found online at http://informahealthcare.com/doi/abs/10.3109/10428194.2013.815351. Of

note, when compared to full-length RE, both RUNX1–ETO-W692A and RE9a display

attenuated cellular dysregulation and strongly induce leukemia in mice [14,15]. The close

correlation between these two datasets demonstrates a high level of conservation of IFN-

related RE target gene regulation between the mouse and human systems. Furthermore,

there is a good correlation between gene regulation and leukemogenic potential of the fusion

gene, as RE strongly up-regulates this gene set but is not leukemogenic on its own, but both

W692A and RE9a more weakly regulate these genes and are leukemogenic. This led us to

hypothesize that the IFN response induced by t(8;21) fusion proteins may functionally

inhibit their leukemic potential.

RE-induced IFN response is dependent upon type I IFN receptor IFNAR

To examine a functional role for type I IFN signaling in inhibition of RE function, we made

use of a mouse model lacking Ifnar1, which is required for signaling via IFNs α and β [18].

First, to confirm induction of IFNs and IFN-stimulated genes in this system, we retrovirally

transduced wild-type and Ifnar1−/− murine bone marrow cells with control, RE or RE9a

virus and confirmed transgene expression [Figure 2(A)]. We next examined type I IFN

expression by qRT-PCR and found that IFNs α and β are up-regulated by both RE and

RE9a and this up-regulation is independent of Ifnar1 expression [Figure 2(B)]. Finally,

although multiple IFN-stimulated genes were up-regulated in wild-type bone marrow cells,

these same genes were only weakly up-regulated when Ifnar1 was lacking, demonstrating a

requirement for the type I IFN receptor in IFN-stimulated gene regulation by RE and RE9a

[Figure 2(C)]. A possible explanation as to why these IFN-stimulated genes are still weakly

up-regulated in Ifnar1−/− cells is that there is significant overlap between type I and type II

IFN signaling and target genes [23,32,33], and that the type II IFN-γ is also up-regulated by

RE and RE9a in this system (Supplementary Figure 1 to be found online at http://

informahealthcare.com/doi/abs/10.3109/10428194.2013.815351), which could lead to some

induction of these response genes. In conclusion, although RE and RE9a are still able to up-

regulate type I IFNs in the Ifnar1−/− background, the lack of a functional type I IFN

receptor blocks their downstream signaling, clearly indicating a requirement of Ifnar1

expression for the RE-induced IFN response.

Type I IFN inhibits increased self-renewal induced by t(8;21) fusion proteins

Having demonstrated that the t(8;21)-induced IFN response requires Ifnar1, we next sought

to determine the functional consequences of increased IFN signaling using the colony

replating assay. In this assay, wild-type cells are transduced by control, RE or RE9a

retrovirus and cells are replated weekly in methylcellulose culture. As shown in Figure 3,

both RE and RE9a increase cellular self-renewal capacity over control-transduced cells,

leading to a corresponding increase in the number of colonies formed. However, when these

cells were treated with 500 units/mL of universal type I IFN, colony numbers were

significantly reduced in both RE and RE9a samples between 26 and 66% as compared to

controls [Figure 3(A)]. This dramatic reduction in colony number clearly demonstrates the
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negative effect of type I IFN signaling on the increased self-renewal capacity induced by RE

and RE9a, and indicates that the increased interferon response caused by these fusion

proteins may be inhibitory for the development of leukemia.

Lack of Ifnar1 significantly increases RE9a leukemogenecity

Since type I IFN inhibits t(8;21) fusion protein function in vitro, we next examined the

consequences of loss of this signaling on RE9a-induced leukemia development using an in

vivo mouse model. Wild-type and Ifnar1−/− fetal liver cells were transduced with retrovirus

expressing GFP alone (MIGR1) or GFP with RE9a, and infected cells were transplanted

intravenously into lethally irradiated wild-type recipient mice. As shown in Figure 4(A),

mice receiving MIGR1-infected cells of either genotype did not develop leukemia. One

Ifnar1−/− MIGR1 recipient mouse died approximately 22 weeks post-transplant; however,

this mouse did not display splenomegaly, increased percent of GFP + cells in the peripheral

blood, bone marrow or spleen or presence of blast cells in peripheral blood. We therefore

concluded that this mouse died of non-leukemic causes. As expected, mice receiving RE9a-

expressing wild-type cells developed leukemia and displayed the presence of blast cells in

the peripheral blood, bone marrow and spleen (Figure 4). Interestingly, mice receiving RE9a

Ifnar1−/− cells also developed leukemia, but significantly faster than mice developing

leukemia from wild-type cells (median survival: wild-type 37.00 weeks vs. Ifnar1−/− 21.07

weeks; p = 0.02. This clearly demonstrates that disruption of type I IFN signaling

significantly increases the leukemogenic potential of RE9a and indicates that the IFN

response induced by t(8;21) fusion proteins is an inhibitory factor that must be overcome for

leukemia development.

Discussion

Although full-length RUNX1–ETO requires cooperating mutations to induce leukemia

development, it has previously been reported that loss or mutation of RE C-terminus allows

the protein to become leukemogenic [9,34]. Additionally, specific mutation or loss of the

MYND domain impaired the ability of RE to block granulocytic differentiation and

proliferation [14], decreased rates of RE-induced apoptosis and allowed the protein to

induce leukemia in mice [15]. All of these phenotypic changes observed in the leukemic RE

forms correlated with attenuated gene dysregulation by the fusion protein [14,15].

In this study, we confirm that the leukemogenic RE9a, which lacks the C-terminus of RE,

shows attenuated dysregulation of IFNs and IFN-stimulated genes as compared to full-

length RE (Figures 1 and 2 and Table II). This appears to occur mainly via type I IFN

signaling, as both IFN-α and IFN-β are consistently up-regulated by RE and RE9a, and the

up-regulation of IFN-stimulated genes is largely dependent upon the presence of Ifnar1,

which is required for type I IFN signaling. However, there is still some up-regulation of

IFN-stimulated genes in the absence of Ifnar1. This is not surprising, as knockout of Ifnar1

will only block type I IFN signaling. Since RE and RE9a both also up-regulate IFN-γ
(Supplementary Figure 1 to be found online at http://informahealthcare.com/doi/abs/

10.3109/10428194.2013.815351) and type I and type II IFNs have overlapping target genes

[23], it is likely that these genes still show some up-regulation due to this increase in IFN-γ
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and consequent type II IFN signaling. Additionally, interferon response factors (IRFs) can

be activated independently of IFN signaling. For instance, it is known that cellular stress

such as that caused by DNA-damaging agents both induces nuclear localization and

increases transcriptional activity of IRF3 [35]. Similarly, T-lymphocytes treated with DNA-

damaging agents show induction of IRF1 and IRF1-dependent sensitization to apoptosis

[36]. Given that RE expression causes repression of DNA repair genes and the accumulation

of DNA damage [37], these findings provide a further mechanism by which RE-induced

increases in DNA damage could lead to induction of IRFs and consequent IFN-stimulated

gene expression. However, in light of our data, we believe that the majority of RE-induced

IFN-stimulated gene expression occurs via type I IFN signaling and the IFNAR receptor

complex. It will be interesting to study the mechanism behind t(8;21) up-regulation of type I

IFNs. The promoters of both IFNB1 and IFNA contain elements bound and activated by

IRF1, IRF3, IRF5 and IRF7 homodimers [38]. It is possible that RE and RE9a up-regulate

type I IFNs through one or multiple of these proteins, and this will be an interesting avenue

for future studies.

We further demonstrate that the increase in IFN signaling has negative effects on t(8;21)

fusion protein function. Both RE- and RE9a-transduced bone marrow cells treated with

universal type I IFN show a significant reduction in colony forming ability in vitro,

demonstrating the deleterious impact of excess IFN signaling on self-renewal in t(8;21) +

progenitor cells (Figure 3). More importantly, increased IFN signaling induced by RE9a

clearly negatively affects leukemia development, as loss of type I IFN signaling via

knockout of Ifnar1 significantly decreased AML latency in vivo (Figure 4). This strongly

indicates that increased type I IFN signaling through IFNAR is one factor that needs to be

overcome for t(8;21) fusion proteins to induce leukemia. Since RE shows even greater

increases in IFN signaling, it stands to reason that the negative effects on leukemia

development are stronger for RE than RE9a, and this may be part of the reason why RE

requires additional mutations to induce leukemia, whereas RE9a is leukemogenic on its

own. In this vein, it is interesting to note that none of the top 10 IFN-stimulated genes listed

in Table II are significantly up-regulated in human t(8;21) AML patient samples [39]. This

demonstrates that although expression of RE and RE9a clearly up-regulates these genes, this

up-regulation is lost after leukemia develops. The lack of IFN-stimulated genes up-regulated

in leukemia may be due to a transient up-regulation by RE and RE9a or to further t(8;21)

cooperating mutations that reduce the IFN signaling effect. In either case, this change in

gene expression further indicates that the negative effects of IFN signaling is one factor that

needs to be overcome for the induction of leukemia by t(8;21) fusion proteins. However,

increased IFN signaling by RE is likely not the sole factor preventing leukemia

development, as recipient mice transplanted with RE-transduced Ifnar1−/− fetal liver cells

failed to develop leukemia (data not shown), indicating the important effects of additional

differences between RE and its leukemogenic isoforms.

The finding that an increase in type I IFN signaling negatively affects RE function and

leukemia development fits well with the downstream functions of IFN-α and -β, which

include increased apoptotic rate, decreased proliferation and increased AML cell

immunogenicity [28]. In fact, type I IFN has been used clinically to treat AML, but has
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fallen out of favor due to inconsistent patient responses and adverse side effects [28]. These

side effects include fever, nausea, myalgia and hematologic toxicity, and increase with

increasing dose of IFN treatment [40]. Inconsistent clinical response may be partly

explained by the short half-life of unmodified IFNs (4–16 h for IFN-α; 1-2 h for IFN-β)

[41]. This is supported by the finding that continuous administration of IFN-β was a critical

factor for treatment response in a murine AML xenograft model [42]. In this study, the

authors found that continuous low dose IFN treatment showed significantly greater

reductions in tumor load than intermittent IFN-β doses. This held true despite the fact that

the intermittent doses resulted in peak plasma levels of IFN that were up to 20 times higher

than those generated by the continuous IFN dose strategy, indicating the importance of

duration of signaling as opposed to simply strength of signaling. This is a very important

finding, as lower IFN doses would also result in decreased adverse side effects [40,41].

Formulations of IFNs fused to human serum albumin or modified by polyethylene glycol

(pegylation) have recently been created, both of which demonstrate significantly increased

half-lives over unmodified IFN, facilitating a continuous low dose IFN treatment strategy

[43,44].

Our report elucidates a strong, RE-induced type I IFN response as an additional mechanism

of RE cellular toxicity and one factor that is overcome in leukemia development. Given the

lesser IFN response induced by RE9a, it also helps to explain why RE induces greater

adverse cellular effects than does RE9a. More importantly, the clear role that loss of IFN

signaling plays in accelerating RE9a-induced leukemia development further supports the use

of these new long half-life IFNs in the treatment of AML.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Expression of RUNX1–ETO and RUNX1–ETO9a induces IFN response in U937 cells. (A)

RE and RE9a expression in U937T cell lines. 48 h after tetracycline withdrawal, U937T

cells were analyzed by Western blot to confirm RE and RE9a induction. α-Tubulin serves as

a loading control. (B) Expression of IFN-α and IFN-β in induced U937T cells was

examined by qRT-PCR. Expression levels were normalized to GAPDH and each respective

uninduced cell line. Data show averages and standard deviations of three independent

experiments. *p < 0.05 relative to U937T. #p < 0.05 relative to U937T-RE. (C) Expression

of IFN-stimulated genes in induced U937T cells. Expression levels were normalized to

GAPDH and each respective uninduced cell line. Data show averages and standard

deviations of three independent experiments. *p < 0.05 relative to U937T. #p < 0.05 relative

to U937T-RE.
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Figure 2.
RUNX1–ETO- and RUNX1–ETO9a-induced IFN response requires IFNAR. (A) RE and

RE9a expression in wild-type and Ifnar1−/− in total murine bone marrow cells. Following

retroviral transduction and selection, bone marrow cells were analyzed by Western blot to

confirm RE and RE9a expression. α-Tubulin serves as a loading control. (B) Expression of

Ifn-α and Ifn-β in transduced bone marrow cells. Expression levels were normalized to

Gapdh with control-transduced cells of each genotype set to 1. Data show averages and

standard deviations of three independent experiments. (C) Expression of IFN-stimulated

genes in transduced bone marrow cells. Expression levels were normalized to Gapdh and

respective wild-type or Ifnar1−/− control-transduced cells. Data show averages and standard

deviations of three independent experiments.
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Figure 3.
IFN inhibits RUNX1–ETO- and RUNX1–ETO9a-induced increase in self-renewal. (A)

Colony numbers from wild-type bone marrow cells transduced with control (MIP), MIP-RE

or MIP-RE9a retrovirus and serially replated in methylcellulose ± treatment with 500

units/mL universal human type I IFN. Data shown are averages and standard deviations of a

representative experiment. Three independent assays were performed, each in duplicate. *p

< 0.01 relative to respective non-IFN treated sample. (B) Confirmation of expression of RE

and RE9a in 293T cells used to produce retrovirus for bone marrow cell transduction. α-

Tubulin serves as a loading control.
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Figure 4.
Loss of type I IFN signaling significantly increases RUNX1-ETO9a leukemogenic potential.

(A) Survival curves of mice transplanted with wildtype or Ifnar1−/− fetal liver cells

transduced by control (MIGR1) or MIG-RE9a retrovirus. Number of mice in each cohort

shown at right. Wild-type median survival: 37.00 weeks; Ifnar1−/− median survival: 21.07

weeks; *p = 0.02. Data shown are combined from two independent transductions and

transplants. (B) Presence of hematopoietic blast cells in indicated tissues of mice

transplanted with RE9a-transduced wildtype or Ifnar1−/− cells as analyzed by Wright–

Giemsa staining.
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Table I

List of primers used in qRT-PCR experiments.

Gene symbol Forward primer Reverse primer

Human 5′→3′ 5′→3′

GAPDH GAAGGTGAAGGTCGGAGTC GAAGATGGTGATGGGATTTC

IFNA TGGCAACCAGTTCCAGAAG GACAACCTCCCAGGCACAA

HUMAN IFNB1 TCAGAAGCTtCTGTGGCAAT TCATGAGTTTTCCCCTGGTG

IRF7 TATACCATCTACCTGGGCTTCGG GCTCCAGCTTTCTGGAGTTCTCATT

OASL AGGACTGTTGCTATGACAACAGGGA TGCTGCTGAGAAGCTGCCTCTC

ISG15 TTTGCCAGTACAGGAGCTTGTG GCTCAGAGGTTCGTCGCATTT

IFI44 TTCGATGCGAAGATTCACTG CCCTTGGAAAACAGACCTCA

Mouse 5′→3′ 5′→3′

Gapdh GGTGCTGAGTATGTCGTGGAGTCTA AAAGTTGTCATGGATGACCTTGG

Ifna TGTCTGATGCAGCAGGTGG AAGACAGGGCTCTCCAGAC

Ifnb1 CACTTGAAGAGCTATTACTGGAGGG CTCGGACCACCATCCAGG

Ly6a GGAGGCAGCAGTTATTGTGGATTCT GTGGGAACATTGCAGGACCCCA

OaSl2 AGCCGTGATGGAGCTCCTCGT GGATGATGGGCCGGTCTCCCT

Oasl1 TGGAGGGTGAAGAGAGCACCCG AGGCGAGCGTGCAATGGCTT

IRF7 TCCGGTACCAGGGTCCAGCC CGGGAGCGCACACGTGATGT

Ifng TGCCAAGTTTGAGGTCAACAACCC C C ACCCCG AATC AG C AGCG A

qRT-PCR, quantitative real-time polymerase chain reaction.
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Table II

List of top 10 interferon-stimulated genes up-regulated by RUNX1-ETO.

Gene
symbol

Fold change in
U937T-RUNX1-ETO

Fold change in
U937T-RUNX1-ETO9a

Ratio
RE/RE9a

IFI44 11.65 2.72 4.28

IFIT1 10.36 2.97 3.49

OASL 8.8 2.96 2.97

IFIT2 5.56 2.32 2.40

CXCL10 4.59 1.66 2.77

OAS1 4.43 1.53 2.90

SRF7 4.35 1.86 2.34

ISG15 4.16 0.84 4.95

DDX58 3.94 1.4 2.81

IRF9 3.1 1.64 1.89
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