Supplementary information to “Fleischmann KK, Pagel P, Schmid I, Roscher
AA. RNAIi-mediated silencing of MLL-AF9 reveals leukemia-associated

downstream targets and processes”.

Figure S1: GSEA enrichment plots of published leukemia patient studies for our MLL-AF9
knockdown gene expression profile. Enrichment analyses of down-regulated gene sets (d, g)
were analyzed for our profile divided in up- and down-regulated genes, while genes sets
including up- and down-regulated genes (a-c, e-f) were analyzed for our profile of deregulated
genes in general (absolute log,FC values). CML-BP, chronic myeloid leukemia blastic phase;
CML-CP, chronic myeloid leukemia chronic phase; FDR, false discovery rate g-value; NES,
normalized enrichment score.
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Table S1: Assignment of enriched functional annataterms to higher-order terms. Terms
were identified via DAVID analysis of our gene esgsion profile after MLL-AF9
knockdown in THP1.

Higher-order term Functional annotation Rationale
term (DAVID)
proliferation and apoptosis| regulation of DNA DNA replication is a required step
replication in proliferation.
proliferation and apoptosis|/protein kinase C activity | Protein kinases C (PKGndtion
monocyte/macrophage either as activators or inhibitors pf
differentiation apoptosis, depending on the
particular cell type and the specific
apoptotic stimulus [1]. Increased
PKC activity in  monocytes
enhances their initial adhesion and
their differentiation into
macrophages [2].
proliferation and apoptosis|/response to wounding This  functional process | is
monocyte/macrophage associated with cell proliferation
differentiation involved in wound healing, as well
as with inflammatory responses.
Monocytes are known to migrate
into wound regions where they are
involved in removing tissue debrjs
and secreting factors that promote
growth and biosynthetic activity of
fibroblasts [3].
proliferation and apoptosis|/JAK-STAT cascade JAK activation stimulates cell
monocyte/macrophage proliferation, differentiation
differentiation migration and apoptosis [4].
proliferation and apoptosis|/cytokine binding Term defined as: ,Interacting
monocyte/macrophage selectively and non-covalently
differentiation with a cytokine, any of a group of
proteins that function to control
the  survival, growth and
differentiation of tissues and cells,
and which have autocrine and
paracrine activity."
monocyte/macrophage antigen processing and | Antigen processing and
differentiation presentation presentation via MHC class Il is|a
monocyte/macrophage antigen processing and | fundamental function of
differentiation presentation of peptide or professional antigen presenting
polysaccharide antigen |cells like  monocytes and
via MHC class I macrophages.
monocyte/macrophage positive regulation of
differentiation immune system process
monocyte/macrophage defense response Monocytes are cells of the innate
differentiation immune response.
monocyte/macrophage response to bacterium
differentiation




Higher-order term

Functional annotation

term (DAVID) Rationale
monocyte/macrophage leukocyte chemotaxis Monocytes and macrophages
differentiation produce chemokines (e.g. IL8) that
attract other leukocytes to a site|of
infection.
monocyte/macrophage phagocytosis Monocyte / macrophages are
differentiation involved in the scavenging of
monocyte/macrophage endocytosis dying cells, pathogens, and

differentiation

molecules through phagocytos

and endocytosis [5].

S

D

monocyte/macrophage
differentiation

phorbol ester binding

Phorbol esters (such as PEI&
inducers of monocyte
macrophage differentiation |
many myeloid cell lines [6].

/
n

monocyte/macrophage
differentiation

lysosome

Monocytes are responsible
phagocytic uptake and digestion
microbes and particles (v
lysosomes).

for
of
a

monocyte/macrophage
differentiation

Hematopoietic cell
lineage

This annotation term refers
stage- and lineage-specific surfg
markers of hematopoiesis.

[0
iIce

monocyte/macrophage
differentiation /
early development

Homeobox, conserved
site

Homeobox
proteins (encoded e.g. by H

domain-containing

DX

genes) are transcription

regulators which are essential for
correct positioning of segmented
structures in early embryogenesis,

while they also play a role i
normal proliferation an
differentiation of hematopoieti
stem and progenitor cells [7].

early development

pattern specification
process

This term is defined as “an
developmental process that rest
in the creation of defined areas
spaces within an organism

are instructed to differentiate”.

y
Its

or
to

which cells respond and eventua‘lly

Six functional annotation terms were directly rethtto the higher-order term and are not listed i{ves/
negative regulation of apoptosis, transcriptiortda@ctivity, regulation of transcription from RNgolymerase
Il promoter, cellular calcium ion homeostasis, tatt).
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Figure S2: Cell characteristics of MLL-AF9 depleted and control THP1 cells. (A)
Proliferation over five independent experiments. Bars indicate standard error. (B) Cell cycle
distribution over three independent experiments. (C) Apoptosis rate in one experiment
performed in triplicates is shown. Bars indicate standard error.
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Figure S3: Apoptosis rate in THP1 cells treated with 10 uM SCH39166 compared to DMSO
control. Columns indicate mean over three independent experiments. Bars indicate standard
error of the mean.



Table S2: Biological roles and rating of 70 selected genes differentially expressed after MLL-
AF9 knockdown. Genes were rated concerning the mediation of leukemogenic effects. Rating
terms (based on biological role, link to leukemia and differential expression) are listed in table
S4. * Indicates those candidates rated as likely mediators of MLL-AF9 leukemogenic effects
which encode proteins of conventionally druggable classes (receptors, enzymes and
transporter). log2FC > +1: strongest differentially expressed transcripts, FunDO: associated to
leukemia via functional disease ontology, GOA: top differentially expressed genes within
higher-order terms of functional gene ontology annotation, concordance with patient studies
(references given).

Gene | |qq, Official full name Selection

Rating . . o
category FC Biological role criteria

Aryl hydrocarbon receptor

AHR is a nuclear receptor. AHR is upregulated by AML associated fusion gene

AHR* 0.44 AMLI1-ETO [1]. Overexpression of AhR has been shown to promote retinoic
++ ' acid—induced differentiation of myeloblastic leukemia cells. Within an ubiquitin

ligase complex, AHR is important for estrogen receptor degradation. [2] AHR

knockout mice display CML [3].

Arachidonate 5-lipoxygenase
ALOXS 0.76 Enzyme in the synthesis of leukotrienes (mediators of inflammatory and allergic GOA: calcium
- ' conditions) from arachidonic acid. ALOXS has functions in oxidative stress, associated

inflammation and cancer and supports CML stem cell maintenance. [4]

FunDO

ATPase, Ca++ transporting, plasma membrane 2
A plasma membrane pump which is activated by calmodulin and whose rat
homolog (97.9% identical to human) was suggested to maintain low free cytosolic
-0.69 | Ca*" concentration [5]. ATP2B2 is down-regulated in PMA differentiated U937
monocytes [6]. Overexpression of ATP2B2 in breast cancer cells lowers
intracellular calcium and protects from apoptosis [7]. Estradiol and estrogen
decreases ATP2B2 expression and activity [8].
Beta-2-microglobulin
A serum protein found in association with the major histocompatibility complex
-0.47 | (MHC) class I heavy chain. B2M levels are predictive of the risk of a FunDO
myelodysplastic syndrome evolving into an AML [9] and could detect a relapse
of B-CLL and multiple myeloma [10].
Calreticulin
CALR acts as a major Ca*-binding (storage) protein in the lumen of the
endoplasmic reticulum [11]. It can also act as an important modulator of the
regulation of gene transcription by nuclear hormone receptors [12]. In this context,
CALR | 051 CALR can inhibit the transcriptional activities of retinoic acid receptor and was
4+ ’ shown to inhibit retinoic acid-induced differentiation in neuronal cells [12]. CALR
inhibits the translation of CEBPA, which is a key myeloid transcription factor and
a frequently disrupted in AML [13]. CALR can increase DNA synthesis and
counteract irreversible growth arrest via translational inhibition of p21 (CDKN1A)
[14].
Chemokine (C-C motif) ligand 2
CCL2 binds to chemokine (C-C motif) receptor 2 and 4 (CCR2 and CCR4), the
former of which is also up-regulated in a MLL-AF9 knockdown specific manner | FunDO, log,FC >
in our data set. CCL2 displays chemotactic activity for monocytes and basophils. 1, .
CCL2 161 It is up-regulated in PMA differentiated U937 monocytes [6]. AML blasts have gl?l‘zi)g;?gsfie;amn
++ ' been described to produce different amounts of CCL2 which influences the mono/m®-
number of monocytes migrating towards AML blasts [15]. Plasma levels of CCL2 | gifferentiation;
are decreased in patients with AML of the subtype M4 and M5 [16]. Thus, low calcium associated
levels of CCL2 might lead to reduced immunosurveillance of M4 and M5 blasts.
In this context, CCL2 has been proposed for adoptive immunotherapy [15].

ATP2B2*
++

GOA: calcium
associated

B2M

FunDO




Gene

Rating log, Official full name Selection
category FC Biological role criteria
Log,FC> =1,
CD14 CD:II.4 molgcqle . GOA: proliferation
° 1.05 | A differentiation marker for maturating monocytes [17-19] and a pattern and apoptosis;
recognition receptor. mono/mQ®-
differentiation
CD209 molecule
A type II C-type lectin and bona fide marker for wound-healing and regulatory
CD209 0.73 alternative (M2) macrophages which might impair anti-tumor immunity via GOA: calcium
o ' enhanced IL-10 production [20]. On the other hand, CD209 was found to mediate | associated
adhesion between dendritic cells (DCs) and ICAM-3 on resting T cells and to be
essential for DC-induced T cell proliferation [21].
CCAAT/enhancer binding protein (C/EBP), beta .
CE_&_PB 0.53 | CEBPB activates the promoter of PU.1, a suppressor for AML [22]. CEBPB leads g;?:g‘:xl;; [\gﬁl
to differentiation and reduced proliferation of CML cells [23].
Cingulin-like 1
CGNLI In epithe}igl cells, CGNLI1 protejn was shown to inac’Fivate RhoA and act@vate
i -0.74 | Racl activity [25]. In hematopoietic stem and progenitor cell, these proteins GOA: other
mediate signals required for self-renewal and are involved in proliferation, homing
and interaction with the bone marrow niche [26].
Class 11, major histocompatibility complex, transactivator
Transcriptional coactivator and master controller of MHC class II expression [27].
CIITA Many leukemias of the myeloid lineage are negative for MHC II which was LTniDi0; .
0.83 . . . . .. GOA: regulation of
= proposed to reduce immunosurveillance via cytotoxic T cells [28]. Activity of -
CIITA is regulated via phosphorylation and can be induced by treatment with the
differentiating agent PMA [29].
Cathepsin G
CTSG 043 A serine protease with microbicidal and proinflammatory activity which is FunDO
o ’ strongly expressed in neutrophils. CTSG degrades engulfed cell debris and
enhances hematopoietic progenitor cell mobilization [30].
Dachshund homolog 1 (Drosophila) .
DACHI1 054 DACHLI is lost in poor prognosis invasive breast cancer and inhibits migration and g;?:;rgfﬁzsw[gg_
++ ’ invasion via IL8 repression [31]. In concordance with this, IL8 is up-regulated in a 35].
MLL-AF9 dependent manner in our study.
DEFA3 defensin, alpha 3, neutrophil-specific Log,FC > #1,
5 1.36 | Antimicrobial protein involved in killing of phagocytosed bacteria via a non- | GOA: mono/m®-
oxidative mechanism [36]. In this setting possibly an indicator of differentiation. | differentiation
Dexi homolog (mouse)
DEXI A dex.ametl}asone-.ind.uced transcript suspegted to enco@e a membrane protein, that | Concordance with
o -0.56 | dimerizes either with itself or another protein [37]. Fusions between DEXI and patient studies [32,
CIITA have been found in 48% of AML cases previously defined as “normal 34].
karyotype” [38]. Its function is unknown.
Dopamine receptor D5 o
A G-protein coupled receptor which stimulates cAMP accumulation [39]. DRD5 | GOA: proliferation
DRD5* 20.96 is expressed on CD34+ hematopoietic progenitor cells and its expression is raised gjﬂi‘;&%ﬁ’m;
++ ’ after G-CSF treatment. In these cells, dopamine receptor agonists activate Wnt differentiation:
signaling, induce migration and increase clonogenic capacity and repopulation calcium associated
[40].
Early growth response 2
A transcription factor which inhibits cancer cell proliferation, activates
EGR2 macrophage-specific genes [41] and is up-regulated in PMA differentiated U937 Se?lgi)girlgw
e 0.81 | monocytes [6]. EGR1-3 binding motifs were found activated and being within the o of

core motifs explaining the expressional changes after PMA differentiation in
THP1 cells [42]. Its mouse homolog is under-expressed in hematopoietic stem and
progenitor cells after M11-AF9 knock-in [43].

transcription




Gene

Rating log, Official full name Selection
category FC Biological role criteria
Epithelial membrane protein 1
EMP1 EMP1 is down-regulated in oral squamous cell carcinoma and a putative tumor
i 0.74 | suppressor [44]. EMP1 is down-regulated in human leukemic stem cells (LSC) as | GOA: other
compared to normal HSC as well as by survivin, an oncogene overexpressed in
AML and thus might be a candidate for selective anti-LSC therapy in AML [45].
FBJ murine osteosarcoma viral oncogene homolog
FOS and FOSB binding motifs were found activated and being within the core GOA.: proliferation
FOS motifs explaining the expressional changes after PMA differentiation in THP1 ?:d ngg;oslfs;
0.88 | cells [42]. FOS and FOSB are components of the dimeric transcription factor AP- guiation . .
++ R . . L transcription; other;
1, which mediates subunit and context dependent gene regulation in response to e
cytokines, growth factors, stress signals, oncogenic stimuli, bacterial and viral patient study [24].
infections. AP-1 exerts effects on proliferation, differentiation and apoptosis [46].
FOSB FBJ murine osteosarcoma viral oncogene homolog B LogFC > 1,
— 1.05 see FOS con_cordance with
: patient study [24].
Glycoprotein (transmembrane) nmb
A type I transmembrane glycoprotein that plays anti-proliferative, anti-
GPNMB Fumoriger.lic and anti-invasive roles {n prostrate carginoma c‘ellsA [47] and is
i 1.24 | involved in growth delay and reduction of metastatic potential in melanoma [48]. | Log,FC > =1
GPNMB is an immune inhibitory receptor up-regulated by BCR-ABL tyrosine
kinase inhibitors. Its signaling pathway is essential for the inhibition of T-cell
activation by antigen-presenting cells. [49]
HAPLN2 Hyaluronan and proteoglycan link protein 2
o -1.20 | Extracellular matrix protein. Previously assessed as brain specific [50], although Log,FC > =1
leukocytes were not analyzed in the study.
Homeodomain interacting protein kinase 2
HIPK2* A tumor suppressor. HIPK2 phosphorylates a number of transcription factors and
0.50 | cofactors (e.g. PML, p53, Pax6, c-Myb, AML1) and may trigger (myeloid) FunDO
++ . e . . .
differentiation, development and apoptosis [51, 52]. Mutations have been found in
AML cases [53].
HLA-B Major histocompatibility complex, class I, B
-0.64 | MHC class I deficient tumor clones may escape T-cell immune responses, but FunDO
++ . . . .
might be more susceptible to NK-cell-mediated lysis [54].
HLA- Major histo-compatibility complex, class 11, DM beta LogoFC > £1,
DMB 6 Nonclassical MHC class II molecule. See HLA-DPA1 GOA: mono/m®-
++ : differentiation
Major histo-compatibility complex, class 11, DP alpha 1
Classical MHC class II molecule.
MHC class II proteins are selectively expressed in a subset of antigen presenting
HLA- cells [27]. Up-regulation of these transcripts has been associated with Log,FC > =1,
DPA1 1.60 | differentiation of monoblasts; THP1 cells were observed to have reduced MHC GOA: mono/m®-
++ class II expression levels compared to mature monocytes [19]. Loss of MHC class | differentiation
IT gene expression has been shown to be strikingly correlated with poor patient
outcome and decreased immunosurveillance in large B-cell lymphoma patients
[55].
HLA- ) ) o FunDO, 1 ngFC >
DPBI 154 Majo.r histo-compatibility complex, class |1, DP beta 1 +1,
o ’ Classical MHC class II molecule. See HLA-DPA1 GOA: mono/m®-

differentiation




Gene

Rating log, Official full name Selection
category FC Biological role criteria
HLA- . . -
DQAI 0.96 Majo.r histocompatibility complex, class Il, DQ alpha 1 GOA: mono/md-
i Classical MHC class II molecule. See HLA-DPA1 differentiation
HLA- Major histo-compatibility complex, class 11, DQ beta 1 LogFC > :£1,
DQBL 1 1191 Clagsical MHC class T molecule. See HLA-DPAI 0OA: mono/m®-
++ ’ differentiation
HLA- . . - )
DRB4 0.45 Majo_r histocompatibility complex, class 11, DR beta 4 Concordance with
i Classical MHC class II molecule. See HLA-DPA1 patient study [56].
GOA: mono/m®-
HMBOX1 Homeobox containing 1 e e
5 -0.95 | A transcription factor / transcriptional repressor [57]. Key factor in differentiation | early development;
of bone marrow stromal cells into vascular endothelial cells [58]. regulation of
transcrlptlon
Homeobox All
HOXA11 HOXAI 1 (together with HOXA4, A7, A10 and MEISl) is down-regulated. after
- -0.50 | PMA induced differentiation in THP1 cells [59]. It is also down-regulated in PMA | FunDO
differentiated U937 monocytes [6]. HOXA11 has been found to be translocated to
NUP9S8 in chronic myeloid leukemia [60].
Homeobox A7
HOXA7 A leukemogenic factor which is, like other homeobox genes, frequently up- FunDO,
I -0.41 | regulated in MLL aberrations and leukemia [61, 62]. Its mouse homolog is concordance with
overexpressed in hematopoietic stem and progenitor cells after M11-AF9 knock-in | patient study [33].
[43]. HOXA7 is down-regulated during differentiation of THP1 via PMA [59].
Homeobox A9
A well-studied homeobox transcription factor whose transcription level is raised
by MLL-AF9 through direct interaction between MLL-AF9 protein complex and
HOXAO9 promoter [63, 64]. Its mouse homolog is overexpressed in hematopoietic
HOXA9 stem and progenitor cells after MII-AF9 knockin [43]. Concerning hematopoiesis, | Concordance with
i -0.57 | HOXAO9 knockout in mice has little or no effect on earlier progenitors but patient studies [33,
decreases the number of committed progenitors [65]. Overexpression of Hoxa9 34].
alone does not lead to leukemic transformation of primary bone marrow cells in
mice but does in conjunction with Meisl overexpression [66]. Like BMI1,
HOXAD is essential for the self-renewal capacity of LCS transformed by MLL-
AF9 [67].
Homeobox C4
HOXC4 . Hoxc4 suppprts proliferatipn and/or. self-renewal of mu.rine hematopoietic stem GOA: early
o -0.76 | cells, myeloid and erythroid progenitors and may contribute to stem cell character T
of mesenchymal stem cells [68]. In vitro overexpression induces expansion of
committed as well as very early human hematopoietic progenitors [69].
Homeobox HPX-2
HPX-2 0.75 | Homeobox containing gene, cloned from human CD34+ hematopoietic cells [70]. GOA.: early
o . . development
Biological role unknown.
IFI30 Interferon, gamma-inducible priote.in 30 ' . ‘ T,
5 0.91 | A lysosomal thiol reductase constitutively expressed in antigen-presenting cells differentiation
with a putative role in MHC class II-restricted antigen processing. [71]
IKAROS family zinc finger 2 (Helios)
IKZF2 -0.60 A transcription factor. A short isoform of IKZF2 is overexpressed in patients with FunDO
++ ’ adult T-cell leukemia / lymphoma and a role in leukemogenesis has been

suggested [72].




Gene

Rating log, Official full name Selection
category FC Biological role criteria
Interleukin 8
A multifunctional chemokine, chemoattractant for neutrophils in inflammation,
can influence basophils and T cell function and may act as an angiogenic,
IL8 0.65 proliferative, autocrine and metastatic factor. IL8 is preferentially released by fgg&?&ance with
++ ) myeloid blasts showing monocytic differentiation (AML M4, M5). [73] Thus, up- etttk (4],
regulation of the transcript might be associated with differentiation of monoblasts.
DACHI] - which is down-regulated in our study - binds to the IL8 promoter and
repressed it through AP1- and NFKB-binding sites. [31]
Integrin, alpha L / CD11A
ITGAL 057 Adhesion molecule, up-regulated upon differentiation with all-trans retinoic acid FunDO
++ ' in AML patients [74]. In B cell CLL with 11q22-q23 deletion, ITGAL and
ITGAX show reduced expression [75].
Integrin, alpha X / CD11C
ITGAX Adhesipn molecule. Expression correlate.s with increaseq white bloqd cell count in
e 0.62 | AML, independent of FAB subtype and is up-regulated in AML patients upon FunDO
differentiation with all-trans retinoic acid [74]. In B cell CLL with 11q22-q23
deletion, ITGAL and ITGAX show reduced expression [75].
Lectin, galactoside-binding, soluble, 2
LGALS?2 A galectin. Galectins are a group of proteins which have been implicated in the
° 1.02 | modulation of cell—cell and cell-matrix interactions [76]. LGALS2 was previously | Log,FC > +1,
neither reasonably detected in untreated nor in differentiated HL-60 myeloid cells
[77]. However, it is up-regulated in PMA differentiated U937 monocytes [6].
Log,FC > #1,
LHX9 LIM homeobox protein 9 Sl(f)fgegz’;fé g@-
-1.34 | A transcription factor repressed by Hoxb1 and mediating neuronal differentiation o
o early development;
[78]. regulation of
transcription
1168)89 Hypotheticql LOC100129722 _
722 -1.32 | Uncharacterized LOC100129722, non-coding RNA (NR_038389). Log,FC > +1
° Unknown function.
LOC Hypothetical LOC84989
84989 | -1.06 | IMIDIC antisense RNA 1 (JMJD1C-AS1), non-coding RNA. Log,FC > +1
o Unknown function.
Lipoprotein lipase
LPL plays a major role in the metabolism and transport of lipids and facilitates the
LPL 071 uptake of lipoprotein particles, lipoprotein-associated lipids and lipophilic FunDO
o ’ vitamins [79]. In THP-1 cells, LPL mRNA level is controlled via protein kinase C
(PKC) and mobilization of intracellular Ca** and induced by PMA [80]. In CLL,
high LPL expression may predict shorter overall survival [81].
LRRC2 Leucine rich repeat containing 2
5 -1.43 | This gene is located at chromosome 3p, a region commonly deleted in solid Log,FC > £1
tumors [82]. Unknown function.
Myocyte enhancer factor 2C
A member of the MADS box transcription enhancer factor 2 (MEF2) family )
MEF2C 0.60 involved in myogenesis. Mef2¢ promotes myeloid progenitor proliferation and g;rilgr?tr(siz?;;sw[gz
++ ’ monopoiesis, is up-regulated in leukemic stem cells of MLL-associated leukemia 35]. ’
and overexpressed in hematopoietic stem and progenitor cells after M11-AF9
knockin but unable to induce leukemia when expressed alone [43, 83, 84].
C-mer proto-oncogene tyrosine kinase
MERTK Regulates macrophage cytokine secretion and clearance of apoptotic cells by LogFC> 1,
1.04 L . GOA: mono/m®-
o macrophages and promotes macrophage survival in response to oxidative stress

[85].

differentiation
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Gene

Rating | 1092 Official full name Selection
catae;(fy FC Biological role criteria
NAIP NLR family, apoptosis inhibitory protein
0.60 | Antiapoptotic protein, overexpressed in acute mixed lineage leukemia and was FunDO
) suggested to be involved in chemotherapy resistance [86].
NPTXI1 Neuronal pentraxin | Log:FC>£l,
o =Ly NPTX1 is a pro-apoptotic protein in neurons [87] GOA: calcium
: associated
% Poly (ADP-ribose) polymerase family, member 8 .
PAES -0.63 | PARPS is phosphorylated upon DNA damage [88]. No published links to g;lil:&r(:?:ldc; [\zl;]h
malignancies or leukemia.
Pre-B-cell leukemia homeobox 3
One isoform of PBX3 was suggested to have converse effects as compared to
PBX3 canonical PBX3 isoforms and is preferentially expressed in leukemic cells [89]. Concordance with
S -0.51 | Within large protein complexes, PBX proteins regulate gene expression during patient studies [32-
developmental and/or differentiation processes. Overexpression of PBX3 might 34].
play a role in BCR/ABL-mediated myeloid differentiation and transformation.
[90]
Programmed cell death 5
A proapoptotic protein, whose translocation to the nucleus has been described as a
PDCD5 universal early event in apoptosis. PDCDS5 transcript levels in AML and CML
-0.82 | marrow cells are reduced as compared to normal donor marrow cells and are FunDO
) negatively correlated with BCR/ABL expression and function. Overexpression of
PDCDS5 enhances the chemosensitivity of K562 CML cells in vitro and in vivo.
[91, 92]
Programmed cell death 6 interacting protein
Overexpression of PDCD6IP reestablishes contact inhibition of cell proliferation
in Hela cells [93]. PDCDG6IP overexpression promotes detachment-induced .
PDC;%IP -0.46 | apoptosis, inhibits detachment of viable cells and reduces tumorigenicity in HeLa g;?:&rgz?;; [\g}l
cells [94]. However, PDCD6IP overexpression also inhibits cell death induced by ’
glucocorticoid in retinal pigment epithelial cells [95]. PDCD6IP is required for the
completion of cytokinesis [96].
Protection of telomeres 1 homolog (S. pombe)
POT1 protein binds single-stranded DNA from telomeres and is part of a large T
P?II -0.94 | protein complex maintaining chromosome end stability [97]. Tumor cells can gl%zbg ;(t)(l)lsfiesranon
escape from replicative senescence by activating a telomere maintenance program
[98].
Receptor tyrosine kinase-like orphan receptor 2
A receptor / coreceptor for Wnt5a which mediates noncanonical Wnt signaling.
ROR2* Mutations within ROR2 are responsible for genetic skeletal disorders in humans. GOA: early
T 0.81 | Oncogenic and tumor suppressive roles have been described for ROR2 in a wide devel;)pment
array of malignancies. In leukemia, it is a putative tumor suppressor presumably
via activating the Wnt5a/Ror2 noncanonical signaling pathway which inhibits Wnt
canonical signaling. [99, 100]
S100 calcium binding protein A12 GOA: proliferation
S100A12 A calcium-binding protein, with multiplf: proinﬂamrpatqry agtivities including and apoptosis;
- 0.84 | chemotaxis for monocytes and neutrophils [101] which implicates a potential role | calcium associated;
in immunosurveillance. SI00A12 is up-regulated in PMA differentiated U937 concordance with
monocytes [6]. patient study [24].
Serum/glucocorticoid regulated kinase 1
SGK1 1.10 SGK1 regulates channels, carriers, enzymes and transcription factors. It promotes LogFC > £1

survival, has antiapoptotic effects and may enhance the clonogenic capacity of
cancer cells. [102]
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Gene

Rating | 1092 Official full name Selection
catae;cl)%y FC Biological role criteria
Sphingomyelin synthase 1
SGMS1 0.75 SGMSI1 synthesizes sphingomyelin and promotes cell proliferation [103]. GOA: other
- ' Induction of cell death by the cytotoxic agent D609 in U937 monocytic leukemia '
cells might be achieved via inhibition of SGMS1 and decreased DAG levels [104].
Solute carrier family 8, member 1
SLC8A1 Although also expressed in other tissues (e.g. brain), SLC8A1 is the major LogFC > £1,
1.15 . . - . . GOA: calcium
o sodium/calcium exchanger of the heart and is essential for heartbeats and survival | <
of cardiac myocytes [105].
SNRPD2 Small nuclear ribonucleoprotein D2 pseudogene 2 (LOC645339)
P2 -1.13 | A processed pseudogene with no evidence for protein coding function (Ensembl), | Log,FC > +1
o although a 55 amino acid sequence is predicted. Unknown function. [106]
Suppressor of cytokine signaling 2
SOCS?2 is a negative regulator of cytokine receptor signaling via the Janus kinase illlleO’ log:FC>
pathway and suppresses the apoptotic effect of LIF [107]. SOCS2 may play a GOA: proliferation
SOCS2 regulatory role in IGF1 receptor signaling [108], is induced by many cytokines and apoptosis;
s -1.07 | and hormones (e.g. estrogen and GM-CSF) and up-regulated in advanced stages of mono/md--
CML but may have tumor suppressor roles in some solid tumors [109]. differentiation;
SOCS2 degrades SOCS3 presumably by mediating ubiquitinylation of SOCS3 other; concordance
[109]. In concordance with this observation, SOCS3 was up-regulated in our data E’;ﬁh g‘t;e;}t studies
set. ’ '
Suppressor of cytokine signaling 3
SOCS3 blocks cytokine signaling by acting as kinase inhibitor of JAK proteins
and as a binding competitor against STATs [109]. SOCS3 inhibits the therapeutic,
CD33-induced block on proliferation in AML. A trend towards a higher reaction
SOCS3 response and longer overall survival in patients with SOCS3 CpG hyper-
° 0.53 | methylation has been described [110]. On the other hand, SOCS3 can also inhibit | FunDO
non-receptor tyrosine kinases and has been reported to exhibit tumor suppressing
activity, to inhibit proliferation and to enhance apoptosis presumably in a cell
context dependent manner [111]. SOCS2 down-regulation in our data set may lead
to the observed up-regulation of SOC3, because SOCS2 degrades SOCS3, likely
by mediating its ubiquitinylation [109].
SRY (sex determining region Y)-box 4
The transcription factor Sox4 directly up-regulated CREB expression and
increases self-renewal and together with CREB also proliferation of mouse bone GOA: proliferation
SOX4 _0.84 | marrow progenitor cells. SOX4 is overexpressed in AML cell lines and AML and apoptosis;
++ ’ patient samples. Sox4 cooperates with CREB in myeloid leukemia transformation. | regulation of
[112] Increased SOX4 expression due to proviral insertion was also identified as a | transcription
cooperating event in myeloid leukemogenesis initiated by up-regulation of Evil or
p15INK4b knockout in mice [113, 114].
Sp9 transcription factor homolog (mouse)
SP9 SP9 is involved in embryo limb outgrowth [115], in the formation of regeneration LogFC > 1,
++ -1.19 epithelium (like Hoxa-9 and Hoxa-13) and is a marker for dedifferentiation of GOA: mono/m®-
N N differentiation
keratinocytes in the axolotl [116].
SYNPO2 Synaptopodin 2
-0.81 | An actin associated protein described as tumor suppressor in urothelial carcinoma | GOA: other
. and prostate cancer that decreases invasiveness and cell proliferation [117].
Taste receptor, type 1, member 3
A G-protein coupled receptor. A sweet taste receptor and glucose sensor which
TASIR3* plays a role in regulation of glucose absorption in enterocytes and may be
- -2.01 | involved in energy supply [118]. TAS1R3 heterodimers also sense extracellular Log,FC > 1

amino acids, activate MTORCI1 and inhibit autophagy [119]. CEBPB, which was
up-regulated in our study, activates TAS1R3 expression in a bile duct carcinoma
cell line [120].
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Rating
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FC Biological role criteria

ZNF521 block, decreasing granulo-monocytic and erythroid differentiation. High ZNF521

Von Willebrand factor A domain containing 1
Encodes an extracellular matrix protein, which is expressed in skeletal and cardiac | Log,FC > +1,
muscle, in cartilage tissue as well as in the apical ectodermal ridge of developing | GOA: other

limb buds (like SP9) [121].

Zinc finger protein 521
Highly expressed in the most immature hematopoietic cells and declines with
differentiation. Enforced expression leads to proliferation and differentiation

-1.01

FunDO,
concordance with
patient study [33].

-0.73 expression has been associated with MLL rearranged AML and silencing ZNF521

in THP1 cells led to impaired growth and clonogenicity. [122] ZNF521 up-
regulates HLA class I surface expression and enhances resistance of tumor cells to
NK cell-mediated cytotoxicity [123].
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Table S3: Primer used for reverse transcription quantitative PCR.

Gene name Primer name Orientation Sequence 5"-3" amplified product size
AF9 AF9 (wt) F forward CAACGTTACCGCCATTTG 142

AF9 AF9 (wt) R reverse ~ GTCTGGGATGGTGTGAAG

ARHGAP26 ARHGAP26 F forward CGAACTGGCCAAGGATTTCG 191
ARHGAP26 ARHGAP26 R reverse GACGTTTCTCCTGCACGTAG

CALR CALRF forward GCCGAGCCTGCCGTCTACTTCA 201

CALR CALR R reverse  AGGCTCGAAACTGGCCGACAG

CEBPB CEBPB F forward CAAACCAACCGCACATGCAG 264

CEBPB CEBPBR reverse  AACAGCAACAAGCCCGTAGG

CIITA CIITAF forward GTGGGAGCCGAGAGCTTGGC 161

CIITA CIITAR reverse ATGGTGGGCGTCCACATCGC

FOS FOSF forward CGTACTCCAACCGCATCTGCA 636

FOS FOSR reverse CTCCGGTTGCGGCATTTGGC

FUCAl1 FUCA1 F forward GCTACGCCGACTTCGGACCG 183

FUCA1 FUCAL1R reverse CCCGATGAGGCCCCACGTCT

HOXA9 HOXA9 F forward CACCAGACGAACAGTGAGGA 252 [1]
HOXA9 HOXA9 R reverse TGGTCAGTAGGCCTTGAGGT

MAFB MAFB F forward GAAGCACCACCTGGAGAATG 120

MAFB MAFB R reverse GCGAGTTTCTCGCACTTGAC

MLL1 MLL (wt) F forward  GTCCAGAGCAGAGCAAAC 119

MLL1 MLL (wt) R reverse CAAAGTGCCTGCATTCTCC

MLL-AF9 MLL-AF9 F forward GCTCCCCGCCCAAGTATC 106

MLL-AF9 MLL-AF9 R reverse GGGATGGTGTGAAGCTGGAG

NOTCH2 NOTCH2 F forward ATATGCTCAGCCGGGATACC 214

NOTCH2 NOTCH2 R reverse TGGCAGTGTCCTGGAATGTC

RPL13A RPL13AF forward CCTGGAGGAGAAGAGGAAAGAGA 126 2]
RPL13A RPL13AR reverse TTGAGGACCTCTGTGTATTTGTCAA

SOCS2 SOCS2 F forward GCTCGGTCAGACAGGATGG 168 3]
SOCS2 SOCS2 R reverse TCGATTCGAAGATTAGTTGGTCC

SULF2 SULF2 F forward GTACAAGGCCAGCTATGTCC 257

SULF2 SULF2 R reverse GGACTGTGTCGTTCTCTAGG

TSAPAN14 TSAPAN14 F forward GGCTGGAGTTGTCTTCCTTG 109
TSAPAN14 TSAPAN14 R reverse CAGCACCACAGGGTCGATTC

UBC UBCF forward ATTTGGGTCGCGGTTCTTG 133 2]
UBC UBCR reverse  TGCCTTGACATTCTCGATGGT

VASH1 VASH1 F forward ATGACTTCCGCAAGGAGCTG 159

VASH1 VASH1 R reverse TTTCACTGCGGCTGTTCCTG

VDR VDR F forward GCCGCATCACCAAGGACAAC 121

VDR VDR R reverse ATCTCCCGCTTCCTCTGCAC

ZNF521 ZNF521 F forward GGTGAAACTTGATATCAATGGCC 482 4]
ZNF521 ZNF521 R reverse GGAGTTTGGCAGGAGAGTCA

Unless indicated by citation, primers were designed utilizing Clone Manager Suite 7 (Sci-Ed Software, Cary,
NC, USA).
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Table S4: Rating strategy to prioritize candidate targets for mediation of MLL-AF9
leukemogenic effects. A total of 70 differentially expressed genes after MLL-AF9 knockdown

was rated.
Category Criteria
++ Candidates likely mediating MLL-AF9 leukemogenic effects fulfill at least
two of the following three terms:
(1) Coherent regulation and described role in at least one of the following
functions: functional role in differentiation of myeloid cells, proliferation,
growth, apoptosis, survival, senescence, self-renewal, immunosurveillance,
energy-supply, regeneration.
(2) Linked leukemia association via FunDO and / or agreement with
published myeloid leukemia patient studies.
(3) Differential expression of the gene >+ 0.5 log,FC.
+ Genes whose regulation is coherent with their functional role in malignancies
fulfill either term (1) or term (2).
@ Genes with a currently undefined role in malignancies (lack of relevant
literature).
- Genes whose regulation is incoherent with their functional role in
malignancies or its association to leukemia.
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