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RUNX1-mediated Modulations to Hallmarks of Cancer
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Abstract

Runt-related transcription factor 1 (RUNX1) is frequently involved in the progression of
acute leukemia. However, emerging and discoverable RUNX1 somatic mutations, RUNX1
expressional signatures in normal tissues and cancers, and RUNX1's clinical significance
in many cancer types have attracted attention for considering RUNX1 as a biomarker for
cancer. Recent discoveries have demonstrated the indirect and direct biological functions

of RUNX1 in modulating cancer metastasis, proliferation, angiogenesis, cancer stemness
and chemoresistance to anticancer drugs, warranting the further investigations of the
underlying mechanisms to provide knowledge for developing a novel therapeutic
approach. In this review article, we focused mainly on recent research developments
involving oncogenic activities of RUNX1 by summarizing and integrating RUNX1 somatic
mutations, clinical trials, transcriptome data, clinical information and the discoveries
related to the RUNX1-induced signaling pathway in modulating malignant phenotypes.
Furthermore, a comprehensive demonstration of RUNX1 RNA expression in a pancancer
panel and specific normal cell types at single-cell level were presented, and the results
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Tabnuua 17-2

IopsanoK CHMBOIOB B KOAOHAX, HOJYMCHHbIH IYTEM HCIOML3OBANNHA NPUIHIMNA
CBA3NOCTH, COCTABA KOAOHOB (cM. Tabm. 17-1) K cnHcKa MYTAMOHHBIX 3aMeCH
ampHokHcIOT B Geskax [Parnep, 1966)

42— U C A G 13
U UUU Phe UCU Ser UAU Tyr UGU Cys U Fundamental
UuC Phe ucc Ser UAC (Tyr) UGC Ser C L.
UUA Leu | UCA Thr | UAA Lys uGA » | 4 principle of
UUG Leu UCG [Ser] UAG ? UGG (Try) genetic COde'
C CUU Leu CCU Pro CAU (His) CGU Arg u
CUC Leu CCC Pro CAC His CGC Arg C
CUA Gln CCA Pro CAA Gin COA Arg A
CUG [Lex) CCG 2 CAG CGG G Codons are not
overlapping
A AUU lle ACU Asn AAU Asn AGU ? U
AUC lle ACC Thr AAC Asn AGC Ser C
AUA lle ACA Thr AAA Lys AGA Arg A
AUG Met ACG [Thr] AAG ? AGG 2 G
G GUU Val GCU Ala GAU Asp GGU Gly U
GUC |[Val GCC Ala GAC Asp GGC Gly C
GUA Glu GCA Ala GAA Glu GGA Gly A
GUG [Val] GCG'Y GAG ? GGG ? G

IMMpusmeyauuce. IMoaYepKHYTb KOROHBI, KOTOPHLIE B JANLHEHIICM OKaZLINCL OUIH-
GouHbiMK. B Kpyribix cKobKax — KOAOHbLI, B8 KOTOPLIX MOPS/AOK CUMBONOB YCTAHOBICH He-
ONHO3HAYHO, B KBAAPATHLIX — KOMOHEL, 100anACHHLIE B XOAC NPOLCAYPL! BLIBOAA WISl 005~
ACHEHMs MyTaumii U cusisHocTy. M3 64 kounonos 47 copnanaior ¢ kogoM Hupenbepra, 6 e
copnamaior, a 11 {em. Ta6a. 17-1) e 6uun onpeaenckHnl mo cocrasy (M3 HUX 9'c G v TpeTLnX
NO3UUMSIX KOLOHOB).
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Colorectal cancer: tumor-specific enhancer around a SNP in
regulatory region of MYC gene
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Genetic code

George Gamow

Paradigm shift

|

Forget about biochemistry!
Nucleotides are just

Letters

of an unknown
language



Epi-Genetic code:

Forget about letters!

It is not text!
It is music!
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Composite Modules (CM)

Composite Module (CM)

FIGURE 3.3. The human interferon-B enhanceosome. HMG represents HMGI/Y, a ubiq-
uitous protein that binds cooperatively with the three activators. HMGI/Y both bends the

DNA and contacts the activators. Each of the transcription factors shown is a member of a
family of related activators. (Mark Ptashne, Alexander Gann Genes and Signals, 2002)




DNA

Ets1

5’ GGAAGCCACATCCTCT 3’

3!

CTTCGGTGTAGGAGAC 5’
Runx1

Oncogenes, Fusion Genes and Tumor Suppressor Genes

Structural basis of Ets1 activation by Runx1

T Shrivastava, K Mino, N D Babayeva, O | Baranovskaya, A Rizzino & T H Tahirov

Leukemia 28, 2040-2048 (2014) | Cite this article
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Module 1:

V$STAT_01 || V$GR_Q6_02 | | V$HAND1E47_01 | | V$ZNF462_01 | [ V$TFE_Q6 | | VSRUNX2_05
0.89; N=2 0.92; N=2 0.92; N=2 0.93; N=3 0.96; N=3 0.92; N=2
Module width: 141
Module 2:

V$TFAP2A_11 | | V$OSF2_Q6 | | V$NR3C2_02 | | V$MZF1_Q5 | | V$STATSA_02 | | VNFATC3_06 | | V$AML_Q6
0.92; N=2 0.90; N=3 0.99; N=2 0.99; N=3 0.80; N=3 0.62; N=3 0.94; N=3

Module width: 167

Model score (-p*log10(pval)): 21.18
Wilcoxon p-value (pval): 1.94e-46
Penalty (p): 0.463

Average yes-set score: 8.96

Average no-set score: 6.71

AUC: 0.78

Separation point: 8.19

False-positive: 19.00%

False-negative: 37.60%

The AUC of the model achieves value significantly higher than expected for a random set of regulatory regions
Z-score = 3.59

24
UP-regulated genes 2
20
18
16

14

% sequences
[
N

Score

I No-set 1 Yes-set — Separation point



Module 1:
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0.91; N=3 0.80; N=3 0.96; N=2 0.86; N=2 0.72; N=3 0.92; N=2 0.95; N=2
Module width: 140
Module 2:
Model score (-p*log10(pval)): 27.62
V$TFAP2A_09 | | V$SREBP_Q3 | |V$IUN_03 | | V$ZNF462_01 | |V$RUNX2_05 | [V$PAX6_Q2|| Wilcoxon p-value (pval): 2.35e-60
0.90; N=3 0.83; N=1 0.73; N=3 0.93; N=2 0.91; N=3 0.68; N=3 Penalty (p): 0.463
Module width: 176 Average yes-set score: 12.60

Average no-set score: 9.97

AUC: 0.83

Separation point: 11.47

False-positive: 17.60%

False-negative: 31.79%

The AUC of the model achieves value significantly higher than expected for a random set of regulatory regions
Z-score = 5.41

13 g
12 -
11 B X

DN-regulated genes

10 B = &

% sequences

10 11 12 13 14 15 16 17
Score

18 15 20 21

No-set | Yes-set — Separation point
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Databa | Start page Echromosomes GRCh38 X [ Model visualization on Y... X F;Super annotate table X | Model visualization on Y... X|

% Histogram X

Data Edit Select all = Select page
Analyse | | First | | Previous | Page of 8| Next | | Last Showing 1 to 50 of 375 entries Show entrie
ID Ensembl IDs Names Model Sites Score logFC - P.Value
V$NFATC3_06,
V$MZF1_Q5,
, A V$0OSF2_Q6,
...protein_coding... - V$GR_Q6_02,
30  ENSG00000047936 ROS1 : o *’ 4 V$TFE_Q6, 8.28345  7.15284282543761  3.9480148660214E-8

V$ZNF462_01,
V$HAND1E47_01,
V$AML_Q6,
V$RUNX2_05
(less)
V$ZNF462_01,
V$TFE_Q6,
V$TFAP2A_11,
...EYAZ... V$GR_Q6_02,
v « » L) » ) - V$OSF2_Q6,
130 ENSG00000064655  EYA2 a = V$AML_Q6,
V$RUNX2_05,
V$NFATC3_06,
V$MZF1_Q5
(less)
V$ZNF462_01,
V$AML_Q6,
V$0SF2_Qs6,
o e V$NFATC3_06,
. a .« ) ) V$STAT_01,
V$RUNX2_05,
V$GR_Q6_02,
V$TFE_Q6,
V$HAND1E47_01
(less)
V$GR_Q6_02,
V$NFATC3_06,
V$HAND1E47_01,
V$0SF2_Q6,
V$AML_Q6,
V$RUNX2_05,
V$STAT_01,
V$ZNF462_01,
V$TFAP2A_11
(less)
V$HAND1E47_01,
V$ZNF462_01,

\/&DIINVY NE

9.99289 5.94765294762649  5.04417038797566E-8

131 ENSG00000064655  EYA2 10.8041 5.94765294762649 5.04417038797566E-8

it

132  ENSG00000064655 EYA2 11.56019  5.94765294762649  5.04417038797566E-8




Chromosome:(20 V| Position: (20:46070730-47980614 | set Find: [ Ensembl id v ||ENSG00000064655 Go
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Chromosome:(20 v/ Position: [20:46891490-47010858 Find: Ensembl id v] [ENSG00000064655 || Go |
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+ score; 0.969094
+ sequenceName: 132

« siteModel: VSRUNX2_05
+ subModel: M1

+ weight: 0.957369

Model V$RUNX2_05
Binding element: AML3
Threshold: 0.9

Matrix: V§RUNX2_05
Matrix length: 14
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Table of Contents ,L

Introduction

Description

Eyes absent homolog 2, a transcription coactivator that acts in TGF-beta signaling, epithelial to mesenchymal transition, apoptosis, and somitogenesis, may play a role in eye development; SNPs
correlate with non-small-cell lung carcinoma

Gene symbol
EYA2
Synonyms

EAB1; EYA2; MGC10614; RP5-890015.2; Eyes absent homolog 2; eyes absent homolog 2 (Drosophila); EYA transcriptional coactivator and phosphatase 2

Gene Ontology what is this?

Molecular function

G-protein alpha-subunit binding [E], protein binding [E], transcription coactivator activity [E] details
Biological process

eye development [S], mesodermal cell fate specification [E], positive regulation of epithelial to mesenchymal transition [E], somitogenesis [P]... details
Cellular component

cytoplasm [E], cytosol [Y], nucleus [E] details
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Hierachy of orthologous relationships for this locus

Locus Report - Human
. EYA2 (EAB1)

+ View orthologous relationships

Biomarker Associations whatis this?

Diseases associated with EYA2 (9 entries)

Show entries

Disease
details-all

Ovarian Neoplasms

Carcinoma, Non-Small-Cell

Lung

Breast Neoplasms

Rectal Neoplasms
Colorectal Neoplasms
Nerve Sheath Neoplasms
Lung Neoplasms
Papillomavirus Infections
Thyroid Neoplasms

Showing 1 to 9 of 9 entries

Significance
6 associations

2 associations

1 associations
1 associations
1 associations
1 associations
1 associations
1 associations

1 associations

Causal
2
associations

1 associations

1 associations

Type of Association

Correlative
13
associations

5 associations

2 associations

1 associations
1 associations

1 associations

1 associations
1 associations

1 associations

Preventative

Disease
Mechanism

Negative 2 associations

1 associations

1 associations

logout help

Table of Contents ¢

Search:
Indication
Prognosis
1 Therapeutic
associations Target

1 associations
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Evidence Description
E Experimentally determined
S Predicted by sequence similarity
P Predicted by analysis other than sequence similarity

K, BioKnowledge Transfer Predicted by BioKnowledge Transfer by BIOBASE

see Indicates that a reference mentions and cites a finding, but does not demonstrate it directly
hpa Data imported from the Human Protein Atlas version 20 available at www.proteinatlas.org
hpa evidence codes: W - uncertain, X - approved, Y - supported, Z - enhanced

Biomarkers associated with Correlative associations for Breast Neoplasms

Show entries Search:
Sub-type
/ Linked Biological Cell/Tissue Annotation &
Gene/Protein Molecule Alteration Relationship disorders Process Drug Disease Specificity Indication Reference
EAB1 DNA promoter correlates with Breast hypermethylation of the
hypermethylation Neoplasms EYA2 promoter correlates

with breast neoplasms

17, E

Showing 1 to 1 of 1 entries
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PM000620159

PM000620158

PM000620158

PM000915834

PM000620159

PM000620159

PM000915834

Runx1(h)

Runx2(h)

Runx1(h)

Runx2(h)

Runx1(h)

AR(h)

Runx1(h)

Locus Report - Human

EYA2 (EAB1)

20:46988315.

20:46979042.

20:46979450.

20:46895075.

20:46990274.

20:46990444.

20:46895504.

.46988700

.46979226

46979628

.46895653

.46991206

.46990895

.46895866

VCaP + DHT 24h

iMSC3

CD34+ cells, adult

iMSC3

VCaP + DHT 24h

VCaP + DHT 24h +
SHRUNX1

VCaP + DHT 24h

V$AML1_Q4_01

V$AML3_Q3

V$AML1_Q4_01

V$AML3_Q3

V$AML1_Q4_01

V$AR_04

V$AML1_Q4_01

-1520

-130

268

269

379

650

793

1.000

1.000

1.000

0.870

0.820

1.000

0.771

0.989

0.894

0.994

0.864

0.842

0.704

0.806

GCACCACAC

GGGGTGGTGA

AAACCACAA

CCACCCCAGG

CCACCACGG

AGAACAATTCCAGCT

CTCTGGTTC
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Phase-separated condensates

N
Nty v St TFs have unstable and dynamic protein structure that
promotes formation of such condensates.

Richard Young and collegues at Massachusetts Institute of
Technology (MIT).
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Heatmap of differentially expressed genes in RUNX1 WT vs. RUNX1 KO

A heatmap of all differentially expressed genes playing a potential regulatory role in the system
(enriched in TRANSPATH® pathways) is presented in Figure 2.
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Drugs approved in clinical trials for Oncology

Table 12. Clinically approved (FDA, ENA, etc.) drugs for the studied pathology (most promising and
clinically approved treatment candidates selected for the identified drug targets on the basis of
literature curation in HumanPSD™ database)

See full table —

Di . .
Name Target Drug ac:i?lai:: Disease trial Apbbroved
names score phase PP
score
BMPR1A,
NEK2, Phase 3: Breast Breast Neoblasms
MAP2K3, Neoplasms, Breast (CIinicaITriaFTs
Lapatinib NEK6, LIMK1, 97 6 Diseases, Liver L . !
ClinicalTrials,
PRKD1, Neoplasms, Neoplasm ClinicalTrials, FDA)
PIP5K1A... Metastasis, Neoplasms !
(more)
Phase 3: Breast
MAPKS8, BCL2, Neoplasms,
E2F1, BIRCS, Adenocarcinoma, Anus Breast Neoplasms
Paclitaxel CDK1, CDK2, 86 8 Diseases, Anus (FDA FDA)p
BRCAL... Neoplasms, Arterial !
(more) Occlusive Disease...
(more)
Breast Neoplasms
trastuzumab PARP1, AKT1, Phase 3: Breast (QllplcaITrlals,
80 6 ClinicalTrials,
deruxtecan CHEK1 Neoplasms, Neoplasms . .
ClinicalTrials,
DailyMed, FDA)
Phase 2: Breast Breast Neoplasms
EGFR, AKT3, Neoplasms, Carcinoma, (CIinicaITriaF:s
- AKT1, RB1, Non-Small-Cell Lung, . . !
neratinib 80 3 - ClinicalTrials,
AKT2, Ependymoma, Fibroma, . .
CDKN1B Glioblastoma, Hemang ClinicalTrials, FDA,
(more) ! " PUBMED)
AKT3, BCL2, Phase 4: Breast
Neoplasms, Acute
AL, B Coronary Syndrome Breast Neoplasms
Evero“mus MAPKAP]" 78 7 ArnAaina DartAarie I\nr:in-: /EMNA DIIDMEN)
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gene Xplain

The acronym PASS stands for Prediction of Activity Spectra for Substances. PASS performs an
instant prediction and computational evaluation of biological activity spectra for organic chemical

compounds.

PASS results can be further interpreted via the PharmaExpert tool and combined with the
structure-activity relationship models built in GUSAR.

B C:\Program Files (x36) 2011 tion Results\Drugs_Example (PASS11).SDF =) B C:\Program Files (x36) 2011 p tion Results\Drugs_Example (PASS11).SDF == B Select Activity Types to be Predicted =]
565 | 44 B3 | 22 | Molecular Structure | MNa | | No Selected Activity | 565 | 44 | 33 | 22 Molecular Structure | pa | [Fibinoltic 1= Find: | Select: [] [=] (4 [ Sott: | IEP ascending |
64 oz 65 66 || activiyMap General | Effects | Mecharisms | Tosicity | Anttargets | Metabolism | 67 Y, - ActiviyMap General | Effects | Mechanisms | Tosiciy | Antargets | Metabolsm | Predictable Activity Type [Growp | Nmber [P, % |~
- o - — —
o 63 of 4366 Possible Activities at Pa > 0.500 ] s yo 63 of 4366 Possible Activities at Pa > 0.500 Hydroxylysine kinase inhibitor M 8 033
'’ \ﬂ/ ‘N 0 Endothelin & receptor antagonist M 1715 033
A ° 0.818 0.010 Tachycardiac L 0.818 0.010 Tachycardiac Histone deacetyiase 1 inibi " w6 nam 3
0.776 0.004 Skeletal muscle relaxant 3 0.776 0.004 Skeletal muscle relaxant = istone deacetylase 1 inhibitor .
0.787 0.027 Polyporopepsin inhibitor 0.787 0.027 Polyporopepsin inhibitor Glutamate formimidayltransferase inhibitor M 1 0333
0.769 0.021 Hepatitis 0.769 0.021 Hepatitis — X
0733 0.011 Hypothermic - 0733 0.011 Hypothermic Melanocarin MC-4 agorist M B 033
0.758 0.036 Acrocylindropepsin inhibitor 0.758 0.036 Acrocylindropepsin inhibitor Hydrozyquinol 1,2-dioxygenase inhibitor M 9 0.343
0.758 0.036 Chymosin inhibitor 0.758 0.036 Chymaosin inhibitor N o
67 0758 0.036 Saccharopepsin inhibitar 0758 0.036 Saccharapepsin inhibitar Glucosamine N-acetliansferase intibior M 8 0.344
0.776 0.057 Antieczematic 0.776 0.057 Antieczematic Retinoid X receptor agonist M 112 0344
0.715 0.004 Muscle relaxant 0.715 0.004 Muscle relaxant [al ialigase] adenylylransferase inhibitor M 13 0345
0.731 0.025 5 Hydroxytryptamine release stimulant 0.731 0.025 5 Hydroxytryptamine release stimulant . 3 ’ :
0.684 0.034 Antiischemic, cerebral 0.684 0.034 Antiischemic, cerebral Fotamase (FKBF) inhibitor M 3 0346 -
|| 0.660 0.019 Coma 0.660 0.019 Coma — =
| 0,674 0,036 Hypercholesterolemic 0674 0.036 Hypercholesterolemic Unused Activity Type Group | Number | IEP.% | «
0.657 0.026 Consciousness alteration 0657 0.026 Consciousness alteration Agaressio 46 oos [
0.665 0.038 CYP2BE inhibitor 0.665 0.038 CYP2BE inhibitor o
0.685 0.087 Antacid 0.685 0.087 Antacid Keraltie T 7 25055
0.648 0.057 Nicotinic alphabbeta3betadalphab receptor antagon 0.648 0.057 Nicotinic alphabbeta3betadalphas receptor antagon Dysphagia T 15 25.352
70 0.605 0.017 Antineonlastic fnon-Hodakin's lvmohomal 2 0.605 0.017 Antineoplastic (non-Hodgkin's lymphoma) Skin lesion T 7 25393
32 Substructure Descriptors: 0 new. 0630 0.054 Sweating il 2
DOAR N0As b ook cels Bundle branch block T 14 25.404
53 of 4366 Possible Activities > <PASS_TOXICITY> ~ | 32 Substructure Descriptors; 0 new. = Agiation T 0 25414
12 of 497 Possible Pharmacological Effects 0818 0010 Tachycardiac - ) y
22 of 3378 Possible Mechanisms of Action 0.769 0.021 Hepatitis 63 of 4366 Pus_slhla Activities . Movement disorder T 9 25529
24 0f 274 Possible Toxic and Adverse Efiects 0733 0.011 Hypothermic 12 0f 497 Possible Pharmacalogical Effects 3 Coranary arery spasm T 8 %51
1 of 116 Possible Antitargets 22 of 3378 Possible Mechanisms of Action
5 of 206 Possible Metabolism-Related Adiions > <NAME> iaai | 240t274Possible Toxic and Adverse Effects R Pruiitus T 121 25600
00f 31 Possible Gene Expression Regulation 10116 Possible Anttargets Alergic reaction T 2 2575

68/128

0 of 49 Possible Transporters-Related Actions

5 of 206 Possible Metabolism-Related Actions

N nf 21 Daneikla Rann Ev

68/128

‘ 0.322 0.199 Fibrinolytic

Include ... Load ...
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Cancel
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Target activity score

T-score(s) = . — a(m) IAP(g)optWeight(q)
) = Fraqar = 2 (P 2 MAPa)optiteightly

M(s) is the set of activity-mechanisms for the given structure s

_ Drug targets of a drug
G(m) is the set of targets (converted to genes)

IAP(g) is the invariant accuracy of prediction

Master-regulators



Q Table 15. Prospective drugs, predicted by PASS software to be active against the identified drug
targets with predicted activity against the studied disease(s) (drug candidates predicted with the
b cheminformatics tool PASS)

See full table -

Drug Target activity
Nam Tar nam
ame arget names score score
Disulfiram SOD1, MAPKS8, LAP3, MAPK12, MAPK9, HSPD1, 81 oll3

MAPK6

R Table 16. Prospective drugs, predicted by PASS software to be active against the identified drug
N targets, though without cheminformatically predicted activity against the studied disease(s) (drug
candidates predicted with the cheminformatics tool PASS)
See full table -

Dru Target
Name Target names scorge activity
score

MAPK8, DUSP23, MAPK9,
2,5,7-Trihydroxynaphthoquinone SENP6, EPM2A, MAPKS6, 97 0.92
PTEN...(more)

DUSPA, PTPN2,
Busulfan PTPR‘@ PTEN, 96 1.74
CDC25C™==thore)

LAP3, DUSP23, EPM2A,
Pentabromophenol PTPN2, PTPRS, EYA2, 96 2
HDACS3...(more)
7-[4-(Dimethylamino)Phenyl]-N-Hydroxy-4,6-
Dimethyl-7-Oxo0-2,4-Heptadienamide WDACH,HDACZ, HDACS 96 1.62
RPS6KA3, ROCK2, CSNKI1E,
Iodophenyl RPS6KA1, AURKB, VRK1, 95 5.52
ARAF...(more)

As the result of drug search we propose the following drugs as most promising candidates for
treating the pathology under study: Lapatinib, seliciclib, Disulfiram and 2,5,7-
Trihydroxynaphthoquinone. These drugs were selected for acting on the following targets: BIRCS5,
RPS6KA2, MAPK12 and DUSP9, which were predicted to be active in the molecular mechanism of the
studied pathology.

The selected drugs are top ranked drug candidates from each of the four categories of drugs: (1)
FDA approved druas or used in clinical trials druas for the studied patholoav: (2) repurposina druas



Busulfan

Summary

Brand Names

Generic Name

Background

Type

Structure

Busulfan is an alkylating agent used to treat chronic myelogenous leukemia.
Busulfex, Myleran

Busulfan DrugBank Accession  DB01008
Number

Busulfan is a bifunctional alkylating agent, having a selective immunosuppressive effect on bone
marrow. It is not a structural analog of the nitrogen mustards. It has been used in the palliative
treatment of chronic myeloid leukemia (myeloid leukemia, chronic), but although symptomatic
relief is provided, no permanent remission is brought about. According to the Fourth Annual
Report on Carcinogens (NTP 85-002, 1985), busulfan is listed as a known carcinogen.

Small Molecule Groups Approved, Investigational

Weight Average: 246.302
Monoisotopic: 246.02317956

Chemical Formula CeH1406S-

[ r+ I A I [ R P g S Cla s Cli i mbi i A ]
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Show entries Search: |breast |
Start End

Disease Phase Study Title Status Date Date Process Date

Neoplasms Phase 3 Combination Chemotherapy and Peripheral Stem Cell Transplantation in Treating Completed 1998-07-31 2003-03- ClinicalTrials.gov processed this
Patients With Stage II or Stage IIIA Breast Cancer 0 View study report 2 31 data on 2023-04-26

Breast Phase 3 Combination Chemotherapy and Peripheral Stem Cell Transplantation in Treating Completed 1998-07-31 2003-03- ClinicalTrials.gov processed this

Neoplasms Patients With Stage II or Stage IIIA Breast Cancer 0 View study report 7 31 data on 2023-04-26

Neoplasm, Phase 2 Autologous Hematopoietic Stem Cell Transplantation as Adjuvant Treatment for Triple Unknown 2018-02-01 2021-11- ClinicalTrials.gov processed this

Residual Negative Breast Cancer Patients 0 View study report 7 status 30 data on 2023-04-27

Neoplasms Phase 2 Autologous Hematopoietic Stem Cell Transplantation as Adjuvant Treatment for Triple Unknown 2018-02-01 2021-11- ClinicalTrials.gov processed this
Negative Breast Cancer Patients Q View study report 7 status 30 data on 2023-04-27

Breast Phase 2 Autologous Hematopoietic Stem Cell Transplantation as Adjuvant Treatment for Triple Unknown 2018-02-01 2021-11- ClinicalTrials.gov processed this

Neoplasms Negative Breast Cancer Patients 0 View study report 7 status 30 data on 2023-04-27

Showing 1 to 5 of 18 entries (filtered from 2,985 total entries) 2 3 4 Next Last

Toxicity Bioassays Tested what s this?

Toxicity endpoints for which Busulfan has been tested (40 endpoints)

As reported by the FDA 7

Show entries Search:

Toxicity endpoint Toxicity category

Chromosome aberration test in CHL cells Genetic toxicity

Chromosome aberrations in vitro composite Genetic toxicity

Developmental toxicity in rodent fetus composite Reproductive and developmental toxicity -~

https://portal.genexplain.com/cgi-bin/build_hpt/idb/1.0/get.cgi?DI000007836
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ID

Accession

Name

Showing 1 to 50 of 318 entries

Structure

Target names

Target
activity
score

Target
activity
rank

Toxicity
score

Disease
activity
score

Show entries

Disease
activity
rank

Drug .
rank

Drug
score

PC:4555

DR000001283

2,5,7-Trihydroxynaphthoquinone

PC:2848

PC:3715

DR000001002

DR000000635

Busulfan

Pentabromophenol

PC:4873

DR000003237

PC:3707

PC:2954

DR000004081

DR000010553

7-[4-(Dimethylamino)Phenyl]-N-Hydroxy-4,6-
Dimethyl-7-Ox0-2,4-Heptadienamide

3-METHYL-1,6,8-TRIHYDROXYANTHRAQUINONE

PC:4450

DR000001412

6,4'-Dihydroxy-3-Methyl-3',5'-Dibromoflavone

PC:3543

DR000001556

2-HYDROXY-1,4-NAPHTHOQUINONE

MAPK8, DUSP23, MAPK9,
SENP6, EPM2A, MAPK®,
PTEN, TNS2, CDC25A,
DUSP2, MAPK12, POR,
CDKN3, CDC25B,...
(more)

DUSP23, EPM2A, PTPN2,
PTPRS, EYA2, PTEN,
CDC25C, PTPRU, TNS2,
UBASH3B, PPM1B,
SOD1, CDC25A,
DUSP2... (more)

LAP3, DUSP23, EPM2A,
PTPN2, PTPRS, EYA2,
HDAC3, PTEN, CDC25C,
PTPRU, UBASH3B,
PPM1B, CDC25A, ...
(more)

HDAC4, HDAC2, HDAC3

RPS6KA3, ROCK2,
CSNK1E, RPS6KA1,
AURKB, VRK1, ARAF,
NEK2, SGK1, MASTL,
NEK6, AKT1, AURKA,
CHEK1, ... (more)
MAPKS8, DUSP23, MAPK9,
EPM2A, PKM, MAPKS6,
PTEN, TNS2, DUSP2,
MAPK12, POR, CDKN3,
DUSP9, PIP5KI1A, ...
(more)

EPM2A, MAPK6, HDAC3,
CDC25C, PTEN, PTPRU,
UBASH3B, TNS2, PPM1B,
POR, CDKN3, PTPN12,
DUSP9, MAPKS,...
(more)

LAP3, MAPK8, MAPK12,
MAPK9, SENP6, POR,
MAPK6, CDC25B,
PIP5K1A, BRCA1l
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25
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0.714

0.637

0.63

0.645
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0.546
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16

32

34

55

25

19

27

27
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34

59

62
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97

96
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“Regulatory code”

¢ Alexander fasltoiwany

Where ?

When ?

How ?

With whom?



Several regulatory messages could be written in the same sequence

Reading of the messages depends on the cellular context

gherllojunomd-bype Alexander fasltoiwany

i B

he 11 o Alexander

. el

o d-by e Alexander

. WYk~

Alexander fas t



Even some messages which were not written

gherllojunomd-bype Alexander fasltoiwany

100 e

Alexander a

o

Alexander




Al should learn to listen good music




gene Xplain

Thank youl!
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