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95% of top disease associated mutations are
in non-coding regions.

m Non-
coding
m Coding

Dark
matter of
genome!

Based on NHGRI GWA Catalog, www.genome.gov/GWAStudies, www.ebi.ac.uk/fgpt/gwas/



Monsters are sleeping in our genome
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Cancer is a dragon with many heads:

- Late detection
- Wrong drug

- Metastases
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EGFR TKI resistance in NSCLC

Series GSE121634 Query DataSets for GSE121634

Status Fublic on Sep 03, 2020

Title Transcriptome profiling to determine molecular mechanisms of acquired EGFR
TKI resistance

Organism Homo sapiens

Experiment type  Expression profiling by high throughput sequencing

Summary The goal of this study was to compare the transcriptome (RNA-seq) of EGFR

TKI sensitive NSCLC cells with that of cells with acquired resistance to
erlotinib. HCCB27 and HCC4006 cells were continuously cultured in erlotinib
until erlotinib resistant (ER) variants emerged. All ER variants were negatwe

for T790M. RNA from parental and ER cells was isclated for—t==ooosintamis

profiling. RNA-seq analysis reveals that EGFR TKI resistance is EGF, TNF-a

a mesenchymal gene expression signature. . ngands Epiregulin

. . Amphiregulin
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= . Locus Report - Human s
FYN (Fyn)

Table of Contents

Introduction

Description

F¥N oncogene related to SRC, FGR, YES, a protein tyrosine kinase that regulates activation of MAPK activity and
apoptosis, aberrant expression is associated with Alzheimer disease, HIV infections, schizophrenia, renal cell
carcinoma and several neoplasms
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Fig. (4). Signalling pathways, involving Fyn, hyperactivated in cancer.
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Search for new TF binding sites with PWMs
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TF binding sites in promoters of a Erlotinib-resistance genes
TSS

promoter

-1000

Promoter face



5260 TFs — the promoter face is too complicated !!!!
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GTRD database — comprehensive ChIP-seq database

e

GTRD: an integrated view of transcription
regulation 3
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What is common
between all these
faces?




We need to search for Erlotinib-resitance
promoter “smile”




Find a subset of TF sites out of all 5260 TFs
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There are new Al methods available for recognition of human emotions:

Emotion API - Emotion Detector | Microsoft Azure

B8 Microsoft

P L R R L

We are going to use these algorithms for recognizing Erlotinib-resistance
promoter “emotions” — promoter “smile”.



Composite Module Analyst (CMA)

Mathematical model
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Composite model of the Erlotinib-resistance promoters
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TF clusters in the promoter of FYN gene
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Drugs approved in clinical trials

@ Table 12. FDA approved drugs or drugs used in clinical trials for the studied pathology (mo

promising treatment candidates selected for the identified drug targets on the basis of literatu Dasatinib ( Enzymes (6) )
curation in HumanPSD™ database)
See full table —
R Status IDENTIFICATION
Disease .
N Target Drug tivi Ph a (provided
ame names rank :Eol:gty ase by Name Dasatinib Accession Number DBO1254
Drugbank)j
SRC, Leukemia, Leukemia, Lymphoid, Leukemia, small Description Das-atlmb |.s;n ’:nra\ fﬂual E‘ER/ABL and src F.?mw\y tyroslene kmlase mh\bltc;r approv.ed for use in
o ABL1 MYE|OQEF‘IOUS Chronic. BCR-ABL Positive molecule patients with chronic myelogenous leukemia (CML). The main targets of Dasatinib, are BCRABL,
Dasatinib  ppgrre, 21 g Leukemia, Myeloid, Precursor Cell ' approved, SHE, Ephrins and GFR.
h ; r "
FYN Lymphoblastic Leukemia-Lymphoma investigationa .
- : - Type Small Molecule Groups Approved, Investigational
Anemia, Cardiomyopathies, Colorectal biotech
Darbepoetin EPOR 35 10 Neoplasms, vaelrparathyrcudlsm, ) apprc\réd, structure ; Weight Average: 488006
alfa Hyperparathyroidism, Secondary, Kidney investigational] & Monoisotopic: 457 155721508
Diseases, Kidney Failure, Chronic...
Anemia, Cardiomyopathies, Colorectal ‘f(i‘
; Meoplasms, Delayed Graft Function, HIV biotech, s
Epoetin alfa EPOR 35 1D Infections, Hemorrhage, approved by Chemical Formula  C3H3CIN05S
Hyperparathyroidism... [« |m Download ~ | @ Similar Structures
small
Ruxolitinib ;iﬁi' 37 7 Splenomegaly molecule,
approved
Breast Neoplasms, Gastrointestinal Stromal small
o ABL1, Tumors, Leukemia, Leukemia, Lymphoid,
el poGFRE 40 3 Leukemia, Myelogenous, Chronic, BCR-ABL 2;'3"')'?;:‘5'

oot }E Activity

1z

Positive, Leukemia, Myeloid, Mastocytosis...
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Spectra for
T Spﬁgtances
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Copyright © 2009
7 18 V. Poroikov, D. Filimonov & Associates
<0 O hftpAvww. ibmc. nsk.ru/PASS/
' A, o
0 ‘oltj\{ %
\)@:U UU Uj\(LU ’ Um/&\r 48 Substructur
1 o There are B kng

Liron-L ik Eres

o

Table 14. Prospective drugs, predicted by PASS software to be active against the identified drug
targets with predicted activilty against the studied disease(s) (drug candidates predicted with the
cheminformatics tool PASS)

See full table —

Name Target names Drug Target activity
rank score
PTPRR, PTPR], PTPN23, PTPRA, PTPRE, DUSP4,
K101 pyspis... ' 12 =
< Table 15. Prospective drugs, predicted by PASS software to be active against the identified drug
) targets, though without cheminformatically predicted activity against the studied disease(s) (drug
S candidates predicted with the cheminformatics tool PASS)
See full table —
Drug Tar_gl_at
Name Target names activity
rank
score
3-[1-(3-AMINOPROPYL)-1H-INDOL-3-YL]-4- MAPK12, MAP3K10, PRKAA2, 11 23
(1H-INDOL-3-YL)-1H-PYRROLE-2,5-DIONE PRKG1, SIRT1, PRKCE, PRKCA... .
- PTK2, MAP3K10, PRKAAZ2, SIRT1,
Rbt205 Inhibitor PRKCE, PRKCA, MAP2K4. .. 14 1.8
3-[1-(3-Aminopropyl)-1h-Indol-3-Y1]-4-(1- MAP3K10, PRKAA2, SIRT1, 16 1.56
Methyl-1h-Indol-3-Y1)-1h-Pyrrole-2,5-Dione PRKCE, PRKCA, PKN1, CDK7... )
MAPK10, MAPKSB, MAPK1,
2,5,7-Trihydroxynaphthoquinone DUSP22, DUSP16, DUSP4, 27 1.23
DUSPS...
Busulfan PTPRR, PTPR], PTPN23, PTPRA, 19 28

PTPRE, DUSP4, DUSP18...
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Edit Select all | Select page
First | | Previous Pag of 1 Next | | Last Showing 1 to 38 of 38 entries Show entries
) Druggability Gene description Gene HumanPSD title line Name Structures LogFe_Twn © T0tala e ) e )
symbol rank
Bortezomib, 2-ACETYLAMINO-4-METHYL-PENTANOIC
proteasome 205 subunit Proteasome subunit alpha type 7, a peptidase that is involved in endosomal transport, inhibits cell proliferation, g
ENSG00000101182 3 alpha 7 PSMAT e o) o T e T e M e e PSMA7  ACID [1-{1-FORMYL-PENTYLCARBAMOYL)-3-METHYL-  1.62966 75
NIMA related kinase 2, a protein phosphatase inhibitor that induces chramosome segregation and spindle assembly 5-[(2)-(5-CHLORO-2-0X0-1,2-DIHYDRO-3H-INDOL-3- ~
ENSG00000117650 1 NIMA related kinase 2 NEK2 checkpaint in mitosis, protein is upregulated in non-small cell lung cancer; mRNA is upregulated in breast, ovarian, and NEKZ YLIDENEJMETHYL]-N-(DIETHYLAMINO)ETHYL]-2,4- 2.77086 185
pancreatic cancer DIMETHYL... (more)
Spleen tyrosine kinase, a signal transducer that acts in Fe-receptor mediated signaling, B cell differentiation, platelet :
| ted st N-(2-hydroxy-1,1-dimethylethyl)-1-
ENSGO0000165025 6 :;rs;':;ﬁﬁ;‘:e’ SYK :;\tv:;x:t,ouszzgomns\s, and immunity, aberrantly expressed in breast cancer, lymphocytic leukemia, and systemiclupus  SYK m:t“h’;f_g‘_’(’l";_’wrfa‘Dégﬂ_gﬁw’”m;_@;‘]V_f. (VMLH] 1.94292 185
interleukin 1 receptor Interleukin-1 receptor-associated kinase 4, mediates the activation of NF-kappaB in TLR mediated innate immunity, acts 1-(3-HYDROXYPROPYL)-2-[(3-
ENSGO0000158001 1 aseociated kmsea IRAKS in TNF production and LDL-mediated signaling; gene mutations correlate with invasive pneumacoccal disease and IRAK4 NITROBENZOYL)AMINO]-1H-BENZIMIDAZOL-5-YL 2.29815 26
prostate cancer Pl
Caspase 3 apoptosis-related cysteine peptidase, induces apoptosis, acts in GPCR signaling and long term depression, Minocycline, 5-[4-(1-Carboxymethyl-2-Oxo-
ENSG00000164305 11 caspase 3 CASP3 upregulated in Alzheimer disease, diabetes, arteriosclerosis, dermatitis, and several cancers; knockout of the mouse CASP3 1 1-2-Hyd 0.70169 247
Casp3 causes cataract Acid... (more)
Aurors kinase B, acts in megakaryocyte differentiation, spermatogenesis, chromosame segregation, and meiotic spindle o i
ENSGO0000178999 3 aurors kinase B AURKE ;teaabp\\g:rtv\‘:n, reg’u\ates apaptosis, G2-M transition of m’\tus\s, and cytokm’es\s, upregulated in prostate and several other AURKB zﬁ:s;fs}g‘*‘fﬂ?j‘%EHspuﬁxé‘uzhgf‘éL”“m:e (4 16847 258
Cyclin A2, a cydlin-dependent protein kinase regulator that regulates cell cycle, cell proliferation, protein localization, and 4-(2,4-Dimethyl-Thiazol-5-YI)-Pyrimidin-2- Y\amme, 6-
ENSGO0000145386 33 cyclin A2 CCNA2 nuclear envelope breskdown, upregulated in Barrett esophagus, liver cirrhosis, germinoma, and breast and vulval CCNAZ  O-Cyclohexylmethyl Guanine, [4-(2-Amino-4-.. 2.80857 261
(o BeBauusymab + non
]
Rho associated coiled- Rhe-associated coiled-coil containing protein kinase 2, mediates smooth musdle contraction, stress fiber formation, and 5(14-DIAZEPAN-1-SULFONYL)ISOQUINOLINE, (R)-
ENSGO0000134318 2 coil containing protein ROCK2 focal adhesion assembly, upregulated in testicular cancer; gene polymarphism correlates with increased blood pressure ROCKZ  fonle g (-AMINOETHYL) H-(A-PYRIDVL) . (mope) 15529 262
inase and breast cancer 6
ENSGO0D00133275 3 casein kinase 1 gamma CSNKLG2 Casein kinase 1 gamma 2, a protein kinase that acts in estrogen receptor signaling pathway, inhibits transcription; gene CSNK1G2 1C261, N-(2-Aminoethyl)-5-Chloroisogquinaline-8- 0.95595 23 H )I(H a bln a
e 2 polymorphisms are associated with febrile seizures, mRNA expression is increased in osteosarcoma Sulfonamide, 5-iedotubercidin
ENSGOOI00134058 2 cyclin dependent kinase oK Cyclin-dependent kinase 7, regulates cell cycle and DNA repair, a:cts in transcription initiation and protein catabolic oK7 Phasphonothreenine, Flavopiridol 156154 %3
Se———— 7 process, increased expression correlates with Alzheimer disease; mRNA expression is downregulated in ovarian cancer
Cyclin-dependent kinase 1, acts in DNA damage checkpoint, cell proliferation, apoptosis, and neuron differentiation, Ly Ko M M H a u M ﬂ
ENSGO0000170312 7 TV““" dependentkinase regulates EGFR signaling, aberrant protein expression correlates with Alzheimer disease, HIV infection, and colonic and CDK1 Is”jg‘;"lz?Fz‘a:;‘;"‘:i’;‘nﬂ'"i‘gm;:ﬁ:vZﬁ;{“;‘d‘s‘”g’ 2.80857 274
several neoplasms
3-phosphainositide 3 Celecoxib, Inositol 1,3,4,5-Tetrakisphosphate, 7-
-phosphoinositide-dependent protein kinase-1, acts in GPCR pathway, cell cycle regulation, cell migration, and ovarian
ENSGO0000I40997 13 gependent proten POPKLfolile development, upreguiated in breast cancer; knockout of the mouse Pdpkl causes premature ovarian falure PORL - Hdrsteuesporine, 3 (L Amnosopy - L2583 &
EPH receptor-B2, a tyrosine kinase that acts in Ras signaling, axonal fasciculation, vasculogenesis, nervous system
ENSGO0D00133216 1 EPH receptor B2 EPHB2 development, and memory, requlates apoptosis, cell adhesion, and eynaptic plactcty, uprequlated in brain, prostate, and  EPHB2 Phosphoaminophosphonic Acid-Adenylate Ester 2.215%8 284
several neoplasms
" telabic oo oot ooty s " oo aad coucele ol
ENSG00000143727 2 Polo-like kinase 1, a serine-threonine kinase that acts in Golgi organization, mitotic cell cycle G2-M transition DNA 3-[3-chloro-5-(3-{[(15)-1-
ENSGO0000166851 5 pola like kinase 1 PLK1 damage checkpoint, spindle assembly, cytoskeleton organization, and apoptosis, upregulated in thyroid and various other  PLK1 phenylethyl]amino}isoxazolo[5,4-c]pyridin-3- 2.11909 343
neoplasms yl)phenyl]propan-1-ol, 3-[3... (more)
ENSGO0000116478 5 .
Bt R . Phosphonothreenine, AT9283, CYC116, MLN8237, 4-
Aurora kinase A, acts in centrosome separation, cell cycle, cell proliferation, and in-utero embryonic development f g b 3
ENSG00000087586 13 aurora kinase A AURKA g . | ! ‘ ! AURKA (4-METHYLPIPERAZIN-1-YL)-N-[5-(2- 2.41513 348
upregulated in fibrocystic breast disease, medulloblastoma, Barrett esophagus, and several other cancers THIENYLACETYL)-.., (more)
ENSGO0000070770 1 casein kinase 2 alpha 2 conkoaz  Cesen kinase 2 alpha prime polypeptide, a protein tyrosine kinase and transcription regulator that acts in mitotic spindle CSNK2A2 [1-(6-{6-[(1-methylethyl)amino]-1H-indazol-1- 1.16558 351
E—— checkpoint, cell proliferation, and spermatogenesis, upregulated in villous adenoma yl}pyrazin-2-yl)-1H-pyrrol-3-yl]acetic acid
Homolog of v-yes-1 Yamaguchi sarcoma viral related ancogene, @ protein tyrosine kinase that acts in apoptosis, cytokine-
LYN prote-oncogene, Src 1-Tert-Butyl-3-(4-Chloro-Phenyl)-1h-Pyrazolo[3,4-
ENSG00000254087 4 S e e LYN mediated signaling pathway, leukacyte chemotaxis, and phagocytosis, upregulated in squamous cell carcinoma and LYN DJPyrimidin-4-Ylamine, Bosutinib, Ponatinib, .. (mare) 1.47931 351
several other neoplasms
V-erb-b2 erythroblastic leukemia viral oncagene homolog 2, activates MAPK activity and positively regulates cell .
erb-b2 receptor tyrosing e : " t Trastuzumab, Lapatinib, IGN311, XL647, ade-
ENSGO0000141736 7 lanase 7 ERBB2 proliferation, inhibits apaptosis, acts in angiogenesis and organ development, uprequlated in breast, prostate, and several ~ ERBB2 trastuzumab emtansine, Pertuzumab, Afatin 1.36558 353
other cancers
tholtransh i ohosphat: 5
ENSGO0000Z0SE2S 1 leucine carboxyl LCHT Leucme_carhaxyl i i 1, a protein phosphatase type 24 activator that F\ays a ra\_e in spindle checkpoint, LM \-Leucine 108522 31
_ methyltransferase 1 apoptotic nuclear fragmentation, and regulation of cell proliferation, downregulated in heart failure
HRas prote-ancogene, Homolog of v-Ha-ras Harvey rat sarcoma viral oncogene, an signal transducer that mediates aging, upregulated in Hexane-1,6-Dial, Trifluoroethanal, Guanasme 5-
ENSG00000174775 5 STPase ! HRAS cervical and several neoplasms; gene polymarphism is associated with arteriosclerosis, autistic disorder, pserizsis, and HRAS Triphosphat 5'-Diph: 1.08844 388
tobacco use disorder (mare)
ENSGDOODOL12747 1 TTK protein kinase T TTK protein kinase, a dual specificity protein kinase that induces mitosis transition, inhibits apoptosis and protein ™ 2,6-Dihydroanthra/1,3-Cd/Pyrazal-6-One 271685 393
_— ubiguitination, upregulated in stomach and breast neoplasms; gene mutation correlates with colorectal cancer
- Vascular endothelial growth factor A, acts in angiogenesis, heart development, and cell migration, regulates cell 3 " 3
vascular endathelial e b N v g 3 . Bevacizumab, Minocycling, Gliclazide, Carvedilal,
ENSG00000112715 12 T e VEGFA pmllfgratlon_and cytokine secretion, upregulated in breast neoplasm, hepatocellular carcinoma, rheumatoid arthritis, and VEGFY T TR T18, P T B 775 o (T 1.27704 357
Alzheimer disease
. S - - - . 4-[5-[2-(1-Phenyl-Ethylamino)-Pyrimidin-4-Y(]-1-
mitogen-activated Mitogen activated protein kinase 14, a signal transducer that is invelved in cell proliferation and differentiation, apoptosis, - K
ERSGHIN RIS protein kinase 14 BB cell cycle, muscle development, and prostaglandin biosynthesis, upregulated in psoriasis and lung and brain diseases LA E'Ir:tu}gg-zl-[3-Tr|ﬂuaromethylphenyl]-lh-Imldazo\-2-... e e
WEE1 G2 checkpint WEE1 homolog, & protein tyrosine kinase that regulates G2-M transition of cell cycle and circadian rhythm, upregulated in 4-HYDROXY-4-PHENYL-6H-PYRROLO[ 3 4-
ENSG00000166483 6 I WEEL liver cirrhesis; mRNA is downregulated in azoospermia and HIV infections, map position correlates with Beckwith- WEEL C]CARBAZOLE-1,3-DIONE, §-HYDROXY-6-(3- 0.01%% 406
e inase -
Wiedemann syndrome HYDROXYPROPYL)-4-(2-... (more)
i E Mitogen-activated protein kinase 1, a signal transducer that acts in chemotaxis and antiapoptosis, regulates Isoprenaline, Arsenic trioxide, Olemoucine,
ENSG00000100030 14 MAPK1 phosphorylation, neurogenesis, ossification, and transcription, aberrant expression correlates with depression, breastand ~ MAPK1 Phosphonothreonine, Purvalanol, $8220025, N,... 1.93006 427

protein kinase 1

various other neoplasms
Interleukin 1 beta, a signal transducer that acts in cell migration, uprequlated in AIDS, anemig, brain diseases, diabetes,

(mare)
Minocycling, Av411, VPO25, 681323, Gallium nitrate,
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Table 12. FDA approved drugs or drugs used in clinical trials for the studied pathology (most

\x‘ﬁ'\ promising treatment candidates selected for the identified drug targets on the basis of literature
3 curation in HumanPS0™ database)
See full table — N
N Target Drug Dli_ee_lse ph 4 Status (provided by -
ame names rank 9€ Ivity ase Drugbank)
sCore
Acne Vulgaris, Affect,
VEGFA, Alopecia, Autistic Disorder, small
Minocycline IL1B, 30 2 Bacterial Infections, Bipolar | | di tiaati |
CASP3 S (B molecule, approved,investigationa
Periodontitis. ..
Colorectal Neoplasms,
Adenoma, Adenomatous
Celecoxib ~ PDPK1 77 11 Palyposis Coli, small

Adenomatous Polyps, Ankle molecule, approved,investigational
Injuries, Arteriosclerosis,
Arthritis...

Breast Neoplasms,
Meoplasms

Carcinoma, Mon-Small-Cell
Lung, Moma

Central Serous
Chorioretinopathy,
Choroidal
MNeovascularization, Cysts,
Diabetic Retinopathy,
Edema, Macular
Degeneration, Macular
Edema...

Pertuzumab ERBB2 103 3 biotech,approved

Afatinib ERBE2 114 4 small melecule,approved

Aflibercept  VEGFA 115 7 biotech,approved
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The Targets of Curcumin

12

Hongyu Zhou', Christopher S. Beevers' and Shile Huang"

'Department of Biochemistry and Molecular Biology and *Feist-Weiller Cancer Center, Louisiana State University
Health Sciences Center, 1501 Kings Highway, Shreveport, L4 71130-3932, USA

Abstract: Curcumin (diferul , an vellow comp of tummenic or curry powder, is a polyphenol
natural product isolated from the rhizome of the plam Curcuma longa. For centuries, curcumin has been used in some
medicinal preparation or used as a food-coloring agent. In recent years, extensive in vitro and in vivo studies suggested
curcumin has anficancer, antiviral, anti-amyloid, anti and anti-infl properties. The
underlying mechanisms of these effects are diverse and appear to involve the regulation of various molecular targets,
including transcription factors (such as nuclear factor-kB), growth factors (such as vascular endothelial cell growth
factor). inflammatory cytokines (such as tumor necrosis factor, interleukin 1 and interleukin 6). protein kinases (such as
mammalian target of rapamycin. mitogen-activated protein kinases, and Akt) and other enzymes (such as cyclooxygenase
2 and 5 lipoxygenase). Thus, due o its efficacy and regulation of multiple targets, as well as its safety for human use.
curcumin has received considerable interest as a potential therapeutic agent for the prevention and/or treatment of various
malignant diseases, arthritis, allergies, Alzheimer’s disease, and other inflammatory illnesses. This review summarizes
various in vitro and in vivo pharmacological aspects of curcumin as well as the underlying action mechanisms. The
recently identified molecular targets and signaling pathways modulated by curcumin are also discussed here.

Keywords: Curcumin, molecular targets, transcription factors, growth factors, inflammatory cytokines, protein Kinases,

enzymes.

Mol. Nutr. Food Res. 2008, 52, 000-000 DOI10.1002/mnfr.200700354

Review
Multi-targeted therapy by curcumin: how spicy is it?

Ajay Goel', Sonia Jhurani* and Bharat B. Aggarwal®

* Gastrointestinal Cancer Rescarch Laboratory, Department of Intemal Medicine, Charles A. Sammans
Cancer Center and Baylor Rescarch Institute, Baylor University Medical Canter, Dallas, TX, USA

* Cytokine Research Laborstory, Department of Experimental Therapeutics, The University of Texas M. D.
Anderson Cancer Center, Houston, TX, USA

Although traditional medicines have been used for thousands of years, for most such medicines neither
the active component nor their molecular targets have been very well identified. Curcumin, a yellow
component of turmeric or eurry powder, however, is an exception. Although ihibitors of cyelooxyge-
nase-2, HER2, tumor necrosis factor, EGFR, Ber-abl, proteosome, and vascular endothelial cell growth
factor have been approved for human use by the United States Food and Drug Administration (FDA),
curcumin as a single agent can down-regulate all these targets. Curcumin can also activate apoptosis,
down-regulate cell survival gene products, and up-regulate p33, p21, and p27. Although curcumin is
poorly absorbed after ingestion, multiple studies have suggested that even low Ie»elsafphysmlogucally
achievable concentrations of curcumin may be sufficient for its che mop ive and cl i

activity. Thus, curcumin regulates multiple targets (multitangeted therapy), which is needed for treat-
ment of most diseases, and it is inexpensive and has been found to be safé in human elinical rials. The
present article reviews the key molecular mechanisms of curcumin action and compares this to some of
the single-targeted therapies currently available for human cancer.

Keywords: Cancer/ Curcumin / Cycloovygenases / Multi-targeted therapy / Tumor necrosis factor
Received: September 7, 2007: revised: Ocober 12,2007; accepled: October21,2007




Targets predicted for curcumin by PASS 2021 Advanced ChEMBL-27

OH

CH,

Curcumin

GeneBymbol |UnspecifieddD Pa Pi action
GSK3B Glycogen®ynthaselkinase-3ieta 0.846( 0.039]inhibitor
AOX1 Aldehydelxidase 0.789( 0.058]inhibitor
PIK3R1 PI3-kinase@85-alphaBubunit 0.767( 0.009|inhibitor
TOP2A DNARopoisomeraseizlpha 0.716| 0.001|inhibitor
BRCA1 Breast@ancerypeflBusceptibility@rotein 0.697( 0.004|inhibitor
ALOX12 Arachidonatef 2-lipoxygenase 0.653( 0.062]inhibitor
LIG1 DNAHfigasell 0.651| 0.076|inhibitor
TDP1 Tyrosyl-DNA@Phosphodiesterasell 0.638| 0.039|inhibitor
AKR1A1 Aldehyde@eductase 0.621( 0.026]inhibitor
CA3 Carbonicnhydrasefll 0.62| 0.004|inhibitor
CRYZ Quinone@®xidoreductase 0.601( 0.005]activator
GLA Alpha-galactosidase® 0.585| 0.095|inhibitor
CELA1 Elastasel 0.527| 0.057|inhibitor
UGT1A1 UDP-glucuronosyltransferasel-1 0.505( 0.024]inhibitor
HSD17B10 Endoplasmic@eticulum-associated@myloidibeta- 0.502| 0.091|inhibitor
MPG DNA-3-methyladenine@lycosylase 0.485( 0.034]inhibitor
LPL Lipoproteintipase 0.48( 0.104|inhibitor
ALPI Intestinal@lkaline@hosphatase 0.471| 0.039|inhibitor
CBS Cystathionine@eta-synthase 0.465| 0.003|inhibitor
PLCG1 Phospholipase-gamma-1 0.46( 0.019]inhibitor
CA6 Carbonicnhydrase®/| 0.457( 0.004|inhibitor
BLM BloomByndromelprotein 0.457| 0.092|inhibitor
CAMK2B CaMkinasellibeta 0.452| 0.285|inhibitor
RECQL ATP-dependent@NAthelicasef1 0.451( 0.231]inhibitor
CYP1A2 Cytochrome@4507A2 0.45| 0.013(inhibitor
MAOA Monoamine®xidase@ 0.448| 0.007|inhibitor
ALOX15 Arachidonatel 5-lipoxygenase 0.438( 0.106]inhibitor
ATG4B CysteineBproteasePATG4B 0.434( 0.072]inhibitor
CA13 Carbonicnhydrase®XIll 0.427| 0.006 |inhibitor
DHODH Dihydroorotate@iehydrogenase 0.425( 0.062]inhibitor
DYRK1A Dual-specificityiyrosine-phosphorylation@egulat] 0.419( 0.007|inhibitor
PTPRCAP Proteinftyrosine@hosphatase@eceptorypell-as 0.418( 0.007|inhibitor
CYP2C9 Cytochrome®4502C9 0.398| 0.044 |inhibitor
LYPLA1 Acyl-proteinhioesterasell 0.388 0.03|inhibitor
POLK DNABolymerasekappa 0.387( 0.115]inhibitor
HNMT Histamine@N-methyltransferase 0.38| 0.157|(inhibitor
CHRM1 Muscariniccetylcholine@eceptoriM1 0.376( 0.072]antagonist
ALPG « « JAlkaline@hosphatase@lacental-like 0.367( 0.007]inhibitor
ABAT Gamma-amino-N-butyrateransaminase 0.362( 0.021]inhibitor
CHRM5 Muscariniccetylcholine@eceptorM5 0.358( 0.077]antagonist
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Bbunomapkepbl HeraTUBHO accouuupoBaHHble ¢ CRC

CRC negative biomarkers from case 12

®

First | | Previous |Page of 1| Next | | Last Showing 1 to 7 of 7 entries Show entries
1D LogFC_TvN Gene description Gene symbol Ensembl ID
ENSGO00000133216 2.21558 EPH receptor B2 EPHB2 ENSGO0000133216
ENSGO0000183765 1.83091 checkpoint kinase 2 CHEK2 ENSGO0000185765
ENSG00000146648  1.36958 epidermal growth factor receptor EGFR ENSG00000146648
ENSG00000197122 1.365958 SRC proto-oncogene, non-receptor tyrosine kinase SRC ENSG00000197122
ENSG00000064012 1.228%4 caspase 8 CASP3 ENSG00000064012
ENSG00000133703 1.08844 KRAS proto-oncogene, GTPase KRAS ENSG00000133703
ENSG00000082701  0.53519 glycogen synthase kinase 3 beta ENSG00000082701

GSK3B

HumanPSD™

Increased activity of GSK3B
associated with Alzheimer disease

GSK3B gene does not correlate

with colorectal neoplasms

Increased dephosphorylation of
GSK3B may cause increased
response to drug associated with

lung neoplasms

expression of EPHB2 protein does not
correlate with colorectal neoplasms

increased expression of EPHB2 mRNA

correlates with bone

witH lung neoplasms

eoplasms associated



TF clusters in the promoter of FYN gene
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It’s a fuzzy puzzle!
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Leading Edge

A Phase Separation Model
for Transcriptional Control

Denes Hnisz,''? Krishna Shrinivas,>”%10 Richard A. Young,' 2" Arup K. Chakraborty, 258 7.8% and Phillip A. Sharp?2”
TWhitehead Institute for Bliomedical Research, 9 Cambridge Center, Cambridge, MA 02142, USA

“Departmant of Chemical Enginearing

JDepartmant of Biology

“Departmient of Physics
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Phase-separated condensates

eI . .
v S TFs have unstable and dynamic protein structure that
promotes formation of such condensates.

Richard Young and colleagues at Massachusetts Institute of
Technology (MIT).



“Regulatory code”

g e Alexander fasltoiwany

Where ? /
2
% ﬂhen ?

How ?

With whom?



Several regulatory messages could be written in the same sequence

Reading of the messages depends on the cellular context
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&

he 11 o Alexander

it ek’

o d-by e Alexander

. GRk -

Alexander fas t

1)




Even some messages which were not written

gherllojunomd-bype Alexander fasltoiwany

Alexander




- Sites are short but genome is big- sites

are everywhere! E e

- Fuzzy puzzle of site combinations
7%

- Corrupted pathways. Master-regulators
drug targets, personalized therapy
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Colorectal cancer (CRC):

EU Project SysCol
300 patients:

CpG methylation profiles

Correlation

Kel et al BMC Bioinformatics 2019, 20(Suppl 4):119
https://doi.org/10.1186/512859-019-2687-7

RESEARCH

Walking pathways with positive feedback
loops reveal DNA methylation biomarkers
of colorectal cancer

Gene expression profiles

& [
< Ll

-1000bp +100bp

£3 SYSCOL
SYSCOL

Systems Biology of Colorectal Cancer

BMC Bioinformatics

Open Access




‘_We find master-regulator network with positive feedback loops
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We identified 6 CpG methylation biomarkers
for early detection of CRC

Genep

ProbedDE Chromosomed SymbolPl GeneName?l
cg01421342F 113 CALCAR calcitonin-relatedBolypeptide@iphal
cg06972019(
(CpGMNe3 )@ 19 ENO1R enolasell,{alpha)

v-mycvian@nyelocytomatosis@iral@®ncogenel
cg00163372F 83 MYCH homologfl
cg02991571G 133 PDX1E pancreaticBind@uodenalfhomeobox
cg24093411% 53 TCF70 transcription@actor{T-cellBpecific, HMG-box)E
cg02612618[ 191 ZNF43p] zincingerrotein 3

93% success rate
on independent
cohort

(from Siberia)

In liquid biopsy




