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

Non-
coding

Coding

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

Dark 
matter of 
genome!



Monsters are sleeping in our genome  



Cancer is a dragon with many heads:

- Late detection

- Wrong drug 

- Metastases 

- Drug resistance



Lung cancer 

EGFR TKI resistance in NSCLC  



Erlotinib
sensitive

Erlotinib
resistant 

Up = 5495

Down = 5591

(
a
d
j
.
p
-
v





…

Search for new TF binding sites with PWMs
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TRANSFAC® ,
HOCOMOCO,
JASPAR,
FactorBook,
UniPROBE,…



1-st exonpromoter

TSS

-1000 0 +100

Promoter face  

TF binding sites in promoters of a Erlotinib-resistance genes 



5260 TFs – the promoter face is too complicated !!!!  



GTRD database – comprehensive ChIP-seq database



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 



Emotion API - Emotion Detector | Microsoft Azure

There are new AI methods available for recognition of human emotions: 

We are going to use these algorithms for recognizing Erlotinib-resistance
promoter “emotions” – promoter “smile”. 
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Composite Module Analyst (CMA)

Mathematical model

mk

CM contains single elements as well as composite elements (site pairs)
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Composite model of the Erlotinib-resistance promoters 

129 top
UP-regulated 
genes 
with TF 
clusters

500 
Non changed 
genes 
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Result of the analysis
Composite module (Promoter smile) of the erlotinib resistance in NSCLC



TF clusters in the promoter of FYN gene 



? Master regulator ?



Master-regulator
New master-regulator



New master-regulator



Pathway corruption –
In cancer new rewired networks appear with 

multiple feedback loops

CancerHealthy
Canonical pathways Canonical pathways



Master regulators of Erlotinib-resistance 
up-regulated genes



Repurposing 
drugs/compouns



https://ge.genexplain.com



Химиотерапия + Бевацизумаб

Мастер-регуляторов с

обратными связями - 110

Частичный регресс
Метастазы – легкие, печень

Химиотерапия

Ремиссия

Мастер-регуляторов с

обратными связями - 39

4 мишени 12 мишеней

Колоректальный рак

RNA-seq опухолевой и нормальной тканей
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Мастер-регуляторы 
пациента 12

VEGF-165

Бевацизумаб +

но
+ другие 

препараты



Терапевтические мишени 
пациента 12

Бевацизумаб + доп.

(нужна была 

комбинация)



Предсказанные лекарства для пациента 12
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Pharmacological Potential of Curcumin
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Targets predicted for curcumin by PASS 2021 Advanced ChEMBL-27

. . .

Curcumin

Gene	symbol Unspecified	ID Pa Pi action

GSK3B Glycogen	synthase	kinase-3	beta 0.846 0.039 inhibitor

AOX1 Aldehyde	oxidase 0.789 0.058 inhibitor

PIK3R1 PI3-kinase	p85-alpha	subunit 0.767 0.009 inhibitor

TOP2A DNA	topoisomerase	II	alpha 0.716 0.001 inhibitor

BRCA1 Breast	cancer	type	1	susceptibility	protein 0.697 0.004 inhibitor

ALOX12 Arachidonate	12-lipoxygenase 0.653 0.062 inhibitor

LIG1 DNA	ligase	1 0.651 0.076 inhibitor

TDP1 Tyrosyl-DNA	phosphodiesterase	1 0.638 0.039 inhibitor
AKR1A1 Aldehyde	reductase 0.621 0.026 inhibitor

CA3 Carbonic	anhydrase	III 0.62 0.004 inhibitor

CRYZ Quinone	oxidoreductase 0.601 0.005 activator

GLA Alpha-galactosidase	A 0.585 0.095 inhibitor

CELA1 Elastase	1 0.527 0.057 inhibitor

UGT1A1 UDP-glucuronosyltransferase	1-1 0.505 0.024 inhibitor

HSD17B10 Endoplasmic	reticulum-associated	amyloid	beta-peptide-binding	protein0.502 0.091 inhibitor

MPG DNA-3-methyladenine	glycosylase 0.485 0.034 inhibitor
LPL Lipoprotein	lipase 0.48 0.104 inhibitor

ALPI Intestinal	alkaline	phosphatase 0.471 0.039 inhibitor

CBS Cystathionine	beta-synthase 0.465 0.003 inhibitor

PLCG1 Phospholipase	C-gamma-1 0.46 0.019 inhibitor
CA6 Carbonic	anhydrase	VI 0.457 0.004 inhibitor

BLM Bloom	syndrome	protein 0.457 0.092 inhibitor

CAMK2B CaM	kinase	II	beta 0.452 0.285 inhibitor

RECQL ATP-dependent	DNA	helicase	Q1 0.451 0.231 inhibitor

CYP1A2 Cytochrome	P450	1A2 0.45 0.013 inhibitor

MAOA Monoamine	oxidase	A 0.448 0.007 inhibitor

ALOX15 Arachidonate	15-lipoxygenase 0.438 0.106 inhibitor

ATG4B Cysteine	protease	ATG4B 0.434 0.072 inhibitor
CA13 Carbonic	anhydrase	XIII 0.427 0.006 inhibitor

DHODH Dihydroorotate	dehydrogenase 0.425 0.062 inhibitor

DYRK1A Dual-specificity	tyrosine-phosphorylation	regulated	kinase	1A0.419 0.007 inhibitor

PTPRCAP Protein	tyrosine	phosphatase	receptor	type	C-associated	protein0.418 0.007 inhibitor

CYP2C9 Cytochrome	P450	2C9 0.398 0.044 inhibitor

LYPLA1 Acyl-protein	thioesterase	1 0.388 0.03 inhibitor

POLK DNA	polymerase	kappa 0.387 0.115 inhibitor

HNMT Histamine	N-methyltransferase 0.38 0.157 inhibitor
CHRM1 Muscarinic	acetylcholine	receptor	M1 0.376 0.072 antagonist

ALPG Alkaline	phosphatase	placental-like 0.367 0.007 inhibitor

ABAT Gamma-amino-N-butyrate	transaminase 0.362 0.021 inhibitor

CHRM5 Muscarinic	acetylcholine	receptor	M5 0.358 0.077 antagonist

GSK3-beta



Мастер-регуляторы 
пациента 12

VEGF-165

Бевацизумаб

+

Curcumin?

GSK3beta
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Биомаркеры негативно ассоциированные с CRC

CRC negative biomarkers from case 12

HumanPSD™

• expression of EPHB2 protein does not 
correlate with colorectal neoplasms 

• increased expression of EPHB2 mRNA 
correlates with bone neoplasms associated 
with lung neoplasms

• 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 



TF clusters in the promoter of FYN gene 



It’s a fuzzy puzzle!

Repression

Activation





Phase-separated condensates 

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

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



gherllojunomd-bype Alexander fasltoiwany

Where ?

When ?

With whom?

How ?

?

“Regulatory code”



gherllojunomd-bype Alexander fasltoiwany

Several regulatory messages could be written in the same sequence

Reading of the messages depends on the cellular context

1)

gherllojunomd-bype Alexander fasltoiw

2)

gherllojunomd-bype Alexander fasltoiw

3)
gherllojunomd-bype Alexander fasltoiw



gherllojunomd-bype Alexander fasltoiwany

Even some messages which were not written

gherllojunomd-bype Alexander fasltoiwany

gherllojunomd-zype Alexander fasstoiwany

l



- Sites are short but genome is big- sites 
are everywhere!

- Fuzzy puzzle of site combinations

- Corrupted pathways. Master-regulators 
drug targets, personalized therapy 



Thank you!

www.genexplain.com



Thank you!



-1000bp +100bp

TSS-CH3

+100bp -100bp

Gene expression profilesCpG methylation profiles 

Colorectal cancer (CRC):

EU Project SysCol
300 patients:

Correlation

50kb



We find master-regulator network with positive feedback loops 

49
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ENO1 CALCA

HDAC2
NOTCH1

MYC
49



Probe	ID	 Chromosome	
Gene	
Symbol	 Gene	Name	

cg01421342	 11	 CALCA	 calcitonin-related	polypeptide	alpha	
cg06972019	
(CpG	№3)		 1	 ENO1	 enolase	1,	(alpha)	

cg00163372	 8	 MYC	
v-myc	avian	myelocytomatosis	viral	oncogene	
homolog	

cg02991571	 13	 PDX1	 pancreatic	and	duodenal	homeobox	1	

cg24093411	 5	 TCF7	 transcription	factor	7	(T-cell	specific,	HMG-box)	
cg02612618	 19	 ZNF43	 zinc	finger	protein	43	
	

We identified 6 CpG methylation biomarkers
for early detection of CRC 

93% success rate
on independent 
cohort 
(from Siberia)

In liquid biopsy 


