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"Eine gute Theorie ist das Praktischste
was es gibt."

“A good theory is the most 
practical thing”

Gustav Robert Kirchhoff

(1824 - 1887), German physicists  





GGTGGGcctccggagtgaccaatgagtgTGGACAGATGCCA

Sp1 NF-Y

NF-1

COMPEL: C00006

Chicken embryonic -globin gene
Sp1 cooperatively with NF-Y activates 

transcription

in primitive erythroid cells

NF-1 represses transcription 

in adult cells

acaggaTGTCCATATTAGGacatctgcg

YY-1

SRF

COMPEL: C00009

Human c-fos protooncogene

SRF mediates the rapid, transient induction of the 
c-fos protooncogen by serum growth factors. 

YY1 diminishes both basal and 

serum-induced expression 

of the c-fos.

COMPEL: C00054
Rat serum amyloid A1 gene

TGGTAGTCTTGCACAGGAAATGACATggtGGGACTTTCCCcaggg

C/EBP NF-B

YY-1

C/EBP and NF-B synergistically 

activate transcription in liver cells

during acute phase response

YY1 represses inducible transcription of 

this gene.

Antagonistic composite elements



Site Word

Paradigm shift
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Site 

Composition



Composite Module (CM)

Composite Modules (CM)

(Mark Ptashne, Alexander Gann  Genes and Signals, 2002)



human TNF promoter

mast cells

T-cells + ?

dendritic cells

T-cells

-107 -74

NFAT

NFATAP-1

NF-kB

C/EBPAP-1

VDR



Exact fit

DNA

TF



DNA	

TF1 TF2 TF4 

It	is	Fuzzy	Puzzle!		

Work		

DNA	

TF5 
TF6 

TF1 

TF2 

TF3 

Does	not	work		

Gene	

Gene	





TGAgTCA

AP-1

TGAGTCAHuman collagenase (-2013) 
*******

TGTGTAA
** ** *

Mouse IL-2 (-143)

TGTAATA
**    * Mouse IL-2 (-82)

Consensus:



…

Search for new TF binding sites with PWMs
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Mouse c-fos promoter 
(Matrix search for TF binding sites)

          1                         <------------V$IK1_01(0.86)   -----...V$CREBP1CJUN_01(0.85) 
          2                          <-----------V$IK2_01(0.90)   -----...V$CREB_01(0.96) 
          3   ----------->V$AP2_Q6(0.87)   <-------------V$GKLF_01(0.87) 

          4-->V$ATF_01(0.89)             <-------V$MZF1_01(0.99)   ----...V$ELK1_01(0.87) 
          5              <-----------V$AP2_Q6(0.92)   <------------V$SP1_Q6(0.88) 
          6>V$AP1FJ_Q2(0.89)              <-------------V$GKLF_01(0.85) 

          7>V$AP1_Q2(0.87)                  <-------------V$GKLF_01(0.86) 
          8->V$CREB_Q2(0.86)                   <---------V$CETS1P54_01(0.90) 
          9->V$CREB_Q4(0.90)                   <---------V$NRF2_01(0.90) 

         10                                          <-------------V$GC_01(0.88) 
         11                                              ----------->V$CAAT_01(0.87) 
         12                                              <------------V$TCF11_01(0.87) 
         13                                                ----------->V$AP2_Q6(0.87) 

         14                                                 <---------V$USF_Q6(0.93) 
         16                                                    --------...V$ATF_01(0.94) 
         17                                                     -------...V$AP1FJ_Q2(0.95) 

         20                                                     -------...V$CREBP1_Q2(0.93) 
         21                                                     -------...V$CREB_Q2(0.95) 
         23                                                         ---...V$IK2_01(0.85) 

MMCFOS_1   GAGCGCCCGCAGAGGGCCTTGGGGCGCGCTTCCCCCCCCTTCCAGTTCCGCCCAGTGACG   420 
 
          1-->V$CREBP1CJUN_01(0.85)   -------------->V$BARBIE_01(0.86)  

          2-->V$CREB_01(0.96)         -------------->V$TATA_01(0.95)    
          3       ----------->V$CAAT_01(0.91)   --------->V$AP4_Q5(0.95) 
          4----------->V$ELK1_01(0.87)    --------------------->V$HEN1_01(0.87) 

          5                 --------->V$AP4_Q5(0.88)               <---...V$CMYB_01(0.93) 
          6       <---------V$CDPCR3HD_01(0.93)                      --...V$VMYB_02(0.89) 
          7                  <--------------V$TATA_01(0.88)             

          8                               --------------------->V$HEN1_02(0.87) 
          9                               <---------------------V$HEN1_02(0.86) 
         10                                <-----------------V$AP4_01(0.88) 

         11                                    ----------->V$LMO2COM_01(0.93) 
         12                                    <-----------V$LMO2COM_01(0.93) 
         13                                    <-----------V$MYOD_01(0.88) 

         17--->V$AP1FJ_Q2(0.95)                 <---------V$AP4_Q6(0.99) 
         20---->V$CREBP1_Q2(0.93)               <---------V$MYOD_Q6(0.96)                        
         21---->V$CREB_Q2(0.95)                                             Transcription start 

         23-------->V$IK2_01(0.85)                                      
         24                               <=========== E2F (0.80)  
MMCFOS_1   TAGGAAGTCCATCCATTCACAGCGCTTCTATAAAGGCGCCAGCTGAGGCGCCTACTACTC   480 

 
          1               <-----------------V$CMYB_01(0.91)     -------...V$ER_Q6(0.86) 
          2                <-----------V$LMO2COM_01(0.90)         <----...V$TCF11_01(0.87) 

          3                 --------->V$MYOD_Q6(0.90)      -------->V$STAT_01(0.93) 
          4                 --------->V$VMYB_01(0.89)      <--------V$STAT_01(0.89) 
          5--------------V$CMYB_01(0.93)   -------->V$LMO2COM_02(0.93)  

          6------>V$VMYB_02(0.89)      <-----------V$CAAT_01(0.85)      
          7                 -------->V$VMYB_02(0.88)                    
          8                       -------------->V$EVI1_04(0.86)        

          9                             ------------->V$GATA1_02(0.93)  
         12                               <------------V$ZID_01(0.85)   
         13                               <----------V$CP2_01(0.97)     

         14                                 ---------->V$GATA_C(0.92)   
         15                                     ----------------->V$CMYB_01(0.86) 

         16                                          --------->V$CREL_01(0.91) 

         24                                               <=========== E2F (0.82)  
MMCFOS_1   CAACCGCGACTGCAGCGAGCAACTGAGAAGACTGGATAGAGCCGGCGGTTCCGCGAACGA   540 

 



Colorectal cancer: tumor-specific enhancer around a SNP in 
regulatory region of MYC gene
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How to search for the causal mechanism of cancer?



26/03/2018

Master 
regulator

Master-regulator causes a lot of noise in the cell



Walking pathways





Pathway corruption

CancerHealthy



Motif enrichment analysis around regulatory mutations

Yes sequences

No sequences
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The model 
parameters are 
found with the help 
of genetic 
algorithm
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We construct a model of the disease-specific enhancer as a 

combination if transcription factor binding sites.

mk



f(x,	xmax,s	)=	

(s)	

TSS	

xmax	

2s	
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An example of disease-specific enhancers in regulatory 

regions of oncogenes.

Binding sites for transcription factors that were 
included into the enhancer model



Cancer
Targets



S(X1) S(X2)

Where:
R - Max radius (input parameter)
p - Penalty (input parameter)
N(X,r) - total number of molecules 
reachable from key molecule X 
within the radius r. 
Nmax(r) - maximal value of N(X,r)
over all key molecules X found for 
this radius. 
M(X,r) - sum of w(X) for all hits 
reachable from key molecule X 
within the radius r, where w(X) -
weight of hit X. 
Mmax(r) - maximal value of M(X,r)
over all key molecules X found for 
this radius. 

Kel, A., Voss, N., Jauregui, R., Kel-Margoulis, O. and Wingender, E.: Beyond 
microarrays: Find key transcription factors controlling signal transduction 
pathways BMC Bioinformatics 7(Suppl. 2), S13 (2006).

Search for master regulators with context 







We took data on 3 MTX  resistant patients versus 3 MTX sensitive
and loaded them into geneXplain platform.



There is a ready pipeline (workflow) in geneXplain for discovery of 
targets and drug repurposing.
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38

IGFBP7 TGFB1PKCA

DHFR

INT9A

Resistance to MTX







Colorectal cancer





Negative
correlation

Positive
correlation

Meth.
vs
Expr.

Meth.
vs
Expr.



Negative
correlation

Positive
correlation

Meth.
vs
Expr.

Meth.
vs
Expr.



Master-regulator network with positive feedback loops

45
45

ENO1 CALCA

HDAC2
NOTCH1

MYC
45



DNA methylation values of two markers cg00163372 (in gene MYC) and 
cg08018731 (in gene NOS3). The red dotes shows values obtained in 
tumor samples, the green dotes shows values for the normal samples.



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	
	

6 CpG methylation biomarkers
for yearly detection of CRC 

93% success rate
on independent 
cohort 
(from Siberia)

93% success rate
on independent 
cohort 
(from Siberia)



Is that all…?

Hm, but..how to cure
my patient?



UP 1162 genes DOWN: 2060 genes

Number of “mutations”: 80,449

Right ovarian tumor



65 HIGH impact mutations in proteins. 



Mutations in promoters of up-regulated genes in Right Ovarian Tumor



Master-regulator in Right Ovarian Tumor

52
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IGFBP2 BIRC5CDK1

UBE2C

ERBB2
52





Promoters do not exist !

Sites do not exist !

Pathways do not exist !

We learned….

Things are very complex….So what?



Model Reality

Realistically
big and complex
model doesn’t
fit into our brain

Simplified model
fits into our brain!



Cancer

How to treat cancer?

Simplified 
model
- Cause of 
failures 











Robot-scientist
Is this our future?




