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Disease Continuum in Prostate Cancer —

Docetaxel”

Castration

Tumor
volume Local Cabazitaxel®
Therapy Abiraterone®
"‘-1 Enzalutamide®
| |
Asymptomatic Symptom

Castration Resistant




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

“A good theory is the most
practical thing”

Gustav Robert Kirchhoff

(1824 - 1887), German physicists






Antagonistic composite elements

COMPEL: C00006
Chicken embryonic a-globin

Sp1 cooperatively with NF-Y activates
transcription
in primitive erythroid cells

GGTGGGcctccggagtgaccaatgagtgTGGACAGATGC

NF-1 represses transcription
in adult cells

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

C/EBP and NF-kB synergistically
activate transcription in liver cells
during acute phase response

TGGTAGTCTTGCACAGGAAATGACAT -~

YY1 represses inducible transcription of
this gene.
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Composite Modules (CM)

Composite Module (CM)

FIGURE 3.3. The human interferon-f 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)




NEAT mast cells

human TNFo promoter
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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
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AP-1

Consensus: '[' GAC_]’ TCA

Human collagenase (-2013) TGAGTCA

Kk X%k %k

Mouse IL-2 (-143) TGTGTAA

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



Search for new TF binding sites with PWMs

E2F-1

Matrix length: 8
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Mouse c-fos promoter
(Matrix search for TF binding sites)
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Colorectal cancer: tumor-specific enhancer around a SNP in

regulatory region of MYC gene

(T T - S S AR e i b : '
] e mEEw ||. " - T ! REGE, 8 W B 5 P B - omw s Ek
- ..% -. . F . E *L' * "ﬂ.- E _-:,- ; . T - .1 ¥ .. . * kiRl
a3 | R : 1h Fed i) 5: "L R T A
i i =1 o K x &g, E 0 Ll R _:!.
) o R A ST - S0 L S IR SN fe
B, [° [ [Freles.
L;“I'-_.;:FF' hen 12 o 50 e uh'.:.,'“"w':'m-' 30 S 500
5'15 -Es IH‘FII =
1 ko
—e [ TF":ILE —
i =
T CEemE h e, ; Hil
= E s -8 HEET :.i[l
: =1
- HIFH
i e WRT e
e w WED HLFG
I Qe JLUHD
| ki HONATA
e - P FGa Gl
= = ——— i Franhia
115 A L e ETSE
i [E™  gpang
EGRi
fp— ; E3F3
o T . .:._.-"I' 10
! H&EHH '|':B:E
L - ATF4




Walking
pathways




~ TNFIO) TNFR1

Walking
pathways




Characterization of Regulatory Genomic Regions.
Development of Databases and Sequence Analysis
Tools

TRADAT

1995 - 1998

The concept of the TRADAT consortium included to provide an integrated platform for databases

and software tools for the analysis of regulatory genomic regions. According to this concept, a set
of databases was established and maintained, mainly EPD (Eukaryotic Promoter Database) and

TRANSFAC (Transcription factors and their genomic binding sites). These data sources were
successfully linked with each other and with a number of external databases. In addition to this
integrated data resource, a series of software tools for the identification of individual regulatory
elements and the characterization of their context were developed. These tools as well as the
underlying patterns were subjected to systematic evaluation, optimization and experimental
verification.

The concept of using weight matrices for the detection of transcription factor binding sites
was extended and incorporated into higher order software tools. TRADAT contributed to the
further development of Matlnspector, ModelGenerator, FastM, and Modellnspector.
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How to search for the causal mechanism of cancer?
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Master-regulator causes a lot of noise in the cell

Master
regulator
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Motif enrichment analysis around regulatory mutations

Yes sequences ;;;

No sequences




We construct a model of the disease-specific enhancer as a
combination if transcription factor binding sites.

i: w >i Sttart of.pt.
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Sl Sl see S 1 Smk
E [1] [1] :1] [1] )
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(1) (2) ) The model
qcut—oﬁ qcut—oﬁ T q cut—off > parameters are

found with the help
of

¢(1) ¢(2) ¢(k) )






An example of disease-specific enhancers in regulatory

regions of oncogenes.
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Search for master regulators with context

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).

(X,7) 1
T"Zl Mipnax (1) 1 + pN(X,7)/Nipax (1)

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 .

N,,..[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.

M., [r) - maximal value of M(X,r)
over all key molecules X found for
this radius.
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Gene Expression Omnibus

GEO Publications FAQ MIAME Email GEQ

Mot logged in | Login

Scnpe:laelf : FDI‘I‘I‘iEt:IHTML : Amnunt:lqmck : GEQ accession: [G5E11440 | w

Series GSE11440 Query DataSets for GSE11440

Status Public on Sep 08, 2008

Title Role of Caveolin 1, E-Cadherin, Enolase 2 and PKCa on resistance to
methotrexate in human HT29 colon cancer cells

Organism Homo sapiens

Experiment type  Expression profiling by array

summary A summary of the work associated to these microarrays is the following:

Methotrexate (MTX) is one of the earliest cytotoxic drugs used in cancer
therapy, and despite the isolation of multiple other folate antagonists,
methotrexate maintains its significant role as a treatment for different
types of cancer and other disorders. The usefulness of treatment with
methotrexate is limited by the development of drug resistance, which may
be acquired through different ways. To get insights into the mechanisms
associated with drug resistance and sensitization we have performed a
functional analysis of genes deregulated in methotrexate resistant cells,
either due to its co-amplification with the DHFR gene or as a result of a
transcriptome screening wsing microarrays. Genes adjacent to dhfr locus
and included in the 5g14 amplicon were overexpressed in HT29
MTH-resistant cells. Treatment with siRNAs against those genes caused a
slight reduction in cell viability in both HT29 sensitive and resistant cells. On
the other hand, microarray analysis of HT29 and HT29 MTX resistant cells
unveiled overexpression of cavecolin 1, enolase 2 and PKCa genes in
treated cells without concomitant copy number gain. siRN&As against these
three genes effectively reduced cell viability and caused a decreased MTX
resistance capacity. Moreover, overexpression of E-cadherin, which was
found underexpressed in MTH-resistant cells, also sensitized the cells
toward the chemotherapeutic agent. We provide functional evidences
indicating that caveolin 1 and E-cadherin may play a critical role in cell
survival and may constitute potential targets for coadjuvant therapy.
Keywords: DHFR, Methotrexate, drug resistance

Overall design Two cell lines are compared in the study, which are HT29 colon cancer cells
sensitive to methntrexat[e and HT29 cells r_es_istant to 10e-5M MTX. Six

' ' . oo -1




We took data on 3 MTX resistant patients versus 3 MTX sensitive
and loaded them into geneXplain platform.
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There is a ready pipeline (workflow) in geneXplain for discovery of
targets and drug repurposing.
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Sequence (chromosome)| 5+ |Position: | 5:79949506-79951987
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Resistance to MTX
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ion - CAKEL\MTX\Top_200_Drugs_2010-153-selected_MTX.5DF, 39/151

Diuloxetine
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u] ] x.N/x\I N+
I'd D$
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uj
Save TwT Save SO0 Clipboard
|Pa ﬂ I> ﬂ |F'i ﬂ Save TXT SaveSD Clpboard Exclude Pa  Pi |Predicted value descending | E E ™ Show nan predicted activities
- 0,925 0,003 Phosphodiesterase inhibitor - Metabalizm: 19 I Tranzpart: 2 I Gene Expression:
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1) Divalproex, which is also known as valproic acid, is an old drug primarily
used to treat epilepsy and bipolar disorder and to prevent migraine headaches.
Recently a number of clinical trials were performed with this drug and they
confirmed its efficacy for treatment of Acute Myeloid Leukaemia, Cervical
cancer and Breast cancer.

2) There is a number of recent studies confirming the potential use of

zardaverine in cancer therapy, against hepatocellular carcinoma and
against Chronic Lymphocytic Leukemia.

3) Nicotinamide is known to sensitize a number of rodent tumors to single
dose of radiation. Its combination with carbogen results in large enhancement
of tumor response to certain treatment and it was confirmed in a clinical
trials.
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information is shown:
24 [ -PWMs producing matches,
-number of individual matches for each PWM,
22 -score of the best match.
20 |
Module 1:
18 |
V$E2F6_01 | | V$ZNF625_02 | | V$HNF4_Q6 | | VEHMGIY 01
16 | e 0.00; N=3 0.82; N=3 0.92; N=2 0.95; N=3
§ ol V$HNF3_Q6_01 | | V$ZNF43_01 || VSAML_Q6 | | V$GR_Q6
§ - 0.85; N=2 0.77; N=2 0.82; N=2 0.87; N=2
o
? 10 V$FOSL2_02 | | V$TGIF_02
Ed H : : 0.83; N=3 0.78; N=3
gl ; | , ] Module width: 104
el JeBlall Model score (-p*log10(pval)): 35.15
ol | SRRRa . L. Wilcoxon p-value (pval): 7.46e-71
: : Penalty (p): 0.501
2] . FEN R ll Average yes-set score: 4.62
: : Average no-set score: 2.56
o al e AUC: 0.77
1 0 1 2 3 4 s € 7 8 s 10 1 12 13 14 15 Middle-point: 3.78
Score False-positive: 25.07%
[# No-set © Yes-set — Middle-point False-negative: 33.41%
Info Default :]é]lﬁl @ Site eolors || My description _

% sequences

34 ([

32
20 |
28
26
24 |
22 |
20 |
18 |
16 |
14 |
12 |

LS A

Score
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-PWMs producing matches,
-number of individual matches for each PWM,
-score of the best match.

Module 1:
V$IRX5 01| |V$GR _Q6_01 || V$TALIBETAITF2_01
0.80; N=3 0.95; N=3 0.78; N=3
V$HNF4_Q6 | | V$HMGIY_Q3 || V$MAFB_Q4 | | V$HNF3_Q6_01
0.90; N=3 0.00; N=3 0.91; N=3 0.85; N=3
V$BATF_03
0.80; N=2
Module width: 165

Model score (-p*log10(pval)): 56.15
Wilcoxon p-value (pval): 1.63e-105
Penalty (p): 0.536

Average yes-set score: 6.45
Average no-set score: 2.41

AUC: 0.87

Middle-point: 4.32

False-positive: 19.23%
False-negative: 18.29%
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cg00163372

DNA methylation values of two markers ¢g00163372 (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.



6 CpG methylation biomarkers
for yearly detection of CRC

ProbedD? Chromos
cg01421342%
cg06972019(
(CpGmNo.3)m

cg001633720
cg02991571¢
cg24093411¢%
cg02612618[

93% success rate
on independent
cohort

(from Siberia)

colorectal cancer

markers.

1. Info about markers
The seot of markers consists of the sic CpG methylation markers.

2. Upload data

The fila should contain a table with the values of the markers. Markers should be placed in the rows of the table,
and samples should be in the columns.

“fou have uploaded Exampla_markes8CpG&

Sample3d
Sampled
Samples

'z

Run analysis

Completed

Signatures for diagnosis of

Diagnosis of colorectal cancer on the base of DNA methylation



Is that all...?

Hm, but..how to cure
my patient?




UP 1162 genes

Right ovarian tumor

DOWN: 2060 genes

Number of “mutations”: 80,449
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65 HIGH impact mutations in proteins.
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Mutations in promoters of up-regulated genes in Right Ovarian Tumor
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Master-regulator in Right Ovarian Tumor
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We learned....

Promoters do not exist !

Sites do not exist !

Pathways do not exist !

Things are very complex....So what?



Realistically

Simplified model big and complex
fits into our brain! model doesn’t

fit into our brain




How to treat cancer?

Cancer




IN A HUGE BREAR00
GOOGLE S AI B LA Microsoft, Google Beat Humans at

PLAYER AT THE ('mage Recognition

Deep learning algorithms compete at ImageNet
challenge

AMERTRLS FA ST oS AT B RT S0 N T e T

DeepMind

MUST READ NEW DOCUMENTS REVEAL FBI PAID GEEK SQUAD REPAIR STAFF AS INFORMANTS

Gaming Al beats human top scores by
cheating

The artificial intelligence system had no qualms about exploiting ancient bugs to win.

a By Charlie Osborne for Between the Lines | March 2, 2018 -- 11:12 GMT (11:12 GMT) | Topic: Innovation

v human benchmark of 5.1% errors with a 4.84% error grabbing
neural network, Google announced it had one-upped Microsoft by
0.04%.

y is just the latest in a series of computer triumphs over human players since Computer
eat the best IBM's Deep Blue defeated Garry Kasparov in 1997. Photograph:
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Sequence and Pathway analysis
Identification of master-regulators in gene regulz
transduction pathways.
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Conclusion Methods
At the |ast step of the ar : : P PR ; ;
activation) of the identifi Methods for Analysis of Enriched Transcripfion Factor Binding_Sites and composite modules
disease. This step is perfc
targets and about clinical Transcription factor binding sites in promoters and enhancers of differentially expressed genes were analyged using
diseases. known DNA-binding maotifs. The motifs are specified using position weight matrices (P\WMs) that give weights fo
Table 8 shows the resultin each nucleotide in each position of the DNA binding motif for a transcription factor or a group of them.

of the studied pathology. 1 We search for transcription factor binding sites (TFBS) that are enriched in the promoters and enhanc
database) potentially actir Study as compared to a background sequence set such as promoters of genes that were not differentially

ers under
regulated

under the condition of the experiment. We denote study and background sets briefly as Yes and No ssts. In the

Table & The list of Human PSC current work we used a workflow considering promoter sequences of a standard length of 1100 bp (-1000
The error rate in this part of the pipeline is controlled by estimating the adjusted p-value (using the Benjamini-

—

ENSGO0000232810
ENSGO00001/57404

ENSG000001|EA 002

I I | (minimizing Wilcoxon p-value).

B Imimune 5

m joint Diseases

pstem Diseases W AUtOIMMLINS

1

m Arthritis m Fhewmatic Dis

ease

B5€S Musculzskeletal Diseases

- bt It ct 4 i

to +100).

7] in the
ster of 10
1 Mo sets

Gene svmb Hochberg procedure) in comparison to the TFBS frequency found in randomly selected regions of the human
INF = genome {ad).p-value < 0.01).
We have applied the CMA algorithm {Composite Module Analyst) for searching composite modules
KIT promoters and enhancers of the Yes and Mo sets. We searched for composite module consisting of a cly
paraz MAP2K1  TFs in a sliding window of 200-300 bp that statistically significantly separates sequences in the Yes an
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