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Chapter 1: Drug discovery, tools and theory  

 
        Bucharest 



Heart 

Meckel-Serres Law “Ontogeny recapitulates philogeny 



Transcriptomic topology 
Genomic fabric : F ≡ (Γ, Π, Ξ, Θ) 
Γ = set of composing genes ({Γ} = number of genes),  
Π = transcriptomic profile (set of the 95% confidence intervals of the 
composing genes expression levels) 
Ξ = control of transcript abundance 
Θ = topology (series of many-gene expression correlation functions) 

   

   

 

1 2 1 1 1 ...

1

2 1 2 1 1 2 1 1 2 2 1 2

1 1 2

1 2

, ,..., ,...,

, , 1

,

n

n k k i ik i ik n

k

i i i i n i i i i i i

i i n

i i

g g g A F g g

F g g g r g g g g g pair-wise topology

r g g  = Pearson correlation coefficient b

   



  

  

 

 
   
 

    1 1 1 ... 1 1 1 1 ... 1,..., , ,..., ,k i ik i ik n ik ik k i ik i ik n

etween the sets of the expression levels of genes i1 and i2 within biological replicas

recurrence relation: F g g g r g F g g multi dime         

     1 2 3 1 2 1 1 2 1 1 2 2 1 2
1 1 1 1 2

... 0 , ,..., 1 , 1n n i i i i i i i
i n i i n

neglect
single-gene topology pair-wise topology

nsional correlations

A A A A g g g A g A g r g g g g g
    

 
           

 
Three independent variables.  
Actc1 = actin, alpha, cardiac muscle 1 

   

( )

4
( ) ( ) ( )

, , ,
1 1 1

(
( )

2 2

redundancy correction coefficient

1 1 1

4

1 1

2 ;1 / 2 ; / 2

i i

chamber
i

R R
chamber chamber chamber
i i k i k j

k k ji i

ch
chamber i i ik
i

i i i

AVE a
R R

r r s
REV

r r R





   

  

 
    

 

 
  

  

  

( )

2)

( )
1

pooled CV

100%
i

chamber
i

amberR

chamber
k ik

 
 

 




( ) ( ) ( ) ( )

1 1 1 1( ) ( ) ( )

1( ) ( ) ( ) ( )

1 1 1 1

, , , , ,

/
1

,

/

Statistically significant differenti

i i i i

i

i i i i

R R R R
B A B A
ik ik ik ik R

k k k kA B A A
i ik iR R R R

kiA B B A
ik ik ik ik

k k k k

A B RA LA RV LV A B

if

x AVE
R

if

   



   

   



   

  





 
 


   


   

    

 

2 2( ) ( ) ( ) ( ) ( )

( )
( ) ( ) ( )

( )

absolute net fold-change

regulation sign

al expression if:

1 2 0.05

Weighted Iindividual gene Regulation (WIR):

1

A B A B A B A B
i i i i i

A B
A B A A Bi
i i iA B

i

x CUT REV REV p

x
WIR AVE x

x

  


 



     

   ( )

confidence of the regulation

1 A B
ip



Differential 
expression 



Transcriptomic  
chamber specificity 

 
( )

( ) ( ) 21 exp 4

 


 

 
    

 

chamber
chamber chamber

i i ij j i
GCH REC

 

  

( ) ( )

( ) ( ) ( ) ( ) ( ) ( )

( )

( ) ( )

( ) ( ) ( )

, :

1

0

= p-val of the heteroscedastic t-test of 

A B A B

i i

A A B A B A B A B A B

i i i i i iA B

i A B A B

i i

A B B A

i i i

WPR wpr where

x CUT p if x CUT
wpr

if x CUT

p



 

 

 

    



 





   
 





( ) ( )

( ) ( )

( ) ( )

( )

/

1 , 1

: median of  over pathway / entire transcriptome

chamber chamber

chamber chamberALL ALL
i chamber chamber

i

chamber

ALL

REV REV
REC PREC

REV REV

where REV REV







   

 



Slc8a1

Slc8a1 Slc9a1 Adrb2

Gnas Gnas

Camk2a b d g

Ryr2

PP2A

Ppp1ca b c

PP2A

Ppp2r5a b c d e

Ppp2r3a c d Ppp2r2a d

Ppp2r1a Ppp2r4 Ppp2ca b
Gm2436

PP2A

Atp2a2
Pln

Prkaca b Rapgef3

DHPR

DHPR

Cacna1h a c g s

Cacna2d1 2

Cacng7

Cacnb1 2 3

Calm2 1 3

Scn1b

Scn4b

Scn5a

Atp2b1

Atp2b2

Atp2b3

Atp2b4

Kcnq1

Atp1a1

Atp1a2

Atp1a3

Atp1b1

Atp1b2

Atp1b3

Fxyd2

Adrb1

Tnnc1

Tnni3 Tnnt2

Tpm1 2 3 4
Actc1

Gnai1 2 3

Adcy9 5 6 7 4
Mapk1 3 Pik3r6 Akt3 1 2

Mapk12 11 13 14

Bcl2

Atf4 6

Creb1 3

Creb3l2 1

CremRps6ka5

Mapk1 3
Ppp1cc a b

PP2A

Prkca Plcb1 2 3 4 Gnaq

Agtr1a

Adra1b

Adra1d

Myh6 7

Myl2 3 4

Ppp1r1b

Scn4b up-regulated

Scn1b not regulated

Gnai1 down-regulated

DHPR block of genes

PP2A block of genes

Color code

Agt
Slc8a1

Slc8a1 Kcnq1 Slc9a1 Adrb1 Adrb2

Gnas Gnas Gnai1 2 3

Camk2a b d g

Calm2 1 3

Ryr2

PP2A

Ppp1ca b c

PP2A

Ppp2r5a b c d e

Ppp2r3a c d Ppp2r2a d

Ppp2r1a Ppp2r4 Ppp2ca b
Gm2436

PP2A

Atp2a2
Pln

Rapgef3

DHPR

DHPR

Cacnb1 2 3

Cacng7

Cacna2d2 1

Cacna1g a c h s

Scn1b

Scn4b

Scn5a

Atp2b1

Atp2b2

Atp2b3

Atp2b4

Atp1a1

Atp1a2

Atp1a3

Atp1b1

Atp1b2

Atp1b3

Fxyd2

Tnnc1

Tnni3 Tnnt2

Tpm1 2 3 4
Actc1

Myl2 3 4

Myh6 7

Adcy4 5 6 7 9

Prkaca b

Mapk1 3 Pik3r6 Akt3 1 2

Mapk12 11 13 14

Bcl2

Atf4 6 Atf4 6

Creb1 3

Creb3l2 1

CremRps6ka5

Mapk1 3
Ppp1cc a b

PP2A

Ppp1r1a Prkca Plcb1 2 3 4 Gnaq

Agtr1a

Adra1b

Adra1d

Slc8a1

Slc8a1 Slc9a1 Adrb2

Gnas Gnas

Camk2a b d g

Ryr2

PP2A

Ppp1ca b c

PP2A

Ppp2r5a b c d e

Ppp2r3a c d Ppp2r2a d

Ppp2r1a Ppp2r4 Ppp2ca b
Gm2436

PP2A

Atp2a2
Pln

Prkaca b Rapgef3

DHPR

DHPR

Cacna1h a c g s

Cacna2d1 2

Cacng7

Cacnb1 2 3

Calm2 1 3

Scn1b

Scn4b

Scn5a

Atp2b1

Atp2b2

Atp2b3

Atp2b4

Kcnq1

Atp1a1

Atp1a2

Atp1a3

Atp1b1

Atp1b2

Atp1b3

Fxyd2

Adrb1

Tnnc1

Tnni3 Tnnt2

Tpm1 2 3 4
Actc1

Gnai1 2 3

Adcy9 5 6 7 4
Mapk1 3 Pik3r6 Akt3 1 2

Mapk12 11 13 14

Bcl2

Atf4 6

Creb1 3

Creb3l2 1

CremRps6ka5

Mapk1 3
Ppp1cc a b

PP2A

Prkca Plcb1 2 3 4 Gnaq

Agtr1a

Adra1b

Adra1d

Myh6 7

Myl2 3 4

Ppp1r1b

Scn4b up-regulated

Scn1b not regulated

Gnai1 down-regulated

DHPR block of genes

PP2A block of genes

Color code

Agt

Slc9a1 Adrb1 Adrb2

Gnas Gnas

Camk2a b d g

Ryr2

PP2A

Ppp1ca b c

PP2A

Ppp2r5a b c d e

Ppp2r3a c d Ppp2r2a d

Ppp2r1a Ppp2r4 Ppp2ca b
Gm2436

PP2A

Atp2a2

Prkaca b Rapgef3

DHPR

DHPR

Cacna1h a c g s

Cacna2d1 2

Cacng7

Cacnb1 2 3

Pln

Slc8a1

Slc8a1

Calm2 1 3

Scn1b

Scn4b

Scn5a

Atp2b1

Atp2b2

Atp2b3

Atp2b4

Kcnq1

Atp1a1

Atp1a2

Atp1a3

Atp1b1

Atp1b2

Atp1b3

Fxyd2

Tnni3 Tnnt2

Actc1

Tnnc1

Tpm1 2 3 4

Myh6 7

Myl2 3 4

Gnai1 2 3

Adcy9 5 6 7 4
Mapk1 3 Pik3r6 Akt2 1 3

Mapk12 11 13 14
Bcl2

Atf4 6

Creb1 3

Creb3l2 1

CremRps6ka5

Mapk1 3
Ppp1cc a b

PP2A

Prkca Plcb1 2 3 4 Gnaq

Agtr1a

Adra1b

Adra1d

Ppp1r1b

Scn4b up-regulated

Scn1b not regulated

Gnai1 down-regulated

DHPR block of genes

PP2A block of genes

Color code

Agt

RA 
vs 

LA 
 
 
 
 
 
 
 
 

RV 
vs 

RA 

RV 
vs 

LV 
 
 
 
 
 
 
 
 

LV 
vs 

LA 



Differential oxidative phosphorylation 
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LV vs  LA 



Differential gene networking 



Differential gene networking 

Expression coordination of Ank2 (a 
major player in cardiac physiology and 
a hub-bottleneck gene in atrial 
fibrillation) with its known binding 
partners in: a. left atrium, b. right 
atrium, c. left ventricle, d. right 
ventricle.  



Expression 
synchrony of ionic 

channels and 
transporters 



Sexual dichotomy 

UFRJ, Brazil 
London, UK 

Gja1 (Cx43), Gja5 (Cx40), Gjc1 (Cx45)  



Manitoba, CAN 

Bochum, 
GER 

Toronto, CAN 

Einstein, NY 

Valhalla, NY 

Heart connexins 



Chagas cardiomyopathy 

Bronx, NY 

Chagas I, Brazil 

Chagas I, Brazil 



UFRJ, Brazil 

Oswaldo Cruz, BRA 



Cardiac ischemia 

Fluminense, Brazil Rio, Brazil 

Permanent myocardial infarcts produced by ligation of the descending branch of the left coronary artery 
BMNC was directly injected using a 10 μl syringe into 3 different regions (30 μl total) at the borders of 
cardiac scar tissue 10 days after experimental infarction. 



Constant and Intermittent Hipoxia 
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Transcriptomic differences 
- LA vs LV > RA vs RV > LA vs RA > LV vs RV in gene expression level, 

control and coordination 
 

- Male vs female (changes during the estrogen cycle) 
 

- Young vs adult 
 

- Normoxic vs hypoxic (constant or intermittent) or ischemia 
 

- Healthy vs Chagasic cardiomyopathy 
 

- Wildtype vs connexin null/knockdown 
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