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  Aedes	
  aegyp*	
  



no	
  specific	
  medica5on	
  or	
  cure	
  available	
  for	
  dengue

no	
  vaccine	
  against	
  dengue	
  
5	
  vaccines	
  in	
  clinical	
  trials	
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Dengue	
  Shock	
  Syndrome	
  (DSS)	
  

Dengue	
  Hemmoragic	
  Fever	
  (DHF)	
  

Dengue	
  Fever	
  (DF)	
  

Asymptoma5c	
  (AS)	
  

Problema5c	
  diganos5cs	
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boys	
  

girls	
  13(	
  DSS)	
  

13	
  (DHF)	
  

13	
  (DF)	
  

10	
  	
  (AS)	
  

Total	
   49	
  

•  platelet	
  count	
  
•  DENV	
  serotype	
  
•  hematocrit	
  
•  symptoms	
  
•  cholesterol	
  
•  triglycerides	
  
•  HDL	
  
•  VLDL	
  
•  bleeding…	
  

Dataset	
  
Sept	
  2011-­‐Oct	
  2012	
  

mRNA	
  expression	
  data	
  Affymetrics	
  probes	
  of	
  PBMC	
  
70524	
  probes	
  
70524x49	
  matrix	
  

Krong	
  Kampong	
  Cham,	
  Cambodia	
  

Age	
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What	
  is	
  a	
  biomarker?	
  
a	
  measurable	
  indicator	
  of	
  some	
  biological	
  state	
  or	
  condi*on1	
  

==In	
  vitro	
  diagnos5c	
  test?	
  

Types	
  of	
  biomarkers3:	
  
•  Diagnos5c	
  
•  Prognos5c	
  
•  Predic5ve	
  
•  Pharmacodynamic	
  
•  Recurrence	
  

1.  Strimbu,	
  Kyle;	
  Jorge,	
  Tavel	
  (2010).	
  "What	
  are	
  Biomarkers?".	
  Current	
  
Opinion	
  in	
  HIV	
  and	
  AIDS	
  5	
  (6):	
  463–466.	
  

2.  (Schemat)	
  Fournier-­‐Majoie	
  Founda5on	
  for	
  Innova5on	
  (2014)	
  
3.  Courtesy	
  of	
  Mariela	
  Skendi	
  	
  and	
  Antonio	
  V.	
  Larrauri	
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1.  Brower	
  V	
  (March	
  2011).	
  "Biomarkers:	
  Portents	
  of	
  malignancy".	
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  471	
  (7339):	
  S19–21.	
  	
  

What	
  is	
  a	
  good	
  biomarker?	
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sensi5vity	
  	
  >	
  0.91	
  
specificy	
  	
  >	
  0.91	
  
posi5ve	
  predic5ve	
  value	
  
reproductabilty	
  

PPV=	
  TP/	
  TP+FN	
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  13	
  
FP	
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Sensi5vity	
  =	
  1	
  
Specificity	
  =	
  0.69	
  
PPV	
  =	
  0.5	
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Pair	
  biomarker	
  screening	
  

DSS	
  

DHF	
  

DH	
  
AS	
  

Feature: D top secret 
 
Mean cross validation error over 
100 cross validations (leave 5 
out) is 5.54. 
 
Mean global fitting error is 
23.05. 

SYSTEMS	
  BIOLOGY	
  

Benno	
  Schwikowski	
  

-­‐HDL	
  

D	
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DSS	
  vs	
  DHF	
  biomarker	
  pairs	
  

-­‐HDL	
  

A	
  

Feature: A top secret 
 
Mean cross validation error over 100 cross validations (leave 5 out) 
is 0.33. 
Mean global fitting error is 1.22.	
  

DSS	
  vs	
  DHF	
  biomarker	
  pairs	
  with	
  HDL	
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DSS	
  vs	
  DHF	
  biomarker	
  pairs	
  with	
  HDL	
  

o  helix	
  loop	
  helix	
  DNAbinding	
  
o  mitochndrial	
  membrane	
  
o  liver	
  
o  transla5onal	
  ac5vity	
  factor	
  
o  top	
  secret	
  
o  cholesterol	
  biosynthe5s	
  
o  NADPH	
  ac5vity	
  

A	
  
E	
  

I1	
   top	
  secret	
  
J1	
  

H2	
  

G2	
  

F2	
  

top	
  secret	
  

1.  Kwissa	
  M	
  	
  et	
  al.	
  Dengue	
  virus	
  infec5on	
  induces	
  expansion	
  of	
  a	
  
CD14(+)CD16(+)	
  monocyte	
  popula5on	
  that	
  s5mulates	
  plasmablast	
  
differen5a5on.	
  Cell	
  Host	
  Microbe	
  2014	
  Jul	
  9;16(1):115-­‐27.	
  	
  

2.  Tan5bhedhyangkul	
  Wet	
  al.	
  Orien5a	
  tsutsugamushi	
  s5mulates	
  an	
  
original	
  gene	
  expression	
  program	
  in	
  monocytes:	
  rela5onship	
  with	
  
gene	
  expression	
  in	
  pa5ents	
  with	
  scrub	
  typhus.	
  PLoS	
  Negl	
  Trop	
  Dis	
  
2011	
  May;5(5):e1028	
  

GO	
  terms	
  

Biomarkers|	
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top	
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B	
  

K	
  

Feature 1: B top secret 
 
Feature 2: K top secret 
 
Mean cross validation error over 100 cross validations (leave 5 out) 
is 0.22. 
Mean global fitting error is 0.32. 

DSS	
  

DHF	
  

DH	
  

AS	
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DSS	
  vs	
  DHF	
  biomarker	
  pairs	
  

GO	
  terms	
  
o  transmembrane	
  
o  mitochondria	
  
o  B	
  
o  Zinc	
  fingers	
  
o  RNA	
  binding	
  immunoglobulin	
  
o  G-­‐protein	
  coupled	
  signaling	
  pathway	
  

1.  Kwissa	
  M	
  	
  et	
  al.	
  Dengue	
  virus	
  infec5on	
  induces	
  expansion	
  of	
  a	
  
CD14(+)CD16(+)	
  monocyte	
  popula5on	
  that	
  s5mulates	
  plasmablast	
  
differen5a5on.	
  Cell	
  Host	
  Microbe	
  2014	
  Jul	
  9;16(1):115-­‐27.	
  	
  

2.  Tan5bhedhyangkul	
  Wet	
  al.	
  Orien5a	
  tsutsugamushi	
  s5mulates	
  an	
  
original	
  gene	
  expression	
  program	
  in	
  monocytes:	
  rela5onship	
  with	
  
gene	
  expression	
  in	
  pa5ents	
  with	
  scrub	
  typhus.	
  PLoS	
  Negl	
  Trop	
  Dis	
  
2011	
  May;5(5):e1028	
  

3.  Tolfvenstam	
  T	
  et	
  al.	
  Characteriza5on	
  of	
  early	
  host	
  responses	
  in	
  
adults	
  with	
  dengue	
  disease.	
  BMC	
  Infect	
  Dis	
  2011	
  Aug	
  2;11:209	
  

4.  Lin,	
  Ren-­‐Jye,	
  et	
  al.	
  "Dis5nct	
  an5viral	
  roles	
  for	
  human	
  2ʹ′,	
  5ʹ′-­‐
oligoadenylate	
  synthetase	
  family	
  members	
  against	
  dengue	
  virus	
  
infec5on."	
  The	
  Journal	
  of	
  Immunology	
  183.12	
  (2009):	
  8035-­‐8043.	
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  15	
  

what	
  if	
  we	
  forget	
  about	
  HDL?	
  

L2	
  

B3,4	
   top	
  secret	
  

M1	
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top	
  secret	
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Methods	
  

Methods|	
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Linear	
  regression	
  

Methods|	
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0.5	
  

y = α + βx 

Linear	
  regression	
  

Methods|	
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Isotonic	
  regression	
  

Methods|	
  18	
  



23	
  

Isotonic	
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Isotonic	
  regression	
  

x1 ≤ x2 ≤ … ≤ xn f(x1) ≤ f(x2) ≤ … ≤ f(xn)   

!"#
!

!! !(!! − !(!!))!
!

!!!
!

Set	
  of	
  funcNons!	
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Nonlinear,	
  monotonic	
  interac5on	
  Linear	
  interac5on	
  

Linear	
  vs.	
  isotonic	
  regression	
  
Interacton	
  between	
  transcripts	
  	
  

Courtesy	
  of	
  Benno	
  Schwikowski	
   Methods|	
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Linear	
  vs.	
  isotonic	
  regression	
  
Monotonic	
  regression	
  

Monotonic	
  regression:	
  
Accurate	
  

Linear	
  regression:	
  
Inaccurate	
  

Courtesy	
  of	
  Benno	
  Schwikowski	
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Isotonic	
  or	
  not?	
  

yes	
   no	
  

no	
  

1	
  2	
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n3	
  	
  	
  	
  	
  	
  	
  	
  nlog2n	
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Discussion	
  

Discussion|	
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  Discussion|	
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Classifiers	
  everywhere	
  	
  
SVN	
  
	
  
Naive	
  base	
  
	
  
PCA	
  
	
  
Logit	
  Boost	
  
	
  
Logis5c	
  regression	
  pairs	
  
	
  
Logis5c	
  regression	
  lasso/elmap	
  
	
  



34	
  Discussion|	
  24	
  

Classifiers	
  everywhere	
  	
  
SVN	
  
	
  
Naive	
  Bayes	
  
	
  
PCA	
  
	
  
Logit	
  Boost	
  
	
  
Logis5c	
  regression	
  pairs	
  
	
  
Logis5c	
  regression	
  lasso/elmap	
  
	
  

(229	
  weeks)	
  too	
  slow	
  

too	
  big	
  subsets	
  (70	
  genes),	
  too	
  slow	
  

too	
  big	
  subsets	
  (76	
  genes),	
  	
  
poor	
  performance	
  	
  AUC=0.65	
  

very	
  poor	
  performance	
  

too	
  big	
  subsets	
  (76	
  genes)	
  
poor	
  performance	
  	
  AUC=0.65	
  

inters5ng	
  	
  candidate	
  2	
  good	
  es5mators	
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LogisNc	
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LogisNc	
  regression	
  

0.5	
  

0	
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LogisNc	
  regression	
  

0.5	
  

0	
  

Discussion|	
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LogisNc	
  regression	
  
X2	
  

X1	
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C	
  

-­‐Q
	
  

LogisNc	
  regression	
  
DSS	
  

DHF	
  

DH	
  

AS	
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LogisNc	
  regression	
  
DSS	
  

DHF	
  

DH	
  

AS	
  

Mean cross 
validation 
error = 1.3 

TP	
  =	
  11	
  
FP	
  =	
  1	
  
FN	
  =	
  1	
  
TN	
  =	
  36	
  
PPV	
  =	
  0.91	
  
Sensi5vity	
  =	
  0.91	
  
Specificity	
  =	
  0.97	
  

C	
  

-­‐Q
	
  

Discussion|	
  27	
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Feature 1: C top secet  
 
Feature 2: Q top secret 
 
Mean cross validation error 
over 100 cross validations 
(leave 5 out) is 0.83.` 
 
Mean global fitting error 
is 1.72. 

Isotonic	
  regression	
  

C	
  

-­‐Q
	
  

Discussion|	
  28	
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What	
  about	
  p-­‐value?	
  

CDF	
  of	
  the	
  best	
  score	
  in	
  1000	
  phenotype	
  pemutaions	
  	
  

our	
  best	
  score	
  

p-­‐value	
  es5ma5on	
  

number	
  of	
  scores	
  	
  ≤	
  our	
  score	
  

number	
  of	
  trials	
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PerspecNves	
  

Perspec5ves|	
  30	
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Back	
  to	
  the	
  lab	
  

qRT	
  PCR	
  

Perspec5ves|	
  31	
  

Interpret	
  the	
  hypothesis	
  of	
  A	
  

Study	
  non	
  coding	
  RNA	
  

Study	
  the	
  role	
  of	
  B	
  family	
  in	
  Dengue	
  severity	
  groups	
  

Mesure	
  the	
  platelet	
  volume	
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TheoreNcal	
  extenNons	
  

P.values	
  distribu5on	
  for	
  transcript	
  pairs	
  

Mul5ple	
  tes5ng	
  correc5on	
  

AUC	
  

Mutliple	
  biomarkers	
  tes5ng:	
  3,	
  4…	
  

Test	
  the	
  method	
  with	
  other	
  data	
  	
  
-­‐	
  	
  more	
  individuals	
  

-­‐	
  con5nuous	
  phenotype	
  

Perspec5ves|	
  32	
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Take	
  home	
  message	
  

Dengue	
  is	
  a	
  dangerous	
  
disease	
  and	
  there	
  is	
  no	
  
working	
  cure	
  so	
  far	
  

Isotonic	
  regression	
  is	
  
nonlinear	
  	
  generalisa5on	
  

of	
  regression	
  

Isotonic	
  regression	
  
can	
  be	
  very	
  fast	
  now	
  

We	
  discovered	
  pairs	
  of	
  
transcripts	
  classifying	
  
Dengue	
  severity	
  groups	
  

with	
  no	
  error	
  

Compu5ng	
  p-­‐values	
  
is	
  not	
  always	
  an	
  

easy	
  task	
  

Higher	
  dimensionality	
  
of	
  isotonic	
  regression	
  	
  

are	
  to	
  be	
  tested	
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a)	
  

Isotonic	
  regression	
  model	
  built	
  
for	
  all	
  pairs	
  of	
  transcripts	
  (70	
  0002)	
  

Cross-­‐valida5on	
  (leave-­‐five-­‐out)	
  x	
  100	
  
Training:	
  44,	
  Test:	
  5	
  

Output	
  

rank	
   cross-­‐
valida5on	
  

fivn
g	
  

transcript	
  
x	
  n°	
  

transcript	
  y	
  
n°	
  

1	
   58	
   58	
   8	
   7	
  
2	
   77	
   188	
   0	
   1667	
  
3	
   90	
   100	
   56	
   9876	
  
4	
   120	
   123	
   9865	
   23	
  

C	
  code	
  b)	
  

c)	
  
d)	
  

matrix	
  of	
  transcripts	
  	
  
«class»	
  file	
  as	
  weights	
  

text	
  file	
  

expression	
  data	
  
classes	
  
imported	
  to	
  Mathema*ca	
  

Ranking	
  
imported	
  to	
  
Mathema*ca	
  

n	
  =49	
  

p	
  =70	
  000	
  
classe	
  
DSS	
  
DHF	
  
DH	
  
AS	
  

n	
  
13	
  
13	
  
13	
  
10	
  

g	
  –	
  es5mated	
  func5on	
  
f	
  –	
  known	
  func5on	
  
w	
  –	
  weights	
  
	
  

DSS	
  
DHF	
  
DH	
  
AS	
  


