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MIEP	  Program	  Goals	  
	  

•  Elucidate	  mechanisms	  of	  ac9on	  underlying	  
immune	  responses	  to	  gut	  pathogens	  

•  Create	  predic9ve	  computa9onal/
mathema9cal	  models	  of	  gut	  immunity	  

•  Disseminate	  computa9onal	  models	  of	  the	  gut	  
mucosal	  immune	  system	  

•  Develop	  more	  efficacious	  vaccines	  and	  
immunotherapeu9cs	  



$10.6M,	  30	  researchers,	  3	  Ins2tu2ons	  
	  

Virginia	  Bioinforma9cs	  Ins9tute	  
•  Nutri9onal	  Immunology	  &	  

Molecular	  Medicine	  Lab	  
•  Network	  Dynamics	  and	  Simula9on	  

Science	  Lab	  	  
	  

University	  of	  Virginia	  
•  Center	  for	  Global	  Health	  	  
	  

Caprion	  Proteomics	  
	  

www.modelingimmunity.org	  
	  

EAEC,	  C.	  difficile	  and	  
H.	  pylori	  



Computa9onal	  Immunology	  

The	  Network	  Model	  

Modeling	  tools	  
In	  silico	  experiments	  
Hypothesis	  genera9on	  

In	  vivo	  hypothesis	  tes9ng	  

Literature	  &	  	  
data	  mining	  
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The CD4+ T cell computational model 
Introduction 

CD4+	  T	  cells	  orchestrate	  the	  specific	  
adap9ve	  immune	  response	  by	  secre9on	  
of	  cytokines	  and	  other	  soluble	  factors	  in	  

the	  environment	  



Cytokine	  signaling	  

Co-‐s9mulatory	  signal	  TCR	  signal	  

CD4+ T CELL DIFFERENTIATION 







Th1 

Th2 

Th17 

iTreg 

CD4+ T CELL DIFFERENTIATION 
MODEL 



In	  silico	  experimenta9on	  
GOAL:	  	  	  	  	  To	  determine	  whether	  ac9va9on	  of	  PPARγ	  influences	  differen9a9on	  in	  either	  a	  naïve	  or	  
differen9ated	  T	  cell	  

IL-‐6	  +	  TGFβ	  

Parameter	  SCAN:	  
We	  are	  scanning	  the	  

concentra9on	  of	  PPARγ,	  from	  
0	  mol/l	  to	  0.5	  mol/l	  to	  determine	  
the	  impact	  on	  the	  dynamics	  of	  

the	  system	  



TIME-‐COURSE:	  
We	  differen9ate	  to	  Th17	  and	  

t=250h	  we	  ac9vate	  
PPARγ	  in	  the	  system.	  

TIME-‐COURSE	  &	  Parameter	  scan	  
together:	  

We	  differen9ate	  to	  Th17	  and	  we	  
run	  several	  9me-‐courses	  
together,	  each	  one	  with	  an	  

increased	  concentra9on	  of	  PPARγ	  



IN	  VIVO	  EXPERIMENTATION	  



IN	  VIVO	  EXPERIMENTATION	  
Th17	  Cells	  

Treg	  Cells	  





IN	  VIVO	  EXPERIMENTATION	  



Helicobacter	  pylori	  

	  
	  

85 % 

15	  %	  

Asymptoma9c	  infec9on	  
	  
	  
	  
Pep9c	  ulcer	  
MALT	  lymphoma	  
Adenocarcinoma	  
	  

Gram	  nega9ve	  bacterium	  

• 	  Main	  pathogenicity	  factor:	  CagA	  (cytotoxin-‐associated	  gene	  A)	  

• 	  Evidence	  that	  H.	  pylori	  is	  a	  faculta9ve	  intracellular	  organism	  

• 	  H.	  pylori	  was	  found	  in	  human	  gastric	  epithelium	  	  
	  	  from	  infected	  pa9ents	  
	  
• 	  Reported	  Th1	  response	  involving	  IFN-‐γ	  and	  IL-‐12	  
	  

Oezbek,	  2010	  	  J	  Clin	  Gastroenterol	  	  



55.313836	  

4.855736325	  

IL-‐21+/+	   IL-‐21-‐/-‐	  

RealTime	  data	  for	  IFNg	  produc9on	  
aKer	  HP	  infec9on	  (3	  months)	  

305.197475	  

45.08083514	  

IL-‐21+/+	   IL-‐21-‐/-‐	  

RealTime	  data	  for	  IL-‐17	  produc9on	  
aKer	  HP	  infec9on	  (3	  months)	  

ROLE	  OF	  IL-‐21	  IN	  DIFFERENTIATION	  



IL-‐21	  AND	  CD4+	  T	  CELL	  DIFFERENTIATION	  



IL-‐21	  AND	  CD4+	  T	  CELL	  DIFFERENTATION	  



Host-‐Helicobacter	  pylori	  Interac9ons	  
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Immune	  responses	  towards	  H.	  pylori	  	  



Modeling	  Host	  Responses	  to	  H.	  pylori	  



In	  silico	  knockout	  Genera9on	  











Clostridium	  difficile	  
•  Gram-‐posi9ve	  anaerobic	  bacterium	  
•  Nosocomial	  diarrhea	  and	  coli9s	  
•  Grows	  in	  the	  intes9ne	  of	  individuals	  with	  altered	  

microflora	  
•  An9microbial	  therapy	  
•  Immunosupressant	  treatment	  

•  Emergence	  of	  several	  virulent	  strains	  
•  Increased	  incidence	  and	  severity	  

	  



Host-‐Clostridium	  difficile	  Interac9ons	  
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	  miR-‐146b	  
	  	  	  	  	  	  	  	  	  	  	  	  
	  miR-‐1940	  	  	  
	  	  	  	  	  	  	  	  	  	  
	  miR-‐1298	  	  

RNA-‐sequencing	  



RNA-‐sequencing	  



Modeling	  Immune	  Responses	  to	  C.	  difficile	  



In	  silico	  simula9on	  of	  C.	  difficile	  infec9on	  



The	  Loss	  of	  T	  cell	  PPAR	  γ	  Increases	  CDAD	  



PPAR	  γ	  Agonists	  Ameliorate	  CDAD	  



Colonic	  Histology	  



Summary	  
•  C.	  difficile	  increases	  miRNA-‐146b	  expression,	  which	  
blocks	  NCOA4,	  thus	  reducing	  PPAR	  γ	  ac9va9on	  

•  The	  loss	  of	  PPAR	  γ	  in	  T	  cells	  worsens	  the	  disease	  
severity	  associated	  to	  C.	  difficile	  infec9on	  by	  inducing	  
a	  Th17	  response	  

	  	  
•  Oral	  administra9on	  of	  PPAR	  γ	  agonists	  represents	  a	  
novel	  broad-‐based	  host	  targeted	  therapeu9c	  for	  
CDAD	  

	  



Modeling	  Immune	  Responses	  to	  
Enteroaggrega9ve	  E.	  coli	  

[𝑐𝑦𝑡𝑜𝑘𝑖𝑛𝑒]=𝑉𝑓∙𝑟1∙(1+ 𝐴↑𝑛 /𝐴↑𝑛 +𝑘↑𝑛  )  −𝑉𝑟∙𝑝	  

Fisher Information EAEC 
Death 

Epithelial cell contacts antigen 8.88E-22 

IL-17 production by Th17 1.23E-24 

TNF-a secretion by Ep 1.73E-20 

EAEC death by neutrophil 0 

IL-8 production by Ep 4.12E-26 

IL-18 production by M1 1.24E-25 

M1	  

M2	  



a	  leading	  cause	  of	  enteri2s	  and	  
persistent	  diarrhea	  worldwide	  

High	  risk	  popula9ons:	  	  
–  Travelers	  	  
–  HIV	  infected	  
–  Malnourished	  children	  

EAEC	  

Diarrheagenic	  Isolate	  
Frequency	  Distribu9on	  
EAEC	  

EPEC	  

EHEC	  

ETEC	  

EIEC	  

41.1%	  

41.1%	  

AAF	  fimbria:	  
primary	  virulence	  
factor	  amributed	  to	  
mucosal	  adherence	  	  

Fli-‐C	  flagellin:	  
responsible	  for	  	  
IL-‐8	  secre9on	  

	  

Dispersin:	  
Allows	  dissocia9on	  
from	  biofilm	  and	  

spread	  of	  coloniza9on	  



Targe9ng	  PPARγ	  as	  an	  inflammatory	  mediator	  

Treg	   Th17	  

PPAR	  γ	  

•  Gene	  expression:	  Upregula9on	  of	  proinflammatory	  markers	  in	  CD4Cre+	  
•  Histopathology:	  High	  leukocy9c	  infiltra9on	  early	  during	  infec9on	  in	  CD4Cre+	  

followed	  by	  ameliora9on	  of	  colonic	  inflamma9on	  by	  day	  14	  



Pharmacological	  blockade	  of	  PPARγ	  

GW9662	  	  
a	  potent	  PPARγ	  
antagonist	  

Administra9on	  of	  GW9662	  promoted	  the	  
upregula9on	  of	  proinflammatory	  cytokines	  that	  

correlated	  to	  significantly	  lower	  levels	  of	  EAEC	  in	  
feces	  early	  during	  infec9on	  
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Wild Type system
Cytokines during EAEC infection
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PPARγ deficient system
CD4+ T cells during EAEC infection
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PPARγ deficient simulation
Cytokines during EAEC infection
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Th17	  response	  and	  an9microbial	  pep9des	  
naïve	  
T	  cell	  

RORγt	  
Th17	  

TGFβ	  
IL-‐6	  

IL-‐17	  
IL-‐21	  

Pharmacological	  blockade	  	  
of	  PPARγ	  beneficial	  

Late	  during	  infec9on	  GW9662	  treated	  mice	  expressed	  
cytokines	  responsible	  for	  poten9a9ng	  Th17	  

differen9a9on	  in	  addi9on	  to	  significantly	  higher	  
levels	  of	  an9-‐microbial	  pep9des.	  
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