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MIEP Program Goals

Elucidate mechanisms of action underlying
immune responses to gut pathogens

Create predictive computational/
mathematical models of gut immunity

Disseminate computational models of the gut
mucosal immune system

Develop more efficacious vaccines and
immunotherapeutics
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EAEC, C. difficile and
H. pylori

$10.6M, 30 researchers, 3 Institutions

Virginia Bioinformatics Institute

* Nutritional Immunology &
Molecular Medicine Lab

 Network Dynamics and Simulation
Science Lab

University of Virginia
e Center for Global Health

Caprion Proteomics

www.modelingimmunity.org
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Computational Immunology
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In vivo hypothesis testing
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- Modeling tools
silico experiment
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The CD4+ T cell computational model e
Introduction Phenotypes
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CD4+ T cells orchestrate the specific
adaptive immune response by secretion
of cytokines and other soluble factors in

the environment
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CD4+ T CELL DIFFERENTIATION

Cytokine signaling

TCR signal T Co-stimulatory signal

\ CDA4+ T cell /

activation and
differentiation
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CD4+ T CELL DIFFERENTIATION
MODEL
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In silico experimentation

GOAL: To determine whether activation of PPARy influences differentiation in either a naive or
differentiated T cell

IL-6 + TGFB
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the impact on the dynamics of 7
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FOXP3

ﬂGFB + IL-6

\\ PPARy
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IN VIVO EXPERIMENTATION
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Treg Cells

IN VIVO EXPERIMENTATION  roxesexpression
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IN VIVO EXPERIMENTATION
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Helicobacter pylori

1 Peptic ulcer

’%‘ (.'..-/,'

* Main pathogenicity factor: CagA (cytotoxin-associated gene A)
* Evidence that H. pylori is a facultative intracellular organism

* H. pylori was found in human gastric epithelium
from infected patients

* Reported Th1 response involving IFN-y and [L-12
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ROLE OF IL-21 IN DIFFERENTIATION

RealTime data for IFNg production
after HP infection (3 months)
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4.855736325

I 42

IL-21+/+ IL-21-/-

RealTime data for IL-17 production
after HP infection (3 months)

305.197475

45.08083514

.

IL-21+/+ IL-21-/-
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IL-21 AND CD4+ T CELL DIFFERENTIATION
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IL-21 AND CD4+ T CELL DIFFERENTATION
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Host-Helicobacter pylori Interactions
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Immune responses towards H. pylori
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Modeling Host Responses to H. pylori

A CD4+ T cells in H. pylori infected system C
5
250000~
— Thi $
200000- — Th17 Y
g — Treg 8 — Uninfected
Z 150000 : -=- H. pylori 26695
2 g
£ 100000- g
o S
50000 Day post-infection
) D Gastric lymph nodes
0 20 40 60 2 ymp
Time (days) ]
-
& .
= Uninfected
B b nTreg.k-eDC{GLN} i e - H pylond 26005
nTreg.vmax + nTreg.k-eDC{GLN} nT g
$
o
o
Day post-infection
E CD4+ IFNy+ Thet+ in Spleen F Leukocytic Infiltration G Mucosal Thickening
154 2 os
® T = Uninfected
d * * 0’ * * “« wes H. pylor 26695
2 104 3 uninfected [ — Uk - I S b
% W H. pylori 26695 é‘( ,:':.‘"’--.7_.--""‘- . gpmﬁﬁ% (§04 :’-} ------ 7
3 " I I 0 't. 0/
v oo3—4—+- % P T % r-
Day post-infection Day post-infection

\ﬁ? VIRGINIA
‘ Nutritional Immunology & MODELING IMMUNITY BIOINFORMATICS
“l-.l <5 %, Molecular Medicine Lahoratory M I E P 10 ENTERIC PATHOGENS INSTITUTE

\ie& AT VIRGINIA TECH



In silico knockout Generation
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Myeloid cell-specific PPARY null
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Clostridium difficile

Gram-positive anaerobic bacterium
Nosocomial diarrhea and colitis

Grows in the intestine of individuals with altered
microflora

 Antimicrobial therapy

* Immunosupressant treatment
Emergence of several virulent strains
* |ncreased incidence and severity
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RNA-sequencing

mMiRNA-146b
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Tarcer MRNA  FI PROCESS P-VALUE
ST (mmu-miR-146b FI =1.91)
ALS2CL 0.59 GTPase activator activity 0.0035
AP4S1 0.57 Vesicle mediated transport 0.0028
APLP2 0.48 ECM organization 0.0097
CARD10 0.55 Apoptosis/NF-kB activation 0.0003
CFLAR 0.66 Apoptosis/NF-kB activation 0.0371
CLEC4D 0.39 Immune response 0.0016
GPR116 0.57 Cell signalling 0.0038
KLF13 0.66 Transcription regulation 0.0436
NCOA4 0.64 Nuclear receptor activator 0.0191
NUMB 0.62 Cell signalling 0.0089
RASIP1 0.66 Angiogenesis 0.0000
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Modeling Immune Responses to C. difficile
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In silico simulation of C. difficile infection
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The Loss of T cell PPAR y Increases CDAD

Mucosal thickness Leukocyte infiltration Body weight loss
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PPAR y Agonists Ameliorate CDAD

Leukocyte infiltration
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Colonic Histology
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Summary

e C. difficile increases miRNA-146b expression, which
blocks NCOA4, thus reducing PPAR y activation

 The loss of PPARy in T cells worsens the disease
severity associated to C. difficile infection by inducing
a Th17 response

e Oral administration of PPAR y agonists represents a
novel broad-based host targeted therapeutic for
CDAD
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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

Particle Numbers, Volumes, and Global Quantity Values

n-//77]77]
[@pCcoPASI

Modeling Immune Responses to
Enteroaggregative E. coli
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a leading cause of enteritis and
E A E c persistent diarrhea worldwide

High risk populations: /bt cies
— Travelers JIL -( UIU ’
— HIV infected | | I
— Malnourished children G A

{including ShET1, Pic, EAST1,Pet)

Diarrheagenic Isolate ~
. . . EAEC . .
Frequency Distribution Fli-C ﬂage”m:

AAF ﬁmbria: responsible for

IL-8 secretion
41.1%

M EAEC
M EPEC |
MEHEC
METEC
MEIEC

primary virulence
factor attributed to Dispersin:

mucosal adherence Allows dissociation
from biofilm and
spread of colonization

74

, ﬁ " VIRGINIA
Nutritional Immunology & MODELING IMMUNITY BIOINFORMATICS

"I'"l %\ Molecular Medicine Laboratory M I E P T0 ENTERIC PATHOGENS o GI 'I\l NSITAI\TEJETEH



Targeting PPARy as an inflammatory mediator

C Colonic IL-6 Expression
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e Gene expression: Upregulation of proinflammatory markers in CD4Cre+

* Histopathology: High leukocytic infiltration early during infection in CD4Cre+
followed by amelioration of colonic inflammation by day 14

(‘ TO ENTERIC PATHOGENS INSTITUTE

AT VIRGINIA TECH

"l..l% l‘:.‘&'.’iﬂﬂ.’:.‘:'m:.-".'.’é"&’h’;m M I E P MODELING IMMUNITY BIOINFglRRﬁL'\TIIIéS



Pharmacological blockade of PPARy

Ci

GW9662
a potent PPARy
antagonist

Lo

Administration of GW9662 promoted the
upregulation of proinflammatory cytokines that
correlated to significantly lower levels of EAEC in
feces early during infection
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Th17 response and antimicrobial peptides

Colonic IL-6 Expression Colonic TGF-p Expression Colonic IL-17 Expression
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/ Pharmacological blockade \
of PPARy beneficial
' Late during infection G\WW9662 treated mice expressed
T'E?js\ ';;" cytokines responsible for potentiating Th17
EONN differentiation in addition to significantly higher
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