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Inflammation isInflammation is……

The bodyThe body’’s way of informing itself of changes in homeostasis, either s way of informing itself of changes in homeostasis, either 
from without or withinfrom without or within
Evolutionarily conservedEvolutionarily conserved
Complex, redundant, interconnectedComplex, redundant, interconnected

Cannot determine whole from sum of partsCannot determine whole from sum of parts
Changes with time, contextChanges with time, context
Positive and negative feedback loopsPositive and negative feedback loops
Highly adaptable and resistant to many perturbationsHighly adaptable and resistant to many perturbations
Robustness is in part due to the compartmentalization of inflammRobustness is in part due to the compartmentalization of inflammation in ation in 
many different dimensions (gene networks, cellular networks, cromany different dimensions (gene networks, cellular networks, crosstalk sstalk 
among tissues, among organisms, among populations) among tissues, among organisms, among populations) 
……but, highly susceptible to degradation of central control pointsbut, highly susceptible to degradation of central control points under under 
certain conditions (i.e., disease)certain conditions (i.e., disease)

Necessary for proper healing and regenerationNecessary for proper healing and regeneration
Deranged in the settings of trauma, sepsis, chronic inflammatoryDeranged in the settings of trauma, sepsis, chronic inflammatory
diseasesdiseases
A puzzle
Is Systems Biology the solution?



At the McGowan InstituteAt the McGowan Institute’’s Center for Inflammation and s Center for Inflammation and 
Regenerative Modeling, we have developed a series of Regenerative Modeling, we have developed a series of 
mathematical models of inflammation and its interactions with timathematical models of inflammation and its interactions with tissue ssue 
damage, with the goal of understanding, predicting, and controlldamage, with the goal of understanding, predicting, and controlling ing 
inflammation.inflammation.

Our therapeutic goal is not to abolish inflammation Our therapeutic goal is not to abolish inflammation per seper se but to but to 
reduce damage or dysfunction (i.e. promote healing) by modulatinreduce damage or dysfunction (i.e. promote healing) by modulating g 
inflammation in a rational fashion.inflammation in a rational fashion.

We have concentrated on We have concentrated on in silicoin silico clinical trials, personalized clinical trials, personalized 
diagnostics, and rational drug / device design, with basic insigdiagnostics, and rational drug / device design, with basic insights hts 
being secondarybeing secondary
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…… To a Systems Approach to Inflammation: To a Systems Approach to Inflammation: The response to 
infection
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A Systems Approach to Inflammation: A Systems Approach to Inflammation: The response to trauma
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Apparatus for Automated, ClosedApparatus for Automated, Closed--loop Hemorrhagic Shock and Resuscitationloop Hemorrhagic Shock and Resuscitation
(Torres et al. Shock, In Press)



Computational Control and Simulation Computational Control and Simulation 
of Hemorrhagic Shock & Resuscitationof Hemorrhagic Shock & Resuscitation



Computational Control and Simulation Computational Control and Simulation 
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Torres, A.; Bentley, T.; Bartels, J.; Barclay, D.; Namas, R.; Zamora, R.; Puyana, J.C.; Vodovotz, Y. Shock, in press

Cannulation Cannulation + HS

*p < 0.05 vs. surgical 
cannulation alone. 
†p < 0.05 within HS 
treatment group. 

Previous model (Chow et al. 
Shock 2005) was calibrated on 
data from mice subjected to 2.5 h 
cannulation ± HS + various times 
of resuscitation. 

In this study: 1-4 h of cannulation 
± HS
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PatientPatient--specific simulations of traumatic brain injury specific simulations of traumatic brain injury 
(Okonkwo, Constantine, Solovyev, Mi)(Okonkwo, Constantine, Solovyev, Mi)
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Patient-specific, inflammation-
regulating bioreactor

Provisional patent application: “Self-Regulating Device for Modulating Inflammation.”
(Serial No. 61/100,845)

Main problem: time required for : time required for 
inflammation assays and personalized inflammation assays and personalized 
modeling may be too slow for effective modeling may be too slow for effective 
therapy for fasttherapy for fast--evolving inflammatory evolving inflammatory 

processesprocesses
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Inflammation-Regulating Bioreactor 

Benefits:
•Single device for FDA
•Self-regulating
•Response can be tuned
•Modular
•Infinitely modifiable
•Designed using 
mathematical model to 
be disease/stage-specific

Uses:
•Sepsis
•Trauma
•Chronic diseases
•Wound healing
•Cancer?



Creating the first generation of plasmids

www.stat.rice.edu/~siefert/Research/NfKB.html

Molecular Design of Negative Molecular Design of Negative 
Feedback CircuitFeedback Circuit
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Production of Production of sTNFRsTNFR by Modified by Modified 
HepG2 Cells as a Function of TNF HepG2 Cells as a Function of TNF 
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Liver BioreactorsLiver Bioreactors

A B C

8 mL 1 mL2 mL

Two independent, interwoven fiber bundles are interwoven for culture medium
transport (red and blue) with one fiber bundle for gas transport (yellow). 

Cells reside in the interstitial spaces between the fibers (inset). 

Courtesy of J. Gerlach, University of Pittsburgh



The First Bioreactor ExperimentThe First Bioreactor Experiment……

Maxim Mikheev, in collaboration with Jörg Gerlach’s lab, using transiently transfected
HepG2 cells in 8-mL bioreactor



The First Bioreactor ExperimentThe First Bioreactor Experiment……

0

20

40

60

80

100

120

140

Baseline 3 ng/ml TNF (24 h) After wash (48 h)

sT
N

FR
 [p

g/
m

l]



CYTOKINE 
PROMOTER

ENDOGENOUS INHIBITOR CYTOKINE 
PROMOTER

FLUORESCENT PROTEIN 



SummarySummary

We have created an array of computational simulations We have created an array of computational simulations 
of the inflammatory and intertwined damage / healing of the inflammatory and intertwined damage / healing 
responseresponse
To gain translational insights into hemorrhage & To gain translational insights into hemorrhage & 
resuscitation, we have constructed an automated, resuscitation, we have constructed an automated, 
closedclosed--loop, computer controlled platform that allows for loop, computer controlled platform that allows for 
highly accurate, reproducible, and mathematically highly accurate, reproducible, and mathematically 
predictable hemorrhagic shock in micepredictable hemorrhagic shock in mice
We have utilized these simulations for We have utilized these simulations for in silicoin silico clinical clinical 
trials, patienttrials, patient--specific specific ““smartsmart”” diagnostics, and rational diagnostics, and rational 
device design, culminating in a prototype inflammationdevice design, culminating in a prototype inflammation--
regulating bioreactorregulating bioreactor
Next step: studies in mice using closedNext step: studies in mice using closed--loop systemloop system
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