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(57) ABSTRACT 

A bioreactor is provided which contains cells capable of 
producing cytokine inhibitors in response to cytokines, in a 
manner regulated by the local or systemic milieu of an indi 
vidual patient and predicted by mechanistic computational 
simulations. The bioreactor transfers the cytokine inhibitors 
to a patient in need of control of the inflammation process as 
part of a disease or condition in the patient, Such as sepsis, 
trauma, traumatic brain injury, or wound healing. Related 
methods also are provided. 
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"SELF-REGULATING DEVICE FOR 
MODULATING INFLAMMATION" 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is a divisional application of 
copending U.S. patent application Ser. No. 13/121,013, filed 
Mar. 31, 2011, which is a National Stage of International 
Application No. PCT/US2009/058767, filed Sep. 29, 2009, 
which in turn claims the benefit of U.S. Provisional Patent 
Application No. 61/100,845, filed Sep. 29, 2008, each of 
which is incorporated herein by reference in its entirety. 
0002 The Sequence Listing associated with this applica 
tion is filed in electronic format via EFS-Web and is hereby 
incorporated by reference into the specification in its entirety. 
The name of the text file containing the Sequence Listing is 
144307 ST25.txt. The size of the text file is 15,641 bytes, and 
the text file was created on Jun. 3, 2014. 
0003. A device is described for an extracorporeal bioreac 
tor comprising cells selected for their ability to produce 
cytokines and/or cytokine inhibitors for controlling inflam 
mation in a patient. 
0004 One current goal of medicine is to facilitate the 
intrinsic self-renewing ability by relieving damaged tissues 
from their functional burden and facilitating tissue healing. In 
order to achieve this goal, it is necessary to acknowledge, 
understand, and control acute inflammation. We have devel 
oped mathematical models of inflammation that inter-related 
inflammation and tissue damage? dysfunction. Our therapeu 
tic goal is not to abolish inflammation per se but to reduce 
damage? dysfunction (i.e. promote healing) by modulating 
inflammation in a rational fashion based on these computa 
tional models. 
0005 To do so, a self-regulating device and related meth 
ods are described herein for individualized regulation of 
inflammation. The basic concept of the proposed device is to 
create negative feedback proportional to the exact degree of 
inflammatory stimulus. More precisely, several inflammatory 
mediators known as cytokines (protein hormones that induce, 
modulate, and augment inflammation) are in turn regulated 
by endogenous inhibitors. In the proposed device, the device 
would produce or release one or more units of the neutralizing 
protein for every one or more unit of a given inflammatory 
cytokine. The device would be a biohybrid device, in which 
gene-modified cells are housed in a bioreactor or matrix. The 
genetic modification(s) of the cells housed in this device 
would serve to 1) sense the levels of a given inflammatory 
cytokine or cytokines; 2) produce the appropriate levels of the 
appropriate cytokine inhibitor(s); and 3) possibly also release 
diagnostic markers that would serve to either delineate the 
degree of inflammatory cytokines produced by the patient, to 
delineate the degree of production of the cytokine inhibitor 
(s), or both (i.e. a “theranostic” device). These genetic modi 
fications could also include other diagnostic, cytotoxic, or 
therapeutic proteins stimulated by the genetic elements that 
would sense the presence of inflammatory cytokines in the 
patient. This device will, in theory, solve the current need for 
a personalized (yet standardized) inflammation-modulating 
therapy. The device will be standardized since, for a given 
disease, a single bioreactor or release matrix would be used. 
The device would be personalized since a given patients 
individual production of cytokines (i.e. the quality and quan 
tity of overall cytokine production) would be counteracted in 
a precise fashion and only as required and guided by the 
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mathematical model of a given inflammatory disease. More 
over, this device would both obviate the need for a diagnostic 
method prior to determination of treatment of a given inflam 
matory disease, since the device would essentially serve as a 
diagnostic through either the genetic elements that would 
sense the levels of relevant inflammatory cytokines in the 
patient, or through the production of indicator proteins at 
levels proportional to the inflammatory cytokines produced 
by the patient. Finally, since this device would greatly reduce 
the time from diagnosis (including possibly the calibration of 
patient-specific computational simulations of an inflamma 
tory disease) to treatment, since both diagnosis and treatment 
would be carried by the device in a simultaneous fashion. The 
reduction in time to treatment is especially important in 
inflammatory settings Such as sepsis, trauma, traumatic brain 
injury, and wound healing, in which individual trajectories 
(e.g. length of stay in the hospital) and outcomes (e.g. Sur 
vival, death, or long-term scarring) may be determined after a 
short period of inflammation. 
0006. The device described herein could be used to modu 
late inflammation in, for example: 1) acute, systemic inflam 
matory diseases (e.g. sepsis, trauma); 2) chronic, systemic 
inflammatory diseases (e.g. rheumatoid arthritis); and 3) can 
cer with an inflammatory etiology. The device could also be 
used to reprogram inflammation in a local context (e.g. a skin 
wound or psoriatic lesion) if interfaced appropriately with 
such a wound or lesion. The device could be used to influence 
the early-, mid-, or latestage inflammatory response to any 
trauma (accidental or iatrogenic e.g. Surgical) so as to bring 
about improved healing and rehabilitation. The device could 
serve solely as a therapeutic device, solely as a diagnostic 
device, or both. The device could be fine-tuned to each of 
these applications based on specifications for optimal out 
come given by mathematical and other computer simulations 
of the interrelated inflammatory and damage/healing 
responses. This device could be used both in civilian and 
military settings. It could be applied rapidly to start monitor 
ing and/or modulating inflammation in a personalized fash 
ion, or could be applied at any point in time of the inflamma 
tory response if its properties are tuned properly. 
0007 Current inflammation therapy can only be individu 
alized to a small extent, given that FDA approval requires that 
a device or drug be utilized in a standard fashion. This device 
would be 1) a standardized device that would not require 
harvesting and culturing of a patient’s cells, and yet 2) per 
sonalized, in that it would elaborate molecules that specifi 
cally neutralize only those inflammatory agents made by a 
given patient, and at levels driven by the levels of these 
inflammatory agents in each patient. This device would obvi 
ate the need for a time-consuming and expensive cycle of 
blood sampling, analysis of inflammation biomarkers, cali 
bration of patient-specific mathematical models of inflamma 
tion, determination of individual-specific therapy, and imple 
mentation of that therapy. Instead, the device's general 
operating characteristics would be tuned to a given disease by 
a generalized model, for example a mathematical model, of 
the disease (based on population data), and yet the specific 
degree of elaboration of molecules that antagonize each 
inflammatory agent would be driven by the characteristics of 
a given patient. Thus, the device would offer the benefit of 
personalized, rational inflammatory modulation that would 
take much less time and resources to implement. 
0008. In its most general form, the device comprises a 
bioreactor seeded with cells, such as hepatocytes, genetically 
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engineered to respond to a cytokine with that cytokine's own 
inhibitor. An additional benefit is that many different types of 
Such genetically engineered cells could be made and stored 
indefinitely in liquid nitrogen. The stored cells could be 
thawed and combined in the proportions prescribed by a 
computational model of a given inflammatory disease. Such 
as a mathematical model described by ordinary or partial 
differential equations oran agent-based model. Thus, another 
benefit of this device would be the theoretical capability of a 
nearly infinite spectrum of operating characteristics. Various 
embodiments of Such a device could be conceived, including 
reservoirs or biomaterials sensitive to a given cytokine that 
release the inhibitor, implantation of cells genetically modi 
fied to express the inhibitor upon exposure to the cytokine, or 
bioreactors seeded with these genetically modified cells. 
0009. One exemplary procedure for creating and using the 
bioreactor version of this device is: 

0010 Utilize mathematical models of inflammation in a 
given systemic inflammatory disease to determine the opti 
mal modulation of inflammation that would result in reduced 
tissue damage/dysfunction. See, e.g., United States Patent 
Publication NoS. 20030087285 and 20080228456 for 
examples of modeling methods for, e.g., sepsis, wound heal 
ing, vocal fold damage, and, generally inflammation using 
both object-oriented (agent-based) and equation-based mod 
eling. Currently, factors that enhance damage/dysfunction in 
our existing mathematical models of inflammation include 
circulating cytokines that activate macrophage, neutrophils, 
and TH1 cells (e.g. TNF, IL-6, IL-12, IFN-J., IL-2) as well as 
effector products Such as nitric oxide, Superoxide, and peroX 
ynitrite. A computerized algorithm can search the parameter 
space of the mathematical model of acute inflammation, in 
order to determine what changes to the circulating cytokines 
characteristic of the inflamed State (in which damage/dys 
function is high) will result in reducing damage/dysfunction 
to levels characteristic of health. 

0.011 Recombinant DNA constructs are made that consist 
of a promoter region sensitive to a given cytokine and that 
cytokines endogenous inhibitor, based on the predictions of 
the mathematical model in Step 1. Examples include: 1) 
tumor necrosis factor (TNF) and its endogenous inhibitor, 
soluble TNF receptor. 2) interleukin-1 (IL-1) and IL-1 recep 
tor antagonist, 3) transforming growth factor-f1 (TGF-B1) 
and TGF-31 latency-associated peptide (LAP). Many addi 
tional examples also exist. The device could be tuned for more 
rapid or slower response to cytokines by incorporating mul 
tiple copies of a given promoter element, or by using pro 
moter elements of various inherent sensitivities to cytokines. 
The device could be tuned for various degrees of suppression 
of a given cytokine by incorporating multiple copies of the 
gene for the cytokines endogenous neutralizer. 
0012 Stable transfection in cells such as a hepatocyte cell 

line, hepatocytes, or other suitable cells, are made with the 
gene constructs described in Step 2. This step may take place 
by first creating viruses that contain the DNA constructs and 
Subsequently infecting the cells described above, or by means 
of stable transfection methods. The cell lines could be of 
human or non-human origin, although the likeliest embodi 
ment would utilize human cells in order to reduce the likeli 
hood of immune reactions to nonhuman proteins. 
0013 The transfected cells are seeded into vessels that 
allow for nutrients, oxygen, etc. to be delivered to the cells in 
order to maintain their viability. Bioreactors containing hepa 
tocytes have been maintained stably for a month or more. 
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0014. The device is connected to a patient’s circulation 
via, e.g., catheters. Alternatively, the device is connected in 
Some fashion to a skin wound or other local site of inflam 
mation. 

(0015 Blood or another relevant bodily fluid from the 
patient is circulated through the device. Inflammatory cytok 
ines in the patient’s bodily fluid would stimulate the release of 
the cytokine-specific neutralizing proteins, with a rate and 
magnitude driven both by the device's characteristics and the 
patients own characteristics of inflammation. With time, 
lower levels of the patients inflammatory cytokines would be 
made as the devices inflammation dampening process pro 
ceeds. As this happens, less of the neutralizing proteins would 
be made, since the stimulus for their production would be 
lower. During this process, Small samples of the inflow and 
outflow from the device could be removed for analysis of 
cytokines and comparison to the predictions of the math 
ematical model, to determine that the device is operating as 
predicted and that this operation is predicted to result in 
reduced damage. Alternatively, if the device is constructed so 
as to allow for the direct or indirect detection of either the 
patients inflammatory cytokines or of the inhibitor(s) pro 
duced by the bioreactor, then diagnosis could be carried in 
this manner. Other blood parameters (e.g. liver transferases, 
bilirubin, etc.) could also be measured as adjunct measures of 
the function of the device and the patients health status. 
Eventually, an inflammatory steady state compatible with 
improved outcome would be reached. The device may then be 
either disconnected or replaced with another, similar device 
that modulates a related or Subsequent inflammatory process, 
or a device that modulates a known co-morbidity or conse 
quence of the inflammatory response (e.g. cancer). 
0016. As mentioned above, we have developed a series of 
mathematical models of inflammation and its interactions 
with tissue damage and healing, with the goal of understand 
ing, predicting, and controlling inflammation (Kumar, R., et 
al., J. Theoretical Biol. 230, 145-155 (2004); Clermont, G. et 
al. Crit. Care Med. 32, 2061-2070 (2004); Chow, C. C. et al. 
Shock 24, 74-84 (2005); Reynolds, A. et al. J. Theor. Biol. 
242, 220-236 (2006); Day, J. et al. J. Theor. Biol. 242, 237 
256 (2006); Prince, J. M. et al. Mol. Med. 12, 88-96 (2006): 
Lagoa, C. E. etal. Shock 26,592-600 (2006); Constantine, G., 
et al. J. Pure Appl. Math. doi:10.1007/s10589-007-9118-9., 
(2007); and Upperman, J. S. et al. J. Pediatr. Surg. 42, 445 
453 (2007); Li, N.Y.K., et al. PLoS ONE. 2008.3:e2789; and 
Tones, A. et al. Shock. 2009. 32:172-178). The Translational 
Systems Biology models we have developed to date (An, G.; 
et al. J. Burn Care Res. 2008. 29:277-2: Vodovotz, Y., et al. 
PLoS Comput. Biol. 2008. 4:1-6; and Vodovotz, Y. et al. 
Math. Biosci. 2009.217:1-10) have been based on multi-scale 
interactions at the cell-tissue-organ-organism level and clini 
cal trial simulations at the population level, constructing both 
equation-based and agent-based models of various degrees of 
granularity. These innovative models encompass the dynam 
ics of relevant cells, cytokines, and the resulting global tissue 
dysfunction in order to begin to unravel these inflammatory 
interactions. “Global tissue damage? dysfunction' is concep 
tually equivalent to "alarm/danger signals' released from 
stressed or necrotic cells, and serves as a proxy for the overall 
health of the organism. Our published models describe and 
predict various features of septic shock (Redd, M. J., et al. 
Philos. Trans. R.Soc. Lond B Biol. Sci. 359, 777-784 (2004); 
Kumar, R., et al., J. Theoretical Biol. 230, 145-155 (2004); 
Clermont, G. et al. Crit. Care Med. 32, 2061-2070 (2004); 
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Chow, C. C. et al. Shock 24, 74-84 (2005); and Constantine, 
G. et al. J. Pure Appl. Math. doi:10.1007/s10589-007-91 18 
9. (2007)) and trauma/hemorrhage (Kumar, R., et al., J. 
Theoretical Biol. 230, 145-155 (2004); Reynolds, A. et al. J. 
Theor. Biol. 242, 220-236 (2006); and Day, J. et al. J. Theor. 
Biol. 242, 237-256 (2006)), including the simulation of anti 
inflammatory strategies in clinical trials (Clermont, G., et al. 
Crit. Care Med. 2004. 32:2061-2070; Mi. Q. et al. Wound 
Rep. Reg. 2007. 15:671-682; Kumar, R. et al. Shock. 2008. 
29:104111...and An, G. etal. J. Crit. Care 22, 169-175 (2007)). 
0017. The basic concept of the proposed device is to create 
negative feedback proportional to the exact degree of inflam 
matory stimulus. More precisely, for every unit of a given 
inflammatory cytokine, the device would produce or release 
essentially one unit of the neutralizing protein. Examples 
include: 1) tumor necrosis factor (TNF) and its endogenous 
inhibitor, soluble TNF receptor (An, G. et al. J. Burn Care 
Res. 29,277-285 (2008); Gallucci, S. etal. Curr. Opin. Immu 
nol. 13, 114-119 (2001); Vodovotz, Y. Immunologic Res. 36, 
237-246 (2006); and Aggarwal, B. B. et al. Ernst. Schering. 
Res. Found. Workshop. 161-186 (2006)); and, 2) interleukin-1 
(IL-1) and IL-1 receptor antagonist (Hasegawa, A., et al. 
Takasaki, W., et al. Mini. Rev. Med. Chem. 1.5-16 (2001)), 3) 
transforming growth factor-f1 (TGF-31) and TGF-31 
latency-associated peptide (LAP. Femandez-Botran, R., et al. 
Expert. Opin. Biol. Ther. 2, 585-605 (2002) and Böttinger, 
EP, et al., Proc. Natl. Acad. Sci. USA Vol.93, pp. 5877-5882, 
June 1996). Many additional examples also exist. Various 
embodiments of such a bioreactor device could be conceived, 
including reservoirs or biomaterials sensitive to a given 
cytokine that release the inhibitor, implantation of cells 
genetically modified to express the inhibitor upon exposure to 
the cytokine, or bioreactors seeded with these genetically 
modified cells (FIG. 1). The proof of concept studies 
described here would take the latter approach. 
0018. Importantly, there must be a rational process by 
which to tailor the specific characteristics of such a device. 
For example, the specific cytokines to be antagonized and the 
timing and magnitude of such manipulation will vary depend 
ing on the nature of the inflammatory disease targeted. The 
mathematical models we have created are therefore useful for 
the rational construction and utilization of this device. 
0019. A bioreactor is therefore provided, for example, 
comprising a compartment comprising cells comprising a 
chimeric gene. The chimeric gene comprises a response ele 
ment operably linked to a sequence encoding a cytokine oran 
inhibitor of a cytokine, in which the response element causes 
expression of the cytokine or causes expression of the inhibi 
tor of the cytokine when the cells are contacted with the 
cytokine. The bioreactor comprising a selectively permeable 
membrane in contact with the cells. As disclosed herein, the 
gene can express a cytokine inhibitor of one of TNF, IL-1, 
TGFB1 and IL-6, such as TNF receptor, IL-1 receptoragonist, 
TGF-B1 LAP (latency-associated peptide) and an IL-6Ral 
pha/gp130 fusion protein. 
0020. The selectively permeable membrane can be a selec 
tively-permeable hollow fiber. Alternately, the compartment 
comprising the cells can comprise a vessel having a selec 
tively permeable wall. The vessel may comprise a plurality of 
selectively permeable hollow fibers passing through the com 
partment through which one or both of a gas and a fluid 
comprising nutrients for the cells can be passed. In another 
embodiment, the compartment comprising the cells com 
prises a plurality of selectively permeable hollow fibers pass 
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ing through the compartment in which the plurality of hollow 
fibers are fluidly connected to a plasma or blood circulation 
system in which blood or plasma from the patient can be 
circulated through the hollow fibers and into a patient. 
0021. The cells may be any cell that is effective in its use in 
the bioreactor, and may be Xenogeneic, Syngeneic, alloge 
neic, or autologous cells to a patient treated by use of the 
bioreactor. In one embodiment, the cells are transfected or 
transduced hepatocytes or a hepatocyte cell line. Such as 
HepG2. The bioreactor may further comprise a cell compris 
ing a (nucleotide) sequence encoding a fluorescent protein 
that either is: a) operably linked to the response element and 
the sequence encoding the cytokine or inhibitor of the cytok 
ine is attached to and inframe with the sequence encoding the 
fluorescent protein and a self-cleaving polypeptide sequence 
between the sequence encoding the cytokine or inhibitor of 
the cytokine and the sequence encoding the fluorescent pro 
tein; or b) under control of a second response element (in the 
cellor a second cell) that causes expression of the fluorescent 
protein when the cells are contacted with the cytokine. Alter 
nately, one or more of the cytokines or inhibitors of cytokines 
encoded by the one or more non-native inducible genes com 
prises a fluorescent tag that is contiguous with the one or more 
of the cytokines or inhibitors of cytokines. 
0022. Also described herein is a method of modulating 
(controlling, affecting) wound healing, sepsis, trauma, or 
traumatic brain injury (TBI), comprising, contacting a bodily 
fluid of a patient with the selectively permeable membrane of 
the bioreactor of claim 1 such that a cytokine in the bodily 
fluid can pass through the selectively permeable membrane 
and a cytokine or cytokine inhibitor produced by the cells can 
pass into the bodily fluid, and returning the bodily fluid to the 
patient. The bioreactor may be any bioreactor described 
herein. The cells, their quantity and chimeric genes they 
express, may be selected by use of a computer model of an 
inflammatory response characteristic of a disease or condi 
tion in the patient. The method may include modeling inflam 
mation associated with wound healing, sepsis, trauma or TBI 
and determining one or more cytokines to inhibit or produce 
to control inflammation in the patient associated with sepsis, 
wound healing or trauma. In one embodiment, data obtained 
from apatient may be used to assistin modeling inflammation 
or in tailoring the treatment to a patient. For example, the 
method may comprise determining levels of one or more 
cytokines in the patient and modeling inflammation using the 
one or more levels of cytokines in the patient and determining 
a cytokine level to be controlled in the patient to determine a 
chimeric gene construct to place in the bioreactor based on an 
outcome of the modeling. The method may comprise deter 
mining levels of one or more cytokines in the patient and 
modeling inflammation using the one or more levels of cytok 
ines in the patient and determining a cytokine level to be 
controlled in the patient to determine a chimeric gene con 
struct to place in the bioreactor based on an outcome of the 
modeling. In one embodiment, the patient is a TBI patient, 
and for example, one or both of an inhibitor of TNF and an 
inhibitor of IL-6 are produced by the cells. In another embodi 
ment, the cells comprise one or more genes that express an 
inhibitor of one or both of TNF and IL-1C. or IL-1B. In another 
embodiment, the gene expresses an inhibitor of a cytokine 
selected from the group consisting of soluble TNF receptor, 
IL-1 receptor agonist, and TGF-B1 LAP (latency-associated 
peptide). 
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0023. In further embodiments, the compartment compris 
ing the cells and comprises a plurality of selectively perme 
able hollow fibers passing through the compartment in which 
the plurality of hollow fibers are fluidly connected to a plasma 
or blood circulation system in which blood or plasma from the 
patient is circulated through the hollow fibers and into the 
patient. In another embodiment, the compartment comprising 
the cells has at least one wall that is the selectively permeable 
membrane, in which the first side of the membrane is placed 
in contact with a wound on the patient or a bodily fluid in situ 
in the patient. In that embodiment, optionally, the compart 
ment comprises a plurality of selectively permeable hollow 
fibers passing through the compartment through which one or 
both of a gas and a fluid comprising nutrients for the cells is 
passed. 
0024 FIG. 1 is a depiction of a self-regulating, individu 
alized theranostic device for the detection and adaptive 
modulation of inflammation and one possible method of con 
nection of the device to a patient. 
0025 FIG. 2 is a schematic diagram showing a simplified 
embodiment of a hollow-fiber bioreactor device. 

0026 FIG. 3 is a schematic diagram of a “transdermal 
type' bioreactor device as described herein. 
0027 FIG. 4A is a schematic diagram depicting a trans 
dermal-type bioreactor device comprising hollow fibers, as 
described herein. FIGS. 4B and 4C are cross-sections of two 
exemplary embodiments of the device of FIG. 4A, along line 
A. FIG. 4D. Temporary artificial flat sheet membrane “bag' 
placed on a wound and perfused with medium. Hollow fibers 
within the bag are not shown. 
0028 FIG. 5. Iterative process of modeling and experi 
mentation. Initial model components are determined from 
experimental data using Principal Component Analysis. Sub 
sequently, model building follows an iterative process involv 
ing calibration from existing or new data, and validation from 
prediction of data. This process identifies both areas where a 
model is correct and where it is deficient relative to data and 
therefore must be corrected. 

0029 FIGS. 6A and 6B. STNFR and IL-1ra plasmid. The 
NF-kB-responsive element and STNFR gene were obtained 
as described in the text (shown schematically in FIG. 6A). 
FIG. 6B shows the results of sequencing of a portion of the 
plasmid comprising the IL-1 ra expressing gene (SEQID NO: 
1). 
0030 FIGS. 7A and 7B. Initial proof-of-concept experi 
ments. FIG. 7A: HepG2 cells were cultured in standard 2D 
tissue culture and transfected with negative control plasmids 
(pcDNA3; negative control), a construct in which the consti 
tutively active CMV promoter drives the expression of 
sTNFR (msTNFR1; positive control), or the TNF-driven 
sTNFR promoter (sTNFR1-pcDNA3). In each case, the cells 
were either unstimulated or stimulated with 10 ng/mL mouse 
TNF. The graph shows the levels of sTNFR produced under 
each of these conditions. 

0031 FIG. 8. Dose-dependent activation of STNFR by 
TNF in transfected HepG2 cells. HepG2 cells were treated as 
in FIG. 7, except that escalating doses of mouse TNF were 
used as a stimulus. All assessments of sTNFR were made 24 
h following stimulation with TNF. 
0032 FIG. 9-HepG2 cells transfected with this plasmid 
were placed in a bioreactor and tested for their response to 
TNF. Following 3 days of culture (baseline), the cells were 
stimulated with 3 ng/mL mouse TNF. 24h later, as well as a 
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further 24 h after washing out the bioreactor with culture 
medium, mouse sTNFR was assayed as in FIG. 8. 
0033 FIG. 10. Characterization of HepG2 cells in 2-D and 
3-D culture. HepG2 cells were cultured in standard 2-D tissue 
culture (Panel A) as well as in experimental-scale liver biore 
actors (Panel B); note the similar appearance of the cells. 
Panel C shows that HepG2 cells can survive and remain 
metabolically active for up to 100 days in bioreactor culture, 
producing glucose (red line) and lactate (blue line). 
0034 FIG. 11. Detection of fluorescence in transfected 
HepG2 cells in 2-D and bioreactor cultures. Panel A and B: 
HepG2 cells were transfected with pTurboFP635N, in which 
the fluorescent protein is under control of the CMV promoter. 
Panel A: bright field microscopy. Panel B: fluorescence 
microscopy. Panel C. Primary human fetal liver cells (~18 
weeks gestation) were cultured for 10 days in a 4-well biore 
actor. Tissue that had formed was fixed with 4% paraformal 
dehyde, embedded in paraffin, and sections were stained with 
DAPI (blue fluorescence) forcell nuclei and for C.-fetoprotein 
(green fluorescence). 
0035 FIG. 12. Expression and modeling of TNF and 
sTNFR in endotoxemic mice. Studies were carried out on 
C57B1/6 mice injected intraperitoneally with 3 mg/kg. LPS 
for the indicated time points. TNF (symbols; Panel A) and 
sTNFR (symbols; Panel B) were measured in the serum using 
specific ELISA’s. A mathematical model was fit to the data in 
Panel A. We propose to do the same with data similar to those 
in Panel B. 

0036 FIG. 13. Endotoxin- and E. coli-induced TNF pro 
duction and bacterial dynamics in rats. Panel A: Rats (n=4 per 
time point) were injected intraperitoneally with 3 mg/k LPS. 
The rats were euthanized at the indicated time points and TNF 
was assayed using a rat-specific ELISA (R&D Systems, Min 
neapolis, Minn.). Values are meant-SD. The line represents 
the output of a mathematical model calibrated on these data as 
well as data on IL-6, IL-10, and NO reaction products (NO/ 
NO) at this dose of LPS as well as additional stimuli (6 and 
12 mg/kg LPS, Surgical cannulation trauma, and Surgical 
cannulation+hemorrhagic shock (30 mmHg for multiple time 
points). Panel B: Rats (n=3-5 per time point) were subjected 
to Surgical implantation of a fibrin clot containing approxi 
mately 1.5x10' E. coli bacteria (see Ref.21 for protocol). In 
this experimental model, approximately 25% of the rats died 
in the 96-h period of observation. Surviving rats were eutha 
nized at the indicated time points and TNF was assayed as in 
Panel A. Panel C. peritoneal bacterial counts in the rats of 
Panel B. 

0037 FIG. 14A shows a plasmid map for plasmid 
pLentiG-3xNFkB-sTNFR-Ires-TurboFP. FIG. 14B shows a 
partial sequence of the plasmid depicted in FIG. 14A (SEQID 
NO: 2) identifying pertinent elements in that sequence. 
0038 FIG. 15 is a graph showing response of two NF-kB 
responsive promoters. 
0039 FIG. 16A shows a plasmid map for plasmid IL1RE 
IL1ra-IresTurboFP-lentiG.3. FIG. 16B shows apartial 
sequence of the plasmid depicted in FIG. 16A (SEQID NO: 
3) identifying pertinent elements in that sequence. 
0040 FIG. 17A shows a plasmid map for plasmid 
pLentiG-3XNFkB-sTNFR-T2A-TurboFP. FIG. 17B shows a 
partial sequence of the plasmid depicted in FIG.17A (SEQID 
NO: 4) identifying pertinent elements in that sequence. 
0041 FIG. 18A shows a plasmid map for plasmid 
pLENTI6-3xNFkB-TurboFP. FIG. 18B shows a partial 
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sequence of the plasmid depicted in FIG. 18A (SEQID NO: 
5) identifying pertinent elements in that sequence. 
0042 FIG. 19 provides an exemplary nucleotide sequence 
for TGFB1 LAP (cDNA, GenBank Accession NO. 
BC000125, SEQID NO: 6) 
0043 FIG. 20 are graphs showing PCA of data in Trau 
matic Brain Injury Patients. 
0044 FIG.21 are graphs showing PCA of normalized data 
in Traumatic Brain Injury Patients. 
0045 FIG.22 is a graph showing IL-6 levels over time for 
the group of TBI patients studied. 
0046 FIG. 23 is a graph showing TNF levels over time for 
the group of TBI patients studied. 
0047 FIG. 24 is a graph showing TNF levels over time for 
the group of TBI patients studied. 
0048 FIG. 25 is a diagram showing relations between 
variables for TBI used in one embodiment of the ODE mod 
eling described in Example 8. 
0049. The use of numerical values in the various ranges 
specified in this application, unless expressly indicated oth 
erwise, are stated as approximations as though the minimum 
and maximum values within the stated ranges are both pre 
ceded by the word “about'. In this manner, slight variations 
above and below the stated ranges can be used to achieve 
Substantially the same results as values within the ranges. 
Also, unless indicated otherwise, the disclosure of these 
ranges is intended as a continuous range including every 
value between the minimum and maximum values. 

0050 A“patient” refers to a live subject, such as a human 
Subject or an animal Subject and does not imply a doctor 
patient relationship or animal-veterinarian relationship. 
0051. The term “comprising in reference to a given ele 
ment of a method, composition, apparatus, etc., means that 
the method, composition or apparatus includes that element, 
but also may contain other nonspecified elements. 
0052 A“vector is a construct composed of nucleic acids 
into which additional nucleic acids comprising a genetic ele 
ment are or can be inserted to facilitate transfer of the genetic 
element into a cell and permanent or temporary transforma 
tion, transfection, expression, incorporation, etc of the cell, 
typically to either mark the cell, to express a genetic element 
in the cell, or to store, replicate or propagate the vector and/or 
genetic element. Vectors containing expression cassettes are 
broadly available for expression of genes in various host cells, 
Such as E. coli, S. cerevisiae, insect and mammalian cells, 
such as Chinese Hamster Ovary (CHO) cells, human embry 
onic kidney (HEK) 293 cells, HeLa cells, or other human 
cells, such as hepatocytes. Although DNA consisting essen 
tially only of a gene for expressing a recombinant protein can 
be used to transfect or transform a cell, an extremely large 
number of vector and transformation systems, many of which 
are well-known and beyond the scope of this disclosure, are 
useful in producing a cell that expresses a recombinant pro 
tein. Some of these vector Systems are known, including, 
without limitation: yeast, insect, bacterial, mammalian and 
viral (for example, phage, retroviral, Adenoviral, and Adeno 
associated virus) vector systems. Suitable vectors, cells and, 
in general, expression systems are available commercially 
from a large variety of sources, including without limitation, 
Stratagene of La Jolla, Calif. and the AmericanType Culture 
Collection (ATCC) of Manassass, Va. In another non-limiting 
example, plasmid- or episome-based systems useful in gene 
transfer and expression are broadly known. Any gene for 
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expression of a give polypeptide or protein can be inserted 
into a suitable vector for transfer and expression in a cell. 
0053. By “expression” it is meant the overall flow of infor 
mation from a gene (without limitation, a functional genetic 
unit for producing a gene product in a cellor other expression 
system encoded on a nucleic acid and comprising: a transcrip 
tional promoter and other cis-acting elements. Such as 
response elements and/or enhancers; an expressed sequence 
that typically encodes a protein (open-reading frame or ORF) 
or functional/structural RNA, and a polyadenylation 
sequence), to produce a gene product (typically a protein, 
optionally post-translationally modified or a functional/struc 
tural RNA). By “expression of genes under transcriptional 
control of or alternately “subject to control by a designated 
sequence, it is meant gene expression from a gene containing 
the designated sequence operably linked (functionally 
attached, typically in cis) to the gene. The designated 
sequence may be all or part of the transcriptional elements 
(without limitation, promoters, enhancers and response ele 
ments), and may wholly or partially regulate and/or affect 
transcription of a gene. A "gene for expression of a stated 
gene product is a gene capable of expressing that stated gene 
product when placed in a suitable environment—that is, for 
example, when transformed, transfected, transduced, etc. into 
a cell, and Subjected to Suitable conditions for expression. In 
the case of a constitutive promoter “suitable conditions' 
means that the gene typically need only be introduced into a 
host cell. In the case of an inducible promoter, “suitable 
conditions” means when an amount of the respective inducer 
is administered to the expression system (e.g., cell) effective 
to cause expression of the gene. A "chimeric gene' is a gene 
made by man, typically by recombinant techniques as are 
broadly known. Nucleic acids are presented, unless otherwise 
noted, in a 3' to 5' direction. Proteins and polypeptides are 
presented, unless otherwise noted, in an N-terminus to C-ter 
minus direction. 
0054 Any nucleic acid encoding a given polypeptide 
sequence or other element of a gene can be prepared by a 
variety of known methods. For example and without limita 
tion, by direct synthesis of the primary DNA sequence for 
insertion in a gene, gene cassette, vector, etc., by PCR cloning 
methods, or by restriction and ligation or recombination 
according to well-established practices. In the case of prepa 
ration of a nucleic acid sequence encoding a repetitive 
sequence, a nucleic acid encoding a single iteration of the 
repeat may be prepared with blunt or Sticky ends, as is known 
in the art, and Subsequently ligated to form multiple itera 
tions. The ligated iterative sequences can then be ligated into 
a vector, gene or gene cassette by known methods. 
0055. The term “treatment and like terms, in the context 
of the compositions, constructs and devices described herein, 
refers to the action and ability of a peptide to modulate (in 
crease, decrease, reduce, and/or stabilize inflammation, typi 
cally associated with a disease or condition, in a subject, Such 
as a human or veterinary patient. The ability and effective 
dosage and treatment regimen for a patient typically is deter 
mined by studies of a statistically-relevant population of sub 
jects, and is determined as compared to a placebo or other 
negative control. 
0056. A variety of cell types and cell lines may be used in 
the bioreactors and methods described herein. At a minimum, 
the cells must be able to be transfected (non-viral nucleic acid 
transfer) or transduced (viral nucleic acid transfer) to permit 
transfer of appropriate genetic material into the cells. The 
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cells also should have the ability to express any genetic con 
struct transferred into the cell in an appropriate manner. Such 
that any genes contained within the transferred nucleic acid 
material is expressed appropriately—either constitutively or 
in an appropriately regulated manner. The cells should be able 
to secrete or otherwise externalize any genetic product of 
genes contained within the transferred nucleic acid and 
intended to be secreted or otherwise externalized. Lastly, the 
cells should be capable of Surviving, if not propagating in any 
bioreactor. Hepatocyte cell lines or hepatocytes (primary 
human liver cells) may meet these requirements, as would the 
common HeLa and HEK293 cells. Hepatocytes may be xeno 
geneic, allogeneic, isogeneic (Syngeneic, when appropriate) 
or autogenic. Other useful cells or cell lines include: HepG2 
hepatocyte cell line (American Type Culture Collection 
HB-8065TM), CHO cells, CACO2 enterocyte-like cells, A549 
lung epithelial-like cells, fibroblast cells or cell lines, kerati 
nocyte cells or cell lines, or any other cell or cell line that 
could substitute for a functional or structural cell in any 
inflammatory disease. The cells may be derived from cell 
lines, human transplant discards, cell donors, or from the 
patient’s own cell population. 
0057 Primary cell cultures or cell lines may be transfected 
or transduced with a genetic construct by any useful means, 
Such as by liposome-, electroporation-, particle bombard 
ment- or calcium phosphatemediated transfection. Nucleic 
acids may be transferred into the cell or cell line by transduc 
tion, such as by packaging within a Suitable transducing par 
ticle, such as an adenovirus (Ad), adeno-associated virus 
(AAV) or retrovirus (e.g., lentivirus) particle according to any 
of many known methods. In many cases, it is desirable to 
modify a cell line to include a transferred gene. A number of 
methods for permanently transforming a cell line are known. 
For example, by flanking a gene with the well-known retro 
virus or AAV terminal repeat structures, or using recombina 
tion systems, such as the well-characterized CRELOX sys 
tem, or even by using linearized plasmids for random 
integration, a gene can be introduced into the genome of a cell 
line, thereby creating a Suitable cell line for propagation and 
use in the bioreactors and methods described herein. 

0058. A variety of useful bioreactor designs are expected 
to be useful in the methods described herein. United States 
Patent Publication Nos. 20080145442, 2005.0049581, 
20050032218, 20050015064 and 20050003535, and U.S. 
Pat. No. 6,759,245, each of which is incorporated herein by 
reference for its technical disclosure, describe useful 
examples of bioreactor devices, how to implement them, 
useful cell types and related devices and methods of use. In 
the context of the present disclosure, a bioreactor is a device 
containing cells for contact with biological fluids of a patient. 
In its most general sense, a bioreactor comprises an enclosure 
which contains the cells, and a membrane which retains the 
cells within the enclosure, yet permits passage of nutrients 
and polypeptides across the membrane. 
0059 Extracorporeal bioreactors are cartridges or vessels 
having at least a perfusion inlet and a perfusion outlet, and a 
cell compartment, for example a matrix, within the vessel that 
provides a suitable environment for living cells while allow 
ing perfusion of the cell compartment with suitable media for 
maintaining the cells. Such cell compartments can be struc 
turally build containing semi-permeable membranes, e.g., 
hollow fiber membranes or flat sheet/plate membranes, with 
circulation of blood or plasma on one side of the membrane 
and the cells on the other side. 
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0060. As noted above, the bioreactors described herein 
contain a selectively permeable barrier made of a material 
that allows the passage of macromolecules and other cell 
derived products to and from the subjects plasma or other 
bodily fluids. The cells themselves do not leave the bioreactor. 
After circulation and one or multiple passes through the 
bioreactor, the treated ultrafiltrate (e.g., plasma) may be 
recombined with the cellular components of the subjects 
blood and returned to the subject via venous access. When 
utilizing the bioreactor in a manner in which the device is 
connected to the patient’s systemic circulation, the patients 
blood or plasma is Supplemented with heparin or other anti 
coagulants to prevent clotting. This circulation is maintained 
continuously for, e.g., a 10 hour Support period of extracor 
poreal therapy. In current similar systems, blood or plasma 
carries toxins from the patient to a bioreactor containing 
hepatocytes. 
0061. One non-limiting embodiment of the present 
devices include a) a bioreactor comprising a fluid treatment 
compartment and a cell compartment, and a selectively per 
meable barrier separating the fluid treatment compartment 
and the cell compartment, wherein the cell compartment 
comprises a population of cells comprising a gene for 
expressing a modulator of an cytokine or other inflammatory 
agent. 
0062 Blood, ultrafiltrate from a subject, or other bodily 
fluids are passed into the fluid treatment compartment, where 
agents secreted by the cells pass into the blood, ultrafiltrate, or 
other bodily fluids, by passage of the agents across the selec 
tively permeable barrier. 
0063 Extracorporeal liver support devices including 
bioreactors are also commonly referred to as bioartificial liver 
devices (BALDs) or bioartificial liver assist devices 
(BLADs). A number of such devices are known in the art and 
can be adapted for use with MSCs. Exemplary commercially 
available extracorporeal liver support device that can be used 
as described herein include, but are not limited to, the 
ELADR) system currently marketed by Vital Therapies, 
Incorporated (shown in FIG. 1 of U.S. Pat. App. Pub. No. 
2005/0182349), Circe's HEPATASSISTR), Gerlach's BELS, 
and Excorp Medical's BLSS. Additional suitable exemplary 
devices are described in U.S. Pat. Nos. 6,472,200, 5,605,835; 
7,160,719; 7,273,465; 6,858,146; 6,582,955; 5,270,192: 
6,759,245; and U.S. Pat. App. Pub. No. 2003.0017142. 
0064. In one embodiment, as depicted schematically in 
FIG. 2, a bioreactor 10 comprises a closed vessel 20 that can 
be of any physical configuration, Such as a cylinder, tube, 
cube, rectangular prism, plastic bag or sac etc. The vessel 20 
contains a cell culture 35 composed of cells, suitable media 
and optionally a cell growth scaffold or matrix. A hollow fiber 
30 passes into and out of the vessel 20. For simplicity, only 
one hollow fiber is depicted, though a typical bioreactor com 
prises multiple hollow fibers. The hollow fiber is selectively 
permeable, permitting passage ofgasses and molecules/com 
pounds having a maximum molecular weight (e.g., a maxi 
mum of 70, 80, 90, 100, 110, 120, 130, 140, or 150 kD, 
including increments therebetween) or size, preferably so 
long as cells cannot pass across the barrier. The hollow fiber 
30 comprises a lumen 35. In use, a fluid, such as cell culture 
media, and in the context of the present disclosure, a patients 
bodily fluids, such as plasma, is passed through the lumen 35 
of the hollow fiber 30, depicted by arrows A and B. Nutrients 
and protein constituents of the plasma C can pass through the 
walls of the hollow fiber 30 into the cell culture25. Cytokines, 
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growth factors, immunomodulators and other plasma con 
stituents which relate to an inflammatory state also can pass 
through the walls of the hollow fiber 30 into the cell culture 
25, to stimulate expression of, or to inhibit expression of one 
or more genes contained within cells of the cell culture. 
Factors D produced by cells in the cell culture 25 are able to 
pass through the walls of the hollow fiber 30 and into the 
plasma or other fluid. In the context of the one embodiment of 
the present disclosure, the cells within the vessel are modified 
with one or more genes for expression of one or more factors 
that inhibit cytokines or growth factors (which means they in 
some way inhibit production of or action of the one or more 
cytokines or growth factors). 
0065. As would be recognized by those of ordinary skill in 
the art of bioreactor design and related fields, this is merely a 
schematic diagram of one embodiment of the bioreactor. 
Variations of the number and configuration of the hollow 
fibers, as well as the molecular weight cutoff of the hollow 
fibers, the types of cells within the device, their number, the 
presence of one or more opening (closeable, using a valve or 
other useful closure means) in the vessel for depositing or 
removing cells, cell media, cell growth scaffolds, drugs, etc. 
from the vessel, and the size, shape and configuration of the 
device and its parts are possible and are a matter of design 
choice and/or optimization. In one embodiment, one or more 
additional hollow fibers are incorporated into the vessel for 
use in gas exchange. More specifically oxygen or air can be 
passed through the one or more additional hollow fibers to 
oxygenate liquids within the vessel, and to remove CO2 from 
the vessel. “Tubular does not imply any cross sectional shape 
of the hollow fiber, only that the membrane is a fluid conduit. 
0066 Plasma can be separated from cellular components 
of blood using an ultrafiltrate generator or any other plasma 
filtration method or device. Alternatively, whole blood can be 
treated by the devices described herein. 
0067. In a second embodiment, illustrated schematically 
in FIG. 3, the bioreactor device 110 is a transdermal device 
configured to adhere to a patient’s skin 115 in contact with a 
wound 116. A large variety of transdermal devices or patches 
are available and described in the literature. Unless indicated 
otherwise, any materials used in the relevant arts for Such 
devices and any device configurations available in the art are 
useful for purposes described herein so long as they are not 
inconsistent with the functioning of the device as described 
herein. The device 110 comprises a backing 120 that typically 
would be occlusive, but which may permit gas exchange. 
Adhesive 121 is provided to hold the device 110 in place on a 
patient’s skin. A reservoir 126 containing cells, cell medium 
and, optionally a cell scaffolding is provided and which is 
sealed between backing 120 and a membrane that permits 
exchange of cytokines, growth factors, immunomodulators 
and other plasma constituents which relate to an inflamma 
tory state, as well as nutrients between the wound 116 and the 
reservoir 125. The membrane may be any suitable membrane. 
0068. In yet another exemplary embodiment, depicted 
schematically for clarity in FIG. 4A, a contact type bioreactor 
is provided. Bioreactor 210 is provided, comprising a backing 
220 with adhesive about its edges. This diagram is a cross 
section viewed from the patient contact side of the device. 
The backing may be any medically or pharmaceutically-ac 
ceptable backing and may be wholly occlusive (preventing 
passage ofgasses and moisture) orgas-permeable (permitting 
passage of gasses and moisture). As indicated above, a large 
variety of occlusive and gas-permeable backings are available 
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and described in the transdermal device field. A cell growth 
chamber 225 is shown. A network of hollow fibers 230 is 
provided for oxygenation and feeding of cells in the cell 
growth chamber 225. More than one such network may be 
employed in a device Such as the device shown. For example 
a first network of hollow fibers may be used to supply nutri 
ents in liquid form to the cells, while a second may be used to 
Supply gasses (e.g., oxygen) and to remove CO2 from the 
cells. As in all embodiments, the cell growth chamber may 
comprise a cell growth scaffold. In this embodiment, due to 
the availability of gasses and nutrients via the one or more 
hollow fiber networks, the backing 220 may be wholly occlu 
sive to prevent contamination and to maintain moisture in the 
device. The direction of flow of liquid or gasses through the 
network 230 is shown be arrows F. The network 230 com 
prises an inlet 231 and an outlet 232, which are attached to a 
Source for the liquid orgasses and a Suitable disposal recep 
tacle. Alternately the liquids and/or gasses may be fed to the 
device 210 and repeatedly passed through the device in a 
closed-loop fashion, provided there is a large enough reser 
Voir of materials to Support growth and/or maintenance of the 
cells in the device over the intended duration of use. Valves 
233 are shown, which may be used to shut off or restrict flow 
through the inlet 231 and outlet 232. This may be useful in 
changing out the device, and in general handling of the 
device. Connectors (not shown). Such as Luer lock or taper 
fittings may be provided for fluidly connecting inlet 231 and 
outlet (drain) 232 to an external supply/waste disposal or 
recirculation system. FIGS. 4B and 4C are cross-sectional 
schematic diagrams of alternate embodiments of the device 
depicted in FIG.4A, along segment Ashown in FIG. 4A. Both 
of FIGS. 4B and 4C depict backing 220, cell growth compart 
ment 225, and hollow fiber matrix 230. Adhesive 221 (op 
tional) is shown in these figures attached to lateral extensions 
or “tabs' extending from the device. Also depicted is a per 
meable membrane 240 for entrapping cells within the com 
partment 225, which can be any suitable polymeric or hydro 
gel composition as are broadly known and available. 
0069. As can be envisioned by one of ordinary skill, the 
overall structure and composition of the devices depicted in 
FIGS. 4A-C can be varied according to design choice and 
optimization. For instance, adhesive and the depicted exten 
sions or tabs extending laterally from the device may be 
omitted. Likewise, the backing may be omitted, with the 
barrier membrane extending around and enclosing the cell 
growth compartment. For example, the membrane may form 
a “bag”, as is depicted in US Patent Publication No. 
20050015064 (See, e.g., FIG. 4D). In such an example, the 
device is wrapped, taped or otherwise placed in contact with 
a wound. 

0070 FIG. 4D illustrates the concept of using a perfused 
flat sheet membrane bag in an active wound dressing. The 
membrane is temporarily placed above the wound and below 
the outer wound dressing. Such a membrane-based wound 
dressing can provide nutrition, oxygenation, pH regulation, 
electrolyte balance, and detoxification of wound debris. This 
therapy is expected to improve the clinical outcome by reduc 
ing the time of woundhealing while enabling larger treatment 
areas, and thus reducing the mortality rate in patients with 
large surface burns. As shown in FIG. 4D, cells, such as basal 
keratinocytes, can be applied to the wound prior to applica 
tion of the device. 

(0071. In any of the devices depicted in FIGS. 2, 34A-4D, 
or otherwise disclosed herein, the devices may be provided 
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with one or more one or more ports, or openings in the body 
of the device that are closeable or sealable through which 
cells, a patient’s biofluid or other contents within the device 
may be sampled or cells and/or cell growth scaffolds, or other 
compounds or compositions may be inserted into the device. 
One or more ports also may be provided for holding or insert 
ing probes for analyzing the contents of the device. Such as 
temperature probes, pH probes, oxygen probes or fluorescent 
light sources and/or fluorescence detection devices, such as a 
CCD (Charge-Coupled Device). An optical port also may be 
provided for imaging of cells or cell-bearing structures within 
the device, for example in combination with a fluorescent 
(excitation) light source. 
0072. In the context of burn healing, the inflammatory 
process associated with burn healing can be modeled by 
computer and immunomodulatory factor production can be 
controlled to optimize the healing process. TNF, IL-1C., and 
IL-1B levels are examples of immunomodulatory factors that 
might be controlled in a burn patient to prevent untoward 
inflammatory events. Thus, placing cells transformed with 
the sTNFR and IL-1ra genetic constructs, is expected to pro 
vide control over the inflammatory process. Mathematical 
modeling or agent-based modeling methods for determining 
targets for modulation/control of the immune response are 
described, for example, in United States Patent Publication 
No. 20080228456, in a variety of contexts. The choice of 
cytokines to control, and how strong the control needs to be 
can be modeled in this manner. For instance, when a stronger 
response is necessary to control a cytokine such as TNF or 
IL-1, more cells containing a construct for expressing an 
inhibitor of the cytokine may be added to the bioreactor. Cells 
may be propagated and dispensed into a device either as 
individual cell populations, or as cells deposited on a cell 
growth scaffold, such as beads or ECM sheets. Cells, or cell 
growth scaffolds comprising cells may be stored in any Suit 
able manner that preserves the viability of the cells, such as by 
freezing or any other Suitable manner. 
0073. In the devices described herein, the cell-containing 
compartment may comprise a cell growth scaffold. Such as a 
collagen, synthetic polymers or decellularized ECM-derived 
material onto which Suitable cells are grown or maintained. 
An "ECM-derived material. is a material prepared from an 
extracellular matrix-containing tissue. Any type of extracel 
lular matrix tissue can be used in the methods, compositions 
and devices as described herein (see generally, U.S. Pat. Nos. 
4,902,508: 4,956, 178: 5,281,422; 5,352,463; 5,372,821; 
5,554,389: 5,573,784; 5,645,860; 5,771,969; 5,753,267; 
5,762,966; 5,866,414; 6,099,567; 6,485,723; 6,576,265; 
6,579,538; 6,696,270; 6,783,776: 6,793,939; 6,849,273; 
6,852,339; 6,861,074; 6,887,495; 6,890,562; 6,890,563: 
6,890,564; and 6,893,666). In certain embodiments, the ECM 
is isolated from a vertebrate animal, for example and without 
limitation, from a warm blooded mammalian vertebrate ani 
mal including, but not limited to, human, monkey, pig, cow 
and sheep. The ECM can be derived from any organ or tissue, 
including without limitation, urinary bladder, intestine, liver, 
esophagus and dermis. In one embodiment, the ECM is iso 
lated from a urinary bladder. The ECM may or may not 
include the basement membrane portion of the ECM. In cer 
tain embodiments, the ECM includes at least a portion of the 
basement membrane. 

0074 Commercially available ECM preparations can also 
be used in the methods, devices and compositions described 
herein. In one embodiment, the ECM is derived from small 
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intestinal submucosa or SIS. Commercially available prepa 
rations include, but are not limited to, SurgisisTM, Surgisis 
ESTM, StratasisTM, and Stratasis-ESTM (Cook Urological Inc.: 
Indianapolis, Ind.) and GraftPatchTM (Organogenesis Inc.; 
Canton Mass.). In another embodiment, the ECM is derived 
from dermis. Commercially available preparations include, 
but are not limited to PelvicolTM (sold as PermacolTM in 
Europe; Bard, Covington, Ga.), RepliformTM (Microvasive: 
Boston, Mass.) and AllodermTM (LifeCell: Branchburg, N.J.). 
In another embodiment, the ECM is derived from urinary 
bladder. Commercially available preparations include, but are 
not limited to UBM (Acell Corporation; Jessup, Md.). 
0075 Selectively-permeable membranes useful in the hol 
low fibers or other structures used to transfer include hydro 
philic or hydrophobic membranes, including, without limita 
tion, polypropylene, polyamide, polysulfone, cellulose, or 
silicon-rubber is preferred for hollow fiber membranes. The 
selection of hollow fiber membranes depends on the mol 
ecules planned for Substance exchange. However, any mem 
branes, such as hollow fiber membranes, useful as Substance 
exchange devices (or mass exchange devices), can be used. 
0076 Gene constructs for controlling levels of a given 
factor implicated in the inflammatory response may be pre 
pared using any of the large number of recombinant methods 
described in the literature and which are available from com 
panies, such as Invitrogen, Stratagene and Clontech, among 
many others. Constructs can be assembled from nucleic acid 
fragments that contain Suitable gene elements, such as coding 
sequences, response elements, etc. 
0077. TNF ATNF construct includes at a minimum a 
control sequence (promoters, enhancers, response elements, 
etc.) that increases expression of a downstream (3') coding 
sequence in the presence of TNF (not necessarily directly 
responsive to TNF, but also responsive to a cellular event 
triggered by TNF, such as NF-KB) and a sequence encoding 
an inhibitor of TNF activity, such as a TNF antagonist or 
TNF-specific binding reagent, such as a soluble receptor oran 
antibody or an ScFv fragment (cloning and expressing anti 
body fragments such as an SchV or Fab fragment by, e.g., 
phage display, is now routinely performed by commercial 
Vendors), or an appropriate “cytokine trap' (see, e.g., Econo 
mides, A Net al. Nature Medicine, 9(1):47-52 (2003)). 
0078 TNF carries out its inflammatory signaling in cells 
via activation of the nuclear factor-kappa B (NF-kB) pathway 
and is inhibited by soluble TNF receptor. The classical path 
way of NF-kB activation involves an inflammatory response 
operating through a heterodimer of p50 and p65. NF-kB 
dimers are held in the inactive state by a family of inhibitors 
called I-KB. Receptor signaling leads to activation of a mul 
tisubunit I-KB kinase (IKK) complex which phosphorylates 
I-KB on two key serines. Phosphorylation of I-KB marks it for 
degradation by the ubiquitin pathway, so that the NF-kB 
dimer is liberated to translocate to the nucleus, bind DNA and 
activate transcription. It is essential that the inflammatory 
actions of NF-kB are switched off once the inflammatory 
signal ceases, and because the inhibitor I-KB is degraded on 
NF-kB activation. This means new I-KB must be synthesized. 
There are three main members of the I-KB family, two of 
which, IKB?3 and I-KBe are synthesized constitutively and 
reestablish NF-kB inhibition on cessation of signaling with a 
relatively slow time course. Synthesis of the third, I-KBC, is 
under the control of NF-kB itself, and it is therefore produced 
in response to signaling: it enters the nucleus on synthesis, 
binds to NF-kB and shuttles it back to the cytoplasm via a 
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nuclear export signal, switching off NF-kB action with a very 
short delay, thus making NF-kB activity self-limiting. 
0079 Accordingly, an appropriate genetic construct, Such 
as a recombinant DNA plasmid containing a gene for express 
ing soluble TNF receptor (STNFR), for example an NF-kB 
sensitive promoter operably linked (e.g., upstream of) a 
sTNFR coding sequence. A soluble TNF receptor is an 
antagonist of TNF (see, e.g., US Patent Publication No. 
20070249538 for a more detailed description of STNFR and 
variations thereof) and can be derived from TNFR1 (TNFRC. 
or TNFR1a) and TNFR2 (TNFRB or TNFR1b). An exem 
plary sequence for STNF 1a is provided in FIG. 6B (refer 
enced below). An exemplary TNF-responsive promoter ele 
ment is described below and is an NF-kB-sensitive promoter. 
0080 IL-1-An IL-1 (for example IL-1B) construct 
includes at a minimum a control sequence that increases 
expression of a downstream (3') coding sequence in the pres 
ence of IL-1, operably linked to a sequence encoding an 
inhibitor of IL-1 activity (e.g., by binding IL-1 or otherwise 
causing downregulation of either IL-1 production, availabil 
ity or activity). Such as an IL-1 antagonist or IL-1-specific 
binding reagent, such as an antibody or an ScFV fragment, or 
an appropriate “cytokine trap'. An exemplary IL-1-respon 
sive promoter element is described below, and an exemplary 
IL-1 receptor antagonist (IL-1 ra) (also referred to as, IL1rn) 
sequence is shown in FIG. 16B (referenced below). 
0081. TGFB1- A TGFB1 construct includes, at a mini 
mum, a control sequence that increases expression of a down 
stream (3') coding sequence in the presence of TGFB1, oper 
ably linked to a sequence encoding an inhibitor of TGFB1 
activity (e.g., by binding TGFB1 or otherwise causing down 
regulation of either TGFB1 production, availability or activ 
ity), such as an TGFB1 antagonist, a TGFB1 specific binding 
reagent, such as an antibody or an Schv fragment, an appro 
priate “cytokine trap' or a LAP. An exemplary TGFB1-re 
sponsive promoter element is plasminogen activator inhibitor 
type 1 (PAI1) and an exemplary LAP sequence are shown in 
FIG. 19 (referenced below). 
0082 IL-6-An IL-6 construct includes, at a minimum, a 
control sequence that increases expression of a downstream 
(3') coding sequence in the presence of IL-6. An exemplary 
control sequence is (SEQID NO: 8): 

5 - GTATTTCCCAGAAAAGGAACGTATTTCCCAGAAAA 
GGAACGTATTTCCCAGAAAAGGAAC-3' 

0083. This promoter element contains only 3 copies of the 
relevant response element, which can be increased. Of note, 
this can be activated by various ligands including interferon 
alpha, interferon-gamma, EGF, PDGF and IL-6. Soluble IL-6 
receptor, a “cytokine trap' (see, e.g., Economides, A Net al. 
Nature Medicine, 9(1):47-52 (2003)) or a binding reagent 
specific to IL-6 may be encoded by this gene (See, generally, 
SL Plushner, The Annals of Pharmacotherapy, 2008 Novem 
ber, Volume 42:1660-68; Economides, A N et al. Nature 
Medicine, 9(1):47-52 (2003); and Ancey, C, et al. J. Biol. 
Chem. 278(19): 16968-16972 (2003)). 

Sepsis 
0084. One exemplary therapeutic goal is not to abolish 
sepsis-induced inflammation per se but rather to define its 
time course and reduce damage or dysfunction (i.e. promote 
healing) by modulating inflammation in a rational fashion. 
More specifically, our goal is to attenuate the positive feed 
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back cycle of inflammation damage inflammation, by allow 
ing the body to re-equilibrate its inflammatory response 
through a repeated, incremental reduction of pro-inflamma 
tory influences. To do so, we have conceived of and proto 
typed a self-regulating device for individualized control of 
inflammation. 
I0085 Sepsis following infection, trauma, or major surgery 
results in prolonged, expensive intensive care unit hospital 
ization and remains a major cause of mortality. It is estimated 
that over 750,000 patients develop sepsis, of which over 200, 
000 die. Sepsis is most often caused by bacterial infection, 
and even more specifically by Gram-negative bacterial infec 
tion. The acute inflammatory response to biological stress 
Such as Gram-negative bacterial endotoxin (lipopolysaccha 
ride; LPS) involves a cascade of events mediated by a large 
array of cells and molecules that locate invading pathogens or 
damaged tissue, alert and recruit other cells and molecules, 
eliminate the offending agents, and finally restore the body to 
equilibrium. Inflammation causes damage to tissues, which in 
turn lead to the production of molecules that re-stimulate 
inflammation. Perplexingly, this feed-forward loop can lead 
to persistent, dysregulated inflammation that promotes organ 
dysfunction and death. 
I0086 Our overarching hypothesis is that the acute, self 
amplifying inflammatory response in experimental Gram 
negative sepsis is driven in large part by cytokines such as 
TNF and IL-1, and that adaptive neutralization of these cytok 
ines can result in reduced inflammation, organ damage, and 
perhaps also improved survival. Our secondary hypothesis is 
that computational simulations of the device and disease state 
can streamline the design of this theranostic device and Sug 
gest the optimal protocols for its application. 
I0087. One embodiment of the prototype inflammation 
regulating bioreactor is based on the production of sTNFR 
driven by TNF. This design was chosen because TNF is the 
primary driver of a broad array of inflammatory mediators 
upon stimulation with endotoxin (Brown, K. L., et al. Trends 
Immunol. 28, 260-266 (2007)). We propose to create, test, and 
mathematically model a sepsis theranostic based on a modi 
fied liver bioreactor, and in parallel to explore computation 
ally the likelihood of clinical utility of such a theranostic 
device. Gene-modified human HepG2 cells can act as both 
diagnostic indicators (of TNF as well as sTNFR) while at the 
same time modifying the inflammatory response using 
sTNFR. Development of this device will utilize mechanistic 
computational simulations of the impact of the proposed 
device on a simulated population of human Septic patients, 
much as we simulated the response to neutralizing anti-TNF 
antibodies in sepsis (Clermont, G. et al. Crit. Care Med. 32. 
2061-2070 (2004)) as well as vaccination in the setting of 
anthrax (Kumar, R., et al. Shock 29, 104-111 (2008)) The 
device is envisioned as being developed using an iterative 
process of simulation and empirical studies to Suggest opti 
mal device characteristics as well as timing, duration, and 
extent of neutralization of TNF, IL-1, or other relevant 
inflammatory cytokines; see FIG. 5). 
I0088 Inflammatory response associated with other dis 
ease states or conditions, such as trauma, may be controlled 
using the methods described herein. For example TNF and 
IL-1 are implicated in the inflammatory response associated 
with trauma, such that control of IL-1 and/or TNF should 
effectively control the inflammatory response associated with 
trauma (See, e.g., United States Patent Publication Nos. 
20030087285 and 20080228456) discussed above. 
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EXAMPLE1 

TNF-STNFR Plasmid 

I0089 FIG. 6A shows a plasmid map for a TNF-STNFR 
plasmid (3xNFkB-sTNFR-pcDNA3). The plasmid com 
prises three copies of the NFkB responsive elements with 
reduced TK promoter driving production of sTNFR1a. To 
create this vector we used pcDNA3 (from Invitrogen) as a 
backbone. Our insert is 3xNFkB-TK+STNFR1A. The plas 
mid also comprises NeoR gene resistance to Neomycin. 
This was used for transient transfection experiments. FIG. 6B 
provides the sequence of this construct in pertinent part. Sta 
bly transfected lines can be produced by spontaneous inte 
gration of the vector and can be selected by Neomycin resis 
tance. In response to TNF stimulation, cells will produce 
sTNFR1A. Response to TNF for this vector in HepG2 cells 
transiently transfected with the plasmid is shown in Example 
2. 

EXAMPLE 2 

Prototype Biofeedback Plasmid 

0090. In our prototype biofeedback plasmid, described in 
Example 1, genetic elements (the NF-kB promoter) respon 
sive to TNF were placed upstream of the gene coding for 
mouse sTNFR (FIG. 6A6B). TNF carries out its inflamma 
tory signaling in cells via activation of the nuclear factor 
kappa B (NFKB) pathway and is inhibited by STNFR. 
Accordingly, we created a recombinant DNA plasmid con 
taining the mouse NF-kB-sensitive promoter upstream of the 
mouse sTNFR gene, and inserted this plasmid into human 
cells that we felt would be appropriate for long-term, high 
level expression of this recombinant gene product (the 
HepG2 liver cell line). 
0091. The reason for the choice of mouse soluble TNF 
receptor and human cell line was that we could stimulate the 
cells with a mouse cytokine and obtain the species-specific 
cytokine inhibitor, while hopefully avoiding the confounding 
result that would occur if we were to detect the STNFR pro 
duced by the HepG2 cells themselves. 
0092. To make the plasmid, we obtained plasmids that 
contained each element separately (a NF-kB response ele 
ment was obtained by PCR from a plasmid (3xNFkBTK109) 
containing that sequence, and STNFR sequence was obtained 
from the STNFR ImageOloneTM Invitrogen plasmid), as 
well as a plasmid that allows for high-levels gene transcrip 
tion in mammalian cells (pcDNA3). Next, the TNFdriven 
sTNFR plasmid was inserted into HepG2 cells, which were 
stimulated with mouse TNF following by assay of mouse 
sTNFR (FIG. 7). Control studies included assaying human 
sTNFR (to determine if there is any contribution from the 
human HepG2 cells' own sTNFR), no stimulus, and various 
other controls (FIG. 7). As seen in this figure, we have created 
a circuit in which 1) no sTNFR is produced from HepG2 cells 
transfected with the negative control plasmid or the TNF 
driven sTNFR plasmid in the absence of TNF (FIG. 7A), and 
2) TNF is produced significantly above background from 
HepG2 cells transfected with the TNF-driven sTNFR plasmid 
following stimulation with TNF (FIG. 7A), and 3) that only 
the TNF-driven sTNFR construct led to a significant reduc 
tion in the levels of TNF. We extended these studies to assess 
the dose-responsiveness of our construct to mouse TNF 
(FIGS. 7 and 8). Our results suggest that maximal activation 
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was approximately 3.5-fold relative to baseline (FIG. 8). We 
note that this may be an under-estimate, since the assay may 
not recognize sTNFR bound to TNF and since constructs 
using the same TNF-responsive element upstream of 
luciferase rather than STNFR suggested a simulation of up to 
12-fold (data not shown). We have also successfully trans 
fected HepG2 cells with our proposed fluorescent protein 
(FIGS. 11A-11B). 
0093. In another experiment, HepG2 cells transfected 
with this plasmid were placed in a bioreactor and tested for 
their initial response to TNF as well as for the time for this 
initial response to decay. 27x10 HepG2 cells were trans 
fected with the 3xNFkB-sTNFR-pcDNA3 vector and were 
seeded in an 8 ml bioreactor. Samples were collected at a rate 
of 1 tube/per hour. The cells were stimulated with TNF as 
follows: 5 day Ong/ml TNF; 1 day 3 ng/ml TNF; 1 day 0 ng/ml 
TNF; 1 day 1 ng/ml TNF; 1 day 0 ng/ml TNF. Results are 
shown in FIG. 9. 

0094. We also carried out studies on establishing the cul 
ture conditions for HepG2 cells, in both standard 2-D and in 
bioreactor cultures. We utilized a four-compartment, hollow 
fiberculture bioreactorin which cells can spontaneously reas 
semble to tissue-like structures in a 3-D perfused cell com 
partment. (Gerlach, J. C. Bioreactors for extracorporeal liver 
support. Cell Transplant. 15 Suppl 1, 591 103 (2006)) Impor 
tantly, the bioreactor comes in several distinct configurations 
and Volumes, including 8 mL, 2 mL, and 1 mL. Importantly, 
the 1 mL bioreactor is optimized for imaging, a design that 
may facilitate optical detection of fluorescent or other tagged 
proteins used for determination of either the patient’s own 
local or systemic inflammatory state or of the production of 
relevant proteins by the bioreactor in response a given 
patients inflammatory response. 
0.095 The prototype inflammation-regulating bioreactor 
was created as follows. The 3-D nature of the cell compart 
ment allows cells to spontaneously form tissue-like structures 
(Gerlach, J. C. et al. Improved hepatocyte in vitro mainte 
nance in a culture model with woven multicompartment cap 
illary systems: electron microscopy studies. Hepatology 22, 
546-552 (1995) and Zeilinger, K. et al. Time course of pri 
mary liver cell reorganization in three-dimensional high-den 
sity bioreactors for extracorporeal liver Support: an immuno 
histochemical and ultrastructural study. Tissue Eng 10, 1113 
1124 (2004)), similar to those found in vivo, and the 
convection-based mass transferas well as the mass exchange 
in the cell compartment allow restructuring of neo-sinusoidal 
endothelialized perfusion channels. In turn, these channels 
allow for physiologic perfusion and flow/pressure alterations 
as in parenchymal organs. Within 2-3 days of culture, liver 
cells spontaneously form tissue-like structures, including 
neo-sinusoids, (Gerlach, J. C. et al. Improved hepatocyte in 
vitro maintenance in a culture model with woven multicom 
partment capillary systems: electron microscopy studies. 
Hepatology 22, 546-552 (1995)) with neo-formations of 
spaces of Dissé lined by endothelial cells and structures 
resembling the Canals of Hering, the anatomical stem cell 
niche of liver progenitor cells. The vascular-like perfusion 
allows for long-term Support of a cell mass under Substantial 
high-density conditions. 
0096. Each bioreactor contains two bundles of hydrophilic 
polyether sulfone hollow fiber microfiltration membranes 
(mPES, Membrana, Wuppertal, Germany) for transport of 
culture medium (forming 2 independent medium compart 
ments), interwoven with one bundle of multilaminate hydro 
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phobic hollow fiber oxygenation membranes (MHF, Mitsub 
ishi, Tokyo, Japan) for transport of oxygen and carbon 
dioxide (forming a gas compartment). The fibers are potted 
within a polyurethane housing (Gerlach, J. Schauwecker, H. 
H., Hennig, E., & Bucherl, E. S. Endothelial cell seeding on 
different polyurethanes. Artif. Organs 13, 144-147 (1989)) 
(PUR, Morton, Bremen, Germany), and cells are inoculated 
through 24 silicone rubber tubes (Silastic, Dow Corning, 
N.Y., USA). Cells are thus cultured in the interstitial spaces 
between the fibers (the fourth compartment, the cell compart 
ment). The microfiltration fibers (Gerlach, J., Stoll, P. 
Schnoy, N., & Neuhaus, P. Comparison of hollow fibre mem 
branes for hepatocyte immobilisation in bioreactors. Int. J. 
Art. Org. 19, 610-616 (1996)) have a molecular weight cutoff 
of MW 400 kDa, allowing larger proteins to pass freely 
through the fiber walls and into the cell compartment. Culture 
medium circulates from the lumens of the microfiltration 
fibers to the cell compartment and back to the fiber lumens, 
due to the axial pressure drop from the inlet to the outlet of 
each fiber lumen (Starling flow)(Starling, E. H. On the 
absorption of fluid from the convective tissue space. J. 
Physiol 19, 312-326 (1896); Kelsey, L.J., Pillarella, M. R., & 
Zyndney, A. L. Theoretical analysis of convective flow pro 
files in a hollow-fiber membrane bioreactor. Chemical Engi 
neering Science 45,3211-3220 (1990); and Bruining, W.J. A 
general description of flows and pressures in hollow fiber 
membrane modules. Chemical Engineering Science 44. 
1441-1447 (1989)). Medium is pumped through the two 
microfiltration fiber bundles in opposing directions (counter 
current flow), allowing the medium entering the cell compart 
ment from one bundle (at its high pressure end) to exit by 
reentering the same bundle (at its low pressure end) or by 
entering the other bundle (at its low pressure end, adjacent to 
the first bundle's high pressure end). This complex flow pat 
tern mimics an “arterial and venous flow in natural tissues 
ensures that the medium in the cell compartment is well 
mixed, so that most of the cells are exposed to the same low 
concentrations of nutrients, toxins, and waste products, as in 
the natural liversinusoids. Additionally, the interwoven oxy 
genation fibers (Gerlach, J., Kloppel, K., Stoll, P., Vienken, J., 
& Muller, C. Gas supply across membranes in bioreactors for 
hepatocyte culture. Artif. Organs 14, 328333 (1990)) ensure 
that most of the cells receive adequate oxygen delivery and 
carbon dioxide removal. The gas flow through the oxygen 
ation fibers can be considered as laminar, fully-developed 
flow of a compressible Newtonian fluid in a circular tube, 
allowing an analytical solution predicting the gas flow rate as 
a function of the axial pressure drop along the fibers (Feder 
spiel, W.J., Williams, J. L., & Hattler, B.G. Gas flow dynam 
ics in hollow-fiber membranes. Aiche J. 42, 2094-2099 
(1996)). 
0097. The bioreactor is integrated into a processor-con 
trolled perfusion device with electronic pressure and flow 
regulation. Modular pump units for recirculation and fresh 
media feed, respectively, with exchangeable multi-channel 
flow heads and gears serve for medium recirculation and— 
substitution to provide constant levels of pH and nutrition to 
the cells. A heating unit provides a constant temperature 
within the perfusion circuit. Flow rates of compressed air and 
carbon dioxide (CO) are controlled by 2 rotameters with a 
gas-mixing unit. The perfusion tubing with bubble traps is 
made of standard medical grade dialysis PVC (B. Braun, 
Melsungen, Germany). Sterilization is performed with ethyl 
ene oxide at 60° C. according to clinical standards. We 
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describe in this Example the first study using this type of 
bioreactor seeded with the gene-modified HepG2 cells (trans 
fected with the TNF-driven STNFR DNA construct). 
0098. The 3-D nature of the cell compartment of the pro 
totype bioreactor allows cells to spontaneously form tissue 
like structures, (Gerlach, J. C. Bioreactors for extracorporeal 
liver support. Cell Transplant. 15 Suppl 1, S91-103 (2006)). 
similar to those found in vivo, and the convection-based mass 
transferas well as the mass exchange in the cell compartment 
allow restructuring of neo-sinusoidal endothelialized perfu 
sion channels. In turn, these channels allow for physiologic 
perfusion and flow/pressure alterations as in parenchymal 
organs. In these bioreactors, hepatocytes and HepG2 cells 
form neo-sinusoids, endothelialized spaces of Dissé, and 
Canals of Hering. (Gerlach, J. C. Bioreactors for extracorpo 
real liver support. Cell Transplant. 15 Suppl 1, S91-103 
(2006)). Each bioreactor contains two bundles of hydrophilic 
polyether sulfone hollow fiber microfiltration membranes 
(mPES, Membrana, Wuppertal, Germany) for transport of 
culture medium (forming 2 independent medium compart 
ments), interwoven with one bundle of multilaminate hydro 
phobic hollow fiber oxygenation membranes (MHF, Mitsub 
ishi, Tokyo, Japan) for transport of oxygen and carbon 
dioxide (forming a gas compartment). The fibers are potted 
within a polyurethane housing (PUR, Morton, Bremen, Ger 
many), and cells are inoculated through 24 silicone rubber 
tubes (Silastic, Dow Corning, N.Y., USA). The microfiltra 
tion fibers have a molecular weight cut off of MW 400 kDa, 
allowing larger proteins to pass freely through the fiber walls 
and into the cell compartment. Culture medium circulates 
from the lumens of the microfiltration fibers to the cell com 
partment and back to the fiber lumens, due to the axial pres 
sure drop from the inlet to the outlet of each fiber lumen 
(Starling flow) (Gerlach, J. C. Bioreactors for extracorporeal 
liver support. Cell Transplant. 15 Suppl 1, S91-103 (2006)), 
with a complex flow pattern that mimics an “arterial and 
venous” flow found in natural tissues. The interwoven oxy 
genation fibers ensure adequate oxygenation and carbon 
dioxide removal via 2 rotameters with a gas-mixing unit. The 
bioreactor is integrated into a processor-controlled perfusion 
device with electronic pressure and flow regulation. A heating 
unit provides a constant temperature within the perfusion 
circuit. The perfusion tubing with bubble traps is made of 
standard medical grade dialysis PVC (B. Braun, Melsungen, 
Germany). 
0099 FIG. 10 shows that we can grow HepG2 cells bothin 
standard 2-D (FIG. 10A) and bioreactor cultures (FIGS. 10B 
C), and that cells cultured thus can respond to mouse TNF-C. 
by producing mouse sTNFR above those levels driven by the 
basal promoter (FIG. 10D). We expect to improve upon the 
degree of inducibility of sTNFR and increase the duration of 
the experiment by creating stably transfected HepG2 cells. 
Moreover, we utilized an Analytical Bioreactor, which is 
optimized for imaging to carry out fluorescence studies (FIG. 
11C). 
0100 Induction of fluorescent protein expression by 
cytokine/grow factor (e.g. TNF levels) can be used for moni 
toring these factors in patient, as a means of assessing the 
local or general inflammatory state of the patient. 
I0101. Designing a “theranostic” variant of the biohybrid 
device We envision this device as a true "theranostic.” 
meaning that we wish to not only modify the course of acute 
inflammation but also to track in near real-time. We therefore 
propose to assess the amount of active TNF as well as sTNFR 
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both directly (by LuminexTM and ELISA assays) and indi 
rectly, by triggering the production of a fluorescent protein in 
addition to sTNFR in response to TNF. We will pursue to 
complementary strategies to achieve this goal. In the first, 
HepG2 cells will be transfected with a construct consisting of 
the TNF-sensitive promoter/enhancer element (see, e.g., 
Example 1) upstream of a fluorescent protein in order to 
detect TNF indirectly. Based on the literature regarding exist 
ing fluorescent proteins, most available fluorescent proteins 
have maturation times longer than 8 hours (a delay that is too 
long to be useful for diagnostic purposes). One protein, 
mCherry (Clontech), has a maturation time of 15 min and 
another, TurboFP635 (Evrogen, Inc.; FIGS. 11A and 11B) 
has a 24 min maturation time. We chose to proceed with the 
latter since it produces a larger quantum yield (0.34) versus 
0.22 for mGherry. This approach will allow us to assess the 
relative levels of TNF, which can be confirmed and calibrated 
against a TNF-C. assay (e.g. LuminexTM or ELISA). 
0102. In the second approach, we will place a fluorescent 
protein downstream of the STNFR coding region in a manner 
that will allow the production of the fluorescent protein only 
if sTNFR is produced. To do so, we have begun to construct a 
vector that includes an Internal Ribosomal Entry Site (IRES) 
'' and a fluorescent protein. IRESs are relatively short DNA 
sequences that can initiate RNA translation in a 5' cap-inde 
pendent fashion. Placement of the IRES and a second gene of 
interest (ORF 2) downstream of the first target gene (ORF1) 
allows co-expression of ORF 1 in a cap-dependent manner 
and ORF 2 in a cap-independent fashion, thus facilitating 
translation of two proteins from one mRNA transcript. For 
creation of constructs with bicistronic expression of Tur 
boFP635, we have created a vector which contains IRES 
followed by TurboFP635 (data not shown), which will sim 
plify subsequent work on future bicistronic vectors. This 
second approach will allow us to assess the degree of sTNFR 
production indirectly. Similarly to our proposed strategy for 
the detection of TNF (see above), we will compare the results 
of the fluorescence studies to the results of a mouse-specific 
sTNFRELISA (FIGS. 7, 8, and 9). 
0103) The above studies will be carried out using HepG2 
cells transiently transfected with the various constructs in 
standard 2-D culture in order to establish optimal experimen 
tal conditions. We will examine the production of Tur 
boFP635 in response to various doses of TNF (0.1, 0.3, 1, 3, 
and 10 ng/mL) at various time points (0, 1, 2, 4, 8, and 24 h). 
We will then progress to studies in bioreactor culture, in 
which we will duplicate the dose-curve and time course stud 
ies based on the data from the 2-D culture experiments. We 
will make use of the 1 mL 4-chamber Analytic Bioreactor. 
This bioreactor provides four separate cell chambers with 
approximately 120 uL of volume in each chamber for cells. A 
separate inoculation port is provided for each chamber. Each 
of the chambers is connected to the fiber pathways to expose 
all the chambers to common media recirculation. Thermonox 
cover slips on the bottom of the chambers, and transparent 
lids for light transmission, allow real time optical microscopy 
of the cells in the cell chambers. The Analytical Bioreactor 
can remain connected to the full bioreactor setup, including 
the heating element that ensures that the cells will receive 
culture medium at 37° C., while fluorescence imaging is 
performed (Zeiss Axiskop 40 and JenOptik cooled CCD cam 
era). Fluorescence can be quantified using JenOptik, Opti 
mas, NIH Image, Scion Image, or similar Software. 
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0104. In parallel, we will carry out studies using a biore 
actor setup using a 2-mL bioreactor, in which we will repeat 
variants of the experiment described in FIG.9. In this experi 
ment, we will vary the dose of mouse TNF injected into the 
bioreactor (0.1, 0.3, 1, 3, and 10 ng/mL), the flow rate of 
medium through the bioreactor, and the length of the medium 
washing period. We will determine immunofluorescence at 
various time points (0, 1, 2, 4, 8, 24, 48, 72, and 96 h). If our 
simulations Suggest that we need to ramp up STNFR produc 
tion more rapidly than our current construct allows in order to 
achieve an optimal outcome in vivo, we will modify our 
TNF-responsive element (e.g. by adding or removing NF-kB 
elements). We will then create a stable transfection vector as 
follows. The TNF-responsive element (NF-kB) and sTNFR 
open reading frame from our NF-kB-sTNFR-pcDNA3 (Ex 
ample 1) will be inserted into the plentiG.3 vector (Invitro 
gen). The packaging cell line 293FT will be transfected with 
the new vector together with a packaging vector mixture 
(ViraPowerTM, Invitrogen). Stably transfected HepG2 cells 
will be produced by infection with viral stock following anti 
biotic selection and follow the procedure described in that 
figure. These cells will then be seeded into a liver bioreactor 
(see below). 
0105. Our proposed device would serve to “ratchet down” 
the positive feedback inflammatory loops set in motion by 
endotoxin or any other TNF-C.-inducing stimulus and self 
augmented proximally in large part by TNF-C. itself (Jones, A. 
L. et al. Cancer Surv. 8, 817-836 (1989)). Accordingly, have 
characterized the production of TNF-C, and its natural inhibi 
tor (sTNFR) in endotoxemic mice and rats. In mice subjected 
to 3 mg/kg endotoxin, TNF-C. reached a peak by 90 min and 
declined rapidly (Chow, C. C. et al. Shock 24, 74-84 (2005)), 
while STNFR rose by 30 min, remained elevated until ~12 h 
and then declined slowly (FIG. 12). We have observed similar 
dynamics of TNF-C. in rats subjected to 3 mg/kg. LPS (FIG. 
13A) (Daun, S. et al. J. Theor. Biol. 253, 843-853 (2008)). 
Most of these data have served as the basis for calibration of 
mathematical models of the acute inflammatory response in 
mice (Chow, C. C. et al. The acute inflammatory response in 
diverse shock states. Shock 24, 74-84 (2005)) and rats (FIG. 
13A) (Daun, S. et al. J. Theor. Biol. 253, 843-853 (2008)), 
respectively (though the rat E. coli peritonitis data are as yet 
unpublished). Importantly, we have carried out detailed stud 
ies in rats Subjected to sepsis induced by the intraperitoneal 
implantation of a fibrin clot containing various inocula of E. 
coli (FIGS. 13B & C). From these studies, we have learned 
that the peak of TNF production as well as bacterial counts in 
Survivable sepsis in this experimental model occurs at 
approximately 48 h (FIGS. 13B & C). Thus, the fact that our 
current generation of engineered HepG2 cells produces 
sTNFR with a lag of approximately 8-12 hand reaches a peak 
at approximately 24-48 (FIGS. 8 and 9) suggests that we have 
a realistic time frame for the inhibition of sTNFR if our goal 
is to allow TNF to drive bacterial killing while minimizing the 
tissue damaging, later auto-induction of TNF has the poten 
tial for Success. 

0106 The design and refinement of the inflammation 
regulating bioreactor follows an iterative, cyclic process 
(FIG. 5). We collect data on inflammatory analytes, markers 
of organ damage, and outcomes in the presence or absence of 
the device. We then carry out Principal Component Analysis 
in order to define both the “internal” variables and the “exter 
nal inputs and outputs to the model, which are the variables 
that can or could potentially be controlled by the theranostic 
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device. We identify and modify the parameters that govern the 
model. Alternatively, the literature may be searched directly 
in order to extract information needed for the generation of 
mathematical models of inflammation in a given disease. 
0107 We describe this process in greater detail. We gen 
erate a large dataset of inflammatory analytes (which we call 
a vector) from the various samples taken in the ratata specific 
time or from the bioreactor in vitro. We will utilize statistical 
analysis and data-driven modeling (predominantly using 
Principal Component Analysis, probit and logit models, and 
our recently-developed process of Dynamic Profiling see 
below) to derive information about the primary drivers of 
inflammation in the presence or absence of bioreactor-based 
intervention. The data obtained from this complementary 
approach will serve to 1) point us to novel components of 
inflammation modified by the neutralization of TNF-C.; 2) 
help us to define parameter values for our mechanistic mod 
els; and 3) help us construct reduced mechanistic models that 
will be more amenable to formal analysis (as we have done in 
the past (Vodovotz, Y. et al. Mechanistic simulations of 
inflammation: Current state and future prospects. Math. Bio 
sci. 217, 1-10 (2009)). Importantly, we will compare the 
predictions from statistical models with the predictions of the 
mechanistic models. 

0108 Standard statistical analyses (t-test, ANOVA, etc., as 
appropriate) of these data will be extended to the creation of 
data-driven models as well as our newly developed Dynamic 
Profiling method (see below). The statistical models would 
attempt to inter-relate data obtained in the course of Aims 2 
and 3 by way of extracting principal components of the output 
vector of cytokine readings vs. relevant responses (cell death 
or differentiation, production of glucose or lactate by cells in 
the bioreactor, etc). Principal components are linear combi 
nations of the output vector (normalized so as to have Euclid 
ean length 1), with the property that they carry the largest 
variance in several orthogonal directions. This is a dimen 
sionality reduction tool that allows one to monitor significant 
variation in the output of our devices, by concentrating on just 
a few (usually up to five or six) statistically most significant 
orthonormal linear combinations. These combinations are 
called the leading principal components. They would be our 
signature responses, and we will model them as a time series 
of correlated responses (within a patient from the various 
assays, and between patients as repeated measures on each 
patient). Repeated measurements designs, MANOVA tech 
niques and multivariate ARIMA models with a non-diagonal 
covariance structure are the primary statistical tools expected 
to be used. Another method we would utilize involves more 
standard regression modeling. Though we cannot, strictly 
speaking, derive direct mechanistic insights from Such mod 
eling, this analysis will help us in understanding the factors 
that drive the temporal evolution of the pre-eminent 
responses, as well as highlighting the central drivers of these 
responses. 

0109. In parallel, we will carry out our mechanistic (math 
ematical) modeling studies. We will modify our existing 
models to account for 1) a bacterial pathogen, similar to 
several of our earlier mathematical models of inflammation 
(Clermont, G. etal. In silico design of clinical trials: a method 
coming of age. Crit. Care Med. 32, 2061-2070 (2004); 
Kumar, R., Clermont, G., Vodovotz, Y., & Chow, C. C. The 
dynamics of acute inflammation. J. Theoretical Biol. 230, 
145-155 (2004); and Reynolds, A. et al. A reduced math 
ematical model of the acute inflammatory response: I. Deri 
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Vation of model and analysis of antiinflammation. J. Theor. 
Biol. 242, 220-236 (2006)); 2) the effect of connecting just 
the bioreactor itself to the rats circulation in the presence or 
absence of bacterial infection; 2) the effect of modulating 
flow rate and other parameters of the bioreactor; and finally 3) 
the effect of the full bioreactor that will produce STNFR in 
response to TNF. We have previously studied in detail dose 
and time-varying production of various cytokines, including 
TNF, in rats subjected to bacterial endotoxin or E. coli fibrin 
peritonitis (FIG. 13). 
0110 Data such as these, as well as published studies on 
modeling the removal of inflammatory mediators (for 
example (Clermont, G. et al. In silico design of clinical trials: 
a method coming of age. Crit. Care Med. 32, 2061-2070 
(2004); Kumar, R., Chow, C. C., Bartels, J., Clermont, G., & 
Vodovotz, Y. A mathematical simulation of the inflammatory 
response to anthrax infection. Shock 29, 104-111 (2008); and 
Waniewski, J. & Prikrylova, D. A mathematical model of 
extracorporeal antibody removal in autoimmune disease. Int. 
J. Artif. Organs 12,471-476 (1989)) and many others) will be 
used as the starting point for our simulation studies. We will 
start simulating the characteristics of the inflammationregu 
lating bioreactor by modeling the basic function of the biore 
actor as shown in the equations below. These simulations 
would progress to include data obtained on flow rates in the 
bioreactor, clearance rates of TNF and sTNFR, and the data 
derived on the relative fluorescence with respect to actual 
TNF and sTNFR production. In parallel, we will model the 
fluorescence data that will act as proxies for the production of 
TNF and STNFR, using methods published by others (Wang, 
X., Errede, B., & Elston, T. C. Mathematical analysis and 
quantification of fluorescent proteins as transcriptional 
reporters. Biophys.J94, 2017-2026 (2008)). This work will 
include estimation of the production and maturation of Tur 
bOFP635. 

dTNFa. 
cit = Flow rate. CTNF - ris TNFRITNFa-dl TNFa. 

dNFKB 
= K(TNFa.)- d. (NFB) 

disTNFR 
= G(NFkB)-ri STNFRITNFal-d'IsTNFR 

g = risTNFRTNFa. - rC 

0111. Using these data, as well as data on markers of organ 9. 9. 
damage? dysfunction in the animals, we will calibrate our 
mathematical model to experimental data using data-fitting 
algorithms that we have already deployed (Chow, C. C. et al. 
The acute inflammatory response in diverse shock states. 
Shock 24, 74-84 (2005); Wang, X., Errede, B., & Elston,T. C. 
Mathematical analysis and quantification of fluorescent pro 
teins as transcriptional reporters. Biophys. J 94, 2017-2026 
(2008); and Torres, A. et al. Mathematical modeling of post 
hemorrhage inflammation in mice: Studies using a novel, 
computer-controlled, closedloop hemorrhage apparatus. 
Shock 32, 172-178 (2009)). Given a textual specification of 
the equations, and values for the coefficients and initial con 
ditions, the integrator writes out files of time series data for 
analytes in the model. We will collect analyte data, which will 
be aggregated to produce the most likely value across the 
population (for example, we may take the mean, median, or 
Some more complex statistical analysis of the data). Thus, we 
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will have created a new, general time series for each analyte. 
To fit the model to the data, we will begin with a set of 
tentative coefficient values, which may be random, or may be 
seeded with initial values that take advantage of some expert 
knowledge of the system. In each iteration, a new set of 
candidate values will be generated, the resulting model will 
be evaluated, and the prediction error of the model will be 
computed with respect to the aggregated time series. This 
error information will be then direct the choice of parameter 
values in the ensuing iteration. This process will be repeated 
until our searches have converged upon a point whose error 
cannot be improved, thus producing the best-fit model for the 
population. 

EXAMPLE 3 

TNF-STNFR Plasmid 

0112 FIG. 14A shows a plasmid map for plasmid TNF 
sTNFR (pLentiG-3xNFkB-sTNFR-IresTurboFP). The plas 
mid contains three copies of the NF-kB responsive elements 
with a reduced thymidine kinase (TK) promoter driving a 
coding sequence for sTNFR1a (soluble TNF-C. receptor). 
Other features include: IRES (Internal Ribosomal Entry site, 
which allows production of a second protein from same 
mRNA: TurboFP635 (modified red fluorescent protein, with 
a short maturation time) and BlasticidineR (gene conferring 
resistance to the antibiotic compound Blasticidine; stably 
transfected lines can be selected by Blasticidine resistance). 
In response to TNF stimulation, cells will produce STNFR1A 
and TurboFP635. Of note, genes carried on lentiviral vectors, 
Such as plentio.3, can be integrated by lentiviral transduction 
methods as are known in the art. 
0113 All vectors were sequenced with using BigDye3.1 
sequencing kit on ABI3100 or ABI3730 sequencer. FIG. 14B 
provides confirmatory sequences for pertinent portions of 
plasmid TNF-sTNFR. 
0114. Other NF-kB-responsive promoters were tested, as 
shown in FIG. 15. It should be recognized that different 
promoters can yield different results, depending on the cell 
type, though in most cases choice of promoter would be a 
matter of optimization for a given disease application based 
on the statistical and mathematical modeling analysis 
described above. 

EXAMPLE 4 

IL-1-IL-1ra Plasmid 

0115 FIG. 16A shows a plasmid map for plasmid IL-1- 
IL-1 ra (IL1RE-IL1ra-IresTurboFP-lentiG.3). The plasmid 
comprises three copies of the IL-10 responsive elements with 
reduced TK promoter driving production of IL-1 ra (soluble 
IL-1 receptor). Other features include: IRES (Internal Ribo 
Somal Entry site, which allows production of a second protein 
from same mRNA: TurboFP635 (modified red fluorescent 
protein); and BlasticidineR (gene conferring resistance to the 
antibiotic compound Blasticidine; stably transfected lines 
can be selected by Blasticidine resistance). In response to 
IL-1 stimulation, cells will produce IL-1 ra and TurboFP635. 
FIG. 16B provides confirmatory sequences for pertinent por 
tions of plasmid IL-1-IL-1 ra. 
0116 For the backbone of this construct, we used plentiG. 
3N5DESTverA R1R2 (from Invitrogen). Our insert is 
3XIL1RE-TK-IL1 rin-IRES-TurboFP635. IRES is derived 
from the Clonetech plRES vector. It contains a GC-rich 
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region which cannot be sequenced, and therefore might con 
tain differences from the depicted sequence. In an additional 
experiment, we switched from IRES to IRES2, which is much 
stronger and should produce increased amounts of fluores 
cent protein. We also can use a “self-cleaving peptide 
sequence (like T2A, P2A, etc., see, e.g., Szymczak et al., 
Correction of multi-gene deficiency in vivo using a single 
self-cleaving 2A peptide-based retroviral vector. Nat. Bio 
technol. 2004 May; 22(5):589-94. Epub 2004 April 4) for 
co-production therapeutic protein and detection protein. 
0117. Although we are currently using TurboFP635 as a 
fluorescent tag or indicator, other fluorescent/luminescent 
proteins should be equally useful in this context. That said, we 
believe that TurboFP635 and TagGFP (both from “Evrogen”) 
are preferred because they have very short maturation time 
(12-24 min) as compare with most other proteins. For optimal 
detection, fast-maturing and degrading proteins are most 
desirable. 

EXAMPLE 5 

Alternative TNF-STNFR Plasmid 

0118 FIG. 17A shows a plasmid map for an alternative 
TNF-STNFR plasmid (pLentiG-3xNFkBsTNFR-T2A-Tur 
boFP). The plasmid comprises three copies of an NF-KB 
responsive elements with reduced TK promoter driving pro 
duction of STNFR1a (soluble TNF receptor). Other features 
include: T2A (“self-cleaving peptide); TurboFP635; and 
BlasticidineR (gene conferring resistance to the antibiotic 
compound Blasticidine; stably transfected lines can be 
selected by Blasticidine resistance). In response to stimula 
tion with TNF-ct, cells will produce sTNFR1A and Tur 
boFP635 proteins. FIG. 17B provides confirmatory 
sequences for pertinent portions of plasmid pLentiG-3x 
NFkB-STNFR-T2ATurboFP 

EXAMPLE 6 

TNF-TurboFP Plasmid 

0119 FIG. 18A shows a plasmid map for a TNF-TurboFP 
plasmid (pLENTI6-3xNFkB-TurboFP). The plasmid com 
prises three copies of the NF-kB responsive elements with 
reduced TK promoter driving production of TurboFP635. 
The plasmid also contains BlasticidineR, so that stably trans 
fected lines can be selected by Blasticidine resistance. In 
response to stimulation with TNF-C., cells will produce Tur 
boFP635 protein. This vector can be used as a diagnostic for 
TNF-C. (and by inference, possibly also for the general or 
local inflammatory state of the patient) by fluorescence. FIG. 
18B provides confirmatory sequences for pertinent portions 
of plasmid pLENTI6-3xNFkB-TurboFP. 

EXAMPLE 7 

LAP Expression Vector 

I0120 A plasmid can be produced operably linking the 
TGFbeta responsive element (from the PAI-1 promoter) 
5-TCGAGAGCCAGACAAAAAGCCAGACATT 
TAGCCAGACAC-3' (SEQ ID NO: 7). 12 copies of this 
sequence before minimaladenovirus MLP promoter can give 
stimulation 1300 folds in HepG2 cells (see, Dennler, S. et al. 
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The EMBO Journal Vol. 17 No. 11 pp. 3091-3100, 1998; see 
also GenBank Accession No. NM 000660 for the structure 
of TGFbeta1 and FIG. 19. 

EXAMPLE 8 

Modeling of Traumatic Brain Injury 
0121 Below, we describe various aspects of work 
designed to yield a mathematical model of the inflammatory 
response in the setting of traumatic brain injury (TBI). Such a 
mathematical model is envisioned as serving for the predic 
tion of the injury outcome and for selecting an efficient treat 
ment protocol (including a treatment using a specifically 
tailored inflammation-regulating bioreactor described 
extensively above). Such a computational model could relate 
the cytokine data of patients with the patients' health or local 
or overall extent of tissue damage. 
0122. In our work, we utilized cytokine data for several 
patients with TBI. There are several obstacles for construct 
ing good mathematical model from the given data set. One 
concernis that the dimension of the data set is quite large (13) 
So we cannot directly associate data with model variables 
since the resulting model would be too complicated. We 
addressed this issue by performing statistical analysis on the 
data. We used principal component analysis (PCA) to reduce 
the dimension of data, and also we carried out correlation 
analysis to further reduce redundant variables. A limitation is 
that we do not have data representing Such important compo 
nents of the immune response as the concentration of the 
inflammatory cells and measure of damage. Without these 
components it is more difficult to calibrate our prediction of 
inflammatory cells concentration and damage accurately, and 
this may lead to several models with the same fitting result for 
the cytokine data but with different behavior of predicted 
damage. We are going to overcome this difficulty by con 
structing the ensemble of models (Daun et al., 2008). 
0123. We obtained cytokine data for 33 patients. The data 

is given for the following cytokines: IL-113, IL-2, IL-4, IL-5, 
IL-6, IL-8, TNF-C., IL-13, MIP-1C., MIP-1 B, VEGF, IL-1C., 
and IL-10. Therefore, the dimension of cytokine data is 13. 
Besides cytokine data we also have some patient related data 
Such as patientage, gender, etc. For each patient data is given 
at discrete time points. The average number of time points for 
all patients is 13. 
0.124. To reduce the dimension of cytokine data we first 
carried out a principal component analysis and correlation 
analysis (PCA) for this data. Both analyses were performed 
on all cytokine data at once without consideration of different 
time points and distinct patients. The main reason for Such 
procedure was that we don’t have much data for each patient 
and the number of patients is relatively small. For every 
statistical analysis (and for PCA especially) it is best to have 
as many data points as possible to obtain the best results. So 
it was better to use a mixed data rather than to use small 
amount of data. We obtained the results shown in FIG. 20 
from PCA of the original cytokine data. 
(0.125. It is seen from FIG. 20 that IL-6 and IL-8 played the 
main role in the first principal component. But these results do 
not give much information about data because the principal 
role of those cytokines can be easily explained by the fact that 
their values change in the most significant way from almost 0 
to more than 1000; meanwhile, other cytokines do not change 
to the same extent. Hence, the variances of IL-6 and IL-8 are 
very high and they contribute to the principal components 
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more than others. To address this issue we normalized the data 
by dividing each column of cytokine data by its norm. After 
this we performed PCA again and obtained the results shown 
in FIG. 21 

0.126 Now it is seen that the first principal component is a 
linear combination of TNF-ct, MIP-1C, MIP1 B, IL-8, IL-10, 
IL-6. It is a plausible result since in many mathematical 
models of inflammation response the cytokines from this list 
are used. 

I0127. To reduce the dimension of cytokine data even more 
we also looked at the correlation matrix of cytokines. There 
were quite high correlation coefficients between MIP-1C. and 
MIP-1 B, as well as between IL-8 and IL-6. Since MIP-1C., 
MIP-1B, and IL-8 are chemokines we decided to use only one 
variable describing chemokine instead of three variables. 
Therefore we are left with only three cytokines: pro-inflam 
matory cytokines TNF-C. IL-6, and anti-inflammatory cytok 
ine IL-10. Throughout the following analysis, only TNF-C. 
IL-6, and IL-10 were analyzed. 
I0128. Cytokine data for each patient (33) were reviewed 
(data not shown). From the visual examination of graphs 
showing cytokine data over time, IL-6 demonstrated the most 
interesting behavior. For most of the patients the initial value 
of IL-6 was high and it rapidly decayed to low value. Then 
IL-6 has a peak near t=40, or near t=70, or it has both these 
peaks. At the end of the observation, IL-6 begins to decay. 
TNF-C. also has a prominent peak for some patients. Peaks of 
IL-10 occur a moment later after peaks of IL-6 and TNF-C. 
which confirms the anti-inflammatory nature of IL-10: when 
inflammation progresses (the level of IL-6 and TNF-C. are 
high), then more IL-10 is produced, and as result the inflam 
matory response decays. 

0129. To better understand the relation between time and 
peaks of cytokines we carried out the following analysis. First 
of all, we unified the time scale for all patients. In order to 
achieve this we divided the time interval 0, 120 into 20 
intervals of equal length, and considered linear interpolation 
of the cytokine data for each patient. Then we chose the 
middle point of each interval and took the average value of 
each cytokine at each interval. After this procedure we got 
cytokine data for all patients at the same time points. If the 
data for any patient at the particular interval was missing then 
we assigned special value for Such an interval. The next step 
was to analyze the distribution of peaks of cytokines in time. 
We decided not to simply compare the value of cytokines at 
the given point with some threshold value to understand 
whether the value of cytokine is high or low, but instead we 
computed the local variance for each cytokine (local in the 
sense that we took only 3-4 points for computing the vari 
ance) and then we compared this value with a threshold value. 
If at the given point the local variance was high then we 
assigned 1 to this point (interval), otherwise we assigned 0. 
After processing all patients we got three matrices of 0s and 
1s (the rows of matrices corresponded to the patients, and the 
columns to the time) which represented the behavior of cytok 
ines in time: one (1) stands for significant changes of values 
(i.e. a peak), and Zero (0) tells that there is no significant 
changes. We then Summed up the numbers of ones at each 
column and divided these values by the number of patients for 
which data was available for the given interval. We plotted the 
resulting vector and obtained the distribution of local vari 
ance (peaks in Some sense) for cytokines in time. 
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0130 FIG.22 confirms that IL-6 indeed has peaks at t=40 
and t=70 for many patients, and also that its initial value is 
high and decays immediately. 
0131 From FIG. 23, for TNF-C. it is not very easy to draw 
any useful conclusions. It seems that the peaks of TNF-C. can 
occurat any time. This Supports the conclusion that result that 
TNF-C. plays a significant role in the PCA. 
(0132 FIG. 24 for IL-10 partially resembles the figure for 
IL-6. But the initial value of IL-10 is low and increases. 
0.133 We constructed several ordinary differential equa 
tion) mathematical models for the inflammatory response that 
accompanies TBI. Herein, only 2 models are presented. As 
indicated above, a limitation here is that we have data only for 
cytokines, and no data for damage or inflammatory cells. 
Cytokines are produced by inflammatory cells, which in turn 
are directly activated by cytokines and indirectly activated by 
tissue damage. All models have the same number of variables 
and equations: damage D, inflammatory cells M, chemokine 
C, TNF-C., IL-10, and IL-6. Relations betweenthese variables 
are presented in FIG. 25. 
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because the level of these cells regulates the level of all 
cytokines in this model. The decaying term for M is of the 
form (M-1) because we wanted to put a lower bound for Mat 
the level 1 in order to take advantage of high powers of M: if 
the level of M were less than 1, then the high powers of M 
would result in a slow growth rate (while our intention is in 
fact to use high powers to represent high growth rate). We 
used the sixth power of M in the equation describing the time 
evolution of IL-6 because our experiments with lower powers 
gave poorer results when attempting to fit to the cytokine data 
from TBI patients (data not shown). Actually, the high power 
of M in the equation for IL-6 can be explained from the 
behavior of IL6, namely that this cytokine changes rapidly 
from low values to high values. This case is used to illustrate 
a specific example; other powers may also be used in order to 
fit the mathematical model to patient data. The obvious prob 
lem with this model is that there is no feedback (positive or 
negative) from the equations for cytokines to the first three 
equations. Nevertheless, the fitting results, even for this 
simple model, were good. 0134 FIG. 25 is a diagram showing relations between 

variables for TBI used in the ordinary differential equation I0137 Our next model is the following: 

(ED do M - d. D t clo (ill, 

d M mo D m2C MTNF ne, L6 1 
( -- -- -- - no M, cit 1 + m1 D 1 + m3C 1 +ms TNF 1 + n, IL, ) 1 + m3 ILo 

(EC co D C 
dt 1 + c D C2 

d IL10 M -i IL dt i0 i lo 

TNF to M TNF 
a = 1 it -t: INF, 

di bo M L6 bo - b2 IL6. 
cit 1 + bi IL10 

modeling described below. Solid lines represent production 
and dashed lines represent inhibition. 
0135 The first model is described by the following equa 

tions: 

dD do M - d. D t F (i.0 cil, 

d M mo D m2C M - 1 
dt 1 + nr D -- ac-mat - 1), 
(EC coLD C 
dt 1 + c D - C2 , 
dIL 

= io M - il IL-10, 

(NE - O - TNF a - IL-2 v 
di L6 boM 
- : -bo IL6. 
cit 1 + b1 L10 2 L6 

0136. We used the simplest possible equation for the dam 
age. The equation describing the time evolution of inflamma 
tory cells (M) plays a central role in this mathematical model, 

0.138 Here we changed only the equation for inflamma 
tory cells. This mathematical model incorporates the positive 
feedback from pro-inflammatory cytokines IL-6 and TNF, 
and negative feedback from the anti-inflammatory cytokine 
IL-10. This model showed better fitting results than the first 
model. 
0.139. Before fitting our models to the actual TBI patient 
data, we modified the data values themselves. We multiplied 
the cytokine data by appropriate coefficients to get approxi 
mately the same scale for all cytokines. We did this in order to 
have the same boundaries for parameters in our model. For 
each model we have three more parameters: the initial values 
of tissue or overall damage, inflammatory cells, and chemok 
ine. We wrote a MatLab code for performing fitting procedure 
for our models. At this time, we fit each model for individual 
patients only. 
0140) Our fitting procedure is the following. We choose 
one patient, then we choose the initial guess for parameters 
(randomly or based on previous parameter estimations), and 
we use the Nelder-Mead simplex method for parameter opti 
mization. The error function in our case is the Sum of errors 
between computed values of cytokines from our equations 
and the values from original data set (we compute the Euclid 
ean distance between two data vectors). Other methods for 
parameter fitting, either published or proprietary, may also be 
used for this purpose. 



US 2014/035 0527 A1 

0141. The results for several patients were obtained for 
both models, or for the second model only. 
0142. As a Subsequent step, an analysis of the parameter 
set thus obtained would be performed to understand the rela 
tions between and among the parameters. 
0143. In future work, we will continue improving our 
model, though we we want to keep the model quite simple, 

SEQUENCE LISTING 

<16 Os NUMBER OF SEO ID NOS: 8 

<21 Os SEQ ID NO 1 
&211s LENGTH: 920 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Partial sequence of plasmid 

<4 OOs SEQUENCE: 1 

Nov. 27, 2014 

and not consider large complicated models with hundreds of 
parameters. Next we plan to find a way to divide patients who 
have the similar cytokine behavior into groups, and then try to 
fit all patients in one group using the same set of parameters 
(only initial values of damage, M, and C may be different for 
distinct patients). Also, we intend to construct an ensemble of 
models to better predict the behavior of the damage just from 
one model with fixed parameters. 

cgctgct tcg gatc.cgggga ctitt.ccc.ggg gactitt.cccg gggactitt CC cct cagatc 60 

cggcaaaccC ccc.ca.gcgt. Cttgt cattg gcaatticga acacgcagat gcagtcgggg 12O 

cggcgcggtc. cdagg to cac titcgcatatt aaggtgacgc gtgtggcct c galacaccgag 18O 

cgaccctgca gccaccc.gct talacagcgt.c aa.ca.gcgtgc cgcagatcca ct agtaacgg 24 O 

cc.gc.cagtgt gctggaattic ticagat cat gggit ctocc C accgtgcct g gCCtgctgct 3 OO 

gtcactggtg ct cotggct C totgatggg gata catcca to aggggtca citggactagt 360 

Cccttct citt ggtgaccggg agaagaggga tagcttgttgt cc ccaaggala agtatgtc.ca 42O 

ttctaagaac aattic catct gctgcaccala gtgccacaaa ggaacc tact tdgtgagtga 48O 

Ctgtc.cgagc cc agggcggg at acagt ctg. Cagggagtgt gaaaagggca CCtttacggc 54 O 

tt CCC agaat tacct Caggc agtgtct cag ttgcaagaca totcggaaag aaatgtcc.ca 6 OO 

ggtggagat C to tcc ttgcc aagctgacaa ggacacggtg tdtggctgta aggagalacca 660 

gttcCaacgc tacctgagtg agacacactt coagtgcgtg gactgcagcc cctgct tcaa 72O 

cggcaccgtg acaatcc cct gtaaggagac to agaac acc gtgttgtaact gc catgcagg 78O 

gttctttctg agagaaagtg agtgcgt.ccc ttgcago cac toaagaaaa atgaggagtg 84 O 

tatgaagttg togcctacct c ct cogcttgc aaatgtcaca aacccc.cagg acticaggtac 9 OO 

tgcggtgtaa gotaggat.cc 92O 

<21 Os SEQ ID NO 2 
&211s LENGTH: 25 OO 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Partial sequence of 
pLenti6-3xNFkB-sTNFR-Ires-TurboFP. 

<4 OOs SEQUENCE: 2 

Ctttgtatac aaaagttgttg gatc.cgggga ctitt cocggg gactitt cocg gggactitt Co 60 

Cct Cagat C cqgcaaaccc ccc.cagcgt. Cttgtcattg gcaatticga acacgcagat 12O 

gcagt cq999 cq9cgcggt C Caggit ccac titcgcatatt alaggtgacgc gtgtggcctic 18O 

galacaccgag caccCtgca gcgaccc.gct taac agcgt.c alacagcgtgc cgcagatc.ca 24 O 

Ctagtaacgg cc.gc.cagtgt gctggaattic ticagat cat gggit ct cocc accgtgcctg 3 OO 
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We claim: 
1. A method of modulating wound healing, sepsis, trauma, 

or traumatic brain injury (TBI), comprising, 
providing bodily fluid of a patient to an extracorporeal 

bioreactor, wherein the extracorporeal bioreactor com 
prises: 

a compartment comprising cells and a selectively perme 
able membrane in contact with the cells that does not 
permit passage of the cells and which permits passage of 
a first cytokine in the bodily fluid of the patient, the cells 
comprising a chimeric gene comprising a response ele 
ment operably linked to a sequence encoding a second 
cytokine or a cytokine inhibitor, in which the response 
element causes expression of the second cytokine or 
cytokine inhibitor when the cells are contacted with the 
first cytokine in the bodily fluid of the patient; 

contacting the bodily fluid with the selectively permeable 
membrane, such that the first cytokine in the bodily fluid 
can pass through the selectively permeable membrane 
and the second cytokine or cytokine inhibitor produced 
by the cells can pass into the bodily fluid; and 

returning the bodily fluid to the patient. 
2. The method of claim 1, in which the cells are selected by 

use of a computer model of an inflammatory response char 
acteristic of a disease or condition in the patient. 

3. The method of claim 1, comprising modeling inflamma 
tion associated with sepsis and determining one or more 
cytokines to inhibit or produce to control inflammation in the 
patient associated with sepsis. 

4. The method of claim3, comprising determining levels of 
one or more cytokines in the patient and modeling inflamma 
tion using the one or more levels of cytokines in the patient 
and determining a cytokine level to be controlled in the 
patient to determine a chimeric gene construct to place in the 
bioreactor based on an outcome of the modeling. 

5. The method of claim 4, comprising modeling inflamma 
tion associated with TBI and determining one or more cytok 
ines to inhibit or produce to control inflammation in the 
patient associated with TBI. 

6. The method of claim 5, comprising determining levels of 
one or more cytokines in the patient and modeling inflamma 
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tion using the one or more levels of cytokines in the patient 
and determining a cytokine level to be controlled in the 
patient to determine a chimeric gene construct to place in the 
bioreactor based on an outcome of the modeling. 

7. The method of claim 1, in which the patient is a TBI 
patient. 

8. The method of claim 7, in which one or both of an 
inhibitor of TNF and an inhibitor of IL-6 are produced by the 
cells. 

9. The method of claim 1, in which the chimeric gene 
expresses a cytokine inhibitor selected from the group con 
sisting of soluble TNF receptor, IL-1 receptor agonist, and 
TGF-B1 LAP (latency-associated peptide). 

10. The method of claim 1, in which the cells comprise one 
or more genes that express an inhibitor of one or both of TNF 
and IL-1C. or IL-1B. 

11. The method of claim 1, in which the cells comprise one 
or more genes that express one or both of soluble TNF recep 
tor and IL-1 receptor agonist. 

12. The method of claim 1, in which the compartment 
comprising the cells comprises a plurality of selectively per 
meable hollow fibers passing through the compartment in 
which the plurality of hollow fibers are fluidly connected to a 
plasma or blood circulation system in which blood or plasma 
from the patient is circulated through the hollow fibers and 
into the patient. 

13. The method of claim 1, in which the compartment 
comprising the cells has at least one wall that is the selectively 
permeable membrane, in which the selectively permeable 
membrane is placed in contact with a wound on the patient or 
a bodily fluid in situ in the patient. 

14. The method of claim 13, in which the compartment 
comprising the cells comprises a plurality of selectively per 
meable hollow fibers passing through the compartment 
through which one or both of a gas and a fluid comprising 
nutrients for the cells is passed. 

15. The method of claim 1, in which the cells are hepatic 
cells. 


