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CELL CULTURE MEDIA SUPPLEMENT AND
METHOD OF MOLECULAR STRESS
CONTROL

RELATED APPLICATIONS

[0001] The present application claims priority to U.S. Pro-
visional Patent Application Ser. No. 61/368,287 filed on Jul.
28, 2010 and titled Cell Culture Media Supplement and
Method of Molecular Stress Control, which is incorporated
herein by reference in its entirety.

FIELD OF THE INVENTION

[0002] The present invention relates generally to the area of
cell and molecular biology and, in particular, to supplements
for use in bioprocessing.

BACKGROUND OF THE INVENTION

[0003] The utilization of in vitro cultured cells in research,
medicine, bioprocessing, and bioproduction settings is
expanding exponentially. While widely applied and often
viewed as common practice, cell culture is a highly variable
and dynamic process which has significant impact on the
overall quality and performance of the culture. The nuances
of cell culture are often addressed with simple procedural or
pattern alterations in a laboratory setting, yet these alterations
are more often than not incompatible with scale up for suc-
cessful batch culture of cells in bioprocessing settings.
[0004] Mass culture of cellular systems is utilized in set-
tings ranging from drug discovery to bioproduction of thera-
peutic antibodies to development of new therapeutics and
vaccines utilizing cultured cells (cell therapy) to the manu-
facture of new tissues (tissue engineering). All of these pro-
cesses require a large number of cells in a similar state thereby
requiring mass production and utilization (bioprocessing).
[0005] Mass production and utilization of cell media offers
anumber of technical challenges starting with the simple fact
that cell culture is typically characterized by low growth and
production rates in comparison with chemical processes.
Given the inherent challenges associated with cell culture,
processes have evolved to create optimal conditions to main-
tain cell physiological performance during ex vivo cultiva-
tion. In essence, these efforts have been directed at control-
ling various process parameters to reduce physical and
chemical stress, provide proper nutrition to support cell
growth and function, reduce bio-waste and toxin accumula-
tion. These efforts have been focused on increasing produc-
tion, reducing apoptosis, maintaining reproducibility and sta-
bility, and maximizing cell culture efficacy.

[0006] While cellular bioprocessing has become integral in
basic and applied research, as well as in medical therapeutics,
a number of significant obstacles have resulted from the
stresses created by the conditions used to support proper cell
growth and function in an in vitro environment. Alterations in
temperature, physical manipulation, pH, osmolality, oxygen
and carbon dioxide levels, nutrient levels, chemical stress,
waste accumulation, cell interactions and signaling have a
significant effect on culture growth and performance. Given
the influence of these and other stressors on overall biopro-
duction efficacy, several approaches to controlling cell cul-
ture have evolved including custom and specialized media
and bioreactors (culture container) and monitoring engineer-
ing. In the area of bioreactors, tremendous effort has been
dedicated to the development of devices, containers, pumps,
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and monitoring sensors in an effort to reduce the variation in
the culture conditions, thereby creating a controlled and sus-
tainable environment.

[0007] An increased amount of recent activity in culture
media formulation has renewed efforts in the biotechnology
industry to develop improved culture media formulations to
increase product yield while reducing cost. The renewal of
these efforts has been spurred on by the recognition that
classical culture media developed in the past were primarily
designed for simple small scale culture and have proved to be
only partially compatible with large scale procedure. As such,
much of the classical cell culture media formulation funda-
mentals fall short in providing a means to support efficient
cell bioprocessing. In this regard, challenges remain to
develop a specialized culture media that can be customized to
individual cell types and culture production processes, pro-
cedures and protocols, and the individual response of cells to
variances in each of the other parameters associated with cell
culture.

[0008] Further, in the field of medical diagnostics, includ-
ing stem cell therapy and cancer, a challenge exists to elimi-
nate or select one or more cell types from a mixed population
of cancerous and non-tumorigenic cells without the use of
fluorescent tags, chemotherapeutic agents or antibodies.
Indeed, cancer stem cells are thought to be present in less than
1% of a stem cell population and antibodies are currently used
to purify them.

[0009] The use of human embryonic stem cells (hESCs)
and induced pluripotent stem cells (iPSCs) for cell therapy
will ultimately require selective, non-invasive elimination of
the small number of tumorigenic undifferentiated cells
known to be present in these populations. While the use of
cytotoxic monoclonal antibodies and other transfection sys-
tems are currently being developed to address this problem,
neither are consistent with FDA regulations for cell therapy.
Also, the ability to selectively eliminate cancer cells in a cell
culture setting using mutagenic, chemotherapeutic com-
pounds is the basis of cancer drug discovery; but this
approach typically requires the use of DNA binding drugs
and/or tumor suppressor activators that cannot be used in any
procedure that ultimately results in the transfusion of cell
products into patients.

[0010] A need exists to address this complex issue of media
formulation and development and on improving cell culture
used in bioprocessing. Bioprocessing needs to be improved
and standardized by focusing on all the components of the
process including collection, processing, manipulation, cul-
ture and selection. Further, bioprocessing must be able to
properly maintain cell and tissue specimens such that in their
subsequent use or analysis, they retain the characteristics of
the system equivalent to their native in vivo state. The impact
and importance of these bioprocessing needs will affect the
future of medicine.

[0011] In addition, a need exists to inhibit cell stress path-
ways in normal primary cells and tumorigenic cells to either
completely eliminate or select the targeted cell type based on
the stress pathway inhibitor used. The approach could desir-
ably be used for a variety of applications where the non-
chemical/antibody selection of a desired cell phenotype is
required such that the product could be used in stem cell
therapy, regenerative medicine, cell diagnostics and cancer
treatment. A portfolio of therapeutic agents will beneficially
be designed for the non-invasive selection and/or elimination
of' targeted cell types.
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[0012] The following invention will address the current
needs in the industry of bioprocessing and targeted cell selec-
tion. The technology bridges the gap between current cell
culture technologies (media and devices) and that of the ever-
growing demand for increased culture efficiency. Desirably,
these improvements will supplement and improve cells
undergoing bioprocessing such as in harvesting, bulk culture,
fluorescence activated cell sorting (FACS), shipping, trans-
fection and protein bioproduction, advantageously impacting
research and medicine overall.

SUMMARY OF THE INVENTION

[0013] This invention utilizes unique compound classes to
confer protection to cells undergoing bioprocessing events
such as harvesting, bulk culture, fluorescence activated cell
sorting, shipping, transfection and protein bioproduction.
The cell culture media supplements, known as cell-guard and
cell-select agents, improve the yield and function of human
cells undergoing bioprocessing.

[0014] Given the issues associated with bioprocessing and
significant loss of processed cells, a series of agents have been
identified to serve as cell-guard agents to increase cell quality
and yield. The cell-guard formulation is defined by subjecting
human cells (and/or various other cells) to specific biopro-
cessing stresses and then identifying the stress pathways acti-
vated. The latter are targeted with inhibitors. Individual path-
ways include AKT, Unfolded Protein Response (UPR), and
other pathways to reduce cell stress response.

[0015] As a vitamin or therapeutic adjuvant to cell culture
systems, cell-guard can be either a liquid supplement or dis-
solved tablet, proportional to the cell culture media undergo-
ing various processes. In another aspect, RNAi may be uti-
lized to augment cell-guard function and enhance cell quality.
The cell-guard additive reduces the level of cellular loss asso-
ciated with cell therapy applications and improves viability of
media compositions.

[0016] Inaddition, the control of a molecular pathway can
also be moderated by using inhibitors to turn on/off a
response pathway (e.g. UPR, apoptosis, heat shock, etc.).
This mechanism is observed in the use of such inhibitors as
caspase, AKT, MPTP, and salubrinal in modulating pathways
to improve usability of human cell types. Key cell stress
pathways have been identified to target the use of cell-guard
additives for growth of hepatocytes, human pancreatic islets,
mesenchymal stem cells, cancer stem cells, human corneal
endothelial cells (HCEC), hepatoma cell lines (C3A) and
kidney cell lines (786-0), among others.

[0017] The cell-guard concept has emerged from expertise
in cell stress biology. Given the increased activity in cell
processing, isolation, and culture, a need to develop enhanced
normothermic media additives was identified in order to
extend the usable functional life of cells in culture. As the
need has now been recognized, various types of supplements
have been developed that when added to cells in culture will
enhance sample quality during a variety of bioprocessing
events. (See FIGS. 1A, 1B, 1C).

[0018] For instance, transfused stem cells experience both
shear and hypoxia stress, while primary cells experience both
mechanical and enzymatic stress during tissue digestion. All
of these processes lead to a loss of cell yield and function.
Indeed, experts in the field have stated that in many cases only
10% of human primary cells are harvested from whole human
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tissue with the remainder succumbing to stress-induced cell
death. Thus, the improvements in using the cell-guard tech-
nology are apparent.

[0019] The overall intent of the cell-guard technology is to
maintain cells in a more native, reduced stress response
molecular-based disposition during bioprocessing. In one
aspect, one cell-guard compound enables cells to be main-
tained in vitro in a more “normal functional state” for
extended periods, thereby extending usable life and perfor-
mance. The approach to developing the cell-guard technol-
ogy is based on an understanding of the molecular response
mechanisms activated within a cell in response to various
stressors. It is through an investigation of the cell’s stress
response that cell-guard is capable of being an additive or
supplement compatible with various culture media and biore-
actors so that cell stress can be reduced, thus reducing apop-
tosis and increasing the production (usable) life of existing
bioprocessing cultures.

[0020] The cell-guard agents are process-matched and cell-
matched to protect and/or select particular cells during labo-
ratory and clinical manipulation. The components modulate
cell stress and survival pathways.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] The invention is best understood from the following
detailed description when read with the accompanying draw-
ing figures. In fact, the dimensions may be arbitrarily
increased or decreased for clarity of discussion.

[0022] FIG. 1 depicts various applications of interest for
use of the invention:

[0023] FIG. 1A demonstrates use of the cell supplements in
areas of cell and tissue bioprocessing (CCTB);

[0024] FIG. 1B depicts processes of interest in use of cel-
Iular supplements of the invention;

[0025] FIG. 1C diagrams representative use of cell select
(“Cellect”) supplements.

[0026] FIG. 2 illustrates simulated bioreactor performance
with the use of a cell-guard supplement of the present inven-
tion.

[0027] FIG. 3 demonstrates the improved survival of RM-9
prostate cancer cells following stressed conditions.

[0028] FIG. 4 demonstrates the use of AKT and MPTP
inhibitors to enhance cellular function of human corneal
endothelial cells (HCECs).

[0029] FIG. 5 depicts the viability of human lung fibro-
blasts (IMR-90) following hypothermic stress conditions
with the addition of resveratrol (FR48).

[0030] FIG. 6 is a Western blot analysis of a signature UPR
protein.
[0031] FIG. 7 depicts the effect of stress modulator, res-

veratrol (FR-234) to human hepatoma (C3A) cell lines under
optimal culture conditions.

[0032] FIG. 8 demonstrates the effect of repeat freeze stress
on human hepatoma (C3A) cell lines.

[0033] FIG. 9 compares C3A cell growth following post-
freeze stress with caspase inhibitor (CV1) or oxidative stress
modulator (NAC) supplements.

[0034] FIG. 10 depicts a comparison of the cell supple-
ments tested in two hman liver cell systems, hepatocytes and
liver cancer cells (C3A) under a hypothermic stress model
and a hypoxic normothermic stress model.

[0035] FIGS. 10A & 10B depict the hypothermic stress
results.



US 2012/0028933 Al

[0036] FIGS.10C & 10D depict the hypoxic normothermic
stress model.

[0037] FIG. 11 illustrates the viability of HCECs following
18 hours of hypothermic storage at 6° C.

[0038] FIG. 12 shows the viability of HCECs following
hypothermic stress (storage at 4° C.).

[0039] FIG. 13A depicts apoptotic activation of proteins
via a temporal Western blot analysis of HCECs following 18
hours of hypothermic exposure.

[0040] FIG.13B depicts UPR specific activation via a tem-
poral Western blot analysis of HCECs following 18 hours of
hypothermic storage.

[0041] FIG. 14A illustrates the viability of HCECs follow-
ing 24 hours of hypothermic storage at 4° C. with the addition
of a salubrinal supplement.

[0042] FIG. 14B illustrates the viability of HCECs follow-
ing 48 hours of hypothermic stress at 4° C. with the addition
of a salubrinal supplement.

[0043] FIG. 14C depicts the viability of HCECs following
3 days of hypothermic storage with tunicamycin.

[0044] FIG. 15A is a temporal analysis of cell death in
HCECs following 24 hours hypothermic storage using CGM.
[0045] FIG. 15B is a temporal analysis of cell death in
HCECs following 24 hours hypothermic storage using salu-
brinal.

[0046] FIG. 16 demonstrates the viability of HCECs fol-
lowing 7 days of hypothermic exposure.

[0047] FIG. 17 shows the viability of HCECs following 2
days of hypothermic exposure.

[0048] FIG. 18 is a graphical depiction of the viability of
C3 A, human liver cancer cells, following two days of hypo-
thermic exposure at 4° C.

[0049] FIG. 19 is the depiction of the viability of rat hepa-
tocytes following 24 hours of hypothermic exposure at 4° C.
[0050] FIG. 20 depicts the viability of human hepatocytes
following 18 hours of hypothermic exposure at 4° C.

DETAILED DESCRIPTION

[0051] In the following detailed description, for purposes
of explanation and not limitation, exemplary embodiments
disclosing specific details are set forth in order to provide a
thorough understanding of the present invention. However, it
will be apparent to one having ordinary skill in the art that the
present invention may be practiced in other embodiments that
depart from the specific details disclosed herein. In other
instances, detailed descriptions of well-known devices and
methods may be omitted so as not to obscure the description
of the present invention.

[0052] The cell-guard product is a cell culture bioreactor
media additive that is designed to extend the functional life
and production capability of bioreactors. Cell-guard is com-
posed of stress mitigation agents in either a tablet or concen-
trated liquid format.

[0053] In one embodiment, the cell-guard additive is
designed to enhance the lifespan and functionality of cells by
reducing stress response in a variety of cell bioprocessing
events. Various aspects of the innovative technology devel-
opment include using a series of cell-guard supplement prod-
ucts in areas of stem cell isolation, live cell microdissection,
subculturing, and tissue processing. Various applications in
the focus areas are shown in FIG. 1A and FIG. 1C; processes
are shown in FIG. 1B. The cell-guard additives are individu-
ally designed to manipulate the unique stress response of cells
during processing with the goal of improving the bioprocess-
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ing of a variety of human cell types. These stresses include
exposure to harsh conditions such as microfluidics, transfec-
tion, cell sorting, cell selection, and cell jetting (tissue engi-
neering).

[0054] As demonstrated in FIG. 2, a 10% improvement in
cell culture life during the bioproduction phase results in a 2-3
fold improvement in protein yield. The cost savings alone
amounts to about $100,000 per day. Both “natural” and “syn-
thetic” variants of the cell-guard additive have been designed
around molecular cell stress activation and effective at target-
ing specific cells. For exemplary purposes only and not limi-
tation, natural versions of the cell-guard composition include
resveratrol and/or vitamin D;. Synthetic variants comprise a
variety of synthetic modulators of specific molecular targets
including, individually or in combination, AKT, UPR, MPTP,
salubrinal (Sal) and ROCK inhibitors.

[0055] As illustrated in FIG. 2, a cell-guard additive added
to cell culture media improves cell quality (i.e. cell viability,
function, and life) by an overall 10-40%. The cell stress
pathways have been expanded to address multiple target path-
ways. To this end, AKT (a serine protein kinase that plays a
role in multiple cellular processes such as glucose metabo-
lism, cell proliferation, apoptosis, transcription, and cell
migration), MPTP (mitochondrial permeability transition
pore), UPR (unfolded protein response), apoptotic, hypoxic,
oxidative stress, and anaerobic/aerobic pathways are now
included to cover a wide array of agents and stress response
pathways for potential modulation by various cell-guard ver-
sions to allow for the development of cell and process
matched reagents composed of synthetic and/or natural stress
inhibitors such as caspase, AKT, MPTP, free radical scaven-
gers, and UPR inhibitors.

[0056] In one aspect, the “natural” is of interest to groups
who are viewing the use and/or transfusion of iPS (induced
pluripotent stem cells) cell-derived hepatocytes or other cell
types as a new clinical application. As such, the “natural”
cell-guard variant may be less problematic to receive
approval through the regulatory process. In another aspect,
the “synthetic” variant may be more effective, but given its
formulation, much less likely to receive fast-track regulatory
approval. Yet the “synthetic” variant would be the variant of
choice, for instance, by those groups that process human
tissues for the purpose of selling pre-plated cells to the phar-
maceutical industry for in vitro toxicology testing.

Modulating Molecular Stress Pathways to Improve
Survival of Cells

Vitamin D;

[0057] Experiments have been completed and have
expanded the scope of study to (1) include natural agents as
part of the formulation and (2) target various stress pathways
that may be activated in cells when they are bioprocessed. A
variety of agents were used in addition to resveratrol. Of
these, Vitamin D; (i.e. calcitriol) at high doses protects the
cells. The data in FIG. 3 demonstrate that Vitamin D, protects
cells such as RM-9 prostate cancer cells (derived from the
mouse prostate) under a stress regime. Here, the stress regime
included cryotreatment (freezing).

AKT and MPTP Pathways

[0058] Based on the literature and our knowledge of cell
stress biology, cell stress triggers were determined to include
the AKT of MPTP pathways. The AKT pathway is a central
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cell survival pathway that regulates many downstream path-
ways. The MPTP pathway is the one that, if triggered, can
release Cytochrome c to the cytoplasm that leads of apopto-
sis. As the data in FIG. 4 shows, both AKT and MPTP inhibi-
tors result in enhanced maintenance of cell function ofhuman
corneal endothelial cells (HCECs) (National Disease
Research Interchange (NDRI): 14CFPS5). These agents have
been tested on numerous cell types to determine their effects.

UPR Pathways

[0059] Preliminary studies into Unfolded Protein Response
(UPR) pathways in cell death associated with cell stress has
provided promising results. The UPR activator, tunicamycin,
was applied in a thermal stress regime. In FIG. 5, human lung
fibroblasts (IMR-90) were exposed to the cold (4° C.) in cell
culture media, Viaspan (with and without tunicamycin), or
ViaSpan with DMSO (carrier solution for tunicamycin). The
DMSO control acts as a chemical chaperone. It was hypoth-
esized that the addition of tunicamycin would result in an
increased level of cell death following thermal stress. The
data revealed that UPR activation using tunicamycin resulted
in an increase in thermal tolerance.

[0060] With this discovery, additional studies were con-
ducted under a more stressful thermal regime designed to
completely destroy all cells. As with previous experiments,
these studies showed that endoplasmic reticulum (ER)-stress
activation by tunicamycin resulted in enhanced thermal tol-
erance. In subsequent studies, tunicamycin was added subse-
quent to (rather than during) the cold stress period and com-
pared to samples without addition. (See FIG. 5).

[0061] FIG.5 also depicts the viability of human lung fibro-
blasts (IMR-90) following two days of cold exposure with the
addition of resveratrol (FR234). These studies demonstrated
that the post stress addition of tunicamycin resulted in a
reduction in cell survival. Further, addition of tunicamycin to
samples exposed to resveratrol resulted in the tunicamycin
treatment post-cold negating the positive effects of resvera-
trol (See FIG. 5). Thus, the addition of tunicamycin during the
recovery phase had an opposite effect than when added dur-
ing the cold stress period. Considered together, tunicamycin
“sensitizes” the ER-stress program during thermal stress such
that many of the ER-sensors are more rapidly up-regulated
during recovery, thereby providing a more effective molecu-
lar repair response in the cells during the recovery phase. Yet,
when tunicamycin is added during the recovery phase, this
agent has the predicted lethal effect as described in the UPR
literature.

[0062] InFIG. 6, experiments using Western blot analysis
of binding immunoglobulin protein (BiP) were conducted to
evaluate if up-regulation signifies UPR activation in stressed
cells. BiP is a luminal endoplasmic reticulum (ER) protein
that is believed to serve as an ER stress sensor, triggering the
unfolded protein response (UPR). BiP is also known as 78
kDa glucose-regulated protein (GRP-78), or heat shock 70
kDa protein 5 (HSPAS) which is a HSP70 molecular chaper-
one located in the lumen of the ER that binds newly-synthe-
sized proteins as they are translocated into the ER and main-
tains them in a state competent for subsequent folding and
oligomerization. The synthesis of BiP is markedly induced
under conditions that lead to the accumulation of unfolded
polypeptides in the ER. The data suggests that the UPR stress
pathway plays a pivotal role in cell stress response.

[0063] Time course evaluation of HCECs is depicted in
FIG. 6 following storage in complete growth media or Opti-
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Sol for 18 hours at 4° C. A time dependent and significant
increase in BiP levels are noted for these conditions demon-
strating the activation of the unfolded protein response
(UPR). These data combined with the viability data for this
stress regime demonstrate that as sample viability is lost, a
profound activation of the UPR is observed.

Hepatoma C3A Cells:

[0064] The data reveals that the overall impact of the cell-
guard with various cell types has varied. It is clear, however,
that modulation of the stress response pathway during cell
processing results in improved maintenance of cell viability
and function (See FIG. 7). It also appears that the positive
effects of these agents may be specific to stress regime, con-
centration and/or the carrier solution.

[0065] FIG. 7 assesses the effect of the stress modulator,
resveratrol (FR-234), exposure for three days under optimal
culture conditions in human hepatoma C3A cell lines. In this
graph, C3A cells were stored for three days under optimal
culture conditions (37° C., 5% CO,) with a range of FR-234
doses. Cells were removed from storage after three days.
Storage solutions were replaced with fresh culture media and
viability was assessed at 1, 2, and 3 days post-storage using
the metabolic activity indicator, alamarBlue. These data dem-
onstrated that FR-234 addition has a dose dependent effect on
stress modulation: the lower doses displayed similar negative
effects on post-storage viability; the highest dose (at 100
ng/ml) had a profound negative effect on sample viability.

[0066] A number of additional cell models have been ana-
lyzed utilizing supplements such as Vitamin D;, N-Acetyl-
Cysteine (NAC), ascorbic acid, and specific molecular inhibi-
tors. These experiments are designed to model a number of
bioprocessing stress models including hypoxia, nutrient dep-
rivation, sheer stress, pH alterations, and thermal fluctuations.
A positive outcome is associated with targeted UPR inhibi-
tion as well as with supplemented Vitamin Dj.

[0067] As demonstrated in FIG. 8, a series of experiments
using the human hepatoma (C3A), liver cancer cell line, were
conducted utilizing a freeze-processing cell banking stress
model (cryopreservation). Samples were processed utilizing
industry standard media (Roswell Park Memorial Institute,
RPMI, media), cryo-protective agents and techniques. Cell
survival response curves were plotted against varying con-
centrations of DMSO. Samples were frozen, thawed, cultured
to allow for recovery, and then frozen again. This process was
repeated 4 times (e.g. Freeze #1, Freeze #2, Freeze #3, Freeze
#4) over experimental periods of several weeks (FIG. 8). The
studies revealed that while repeat freezing did not affect ini-
tial post-thaw viability, cell functionality and repopulation
capacity was altered. Repeat freezing resulted in a loss of the
C3A cells ability to grow in culture post-freeze (See FIG. 8,
Freeze #3 and Freeze #4).

[0068] As the intent of cell-guard is to reduce the negative
effects of stress response of cells during normothermic cul-
ture processing, a series of studies using the freeze stress
model were conducted examining the potential of stress
response modulation during recovery culture. The studies
examined the effect of modulating the apoptotic cell death
mechanism, caspase cascade, as well as mitochondrial oxi-
dative stress pathways. While numerous studies have looked
at caspase and free radical formation inhibition during
stresses including freezing, no studies have been reported
looking to the effect of post-processing manipulation.
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[0069] As such, in FIG. 9, C3A samples were frozen using
industry standard protocols in culture media+0%, 2%, 5%,
and 10% DMSO. Samples were then thawed, processed to
remove the DMSO and placed into culture in standard media
of media supplemented with a caspase inhibitor (CV1) or
N-Acetyl-Cysteine (NAC) for the first 24 hours of post-pro-
cessing culture. Culture media supplementation with CV1
had little positive effect on cell recovery under any of the
conditions evaluated. Utilization of the NAC additive to
media yielded a positive effect on cell retention post-freeze in
the 10% DMSO condition, and yielded an overall ~20%
increase in sample recovery. Analysis of extended post-stress
culture revealed that culture media supplementation with
CV1 or NAC had no downstream negative effect on cell
division. This outcome supports the potential use of cell-
guard additives to cell culture/media as no negative effect on
the cells was observed during normothermic culture.

[0070] As described, the cell-guard technology has appli-
cation across a broad base of cell systems and stress regimes.
As shown in FIG. 10, the cell-guard supplements were tested
in two human liver cell systems, hepatocytes and liver cancer
cells (C3A), under a hypoxic normothermic stress model and
a hypothermic stress model. While using resveratrol as the
cell-guard supplement under hypothermic conditions, cell
viability on hepatocytes was extended, but not on the C3A
cells. The opposite was true when salubrinal was utilized
during hypothermic stress on the cells; salubrinal extended
cell viability for C3A cells, but not for hepatocytes. See FIG.
10: FIGS. 10A & 10B.

[0071] The reverse holds true when a normothermic stress
regime is utized (See FIG. 10: FIGS. 10C & 10D). Resvera-
trol extended the cell viability for C3A cells, but not for
hepatocytes. Salubrinal extended the cell viability of hepato-
cytes, but not for C3A cells. The data in FIGS. 10C and 10D
show that through normothermic stress pathway modulation
using salubrinal or resveratrol, improved tolerance of the
cells is observed.

[0072] Thus, theunfolded protein response (UPR) has been
activated in response to stress in human hepatocytes since
salubrinal, a UPR inhibitor, improves cellular response to
thermal stress. In addition, modulation of the antioxidant and
UPR pathways has been shown to improve tolerance of hepa-
tocytes to normothermic hypoxic conditions. The table of
FIG. 10 clarifies the experiments where hepatoma cell line,
C3 A, was exposed to hyptothermic and normothermic stress
regimes in a variety of carrier media supplemented with either
salubrinal or resveratrol. These studies revealed that the UPR
inhibitor, salubrinal, but not resveratrol, was able to protect
cells from hypothermia-induced cell death. Application of the
stress modulation model to normal rat hepatocytes (not
shown) revealed that salubrinal failed to protect the cells
where resveratrol was able to protect cells. This represented
an exact opposite effect as seen in the cancerous C3A cells.
[0073] Given this unexpected finding, analysis was
expanded to normal human hepatocytes subjected to the same
thermal stress paradigm. Again, in contrast to C3A cells,
resveratrol (FR-48), but not salubrinal, was able to com-
pletely maintain primary human hepatocytes subjected to
thermal stress. Studies were conducted using a normothermic
hypoxic stress model yielded similar yet opposite findings. In
this regard, under normothermic hypoxic conditions, salubri-
nal was able to maintain normal hepatocytes but not resvera-
trol whereas for the cancerous C3A cells resveratrol but not
salubrinal was effective (See FIGS. 10C & 10D).

Feb. 2,2012

[0074] These findings demonstrate that a switch of the
stress regime from cold to hypoxic stress resulted in a flipping
of results between cell types and reagents. A summary of the
results are presented in the table of FIG. 10.

[0075] Interestingly, when the same stress manipulation
paradigm was applied in the hypothermic stress regime using
the organ transplant solution Viaspan, no positive selection
was noted between the various cells. For instance, Viaspan is
a preservation solution designed to transiently hold tissues at
low temperatures, not to maintain or improve the native state
of cells, tissues or organs. In fact, the formulation of known
hypothermic storage solutions (as designed), including
Viaspan, is toxic to cells under normothermic (37° C.) con-
ditions.

[0076] One embodiment of the present invention addresses
the need for tissues and organs to be protected from ischemic
damage during donation, processing and transplantation, all
of'which typically occur at normothermic (ambient to 37° C.)
temperatures. In another embodiment, organ viability and
function can be maintained in a native state in order to provide
for the highest probability of downstream engrafiment and
procedural success.

[0077] One challenge faced by the transplant community is
how to best protect the tissue viability and function at the
point of origin. A major focus of this effort has been to
develop hypothermic shipping solutions. As such, a variety of
hypothermic shipping solutions such as UW Solution (Vi-
aSpan), HTK and Polysol have been developed over that past
two decades and are used to ship various organs destined for
transplant. While hypothermic storage has been effective to a
degree none of these solutions are designed to mitigate nor-
mothermic stress experienced by all tissue during removal,
processing, and implantation. Specifically, the various formu-
lations, such as ViaSpan, are designed to mitigate cell
response to extended cold storage. In fact, if these storage
media were applied in processes carried out at normothermic
temperatures they would be highly lethal. As such these strat-
egies, components, and formulas are ineffective and not
applicable to normothermic conditions.

[0078] As such, embodiments of the invention take into
account the development of a “preconditioning medium” to
(1) modulate the activation of stress pathways activated as a
consequence of organisolation and (2) ameliorate these stress
pathways activated in tissues in response to the various stres-
sors experienced during isolation, transport, and implanta-
tion. Cell-guard addresses the challenge in serving as a pre-
condition reagent affording protection to cells, tissues and
organs at the point of donation under normothermic condi-
tions prior to downstream utilization such as in transplanta-
tion or storage.

[0079] In conclusion, the data suggest that cancerous
(C3A) and normal (rat and human) hepatic cells respond to
thermal and oxidative stress very differently and the modu-
lation of these cell stress pathways can be used as a cell
selection paradigm.

Human Corneal Endothelial Cells (HCECs)

[0080] Human corneal endothelial cells (HCECs) have
become increasingly important for a range of eye disease
treatment therapies. Accordingly, a more detailed under-
standing of the processing associated stresses experienced by
corneal cells may contribute to improved therapeutic out-
comes. To this end, the unfolded protein response (UPR)
pathway was investigated as a potential mediator of corneal
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cell death in response to cold exposure. FIG. 11 demonstrates
that inhibiting the UPR pathway with salubrinal improves
human corneal endothelial cell (HCEC) tolerance to stress.
[0081] Once cold stress-induced failure had begun in
HCECs held at 4° C., necrosis accounted for the majority of
cell death but with significant apoptotic involvement, peaking
at several hours post-storage (4-8 hours). Western blot analy-
sis demonstrated changes associated with apoptotic activa-
tion (caspase 9, caspase 3, and PARP cleavage). Further, the
activation of the UPR pathway was observed through
increased and sustained levels of ER folding and chaperone
proteins (BiP, PDI, and ERO1-La) in samples experiencing
significant cell death. Given the increase in immunostaining
of BiP, a signature UPR protein, cells treated with the UPR
inhibitor, salubrinal, and subjected to stress demonstrated
that salubrinal exerted a protective maintenance effect during
cold exposure. Modulation of the UPR pathway using the
specific inhibitor, salubrinal, resulted in a 2-fold increase in
cell survival in samples experiencing profound cold-induced
failure. Furthermore, this increased cell survival was associ-
ated with increased membrane integrity, cell attachment, and
decreased necrotic cell death populations.

[0082] As exemplified, data show that cells subjected to
stress can activate at least four distinct cell stress pathways:
caspase, AKT, MPTP, and UPR. When individually modu-
lated, human cell retention, viability and function are
improved. The synthetic supplements (e.g. salubrinal and
apoptosis inhibitors) and natural compounds (resveratrol and
Vitamin D3) protect stress pathways in cells subjected to
stress.

[0083] Conversely, addition of the UPR inducer, tunicamy-
cin, during cold exposure resulted in a significant decrease in
HCEC survival during the recovery period. These data impli-
cate for the first time that this novel cell stress pathway may be
activated in cells as a result of the complex stresses associated
with thermal stress exposure. The data suggest that the tar-
geted control of the UPR pathway during processing proto-
cols may improve cell survival and function of HCEC, thus
improving the clinical utility of these cells as well as whole
tissues and organs (e.g. human corneas).

[0084] A molecular based cell death response, apoptosis, is
initiated in cells in response to thermal stress. Studies have
shown that changes associated with cold exposure, such as
decreased membrane fluidity, pH change, osmotic imbal-
ances, mitochondrial permeability transition pore opening,
and oxidative stress can trigger a cell death response in a
number of different cell systems. Furthermore, studies have
demonstrated the beneficial effects of targeting these cold-
induced molecular responses through solution formulation
changes as well as the addition of specific chemical modula-
tors (i.e. anti-oxidants, protease inhibitors, ion chelators.
[0085] The unfolded protein response (UPR) is the process
in which a cell responds to the accumulation of misfolded
proteins in the endoplasmic reticulum (ER). The UPR path-
way has several functions, including correction of this accu-
mulation through inhibiting translation of new proteins and
up-regulating ER chaperone and folding proteins in an effort
to clear the ER ofthese proteins. Another function ofthe UPR
pathway is to initiate an apoptotic response if the ER stress
remains too severe or prolonged. The UPR pathway, while
identified relatively recently in human cell systems, has
become a major area of study with various reports detailing its
involvement in response to various cellular stress events. ER
stress and subsequent UPR activation has been implicated in
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response to disease states, chemical exposure, cancer prolif-
eration, aging, cell death, inflammation, autophagy, among
others.

[0086] Studies suggest that the UPR may be a central
pathogenic pathway with its activation triggering endothelial
cell apoptosis through a mitochondrial based, caspase 9 medi-
ated response. However, review of the previous investigations
questioned whether this pathway is activated in response to
complex changes and stresses associated with cold exposure.
To this end, the role of the UPR has been investigated to
determine its potential involvement in cellular demise asso-
ciated with thermal stress exposure regimes.

Methods and Materials

[0087] Cell Culture: Various cells were obtained from com-
mercial sources and maintained under standard culture con-
ditions (37° C., 5% CO,/95% air) in their respective culture
media supplemented with 8% Fetal Bovine Serum (Atlanta
Biologicals, Lawrenceville, Ga.), and other agents as appro-
priate including bovine pulmonary extract (Biomedical Tech-
nology Inc., Stoughton, Mass.), gentamicin sulfate (Invitro-
gen, Carlsbad, Calif.), epidermal growth factor (Millipore,
Billerica, Mass.), nerve growth factor (Biomedical Technol-
ogy Inc.), Anti-biotic/mycotic (Sigma-Aldrich, St. Louis,
Mo.), ascorbic acid (Sigma-Aldrich), calcium chloride
(Sigma-Aldrich), and chondroitin sulfate (Sigma-Aldrich).
Cells were propagated in Falcon T-75 flasks and media was
replenished every two days of cell culture.

[0088] Storage Media: Four different storage media were
utilized for storage: complete growth media (CGM), Hank’s
Balance Salt Solution with calcium and magnesium (HBSS)
(Mediatech, Inc., Manassas, Va.), ViaSpan (commercially
available University of Wisconsin solution), and OptiSol
(commercial whole cornea storage solution) (Bausch and
Lomb, Rochester, N.Y.).

[0089] Thermal Stress Regime: Cells were seeded into
96-well tissue culture plates (13,000 cells per well) and cul-
tured for 24 hours into a monolayer. Culture media was
decanted from experimental plates and replaced with 100
ul/well of the pre-cooled (4° C.) solution (complete growth
media, HBSS with calcium and magnesium, ViaSpan, or
OptiSol). Cultures were maintained at 4° C. for 18 hours to 9
days. Following cold storage, the media were decanted,
replaced with 100 ul/well of room temperature (-25° C.)
complete culture media and then placed into standard culture
conditions (37° C., 5% CO,) for recovery and assessment.
[0090] Cell Viability Assay: To assess cell viability the
metabolic activity assay, AlamarBlue™ (Invitrogen) was uti-
lized. Cell culture medium was decanted from the 96-well
plates and 100 pl/well of the working AlamarBlue™ solution
(1:20 dilution in HBSS) was applied. Samples were then
incubated for 60 minutes (+1 min) at 37° C. in the dark. The
fluorescence levels were analyzed using a Tecan SPEC-
TRAFluor Plus plate reader (TECAN, Austria GmbH). Rela-
tive fluorescence units were converted to a percentage com-
pared to normothermic controls set at 100%. Readings were
taken immediately following removal from hypothermic stor-
age as well as 24 and 48 hours of recovery.

[0091] Chemical Additions: Modulation of the UPR was
accomplished through the use of salubrinal (UPR-specific
inhibitor), tunicamycin (UPR-specific inducer), resveratrol,
AKT, Vitamin D5, caspase and MPTP inhibitors, among oth-
ers. For instance, salubrinal (EMD Chemicals Inc., Gibb-
stown, N.J.) was added to media at working concentrations of



US 2012/0028933 Al

10 and 25 uM immediately before utilization. Tunicamycin
(EMD Chemicals Inc.) was added to ViaSpan at a working
concentration of 2 ug/ml. immediately prior to use. All
chemicals were diluted in water, ethanol, or DMSO prior to
utilization and DMSO controls were conducted to ensure no
effect of the dilution vehicle.

[0092] Fluorescence Microscopy: Samples in 96-well
plates were assessed for the presence of live, necrotic or
apoptotic cells through triple labeling using Hoechst [81 uM],
propidium iodide [9 uM], and YoPro-1 [0.8 uM] (Molecular
Probes, Eugene, Oreg.), respectively. Probes were added to
samples and incubated in the dark for 20 minutes prior to
imaging. To assess membrane integrity a dual label of cal-
cein-AM [4 uM] and propidium iodide [9 uM] was utilized.
Dual label probes were added to the samples and incubated
for 30 minutes in the dark. All fluorescence images of labeled
cells were obtained at 1, 4, 8 and 24 hours post-storage using
a Zeiss Axiovert 200 fluorescent microscope with the Axio-
Vision 4 software (Zeiss, Germany).

[0093] Flow Cytometric Analysis: Counts of the unlabled
(live), necrotic (PI [1.5 uM]) and apoptotic (YOPRO-1 [0.1
uM]) labeled cells were obtained using microfluidic flow
cytometry (Millipore). Probes were added to each sample and
incubated in the dark for 20 minutes prior to cell collection.
Counts of cells with polarized and depolarized mitochondria
(JC-1 [7.7 uM]) were also obtained via microfluidic flow
cytometry. Samples were labeled, collected and analyzed at 1,
4, 8 and 24 hours post-storage. Analysis was performed using
the CytoSoft 5.2 software for the Guava PCA-96 system.

[0094] Western Blot Analysis: Cells were cultured in 60
mm Petri dishes to form a monolayer. Cell culture media was
removed and replaced with 4 mL of pre-cooled (4° C.) solu-
tion and dishes were placed at 4° C. for 18 hours. Following
stressed exposure, solutions were decanted and replaced with
4 mL of room temperature culture media and placed into
standard culture conditions (37° C., 5% CO,) for recovery.
Cell lysates were collected 1, 4, 8 and 24 hours post-storage
using ice-cold radio-immunoprecipitation assay cell lysis
buffer with protease inhibitors. Samples were homogenized
by vortex mixing and centrifuged at 15,000 rpm for 15 min-
utes at 4° C. Protein concentrations were quantified using the
bicinchonic acid protein assay (Thermo Fisher Scientific,
Rockford, Ill.) and a Tecan SPECTRA Fluor Plus plate
reader. Equal amounts of protein (30 ng) for each sample
were loaded and separated on a 10% SDS-PAGE gel (Bio-
Rad, Hercules, Calif.). Proteins were transferred to PVDF
membranes (Bio-Rad) and blocked with a 1:1 mixture of
NAP™-Blocker (G-Biosciences, Maryland Heights, Mo.)
with 0.05% Tween-20 in PBS for 2 hours at room tempera-
ture. Membranes were incubated at 4° C. overnight in the
presence of each antibody: anti-human caspase 9, anti-human
caspase 3, anti-human PARP, anti-human Bip, anti-human
calnexin, anti-human EROI1-La, anti-human PDI and anti-
human p-Tubulin (Cell Signaling Technology, Danvers,
Mass.). Membranes were then washed three times with
0.05% Tween-20 in PBS and exposed with horseradish per-
oxidase-conjugated secondary antibodies for 1 hour at room
temperature. Membranes were again washed three times with
0.05% Tween-20 in PBS before detection with the Lumi-
GLO®/Peroxide chemiluminescent detection system (Cell
Signaling Technology). Membranes were visualized using a
Fujifilm LAS-3000 luminescent image analyzer. Equal pro-
tein loading was achieved through initial quantification of all
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samples and confirmed by Ponceau S staining of PVDF mem-
branes prior to blocking as well as probing for p-Tubulin
levels.

[0095] Data Analysis: Viability experiments were repeated
a minimum of three times with an intra-experiment repeat of
seven replicates. Western blots, flow cytometry and fluores-
cence microscopy were all conducted on a minimum of three
separate experiments. Standard errors were calculated for
viability values and single-factor “ANalysis Of VAriance”
(ANOVA) was utilized to determine statistical significance.

Results

Effect of Hypothermic Exposure on Human Corneal Endot-
helial Cell Survival

[0096] HCECs displayed a variable level of cold sensitivity
in vitro that was dependent upon the media and duration of
hypothermic storage as shown in FIG. 12. This was charac-
terized by a decrease in viability immediately following 18
hours of cold storage in all solutions utilized: CGM, HBSS,
ViaSpan and OptiSol. Storage in CGM resulted in 14.9%
(£3.8) viability, while samples stored in OptiSol retained
57.4% (6.5) viability and storage in HBSS and ViaSpan
yielded retention of 99.0% (£8.2) and 91.5% (£4.0) viability,
respectively. Despite the levels of cell death observed,
samples were able to recover and repopulate in culture fol-
lowing 18 hours of cold exposure regardless of the media
utilized.

[0097] As the storage interval was increased, however, cor-
responding decreases in sample viability were evident across
all conditions (FIG. 12). Following 24 hours of cold exposure
samples stored in CGM yielded few remaining viable cells
(3.9% (£1.0)) and no replicative capacity. HCECs stored in
OptiSol demonstrated a marked decrease in viability, com-
pared to 18 hour exposure, retaining only 29.3% (8.9) meta-
bolic activity and an inability to repopulate to normothermic
control levels by 48 hours post-storage. Storage in HBSS and
ViaSpan demonstrated lower reductions in viability retaining
85.8% (£9.9) and 86.8% (x6.1) respectively, immediately
following 24 hour exposure. Further increasing the cold expo-
sure interval to two days resulted in more pronounced cell
loss with a complete loss of viability in the CGM and OptiSol
stored HCEC samples. HBSS samples decreased to 4.9%
(x1.5) viability while the ViaSpan samples retained a high
level of metabolic activity (68.2% (£7.7)) as well as an ability
to repopulate to normothermic control levels during the
recovery period (See FIG. 12).

[0098] Post-cold exposure sample viability data were con-
firmed via fluorescence microscopy probing for viable,
necrotic and apoptotic cells using hoechst, propidium iodide
(PI) and Yo-Pro-1, respectively. Micrographic assessment
demonstrated a similar level of viable cells remained follow-
ing the various hypothermic exposure intervals in the four
solutions utilized as measured by alamarBlue (data not
shown). These analyses also allowed for the assessment of the
modes of cell death contributing to sample demise following
hypothermic storage of HCECs. Fluorescence microscopy
revealed that the primary mode of cell death involved in
HCEC preservation-induced cellular demise was necrosis as
indicated by the high incidence of Pl-labeled (red) cells.
Along with necrosis it was noted that a considerable amount
of apoptotic cells (green) were detected throughout the 24
hours post-storage, with a peak occurrence of this population
at4-8 hours following removal from the cold. These data were
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consistent with studies on other cells systems following cold
exposure, where a delayed apoptotic peak and large necrotic
population have been reported.

Activation of Apoptosis Following Hypothermic Exposure

[0099] Following the establishment of viability profiles for
HCECSs stored for various intervals coupled with the obser-
vation of a molecular-based component to cell death, western
blot analysis was conducted in an effort to decipher the acti-
vation of specific cold-induced cell stress pathways. Samples
were collected after 1, 4, 8 and 24 hours of recovery following
18 hours of cold storage in either CGM, HBSS (Hank’s Bal-
anced Salt Solution), ViaSpan or OptiSol and total protein
was extracted. The assessment of proteins associated with
apoptotic activation revealed a correlation between the loss of
viability and activation of the apoptotic cascade (FIG. 13A).
[0100] In FIG. 13A, targeted assessment of caspase 9, a
specific mediator of mitochondrial (intrinsic) based apoptotic
activation, revealed cleavage (activation) of the pro-form
intermediate at 1 hour post-storage in the CGM stored
samples (21.5% as compared to control levels) with a subse-
quent complete loss (2.5%) by 24 hours post-exposure while
OptiSol storage demonstrated a reduction in pro-caspase 9
without a complete loss throughout the time course (19.2% at
24 hours of recovery). Pro-caspase 9 levels in HBSS and
ViaSpan stored HCECs maintained higher and more consis-
tent levels throughout the initial 24 hours post-cold exposure
recovery period (-60-70% as compared to controls). This
maintenance in pro-caspase 9 levels was consistent with the
elevated viability levels observed under these conditions.
[0101] Assessment of the downstream apoptotic mediator,
caspase 3 (See FIG. 13A), revealed a similar pattern of cleav-
age as observed with pro-caspase 9. Decreases in pro-caspase
3 levels were detected in both the CGM and OptiSol stored
HCECs (13.2% and 42.3% at 24 hours post-storage, respec-
tively), with more pronounced cleavage noted in the CGM
samples and to a lesser extent in OptiSol storage as compared
to normothermic control levels. As with caspase 9, caspase 3
activation correlated with the viability data. Likewise, HBSS
and ViaSpan stored cells demonstrated a pattern of sustained
pro-caspase 3 levels throughout the post-storage time course
indicating a lower level of apoptotic activity and overall cell
death. With the observed caspase 3 activation, assessment of
the active caspase 3 target, Poly (ADP-ribose) polymerase
(PARP), was conducted to further support the evidence of
apoptotic signal progression following cold storage (FIG.
13A). PARP is a DNA repair enzyme whose cleavage is
indicative of late stage apoptosis and cells’ commitment to
completing cell death. Western blots revealed an increase in
PARP cleavage in the CGM and OptiSol samples as com-
pared to the HBSS and ViaSpan samples and normothermic
controls. Examination of PARP cleavage revealed a similar
pattern of apoptotic activation in the CGM and OptiSol
samples with noticeably less activation in the HBSS and
ViaSpan samples. These data further confirmed apoptotic
activation in HCECs leading to preservation-induced viabil-
ity loss.

Involvement of the Unfolded Protein Response Following
Cold Exposure

[0102] Following the identification of apoptosis through
both fluorescence microscopy and western blot analysis, an
investigation of the involvement of ER stress and the UPR

Feb. 2,2012

pathway in response to hypothermic exposure was con-
ducted. In FIG. 13B, Western blots were performed examin-
ing the levels of ER folding and chaperone proteins, including
BiP, ERO1-La., PDI and calnexin, in HCEC isolates at 1, 4, 8
and 24 hours recovery post 18 hours cold storage. Similar to
apoptotic-associated protein changes, a correlation was noted
between a loss of sample viability and changes in the ER
stress protein levels and the subsequent UPR activation. In the
CGM and OptiSol samples, increases in BiP and ERO1-La
were observed as compared to normothermic controls (FIG.
13B). A time dependent increase in BiP was seen in CGM and
OptiSol stored samples as both peaked at 24 hours post-
storage (359.7% and 455.8%, respectively). Analysis of
EROI1-La levels demonstrated an immediate peak 1 hour
post-exposure for CGM samples (123.0%) and a delayed
peak for OptiSol samples (172.9% at 24 hours of recovery).
Comparatively, HBSS and ViaSpan stored samples demon-
strated lower overall levels of these proteins with no time
dependent up-regulation. Examination of PDI revealed that
levels remained relatively consistent throughout the initial 24
hours following hypothermic exposure for all conditions
tested. Probing for calnexin also revealed a time related cleav-
age in CGM and OptiSol samples, an event reported in
response to apoptotic stimuli. Conversely, HBSS and
ViaSpan samples exhibited no calnexin cleavage throughout
the 24 hour recovery interval. These data suggest that changes
in proteins associated with ER stress and UPR activation
occur in a manner that correlates with the activation of the
apoptotic cascade in response to cold exposure.

Effect of UPR Specific Chemical Modulation on Human
Corneal Endothelial Cell Survival

[0103] Identification of ER stress and UPR involvement in
HCEC response to cold exposure led to investigating the
effect of targeted, specific modulation of the UPR pathway as
shown in FIGS. 14A, 14B, 14C. UPR inhibition and UPR
induction studies were conducted through the addition of
salubrinal (inhibition) and tunicamycin (induction) during
hypothermic storage to confirm the role of the UPR pathway
in cold-induced cell death. (NOTE: The asterisks, **, high-
light differences to illustrate the beneficial effects of cell-
guard additives, or sell supplements.)

[0104] To examine the effect of UPR specific inhibition,
HCECs were stored at 4° C. in the presence of salubrinal for
18 hours, 24 hours and 2 days, allowed to recover and sample
viability assessed (F1G. 14A). Cold storage for 24 hours in the
presence of salubrinal resulted in a pattern of improved
HCEC survival during the 48 hours recovery period (FIG.
14A). HBSS and ViaSpan samples remained highly viable
(70-80%) and demonstrated no differences with salubrinal
addition at this storage interval (p=0.28 and p=0.98, respec-
tively). CGM and OptiSol stored HCECs demonstrated con-
siderable improvements following salubrinal addition as
these systems began to undergo hypothermic stress depen-
dent failure. Storage in CGM alone resulted in 7.9% (x2.4)
viability immediately following storage with a subsequent
decrease during recovery resulting in complete loss of viabil-
ity. Addition of 10 uM and 25 uM salubrinal, however,
yielded improved post-storage viabilities 023.1% (x1.4) and
28.0% (x2.1), respectively (p<0.001). Interestingly, the 25
UM condition allowed for the subsequent maintenance of
HCECs as viability was retained over the 48 hour recovery
period. Similarly, HCEC storage in OptiSol with and without
salubrinal addition for 24 hours resulted in similar patterns as
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the aforementioned CGM storage with post storage viabilities
0f 33.5% (£13.3), 52.3% (+8.2) and 53.9% (x8.2) (OptiSol
with O uM, 10 uM and 25 puM salubrinal, respectively) (p<0.
01). These UPR inhibition data demonstrated a concentration
dependent increase in HCEC viability that translated to
improved survival throughout the 48 hour recovery period.
[0105] An extension of the hypothermic exposure interval
from 1 to 2 days provided additional verification of the
involvement of UPR and beneficial effect of its inhibition
(FIG. 14B). Following 2 days of cold storage, a complete loss
in viability in all CGM and OptiSol HCECs samples was
observed. Interestingly, following this storage interval, HBSS
samples succumbed to preservation-induced cell death yield-
ing sample viability of 9.3% (£3.5) immediately post-stor-
age. Inclusion of salubrinal during cold storage provided
dose-dependent increases in overall viability t0 26.9% (x1.5)
and 37.8% (x1.4) (10 uM and 25 uM, respectively) (p<0.001).
As with the 24 hour sample, 48 hour storage in ViaSpan
yielded minimal cell loss and no effect of salubrinal supple-
mentation (74.3% vs. 76.7%, p=0.87). These data suggest
that UPR specific inhibition has a beneficial effect only once
HCECs begin to demonstrate substantial losses in viability
(greater than 50%).

[0106] To further test UPR involvement, induction studies
were conducted to determine whether UPR activation would
have a negative effect on HCEC survival following hypoth-
ermic storage. In FIG. 14C, the UPR specific inductor, tuni-
camycin, was added to ViaSpan and HCEC samples were
stored at 4° C. for 3 days in the presence and absence of
tunicamycin then assayed for viability at 0, 24 and 48 hours of
recovery. Tunicamycin addition had no immediate effect on
post-storage viability as both storage conditions yielded
~60% cell survival (p=0.86). However, significant differ-
ences in the storage conditions became evident as assessment
continued through the recovery period. Following 24 hours of
recovery a survival difference of 29.0% was noted between
the conditions. This differential further increased to 53.9% by
48 hours post-storage (p<0.001). These findings further sup-
port the significant effect that the UPR pathway may play in
cell survival following cold exposure.

Effect of UPR Specific Modulation on Cell Death Popula-
tions Following Cold Storage

[0107] Following the observation of differences in viability
through the targeted modulation of the UPR, we next ana-
lyzed what effect this targeted approach has on the level and
timing of cell death following hypothermic storage. HCECs
were held at 4° C. for 24 hours in various solutions (CGM,
HBSS, ViaSpan and OptiSol) with and without the addition of
25 uM salubrinal and assessed via microfluidic flow cytom-
etry and fluorescence microscopy. Analysis of the apoptotic
and necrotic populations was conducted to examine the effect
UPR inhibition (25 pM salubrinal) had on cell death popula-
tions post-storage. Temporal Yo-Pro-1/PI flow cytometric
analysis revealed that necrosis accounted for a larger percent-
age of the total population in uninhibited samples as com-
pared to their UPR inhibited counterpart. In this regard, the
complete growth medium (CGM) and OptiSol stored cells
demonstrated the largest differences in levels of necrosis
(data not shown). Interestingly, examination of the apoptotic
populations revealed the opposite trend, with the UPR inhib-
ited samples having a larger apoptotic population than in
uninhibited samples. This suggests that UPR inhibition may
have resulted in an increased prevalence of cells that survive
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the initial stress of cold exposure but experienced sufficient
damaging effects to trigger an apoptotic response following
storage, thus resulting in increased populations of both apo-
ptotic and viable cells as compared to uninhibited samples.
[0108] Asshown in FIGS. 15A & 15B, when samples were
normalized to the normothermic control, it was observed that
necrotic populations between UPR inhibited and uninhibited
samples were similar. The levels of apoptosis, however, were
elevated in the inhibited samples as compared to uninhibited
conditions at each time point (FIGS. 15A and 15B). The most
noticeable differences between the conditions were in the
level of viable cells as well as the overall total cell retention
(as noted by the total stacked population in both FIGS. 15A
and 15B). This was particularly evident in the CGM and
OptiSol HCEC samples. These data illustrate that UPR spe-
cific inhibition had a beneficial effect through an increased
retention of total cells during hypothermic exposure resulting
in an elevated viable cell population.

[0109] These data were corroborated visually via fluores-
cence microscopy utilizing tri-stain (Hoechst, PI, Yo-Pro-1)
to examine the levels of viable, necrotic and apoptotic and a
dual-staining (calcein-AM, PI) to examine membrane integ-
rity (live and dead cells) between UPR inhibited and uninhib-
ited samples (data not shown). Specifically, CGM storage for
24 hours with and without salubrinal yielded patterns similar
to those observed with flow cytometry. Increases in viable cell
populations and overall cell retention in UPR inhibited
samples compared with uninhibited samples were found.
Micrographs of calcein-AM and propidium iodide probed
samples revealed that salubrinal addition resulted in a marked
increase in both membrane integrity as well as cellular attach-
ment during the recovery period. These data further support
the beneficial effect that the specific targeting of the UPR
pathway has on HCEC tolerance to hypothermic stress.

Discussion

[0110] In this study, the role of UPR activation in cellular
demise was examined following cold exposure. In an effort to
examine the universality of UPR involvement, four unique
storage media were utilized, each of which represented a
vastly different composition ranging from a balanced salt
solution (HBSS) to complete growth media (CGM) to com-
mercial cold storage media (OptiSol and ViaSpan). The moti-
vation behind the selection of these diverse media was not to
compare solution performance but to examine the activation,
progression, and modulation of UPR based cell death associ-
ated in preservation failure regardless of storage time or base
medium. Investigation of the differential level of survival
after a given storage time due to basal medium formulation,
while interesting, was beyond the scope of this study.

[0111] As it is progressively recognized that all cold stor-
age media fail to protect cells as storage time increases, the
“extended” intervals specific to each media in examining
UPR involvement were examined. Assessment of HCECs
revealed a contrast in cold sensitivity in vitro with viability
dependent on exposure duration and solution. Cell death
analysis demonstrated that necrosis was the dominate mode
of cell death once failure had begun regardless of the media
utilized. A sizeable population of apoptotic cells was also
noted in the hours following storage, illustrating the involve-
ment of a complex molecular-based response to lethal cold
exposure. Furthermore, these cell death populations dis-
played a temporal response to the cold with a peak in apop-
tosis observed several hours (4-8) into recovery in addition to



US 2012/0028933 Al

a continued increase in necrosis throughout the initial 24 hour
recovery period. This illustrates the fact that physical stress
alone is not the only factor responsible for cellular demise but
instead cold-induced stress pathways are being activated in
response to cold exposure.

[0112] Previous studies have reported on the involvement
of caspases in response to cold stress as well as the beneficial
effect of their inhibition. Western blot investigations demon-
strated the involvement of caspases as well as the down-
stream target PARP in HCEC cold-induced cell death. In
particular, this analysis suggested that the mitochondrial-
mediated (intrinsic) pathway of apoptosis was being acti-
vated. This was an important observation as it led to investi-
gation of UPR involvement, as reports have shown that the
UPR mediates the activation of an apoptotic response, at least
partially, through the mitochondria.

[0113] The examination of proteins specific to ER stress
and the subsequent UPR activation confirmed that changes,
such as the up-regulation of ER chaperones and protein fold-
ing proteins, were observed in correlation with increased
losses in sample viability. This provided the first implication
of the UPR pathway activation in response to severe cold
stress in an in vitro cell model. While there has been an
increasing focus on the UPR pathway in relation to other cell
stressors (i.e. ischemia, oxidative stress, disease states), there
was little to no evidence that the UPR is involved with hypo-
thermic-induced cellular demise.

[0114] Further, investigation of UPR pathway involvement
through its specific modulation provided supporting evidence
of'its role during cold exposure. Comparison between UPR
inhibited and non-inhibited samples revealed that modulation
of the UPR resulted in increased metabolic activity, mem-
brane integrity, cellular attachment, and overall sample
viability. Additionally, the specific induction of the UPR
resulted in a pronounced increase in cell death throughout the
recovery period as well as the accelerated activation of cold-
induced cell death as compared to non-induced samples.
These data provide additional evidence implicating the
UPR’s involvement as a cold-induced stress pathway playing
arole in delayed cell death.

[0115] The data indicate a clear need for further in-depth
studies on the UPR in response to cold exposure. This study
was an important first step for human corneal endothelial
applications given that many of these processes involve sub-
jecting corneal tissue to cold prior to utilization. The in vitro
model employed in this study led to studying this specific
subset of corneal cells as HCECs have little to no replicative
capacity; this is in contrast to using whole cornea from an
animal, a model which contains endothelial cells that have the
ability to divide and repopulate following endothelial death
and damage.

[0116] The results obtained in this study on individual
HCEC populations differed from the results of studies exam-
ining whole cornea storage in terms of the length of storage
times achievable (i.e. 24 hours for HCEC storage in OptiSol
vs. 7 or more days for whole cornea storage in OptiSol). The
difference may be attributed to a number of factors that differ
between a whole cornea and HCEC cell culture. The activa-
tion of the UPR was observed in all solutions tested at these
“extended” storage times demonstrating that this pathway
may serve as an important target particularly for cell-based
therapies and potentially for future studies on whole cornea.
[0117] This study represents a step in linking UPR activa-
tion and HCEC storage failure; however, there is still a need
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for understanding the direct causal relationship. While the
identification and modulation of caspases represents a funda-
mental advance, it does not account for the entire cold-in-
duced cell death story. As such, there remains a definitive
need for further stress pathway identification for improved
control. The identification of novel cold stress pathways, such
as the UPR, may allow for a more specific molecular control
of cell responses to improve survival and function. This in
turn may translate into improved outcomes for down-stream
corneal utilizations (i.e. transplants, engineered tissues, etc.).
In summary, the UPR appears to be an important pathway for
future studies and holds potential for manipulation as tech-
nologies continue to more forward into more molecular based
approaches.

Cell Selection Using Differential Stress Pathway
Responses

Cell Selection Technique

[0118] Cell selection is a technique utilized throughout
various aspects of cell and molecular biology. For instance,
flow cytometry/fluorescence activated cell sorting (FACS)
originally developed in 1969 is one exemplary tool in the
modern research laboratory. The versatility of FACS is
notable, yet a time consuming cell separation. Currently,
FACS is being tested for its ability to detect cancer stem cells.
Other separation systems [such as Dynabeads®] may be less
stresstul to cells, but still require centrifugation steps to purity
different cell populations. Both are limited by the require-
ment that an antibody must be identified that can selectively
adhere to the cells and have a high enough affinity/specificity
to ensure that the cell sorting process is efficient. Yet cell
sorting is critical to a number of research and clinical areas
that include the future application of hESCs and iPSCs in
stem cell therapy, regenerative medicine and drug discovery.
This is especially true when one considers that nearly all
reports to date state that these cells can cause teratomas in
situ. Thus, it is desirable that new cell selection procedures be
developed that can effectively eliminate select cell popula-
tions in a mixed (heterogenous) group of cells that, in turn,
can be used in FDA regulated applications such as cell
therapy.

[0119] In one embodiment of the present invention, a
unique process that uses differential cell stress activation and
modulation is utilized as a basis for cell selection.

[0120] A challenge to medical diagnostics, stem cell
therapy and cancer therapy is to selectively eliminate or pro-
tect one or more cell types from a mixed population of cancer/
non-tumorigenic cells without the use of chemotherapeutic
agents or antibodies. Indeed, cancer stem cells are thought to
be present in less than 1% of a stem cell population but
currently antibodies are required to purify them. Further-
more, the use of human embryonic stem cells (hESCs) and
induced pluripotent stem cells (iPSCs) for cell therapy will
ultimately require selective elimination of the small number
of tumorigenic undifferentiated cells known to be present in
these populations. While the use of cytotoxic monoclonal
antibodies and other transfection systems are currently being
tested to address this problem, neither are consistent with
FDA regulations for cell therapy. Also, the ability to selec-
tively eliminate cancer cells in a cell culture setting using
mutagenic, chemotherapeutic compounds is the basis of can-
cer drug discovery. This approach typically requires the use of
DNA binding drugs and/or tumor suppressor activators that
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can not be used in any procedure that ultimately results in the
transfusion of cell products into patients. One embodiment of
the invention enables the targeted selection of cell popula-
tions from a mixed population based on the inhibiting select
cell stress pathways in targeted cell populations followed by
exposure to a unique stress regime. This has broad based
application in the selection of normal vs. cancer cell types,
where cell selection system can be used for a variety of
applications where the selection of a desired cell phenotype is
desired (See FIG. 1C).

[0121] Other applications include the isolation of stem cell
populations from tissue samples, purification of other cells
from tissues and organs, sorting of unique genetic variants of
cells among others. This technology can be applied in a diver-
sity of applications and products including in stem cell
therapy, regenerative medicine, cell diagnostics and cancer
treatment. In summary, the differential response of inducibly-
triggered, cell stress pathways underlying cell select concept
may ultimately serve as a method of cell selection that could
have a broad application to the field of cell bioprocessing,
cancer stem cell research, future hESC and iPSC cell therapy,
diagnostics and cancer therapy.

[0122] While the ability to create highly differentiated cells
from both hESC and iPSC is now well established, the largest
problem for the use of these cells in cell therapy and regen-
erative medicine is the demonstrated fact that they produce
teratomas in situ. This has prompted a few groups to call for
some type of cell selection or in vitro optimization process
that selectively eliminates the tumorigenic iPSC and hESC in
a mixed population. This technique could be used to selec-
tively eliminate tumorigenic iPSCs and hESCs on the path to
make these cells safer for cell therapy. Further, such a tech-
nology could also have tremendous impact as a means to
select out low abundance cancer stem cells and other rate
tumorigenic cells in tumors for further analysis, culture
propagation research, etc.

[0123] The innovative novel development of cell select is
that there is no report in the literature that cell specific
responses to distinct laboratory based stress regimes can be
used as a cell selection paradigm. While cell select is not an
antibody based selection system as is the case with most other
cell identification systems used with FACS, etc., it is, how-
ever, specific given that it targets differences in cell stress
pathways rather than cell surface markers. Cell select is an in
situ, culture/bioprocessing based cell selection reagent which
will allow for the rapid purification of sub-populations of
cells without the use of complex costly time consuming
equipment and procedures. Furthermore, given that it is an
antibody-free system, no external proteins are introduced into
the mixed cell culture and, as such, Cell select might be more
amenable to FDA approval as a cell selection process for stem
cell therapy. Beyond in vitro selection, one forward looking
potential downstream application of cell select is in the clini-
cal setting.

[0124] For instance, if the stress pathway activator tunica-
mycin can selectively kill basal cell carcinoma cells but not
NHEK, then this type of approach would provide a founda-
tion for a topical, adjunctive, clinical treatment for skin basal
cell carcinoma. Finally, it is possible that a tandem series of
different cell stress pathway paradigms used with a mixed cell
group could uncover rare low abundance cell types never
previously identified that may be of pharmaceutical and basic
research interest.

Cell Selection Data

[0125] An underlying premise of the research is that stress
response is cell-type specific. Targeted caspase inhibition can
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have a positive effect in various systems that include cells
such as fibroblasts, hepatocytes, renal cells, PBMC’s, corneal
cells, cardiomyocytes, embryonic stem cells, and mesenchy-
mal stem cells among others. Additional studies focus on the
impact of the AKT and mitochondrial stress response path-
ways during cornea cell isolation and manipulation. These
experiments demonstrate that targeted modulation of AKT
and the mitochondrial permeability transition pore (MPTP)
using cyclosporine A results in a reduction in cell stress
response and an increased maintenance of viability. Further,
studies using vitamin D; and antioxidants (e.g. resveratrol)
have also yielded data supporting the concept of maintaining
cell quality in these and other cell types during processing.
More recent data suggest that the unfolding protein response
(UPR) may also be activated in response to stress in human
hepatocytes, as the inclusion of salubrinal, a UPR inhibitor,
improved cellular tolerance to thermal challenge.

[0126] The phenomena of stress based cell selection is
exemplified in a series of experiments where the liver cancer
cell line, C3A, was exposed to a thermal stress regime in a
variety of carrier media supplemented with either salubrinal
or resveratrol. The data in FIG. 18 show that the UPR inhibi-
tor, salubrinal, but not resveratrol or the AKT inhibitor, were
able to maintain the cells during cold stress exposure. Appli-
cation of the stress modulation model to cultures of normal rat
hepatocytes in FIG. 19 demonstrates that salubrinal failed to
protect the cells where resveratrol did. This represented an
exact opposite effect as seen in the cancerous C3A cells.
Further, as shown in FIG. 20, normal human hepatocytes
were subjected to the same thermal stress paradigm and
yielded similar results to the normal rat hepatocyte data.
Again, in contrast to C3A cells, resveratrol (FR-48), but not
salubrinal, was able to completely maintain primary human
hepatocytes subjected to thermal stress.

[0127] The utilization of cell stress response modulation
based cell selection has also been demonstrated in a number
of other stress models including normothermic incubation/
storage, hypoxia, anoxia, physical manipulation, nutrient
deprivation and pH alteration among others. As an example,
hepatocytes and C3A cells were placed under hypoxic con-
ditions at room temperature (normothermic incubation) in
various commercial media with and without salubrinal or
resveratrol. See FIGS. 10A, 10B, 10C, 10D. As with the cold
thermal stress model, through the application of the current
invention, preferential selection of either cell population was
possible. The table in FIG. 10 summarizes the representative
response of the various liver cells when placed into the two
stress model conditions of thermal and hypoxic stress.
[0128] Asshownin FIG. 16, the experiments demonstrated
that targeted modulation of AKT and the mitochondrial per-
meability transition pore (MPTP) using cyclosporine A
resulted in a reduction in cell stress response and an increased
maintenance of viability. Further, studies using vitamin D,
(data not shown) and antioxidants (e.g. resveratrol (Res),
FIG. 17) have also yielded data supporting the concept of
maintaining cell quality in these and other cell types during
processing. More recent data suggest that the unfolding pro-
tein response (UPR) may also be activated in response to
stress in human hepatocytes, as the inclusion of salubrinol, a
UPR inhibitor, improved cellular responses to thermal chal-
lenge. Thus, a variety of cell stress pathways may be activated
when cells are exposed to a hypothermic stress.

[0129] In FIG. 18, the hepatoma cell line, C3A, was
exposed to CPSI’s hypothermic stress regime in a variety of
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carrier media supplemented with either salubrinal or resvera-
trol. The data in FIG. 18 show that the UPR inhibitor, salu-
brinal, but not resveratrol or the AKT inhibitor, were able to
protect human cells from hypothermia-induced cell death.
Furthermore, neither salubrinal nor resveratrol appeared to be
toxic when in the presence of the organ storage solution,
ViaSpan.

[0130] InFIG.19, the C3A cells were then substituted with
rat primary hepatocytes. In this case, salubrinal failed to
protect these cells from hypothermic stress but resveratrol
very effectively protected rat primary hepatocytes from cell
death (See FIG. 19). The results were attributed to the difter-
ence in species origin of the cells.

[0131] As such, in FIG. 20, primary human hepatocytes
were then subjected to the same hypothermic stress paradigm.
Results were similar to those of rat hepatocytes. In contrast to
C3 A cells, resveratrol (FR-48), but not salubrinal, was able to
completely protect primary human hepatocytes subjected to
cold stress.

In Conclusion

[0132] Inutilizing the cell culture media supplement(s) and
methods of molecular stress control of the present invention,
various supplements and methods in the industry may be
employed in accordance with accepted bioprocessing and
bioreactor mass cell culture. As discussed, the embodiments
of the invention are for exemplary purposes only and not
limitation. Advantageously, this media supplement is utilized
at normothermic temperatures as standardized or optimized
for cell growth, maintenance and sustenance. The methods
for maintaining mass cell cultures for further research and
clinical use represents an important step in therapeutic dis-
covery. Though the cell culture media supplement and
method of use has been developed to enable and improve
some of the approaches used to characterize, analyze, and
purity cell cultures, other therapeutic measures may inte-
grally make use of the supplement, simultaneously during the
stress pathway or post-stress recovery.

[0133] Inone embodiment, hypothermic stress regimes are
utilized. In another embodiment, normothermic conditions
are utilized while other stressors are tested in the processing.

[0134] For exemplary purposes, and not limitation, the fol-
lowing stress models/regimes have been tested and demon-
strated in the above illustrations.

[0135] Stress Regime 1—Mechanical: Cells or tissues were
harvested and cultured, split and vortexed for 30 to 60 sec
resulting in 30% cell death at 24 hrs compared to non-vor-
texed samples. This procedure is designed to model various
mechanical manipulation steps involved in cell processing.
[0136] Stress Regime 2—Hypoxia: Cells were held at 37°
C. in an incubator with reduced levels of O, for a 24 hour
period. Two hypoxia models were utilized including
increased CO, levels providing for an 80% air:20% CO, ratio
(versus standard 95% air:5% CO,) as well as limited gas
exchange using isolated environmental chambers. This pro-
cedure is designed to model various intervals of suboptimal
culture conditions associated with cell processing and utili-
zation.

[0137] Stress Regime 3—Thermal Fluctuations: Cells
were subjected to cold exposure (4° C.) following SOP and
then returned to normothermic conditions.
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[0138] Various stress regimes may be further employed that
may target specific molecular pathways, prevent apoptosis,
and/or sustain cells during a multitude of bioprocessing
events.

[0139] Thus, the invention may facilitate other improve-
ments in diagnosis, pathology, and/or treatment screening,
including its use in fields of cell/gene therapy, drug discovery,
and/or cryotherapy or thermal ablation, such medical devices
or components associated with the treatments. The invention
facilitates the molecular pathway characterization and the
translational science for cellular-based therapeutic develop-
ments.

[0140] Embodiments of the invention comprise manipula-
tion of cell stress response pathways to maintain both the
viability and function of cells during bioprocessing. Further,
the technology can be utilized to selectively eliminate or
purity sub-populations of cells within a heterogenous popu-
lation (e.g. normal cells vs. cancer cells, different cell lines,
etc). In one aspect, suppressing cell stress pathways can main-
tain cells under stress regimes. In another aspect, activating
cell stress pathways can work in conjunction with enhanced
therapeutic outcomes (e.g. cancer treatment or atrial fibrilla-
tion) such as in the case where cryoablation is utilized.
[0141] The embodiments of the invention may be modified
to take the form of any analog or derivative therefrom. As
presented, multiple embodiments of the invention offer sev-
eral improvements over standard cell culture bioprocessing.
The previously unforeseen benefits have been realized and
conveniently offer advantages for the treatment of multiple
disease states. The invention being thus described, it would be
obvious that the same may be varied in many ways by one of
ordinary skill in the art having had the benefit of the present
disclosure. Such variations are not regarded as a departure
from the spirit and scope of the invention, and such modifi-
cations as would be obvious to one skilled in the art are
intended to be included within the scope of the following
claims and their legal equivalents.

[0142] The complete disclosure of all patents, patent docu-
ments, and publications cited herein are incorporated by ref-
erence. The foregoing detailed description and examples have
been given for clarity of understanding only. No unnecessary
limitations are to be understood therefrom. The invention is
not limited to the exact details shown and described, for
variations obvious to one skilled in the art will be included
within the invention defined by the claims.

1. A method of modulating a molecular stress pathway to
improve bioprocessing comprising: exposing a cell popula-
tion to a stressful condition or environment which initiates a
stress response within a cell population, inhibiting the stress
response using a target-specific supplement, and then allow-
ing the cell population to recover.

2. The method of claim 1, further comprising a step of
selecting a cell population while utilizing the stress response
of' the cell population in combination with the target-specific
supplement.

3. The method of claim 2, wherein the step of selecting a
cell population comprises selecting stem cells.

4. The method of claim 1, wherein the stress response is a
stress-induced pathway including a UPR pathway, apoptotic
pathway, or free-radical scavenging system.

5. The method of claim 1, wherein the cell population
comprises a eukaryotic cell system.
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6. The method of claim 5, wherein the eukaryotic cell
system includes human cells, other mammalian cells, or a
malignant form thereof in vitro or in vivo.

7. The method of claim 1, wherein the stress response is a
stress-induced pathway associated with apoptosis including
membrane-mediated, mitochondrial mediated, or nuclear
mediated pathways.

8. The method of claim 1, wherein the method of modulat-
ing the stress response results in increased metabolic activity,
membrane integrity, cellular attachment, cell function, or
overall sample viability.

9. The method of claim 1, wherein the target-specific
supplement is salubrinal, resveratrol, free radical scavengers,
caspase inhibitors, UPR inhibitors, apoptotic inhibitors, Vita-
mins D;, A, C, E, or B, or other derivatives thereof.

10. The method of claim 1, wherein the method of modu-
lating is based on a stress regime which is mechanical, ther-
mal, hypoxic, or based on other stressed normothermic con-
ditions and targets optimal cell survival.

11. The method of claim 1, wherein the stress response is
cell-type specific to enable stress based cell selection such
that a molecular stress pathway is manipulated to selectively
eliminate or selectively protect a targeted cell population.

12. The method of claim 1, wherein the target-specific
supplement modulates a cell response to the physical envi-
ronment surrounding the cell population to reduce mitochon-
drial stress.

13. The method of claim 1, wherein the target-specific
supplement is a caspase inhibitor, salubrinal, tunicamycin,
AKT, or ROCK.

14. The method of claim 1, wherein the target-specific
supplement is an antioxidant comprising one or more of res-
veratrol, free radical scavengers, NAC, NO, glutathione,
DMSO, ubiquinol, oxalic acid, tannins, and phytic acid.
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15. The method of claim 1, wherein the target-specific
supplement is a vitamin, protein, antibody, or nucleotide
sequence including but not limited to DNA, RNA, RNA(,
siRNA, and SNIPS.

16. The method of claim 1, wherein the target-specific
supplement comprises natural and synthetic reagents that
reduce a cell stress response and promote cell survival.

17. The method of claim 1, wherein the cell population is
utilized in cell culture, bioprocessing, cell therapy, drug dis-
covery, molecular characterization, basic research, medical
diagnosis, pathology, treatment screening, regenerative
medicine, cancer therapy, or other various therapeutic tech-
nologies.

18. A process for controlling a molecular pathway com-
prising the steps of activating a response pathway in a cell
population and modulating a cell stress response using a
media supplement of UPR inhibitors or antioxidants to pre-
vent spontaneous differentiation and inhibit cell death.

19. The process of claim 18, further comprising a step of
selecting stem cells including iPSCs or hESCs to purify the
cell population prior to stem cell therapy.

20. The process of claim 18, further comprising a step of
up-regulating ER-sensors during a recovery phase to provide
a more effective molecular repair response in the cell popu-
lation.

21. A composition for protecting and sustaining biological
material during bioprocessing or cell selection, said compo-
sition comprising natural or synthetic components, wherein
said composition modulates cell signaling pathways and sus-
tains cell membrane integrity using selective antioxidants or
inhibitors of stress-induced cell death.

22. The composition of claim 21, wherein the biological
material is selected from the group comprising cells, cell
aggregates, tissues, organs, natural liposomes and synthetic
liposomes.



