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Shedding Some Light on the Pathophysiology
of Inflammation using Gene Expression and
Optical Imaging

Ryon M Bateman, PhD
University of British Columbia

Bacterial infection or trauma leading to a systemic
inflammatory response, or sepsis, is the leading cause of
death in North American intensive care units. Sepsis causes
profound microvascular dysfunction leading to increased
capillary stopped flow and altered capillary oxygen
transport. Using a functional microvascular imaging system
we found that capillary oxygen flux, the amount of oxygen
diffusing into tissue, increased during the onset of sepsis.
When nitric oxide overproduction was inhibited, tissue
oxygen consumption increased indicating that NO was
inhibiting tissue oxygen consumption. In the heart, confocal
laser scanning microscopy revealed a loss of myocardial
capillarity during inflammation. This may have been a
factor in decreased tissue oxygenation, tissue hypoxia,
stabilization of the HIF1O transcription factor and
upregulation of HIFID , VEGF and Glutl mRNA. A positive
correlation between in vivo myocardial contractility and
Glutl gene expression suggests that the heart endeavors to
respond to increased hypoxia by altering its energy
metabolism. Increased VEGF gene expression may provide
a partial explanation for increased microvascular
permeability and altered calcium dynamics in the heart via
fibrinogen/ICAM-1 binding. To non-invasively quantify
microvascular permeability in vivo, the Ilimbal
microvasculature of the mouse eye was imaged using
multiphoton microscopy and back scatter second harmonic
generatiori] SHGL Preliminary results indicate a differential
permeability with the larger limbal microvessels and
corneal loops leaking large molecular weight molecules into
the collagen space in the cornea. By integrating information
from optical imaging with gene expression, it will soon be
possible to elucidate the pathophysiolgy of systemic
inflammation at its most fundamental cellular and functional
levels.
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LIPOSOME-ENCAPSULATED HEMOGLOBIN
U TRM645[PROTECTS CEREBRAL ISCHEMIA
AND REPERFUSION INJURY IN PRIMATES:
EFFECTS OF OXYGEN AFFINITY AND

DOSE-RESPONSE RELATIONSHIP

Akira T. Kawaguchi, Munetaka Haida,
Yoshitaka Ogata, Hideo Tsukada
Tokai University School of Medicine

Background. We tested a hypothesis that liposome-
encapsulated hemoglobin with a highl h-LEH, P,=10 mmHgO
or lowd I-LEH, P;,=40 mmHg, TRM64500, affinity may limit
damages in brain ischemia and reperfusion.

Methods. Cerebral metabolic rate of OfJ CMRO,0Owas
serially determined using positron emission tomography in
primates undergoing middle cerebral arteryd MCADO
occlusion and reperfusion. After MCA occlusion, 10 mi/kg of
h-LEH, I-LEH, empty liposome and saline were infused to
compare protection, and 2 ml/kg and 04 ml/kg of I-LEH
were infused to define dose-response relationship.

Results. Area of mild CMRO, reductiorid 710 -1000 O
decreased and area of mild CMRO, increasg 1010 to 1300 O
increased in LEH-treated monkeys in the cortex.
Preferential protection of cortex for basal ganglia was also
apparent in histologic evaluation. Optimal dosage appeared
to be 2 ml/kg with an equivocal protection by h-LEH or |-
LEH] TRM645L]

Conclusion. LEH as small as 0.4 ml/kg was effective
regardless of O, affinity in preserving CMRO, and reducing
integrated area of morphologic damage mainly in the cortex
after occlusion/reperfusion of MCA in the monkey.

12

Optimization of microvascular function by Hb-
based oxygen carriers: Impact on Hb
concentration in resuscitation

Amy G. Tsai, Pedro Cabrales and Marcos Intaglietta
Dept of Bioengineering; University of California,
San Diego

Development of a viable blood substitute began by
focusing on recreating the O.-carrying capacity of blood,
leading to the recognition that hemoglobiri] Hbis presently
unequalled for this function. However, as human Hb is the
only realistic source of this protein, the production of a
blood substitute that solves transfusional blood availability
problems and shortages must introduce a multiplying factor
between supply of natural blood and blood substitute, while
maintaining equivalency of function/efficacy. A unit of
blood should produce several units of equivalent blood
substitute. Expansion is now because of new understanding
of how blood delivers O, in the microcirculation and the
consequences of reducing O, carrying capacity in
hemorrhage. This information is used to provide improved
resuscitation capacity and maintenance of tissue metabolism
by tailoring the properties of a blood substitute to
maintaining microvascular function, rather than O, carrying
capacity. Resuscitation from hemorrhage requires
maintenance perfusion, a process directly linked to the
sustaining adequate levels of endothelial shear stress
induced by either increased blood/plasma viscosity or
increased blood flow velocity in the microcirculation. This
process must also be intimately coupled with the
requirement that no portion of the tissue is anoxic. This
disparate set of requirements can be satisfied with high
viscosity Hb solutions that have a relatively high affinity for
0,. Excess O, carrying capacity of the circulation is
normally required to provide a margin of safety against
anoxia. An O, carrier with O, affinity comparatively higher
than blood, when mixed with blood in the circulation targets
O, delivery to areas of low O,, increasing the efficiency of O,
delivery by the remaining RBCs. Therefore combining
increased O, affinity of the O, carrier and increased blood
viscosity causes the microcirculation to remain functional at
a lesser concentration of circulating Hb, since the safety
margin against anoxia is maintained. This fulfills the
requirement of ensuring efficacy and safety, while reducing
the quantity of transfused Hb. HbMWJ hemoglobin vesiclesO
are viscous, delivery high Hb concentration and can be
formulated to have different O, affinities.
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Beyond the transfusion trigger with PEG-
albumin

Amy G. Tsai, Pedro Cabrales and Marcos Intaglietta
Department of Bioengineering; University of
California, San Diego and La Jolla Bioengineering
Institute, La Jolla, CA/USA

The transfusion trigger is defined as the clinical point
at which a blood transfusion becomes indicated. Depending
on the health status of the patient, this critical point can
range between 10 and 6 g/dl hemoglobin concentration.
Currently the most commonly used plasma expanders in
the clinic are those based on hydroxyethyl starch,
polysaccharides and gelatins. These colloid based plasma
expanders are characterized by: 1[tirculating/intravascular
time and 2[kolloid osmotic pressure. Concepts for
extending the transfusion trigger and delaying the use of
oxygen carriers have evolved by consideration of the
physical characteristics of blood which lead to maintenance
of microvascular perfusion. Survival has been directly
correlated to microvascular perfusion which is need for the
elimination of metabolic byproducts as well as the delivery
of oxygen. Use of viscous fluids have supported the concept
that oxygen carrying capacity is not the transfusion trigger
but rather a minimum level of viscosity is needed to
maintain the stimulation of the endothelial cells to permit
release of vasodilators to enhance perfusion. In support of
this hypothesis, alginates were used to sustain viscosity
above 2.5 cp when hematocrit was reduced to 110 3.6 g/dI0
during acute hemodilution. Microvascular flow and
capillary perfusion were found to be sustained. High
viscosity solutions increased perivascular nitric oxide levels
as compared to low viscosity solutions. Polyethylene glycol
decorated human serum albumiri] PEG-HSAOwas also able
sustain microvascular perfusion and increase nitric oxide
levels. We hypothesize that this molecule, PEG-HSA,
represents a different class of resuscitation fluid since it is
only moderately viscous. It has a large apparent molecular
volume due to the hydration of the PEG chains which may
lead to a different interaction with the endothelium and/or
transport of vasoactive substances leading to the increase in
NO levels. These preclinical studies suggest the use of
PEG-HSA at concentrations as low as 2 - 400 extends the
transfusion trigger. Deployment of PEG-HSA to clinical use
may be more rapid when compared to other experimental
materials since its components are already approved for
other indications. Even though it is likely that PEG-HSA
will be effective in extending the transfusion trigger,
ultimately an oxygen carrier will eventually be required
that includes its plasma expansion properties. Therefore it
may be effective to consider its use in combination with a
material such as HbM1 hemoglobin vesiclesClwhich have no
colloid osmotic pressure per se, and require an appropriate
fluid vehicle.
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Liposome-Encapsulated Hemoglobinl TRM6450
as a Substitute for Transfusion

- Retrospective Simulation of Clinical Application -

Kawaguchi AT?, Kinoue T, Hyodo O, Inokuchi S*,
Yoshiba S, Ogata Y?

1 Tokai University

2 Terumo Corporation

Introduction

Liposome-encapsulated hemoglobiril TRM6450has been
developed as a novel oxygen carrier primarily as a RBC
substitute for transfusion. Since the capsule had] 100no
surface antigen, ABO-typing and antibody-screening] T/SO
are unnecessary. Viral inactivation/filtration make it] 20
extremely safe regarding blood bourn infection. TRM645
has a low O, affinityd P,,0,=40 mmHgOto allowd 30a
comparable O, transport as RBC under room air. TRM®645 is
0 40stable without refrigeration for 6 months and ideal for
ubiquitous storage for emergency use. Under a hypothesis
that TRM645 is safe and efficient, we report a retrospective
simulation study to explore its clinical utility.

In the Emergency Medicine

The emergency department has been using QJ +0RH] +[-
RBC for an emergency transfusion. In our experience with
70 patients over the initial 2 years, those who happened to
have the same blood-typédl no mismatch, n=330had a
significantly better survivall 490 Othan those with a
different blood-type or minor mismatchl n=37, 240, p<0.050]
If TRM645 is available for such an emergency use, the
latter majority could have avoided minor mismatch
transfusion.

In the Operating Room

Among 2079 surgical cases who ordered T/S in 2003, only
290 required transfusion, rendering >700 of T/S
unnecessary. Only 1547 740 Orequired 9 unit$] 1170 mlOor
more, suggesting that in retrospect more than 920 of T/S
might have been unnecessary if TRM645 is used for the
initial 8 units of transfusion.

Conclusion

TRM645 appears to be useful as blood substitute in an
emergency medicine especially in areas with a high
prevalence of blood borne infections, and in surgical center
to reduce technical burden in an underdeveloped and/or
underpowered transfusion service environment.
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LIPOSOME-ENCAPSULATED HEMOGLOBIN
U TRM645LDOES NOT INTERFERE WITH THE
IMMUNE RESPONSE TO BACTERIAL
ENTEROTOXINS IN MICE RECONSTITUTED
WITH HUMAN IMMUNE SYSTEM

Akira T. Kawaguchi, Yoshie Kametani,

Akiko Sakai, Mamoru lto, Norikazu Tamaoki,
Sonoko Habu.

1 Tokai University School of Medicine, Central
Institute for Experimental Animals

Background. Preclinical evaluation of new regimens in
animals with human immune system is desirable. We
studied if the presence of TRM645 interferes with the host's
immune response to bacterial enterotoxins in mice
reconstituted with human immune system by transfusion of
the human cord blood stem cells] CB-NOGLI

Methods. Plasma level of human IL-2 was monitored 4-hour
and 3-day after intraperitoneal administration of Toxic
Shock Syndrome Toxirid TSSTOin CB-NOG mice as well as
in wild mice immediately after infusion of 10 ml/kg of
TRM645] TRM+TSST, n=40or 10 ml/kg of saline
O PBS+TSST, n=40 Mice receiving these solutions alone
without TSST served as controls.

Results. IL-2 level was elevated 4-hour after TSST either in
CB-NOG micél human IL-2, right panelOor in the wild mice
O murine IL-2, left paneldin a similar magnitude, both of
which returned to baseline in 3-day. IL-2 levels stayed at the
baseline in control mice receiving TRM645 or PBS alone.
Conclusions. The results suggest that TRM64%] 10 ml/kgO
does not largely modify host's immune response to bacterial
enterotoxins in murine as well as in human immune system.
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LIPOSOME-ENCAPSULATED HEMOGLOBIN
U TRM64500MPROVES ENERGY METABOLISM IN
SKELETAL MUSCLE ISCHEMIA AND
REPERFUSION AS SHOWN ON NUCLEAR
MAGNETIC RESONANCE

Akira T. Kawaguchi, Kensuke Aso, Daisuke Kurita,
Haruyuki Minamitani, Munetaka Haida
Tokai University School of Medicine

Background. We tested effects of liposome-encapsulated
hemoglobird TRM6450in skeletal muscle ischemia and
reperfusion, which simulates muscular necrosis and
metabolic syndrome in humans after limb entrapment.
Methods. Intracellular pH and inorganic-phosphate / high
energy phosphate ratidl Pi/PCrOwere serially monitored
using a nuclear magnetic resonance in rodent hind leg
muscle undergoing, 1. Ischemia for 70 minutes, 2.
Intravenous systemid] 10 ml/kgOadministration of TRM645,
saline, empty liposome or no treatment, 3. Reperfusion for 60
minutes.

Results. Intracellular pH decreased precipitously after
ischemia and even following reperfusion regardless of
treatment. Pi/PCr increased after ischemia until reperfusion,
when the ratio returned toward normal or energy status
improved in TRM645-treated rat$] right panel, n=60while
Pi/PCr remained elevated in animals without treatment] left
panel, n=500as well as in other animals.

Conclusions. The results suggest that TRM64%] 10 mil/kgO
improves intracellular energy metabolism in the skeletal
muscle after ischemia and reperfusion. Return of pH may
lag behind due to prevailing anaerobic metabolism due to
prolonged ischemia.
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