40 S. Takeoka

or coagulation factors in the internal aqueous phase accumulate at the bleed-
ing site, they will be able to contribute effectively to hemostasis by releasing
their contents. We also focused on using polymerized albumin particles as
effective platelet substitutes and obtained some unique in vitro and in vivo
results [18,19].

Conclusions

For red-blood-cell substitutes the present target is the supportive treatment
of transfusion therapy in emergency, and nonclinical and clinical studies will
be scheduled within 2 years.

On the other hand, the research of platelet substitutes has just started. There
is a conflict between the carrier design for the extension of circulation life-
time and the carrier design to show the hemostatic activity by recognizing
the bleeding site; therefore, we need to resolve this conflict and to design
platelet substitutes for prophylactic or chronic treatments. And we also need
a method to confirm that the candidate does not create a thrombus in blood
circulation.

Although profitability is important in the development of blood substitutes,
one that is based on a long-term view with consideration for human beings
is expected first. At present, as many discoveries about the dynamic function
of platelets have accumulated in a short period of time with the progress of
biotechnology and opto-electronics, and the manufacturing technology of
recombinant proteins or carriers is progressing, a usable product is sure to be
invented in the near future.
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ABSTRACT
BACKGROUND We have studied prototypes of platelet substitutes and focused on a

dodecapeptide, HHLGGAKQAGDYV (H12), which is a fibrinogen y-chain carboxy-terminal

sequence (y 400-411) and exists only in fibrinogen domain.

STUDY DESIGN AND METHODS  HI2 was conjugated to the surface of polymerized
albumin particles (polyAlb) as biocompatible and biodegradable particles with average
diameter of 260 + 60 nm, and we evaluated a hemostatic ability of H12-conjugated polyAlb

(H12-polyAlb) under flow conditions and thrombocytopenic rats.

RESULTS  HI2-polyAlb enhanced the in vitro thrombus formation of activated platelets
on a collagen-immobilized plate when exposed to the flowing thrombocytopenic-imitation
blood. Furthermore, the analysis of the tail bleeding time of rats that were made
thrombocytopenic by busulphan injection showed that H12-polyAlb had a hemostatic effect.
Based on the bleeding time and the amount injected, the hemostatic capacity of twenty

H12-polyAlb particles was estimated to correspond to that of one platelet.



CONCLUSION  These results were important first steps toward the development of
platelet substitutes, and indicated that H12-polyAlb may be a suitable candidate for an

alternative to human platelet concentrates transfused into thrombocytopenic patients in the

future.

KEY WORDS: platelet substitutes, dodecapeptide (H12), polymerized albumin particles,

thrombocytopenic-imitation blood, flow condition, thrombocytopenic rats, tail bleeding time



INTRODUCTION

Platelet transfusion plays an important role in supportive therapy of patients with
thrombocytopenia caused by hematologic malignancies or cancer, or during surgical
procedures and radiotherapy. However, the shortage of platelets has always been a serious
problem because of the short storage life of platelet concentrates (72 hours in Japan). Also,
the risk of viral and bacterial infections by transfusion is serious concern. Platelet substitutes
such as solubilized platelet membrane protein-conjugated liposomes (Plateletsome) ’,
infusible platelet membranes (IPM) 2, fibrinogen-bonded red blood cells 3, fibrinogen-coated
albumin microcapsules (Synthocyte) * and arginine-glycine-asparaginic acid (RGD)
peptide-bound red blood cells (Thromboerythrocyte) * have been developed to solve these
problems. Despite their usefulness in enhancing platelet aggregation and reducing bleeding
time in vivo, these platelet substitutes consist of materials derived from blood components.

Platelet membrane glycoprotein (GP) Iba and GPIa/Ila are the receptors for von
Willebrand factor (vWf) and collagen, respectively . We have focused our studies on
recombinant forms of these proteins (rGPIba® 1°, or rGPIa/Ila complex ") and have
conjugated them to biocompatible carriers such as polymerized albumin particles (polyAlb) '*

15 and phospholipid vesicles (liposomes) > '3 16 1, particular, we found that



rGPIa/Ta-conjugated polyAlb reduced the bleeding time of thrombocytopenic mice in vivo '*.

Platelets that adhere to the collagen-immobilized surface are activated, and the
conformation of GPIIb/Illa which exists on platelet membrane changes from a silent state to
an activated state '’. This leads to the binding of fibrinogen and vWf '* ¥ followed by
platelet aggregation **>2'. Fibrinogen contains three putative platelet interaction sites, namely
a tetrapeptide containing RGD sequences such as RGDF and RGDS at o 95-98 and
o 572-575, respectively %, and a dodecapeptide (HHLGGAKQAGDV, H12) corresponding to
a y-chain carboxy-terminal segment (y 400-411).

We have also developed fibrinogen-conjugated polyAlb, which was shown to facilitate
the accumulation of flowing platelets into polyAlb aggregates after their attachment to an
activated platelet-immobilized surface in vifro '*. These findings confirmed that such
conjugates could emulate the function of platelets in primary hemostasis. However, fibrinogen
from human blood is not stable, and its activity in solution is extremely low .

Recently, we focused on H12, which exists only in fibrinogen domain *?°. Based on
our result obtained from flow cytometric analyses of agglutination, the H12-conjugated latex
beads showed minimal interaction with non-activated platelets in comparison with

RGD-conjugated latex beads *!. Furthermore, HI2-conjugated latex beads enhanced the in



vitro platelet thrombus formation on collagen-immobilized plates when exposed to flowing
thrombocytopenic- imitation blood .

In this study, we conjugated H12 to the surface of polymerized albumin particles
(polyAlb) to produce biocompatible and biodegradable particles, and evaluated their effect on
enhancement of thrombus formation on a collagen-coated surface in the presence of the
H12-polyAlb when exposed to flowing thrombocytopenic-imitation blood in vifro. We
prepared thrombocytopenic rats by busulphan administration, intravenously administered the
HI12-polyAlb particles into the rats and measured the tail bleeding time for evaluation of the

hemostatic properties of the particles.




MATERIALS & METHODS
Reagents

A fibrinogen y-chain dodecapeptide (C-HHLGGAKQAGDV, H12) or a reverse
sequence of H12 (C-VDGAQKAGGLHH, control H12 (cH12)) was synthesized using a
solid-phase synthesizer by BEX (Tokyo, Japan). N-Succinimidyl 3-(2-pyridyldithio)
propionate (SPDP) and an anticoagulant p-Phe-Pro-Arg-chloromethylketone (PPACK) were
purchased from Pierce Chemical (Rockford, IL) or Calbiochem (San Diego, CA).
3,3’-Dihexyloxacarbocyanine iodide (DiOCs), which is a platelet fluorescent dye, was
purchased from Molecular Probes (Eugene, OR). Both busulphan and polyethylene glycol
(the average molecular weight; 400) were .obtained from Sigma-Aldrich (Saint Louis, MO).
Recombinant human serum albumin (fHSA) was kindly donated by Mitsubishi Pharma

(Osaka, Japan).

Preparation of H12-polyAlb or cH12-polyAlb
A solution of tHSA (250 mg/ml) was dialyzed against distilled water for 6 hr at 4 °C
to remove stabilizers such as N-acetyl p,-tryptophan and sodium caproate. The rHSA solution

(25 mL) was diluted with saline to 10 mg/mL, and the pH was adjusted to 10.7 (at room



temperature [r.t]) by titration with 0.1 N NaOH (800 pL). The solution was heated to 80 °C
for 10 min and rapidly cooled in an ice bath and then brought to r.t. The pH was adjusted to
6.1 at rt by dropwise addition of 0.1 N HCI (900 uL) and then the solution was stirred at 40
°C for 120 min until the turbidity reached 0.4 + 0.1. Excess iodoacetamide (25 mg) was added
to terminate polymerization and the solution was dialyzed against PBS at 4 °C for 24 hr. A 25
mL dispersion of polyAlb ([fHSA] = 9.0 mg/mL, pH 7.4) was thus prepared. Average
diameter was determined by a dynamic scattering method (Coulter N4 Plus submicron
particle sizer, Beckman-Coulter, Miami). H12 was conjugated to the surface of polyAlb as
previously described . A solution of SPDP in ethanol (20 mM, 15 uL) was added to the
polyAlb suspension (18 mg/mL, 10 mL), and the suspension was stirred for 30 min at r.t. The
unreacted SPDP and the by-products were separated by repeated centrifugation and washing
with saline (30,000g, 10 min, 4 °C, 3 times), and the pyridyl disulfide-bonded polyAlb
(PD-polyAlb) was collected. A suspension of PD-polyAlb (15 mg/mL, 10 mL) was mixed
with a solution of HI2 (100 mM, 20 uL) and allowed to react at 20 °C for 12 hr. The
unreacted reagents were removed by repeated ceritrifhgation and washing with saline
(30,000g, 5 min, 4 °C) to obtain the purified H12-conjugated polyAlb (H12-polyAlb, 10

mg/mL, 10 mL). The concentration of the H12 conjugated on the polyAlb was determined by




the quantification of the 2-thiopyridone (2TP) that was liberated by the thiol-disulfide
exchange reaction, using high pressure liquid chromatography (HPLC) on a TSK-GEL
G3000SW3x, column (7.8 mm o.d. x 300 mm h in PBS at 1 mL/min), by measuring the
absorbance of the column effluent at 343 nm. The cH12-conjugated polyAlb particles

(cH12-polyAlb) were prepared by the same method as mentioned above.

Platelet aggregation study

Blood withdrawn from healthy volunteers was mixed with 10% volume of 3.8% (w/v)
sodium citrate. Platelet-rich plasma (PRP) was prepared by centrifugation (100g, 15 min, 22
°C), and the piatelet concentration of PRP was adjusted to 200 x 10° /uL by platelet-poor
plasma (PPP) prepared by centrifugation (2200g, 10 min, 22 °C). The platelet concentration
was determined using an automated hematology analyzer (K-4500, Sysmex, Kobe, Japan). A
20 uM ADP solution was added to the PRP containing H12 or cH12 solutions adjusted to final
concentration of 1 mM, and the light transmittance was measured with an aggregometer

(Hema Tracer T-638, Nico Bioscience, Tokyo).

Preparation of a collagen-immobilized surface



