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In the post-genomic era, cytokine or antibody therapy has received attention for advanced drug therapies. Indeed,
attempts are being made to develop a wide variety of therapeutic proteins for diseases including cancer, hepatitis and au-
toimmune conditions. Unfortunately, however, the utilization of bioactive proteins in clinical practice is often limited

because of their inherent instability and pleiotropic actions in vivo. Our laboratory aims to overcome two major
problems, details of which will be addressed in separate sections to follow. (i) Development of a powerful system to
rapidly create functional mutant proteins (muteins) with enhanced receptor affinity and receptor specificity using a
phage display technique (biological DDS). (ii) Establishment of a novel polymer-conjugation system to dramatically
improve in vivo stability and selectively of bioactive proteins (polymeric DDS) . We are currently attempting to combine
both approaches to create a protein-drug innovation system to further promote pharmaco-proteomic-based drug de-
velopment. In this review, we will describe DDS-based technology for creating functional mutants for advanced medical
applications, using tumor necrosis factor-alpha (TNF) as an example.
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Fig. 1. Creation of Functional Mutant Proteins Using Phage Display

Phage display system has the following main characteristics: 1) proteins can be displayed on the outer shell of the phage where they can interact with their target
molecules, such as a receptor or antigen. These protein-displaying phage particles are produced by the integration of a foreign gene into the 5’-terminus of the gene
that encodes the outer shell of the phage (i.e., g3p) in phagemid vector or phage genome; 2) the genotype of this phage (the foreign gene inside the phage clone),

corresponds with the phenotype (the protein displayed on the phage’s surface) ; 3) phage particles or ““libraries’

varieties of protein; 4) a selected phage from the library can be readily amplifi
isolate, high-affinity binders to target molecules from the phage library.
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Table 1. Amino Acid Sequences and in vitro Bioactivity of
Lysine-deficient Mutant TNF (K90R)

Residue Position

11 65 9 98 112 128 (ng/mb
WiINF K K K K K K 1.28
KR A S R A L T 0.12

D The bioactivities of wild-type TNF (wtTNF) and K90R were meas-
ured by cytotoxic assay using HEp-2 cells in the presence of cycloheximide
(50 ug/ml). Experimental data were analyzed by a logistic regression
model to calculate the mean effective concentration (EC50).
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Fig. 2. Antagonistic Activities of the RlantTNF

Serial dilutions of TNF-T2 were mixed with human wtTNF (20 ng/ml)
and then applied to HEp-2 cells. After 18 h, the inhibitory effects of TNF-T2
on the cytotoxicity of wtTNF were assessed by using the methylene blue as-
say. The absorbance of cells without wtTNF was plotted as 100 percent via-
bility. The data represent the mean+SD (n=3).

0

<>roteinase Yoe,
L 4
%A

Bioconjugated protem

t“‘v
Glomerulu 4 Antlbody
-

L -
<
£ : Water-soluble polymeric modifier
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Advantages
1. Block the attack from protease

2. Decrease the renal excretion rate
for the increase molecular size

3. Reduce immunogenicity

!

1. Lose bioactivity for modification
of active site

Disadvantages

2. Inhibit sterically receptor binding
of cytokines

3. Limit the transport from blood to
tissues

Bioconjugated proteins with water-soluble polymeric modifiers increase their molecular size and steric hindrance, resulting in augmented plasma half-lives and

stability.
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Fig. 4. Clinical Score of Collagen-induced Arthritis (CIA)
Mice Treated with PEG-T2
The severity of arthritis in CIA mice (n=10) treated with PBS, PEG-T2
(1 ug twice a day) for three weeks from 23 day was assessed every day using
an established macroscopic scoring system. Data of severity represent the
mean+ SEM.
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